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1 . INTRODUCTION 

1.1 The Problem 

In combustion chamber development, designers are aided by experiments 

but, as a supplement to them, economical design and operation can be greatly 

facilitated by the availability of prior predictions of the f1owfie1d. These 

may be obtained by use of a mathematical model incorporating a numerical 

finite difference prediction procedure. This work combines the rapidly 

developing fields of theoretical combustion aerodynamics and computational 

fluid dynamics, and its improvement and use will significantly increase 

understanding and reduce the time and cost of development. 1-6 

The present research work is concerned with complementary experimental 

and theoretical studies and is described in a recent paper. 7 The problem 

being investigated is restricted to steady turbulent flow in axisymmetric 

geometries, under low speed and nonreacting conditions - a study area high

lighted recent1 yS-10 as a fundamental research requirement in combustion 

modeling. The particular problem is concerned with turbulent flow of a given 

turbulence distribution in a round pipe entering an expansion into another 

round pipe, as illustrated in Fig. 1. The in-coming flow may possess a 

swirl component of velocity via passage through swirl vanes at angle ~ 

[equal approximately to tan-1(w. lu. )], and the side-wall may slope at an angle 
ln ln 

a, to the main flow direction. The resulting f1owfie1d domain may possess a 

central toroidal recirculation zone CTRZ in the middle of the region on the 

axis, in addition to the possibility of a corner recirculation zone CRZ near 

the upper corner provoked by the rather sudden enlargement of the cross-

sectional area. Of vital concern is the characterization of flows of this 

type in terms of the effects of side-wall angle a, degree of swirl ~, turbu

lence intensity k. of the inlet stream and expansion ratio Old on the 
ln --

resulting flowfield in terms of its time-mean and turbulence quantities. 
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Fig. 1. The flowfie1d being investigated. 
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Such problems have received little attention, yet there is a definite need 

for. work in this area even under nonreacting flow conditions. 

The objective of the present document is to present details of the com

putational solution procedure which has been developed to perform the 

prediction function in the configuration just described. The finally develop

ed computer program (written in Fortran 4) is code-named STARPIC (mnemonic for 

~wir1ing !urbu1ent ~xisymmetric r.ecircu1ating flows in £,ractical isothermal 

~ombustor geometries) and it is the purpose of this document to serve as a 

user's manual and describe it in sufficient detail for it to be used and 

amended by persons whose interest is confined more to the basis and results 

of the computations. 

1.2 Previous Work 

A mathematical solution of the f10wfie1d of interest should provide 

results, if possible more cheaply. quickly, and correctly than possible by 

other means (for example, experiments on real-life systems or models). In 

order to achieve this. the model should simulate the flow in all its important 

respects (geometry. boundary conditions, physical properties of gases, tur

bulence. etc.) and provide a means whereby the governing equations may be 

solved. Mathematical models of steadily increasing realism and refinement 

are now being developed, both in the dimensionality of the model (together 

with the computational procedures) and in problems associated with the simu

lation of the physical processes occurring. Clearly there are two areas of 

difficulty: the simulation and solution. 

Several previous publications discuss these problems at length, in terms 

of practical app1ication,5.6 turbulence modelingll,12 and numerical solution 

of 2-D axisymmetric problems via the stream function - vorticity or primitive 

pressure _ velocity approach. 13 - 15 Whereas the former approach. used in the 

1968 computer program from 'Imperial College for examp1e 16 , reduces by one 
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the number of equations to be solved and eliminates the troublesome pressure 

(at the expense of trouble with the vorticity equation), the preferred ap

proach now is SIMPLE (mnemonic for ~emi-imp1icit ~ethod for Qressure linked 

~quations) which focuses attention directly on the latter variables. Because 

it possesses many advantages, the present work has been developed immediately 

on this new technique, the basic ideas of which have been embodied into the 

1974 Imperial College TEACH (leaching ~lliptic ~xisymmetric £haracteristics 

heuristically) computer program. 17 Advances to this code have been made else

where and applied to other 2_D 18 - 25 and 3_D26 - 29 problems of interest to the 

combustor designer. 

1.3 Outline of the Present Contribution 

The present document serves as a user's manual for the STARPIC computer 

program, with three subsequent major sections dealing with the basic ideas, 

the computer program and the user's guide. Consideration is given to recent 

work in the finite difference solution, via a primitive variable code, of 

axisymmetric swirl flow in the combustor geometry of Fig. 1, where the in

let expansion sidewall may slope obliquely to the central axis. Section 2 

describes the mathematical problem, by providing the basic equations and 

assumptions for the flow, and discussing the primitive variable solution 

technique to be used. Section 3 concerns itself with the organization and 

structure of the computer program. Sub-sections of the program are here 

described and linked with the equations previously noted in the text; and 

explanations are given of the special features of the program. Readers pri

mari1y"interested in using the program, without concerning themselves greatly 

with the computational details, can give their main attention to Section 4. 

This is a user's guide to the program and the emphasis is on those parts of 

the program which will require alteration to suit particular flow configura-
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tions, to obtain the desired output, to test for accuracy and to improve 

it when necessary. Appendices are provided dealing with the hydrid dif

ferencing scheme and reasons for its superiority, a Fortran symbol list, 

a listing of the STARPIC computer program, The program output is included 

in a microfiche supplement at the back of the report. 
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2. THE MATHEMATICAL PROBLE~1 

2.1 The Governing Equations 

The turbulent Reynolds equations for conservation of mass, momentum 

(in x, y and 8 directions), turbulence energy k and turbulence dissipation 

rate E, which govern the 2-D axisymmetric, swirling, steady flow may be 

taken as previous1y.19-1S The transport equations are all similar and 

contain terms for convection and diffusion (via turbulent flux terms) and 

source s~ of a general variable (which contains terms describing the genera

tion (creation) and consumption (dissipation) of ~). Introducing turbulent 

exchange coefficients and the usual turbulent diffusion-flux (stress _ rate 

of strain type) laws, it can be shown that the similarity between the dif

ferential equations and their diffusion relations allows them all to be put 

in the common form: 

for ~ = 1 (continuity equation), u, v, w (three velocity components), k and 

E (two turbulence quantities). The forms for the source term s~ are given in 

Table 1, where certain quantities are defined as follows: 

Su = l ( ~) + 1 a ( av) ax ~ ax r ar r~ ax (2) 

Sv = ~ ( ~) + 1 a ( av) ax ~ ar r ar r~ ar (3) 

(4 ) 

Implicit here is the use of the two-equations k-s turbulence mode1 11 •12 
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Table 1. The Form of the Source Term in the General 
Equation for ~ (Eq. (1)) 

~ S~ 

u _ ~ + SU 
ax 

v _ .£E. + pw2 
_ ~ + S v 

ar r r 

pvw w ..L (Y1l) w -r-rz- ar 

k G - COPE 

E (C1EG - C2PE 2 )/k 
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~ (5) 

(6) 

~/hich is commonly used in computer codes for turbulent flow prediction. 

These equations have to be solved for the time-mean pressure p and 

velocity components u, v, and w. Then other useful designer information 

like streamline plots showing breakaway and reattachment points, recircu-

lation zones and stagnation points are easily produced. Streamline plots 

are obtained from the dimensionless stream function which is given by 

r d/2 
1);* = f u rd r / f u rd r (7} 

o 0 

This quantity is calculated for all u-cells, and the coordinates of points 

constituting each of eleven streamlines (~* = 0.0 through ~* = 1.0) is 

stored for plotting. Earlier publications 17
-

21 provide details of the 

present simulation and solution technique, and only highlights of the pri

mitive-variahle approach need be given here in the context of the specific 

problem being investigated. 

All the linkages provide a high degree of non-linearity in the total 

problem, and given the numerical analysis of fluid flow its peculiar dif

ficulty and flavor. The above equations do not alone specify the problem; 

additional information of two kinds is needed: initial and boundary con-

ditions for all the dependent variables. Details of this are given in 

Section 2.3. The difficulties in solution spring mainly from the inter-

linkages between the ~'S. Those between the axial and radial velocity 

components are of a peculiar kind, each containing an unknown pressure 
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gradient and the components are linked additionally by another equation, 

that of mass conservation, in which pressure does not appear. A successful 

solution procedure is one which takes account of these interactions and 

ensures that successive adjustments, which must be made to one variable 

after another, form an involuntary convergent sequence. 

2.2 The Solution Technique and Finite Difference Formulation 

Solution may be via the stream function-vorticity or primitive pressure

velocity approach, and, as discussed in Section 1.2, the present solution 

technique is based on the latter. The basic TEACH computer program using 

SIMPLE with TDMA provides the starting point upon which the present work is 

based. 17 The following features are incorporated into the program: 

(i) a finite difference procedure is used in which the dependent 

variables are the velocity components and pressure; 

(ii) the pressure is deduced from an equation which is obtained 

by the combination of the continuity equation and the momenta 

equations (yielding a new form of what is known in the literature 

as the Poisson equation for pressure); 

(iii) the idea is present at each iteration of a first approximation 

of u, v, and p followed by a succeeding correction; 

(iv) the procedure incorporates displaced grids for the axial and radial 

velocities u and v, which are placed between the nodes where 

pressure p and other variables are stored; and 

(v) an implicity line-by-line relaxation technique is employed in the 

solution procedure (requiring a tridiagonal matrix to be inverted 

in order to update a variable at all points along a column), using 

the TDMA (!ri-iiagonal ~atrix ~lgorithm). 

The incorporation of these enhances the accuracy and rapidity of convergence 
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of the finally developed computer program. 

The finite difference equations are solved on a complex mesh illustrated 

in Fig. 2. The intersections, the point P for example, of the solid lines 

mark the grid nodes where all variables except the u and v velocity com

ponents are stored. The latter are stored at points which are denoted by 

arrows (and labeled wand s respectively) located midway between the grid 

intersections, and the boomerang-shaped envelope encloses a triad of points 

with reference location P at (I,J). Details of the special merits of this 

staggered grid system have been reported previous1y~7,lB The different 

control volumes C, U and V which are appropriate for the P, wand s locations 

respectively are given in Fig. 3. 

The finite difference equations for each ~ are obtained by integrating 

Eq. (1) over the appropriate control volume (centered about the location of 

~) and expressing the result in terms of neighboring grid point values. The 

convection and diffusion terms become surface integrals of the convection and 

diffusive fluxes while the source term is linearized, resulting in 

where S~ and S~ are tabulated in Table 2 andlsubscripts n, s, e and w refer 

to north, south, east an9 west cell faces. 

The additional source terms in the equations for swirling flows may in

duce instability if one is not careful. Only terms which are always negative 

are permitted in the SP(I,J) expression in order to aid the convergence of 

the iterative solution procedure by increasing the diagonal dominance of the 

equation set to be solved at each iteration. Inspection of the arrangement 

given in Table 2 reveals that the forms given enjoy this desirable stabilizing 

10 
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Table 2. The Form of the Components of the Linearized Source 
Term*, The Cell Volume Integral JS~dV = Sp~~p + st 

V of Eq. (1). 

~ r~ S YJ /V 
~ 

S 0/V u 
0 0 0 

u ~ 0 SU _ .£f. 
ax 

v ~ -2~ r2 
sv+ ~ _ .£f. 

r ar 

w ~ 0 _ pvw _ ~ ~ (r~) 
r r ar 

k ~/ak -C~CDP2 k/~ G 

E ~/as -C2Ps/k C1C Gpk/~ 
~ 

In this table certain quantities are defined as follows: 

Sv = ~ (~) 1 a ( ClV) ~x ~ ~r + - -- r~-a a r Clr Clr 

*In this table, V stands for the cell control volume and~; ~eff' 
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characteristics. A false source stabilizing trick, which has no effect on 

the final solution, is used in the form of a false source of magnitude: 

(9) 

That is used in the program although not detailed in Table 2. 

For the representation of the convective and diffusive terms over the 

cell control volume surfaces a hybrid scheme is used,30 which is a com-

bination of the so-called central and upwind differences. Consider the tran-

sport across one face of a control volume. Figure 4 shows the western face 

of area Aw normal to the x-direction, which lies midway between the grid

points Wand P distant oX apart. The contribution c to the surface inte-
w 

gral by the western face area Aw' for example, is given by 

C = 

(pu)wAw(~W + ~p)/2 - (~)w Aw(~p - ~w)/ox for iPei< 2 

(pu )wAw ~I~ for Pe ~ 2 

(pu)wAw ~p for Pe ~ -2 

(10) 

where Pe = (pu)w ox/(r~)w is a cell Peclet number calculated at the western 

face of the cell. Similar expressions are used at the other three faces of 

the cell. Details regarding the derivation and superiority of this differ-

encing technique may be found in Appendixes A, Band C. 

Hhen the various terms are handled in this manner the following general· 

equation is obtained: 

~ ~ '" + S~ ap ~P aj 'l'j U 
j 

where at =~ aj - st 
j 

Lj = sum over N, S, E and W neighbors 

(11 ) 

thus linking each ~-value at a point P with its four neighboring values. 
14 
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When ¢ = W, k and E, equations of this type hold for values located at 

intersections of the grid system, but for ¢ = u and v there are two points 

of difference: (i) these variables are located to the west and south re

spectively of the point P and (ii) pressure gradient terms ap/ax and ap/ar 

respectively occur on the right hand side of their equations in addition to 

the usual source expression. Since the pressure field is not known when the 

u and v equations are required to be used at any stage of the iteration pro

cess, the best estimate so far of the pressure field p* is used. Solving 

the u and v equations with this p* field gives estimates u* and v* in the 

flowfield. These p*, u* and v* fields constitute any any iteration stage a 

first approximation to the solution and they are immediately followed by a 

succeeding correction at each point P: 

* (12 ) Pp Pp + Pp 

* Ou (Pl~ pp) (13 ) up up + 

* Ov ( I p') (14 ) vp vp + Ps p 

where Ou = u 
AJa p 

Ov = 1 ) v 2(An + As /ap 

These corrections can be applied only after the pressure correction p' 

field has been found and this is obtained from a Poisson equation for 

pressure which may be deduced from a combination of the continuity and 

momentum equations, resulting in finite difference equations like 

aP p' = ~ a~ p~ + sP 
pp L..JJ U 

j 

16 
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where a~ = L a~ 
j 

L sum over N, S, E and W nei ghbors 
j 

S~ = term which results from mass sources of u* and v* fields. 

Thus the application of Eqs. (13) and (14) at any iteration stage brings 

the first approximation obtained from solution of momentum equations into 

line with the requirement of continuity - it is here where the continuity 

equation is used, incorporated in fact in the derivation of the equation 

for p', Eq. (15). 

2.3 Boundary Conditions 

There are several methods of numerically positioning an irregular 

boundary, such as a sloping boundary segment, in finite difference computer 

programs. In order to retain conceptual simplicity, the stairstep simulation 

shown in Fig. 5 is utilized. The figure shows an example of grid specifi

cation for the geometry under consideration. The flowfield is covered with 

a nonuniform rectangular grid system. Typically the boundary of the solution 

domain falls halfway between its immediate nearby parallel gridlines. Clear

ly, specification of the x and r coordinates of the gridlines, together with 

information concerned with the position of the sloping sidewall boundary (via 

specification of JMAX(I) for each I) is sufficient to determine the flowfield 

of interest. 

Up to this point the application of boundary conditions has not yet 

been considered, and the formulation has been concerned with regular internal 

mesh points. Insertion of correct boundary conditions requires amendment of 

the finite difference formulation for the near boundary pOints. I6 For cells 

17 
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adjacent to the west wall for example, as shown in Fig. 6, there is no 

convective flux through the cell west boundary which is coincident with an 

impervious wall. Hence the term for total ~-flux through this cell boundary 

in Eq. (8) is set to zero, and the diffusive flux term r~ a~/ax is transferred 

to the right-hand side of the equation as a false source. In the case of a 

western wall boundary the normal P-W link is broken by setting: 

a~ = 0 
vJ 

(16 ) 

and the correct expression is inserted by way of the s~ and st values: 

(i) If a value t1 for the diffusion terms r~ a~/ax is specified for 

the western face of a cell adjacent to a western wall, then as 

seen in Eq. (8): 

s~ = -M/Vol 
U 

s~ = 0 
P 

(17) 

(18 ) 

It is clear that this specification results in correct ¢ balance 

for the boundary cell, and that if zero normal gradient is the 

required condition (M = 0) then Eq. (16) is sufficient in itself. 

(ii) If the value of~on the boundary ~B is specified, for a western 

boundary for example, then: 

where 

s¢ = a' ~ 
U W B 

(19 ) 

S~ = a' p - W (20) 

It is clear that this specification gives the correct gradient

diffusion flux out of the western boundary of the cell. 
19 



(iii) If ~p is required to be fixed at a value of ~F then: 

s~ = 
U 

S~ = 
P 

~ .10 30 

F 
(21) 

_ 10 30 (22) 

to that these terms dominate in the equation for ~p with 

solution ~p = ~F. 

(iv) Velocities tangential to a wall boundary usually have boundary 

conditions of the type vB given, 'B( = tangential shear stress) 

given, or 'B = avp +S(from drag law for example). Any of these 

may be inserted by the usual treatment (break link and insert via 

linearized source). 

(v) Velocities normal to a wall boundary are given zero values on the 

wall, but because this leads to incorrect gradient calculations for 

the first interior point away from the wall, zero normal gradient 

conditions are applied via breaking the appropriate coupling coef

ficient in the finite difference equation for this first interior 

point. 

The above discussion about boundary condition types (i) - (v) has been 

concerned with a western wall boundary shown in Fig. 6. Analogous discussion 

is appropriate with a northern wall boundary shown in Fig. 7. 

Conditions must be specified on the entire boundary around the solution 

domain, and special novelties concern the pressure correction p', velocity 

components and the two turbulence quantities k and E. At the inlets all 

variables are given definite fixed values (Dirichlet conditions) and at the 

outlet all variables are given zero normal gradient 8¢/8x = 0 (Neumann 

conditions) via 

a~ = 0 
E 

except radial velocity v which is set to zero. 

20 
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The u velocities are then readjusted slightly at each iteration so as 

to ensure overall mass conservation as compared with the inlet flow. At the 

symmetry axis a~/ar = 0 is assumed for all variables except v (which is 

given a definite zero value) and w (which is given an implied zero value as 

follows. Based on measurements 31 of swirl velocity, the BC for w along the 

centerline specifies solid body rotation through linear interpolation of 

w(I,2) between the latest value of w(I,3) and zero for w on the centerline. 

Also p' is given zero normal gradient specification everywhere except at 

the inlet, where it has zero value: as far as the aerodynamics is concerned 

it is immaterial what the absolute pressure is, only pressure gradients en

tering the equations. 

2.4 Wall Functions and the Effect of Swirl 

To avoid the need for detailed calculations in the nearwall regions, 

equations are introduced to link velocities, k and £ on the wall to those 

in the logarithmic region. This one-dimensional Couette flow characterization 

of the flow (diffusion perpendicular to the wall is dominant) is extremely 

useful. Also it provides a way around this region of steep nonlinear varia

tion of the variables and the fact that laminar and turbulent effects become 

of the same order of magnitude: The new equations introduced, called 'wall 

functions', are introduced and used in the finite difference calculations 

at near-wall points. They occur in the momenta equations and k-generation 

terms, and their implementation is discussed elsewhere 11
,12 together with 

appropriate near-wall £ specification. 

The effect of swirl on wall function specification is handled as follows: 

The previous ideas are extended to find total tangential wall shear stress 

near boundaries [involving x and e directions for an r = constant wall, 

and rand e directions for an x = constant wall]. Then appropriate 
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components are deduced directly [for the u and w velocities which are tangen

tial to an r = constant wall, and v and w velocities which are tangential to 

an x = constant wallJ. The effects on u, v and w momentum equations are 

incorporated via the usual linearized source technique. 

Northern Hall. The appl icabil ity of wall function formulations for 

swirl flows, especially for swirl momentum, appears uncertain a priori. 

HO\,/ever, from boundary layer velocity m~asuremetns in turbulent, swirling, 

pipe flows Backshall and Landis 3I showed that total tangential velocity near 

the northern top wall V = (u 2 + w2)1/2 is correlated by the universal velo-

city profile 

where K and E are constants. The dimensionless total velocity V+ and total 

distance y+ are obtained by nondimensionalizing with respect to the total 

shear velocity (T
t
/p)1/2. Hence the total tangential north wall shear 

stress Tt = (Trx2 + Tre 2)1/2 is obtained from 

(25) 

where Tk is an approximation for Tt very near the wall. The quantity Tk is 

formulated by observing that convection and diffusion of turbulence kinetic 

energy are nearly always negligible in this region. II Deleting these terms 

from the k-transport equation and invoking isotropic viscosity ~eff leads to 

the result 

(26) 
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Thus one obtains 

(27) 

where the negative sign is inserted since It and vp must have opposite 

directions. The quantities with subscript P are evaluated at the appro-

priate near-wall points as shown in Fig. 7 for this case of a northern 

wall. 

The north wall diffusion flux for the x-momentum equation is 

].leff au/ar. The, component of 't is given by rx 

(28) 

however 3v/3x approaches zero near the north wall .17 Hence, is the rx 
required diffusion flux term to be included as a false source for north 

wall u-cells; its wall function expression asserts the required boundary 

influence by indirectly incorporating the boundary condition Us = o. The 

above wall function formulation, Eq. (27), is multiplied by the factor 

cos 8 (= u/V) to obtain 'rx. where 8 is the angle between the total tangen

tial velocity vector near the wall and the axial velocity vector (8 = arctan 

w/u). This is valid since 8 is essentially constant near the wall .32 

Thus this wall function for u is 

(29) 

which is precisely the same expression found for nonswirling flows in TEACH, 

although different values result due to swirl effects on kp. Also, this 

result is consistent with an expression obtained by Date. 33 
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For w-cells along the north wall, the diffusion is ~eff aw/ar. This 

quantity appears in the expression for 're which is 

(aw w) 
're = ~eff ar - r (30) 

Applying the factor sin e(=w/v) to the 't wall function yields the fol

lowing expression for 're: 

(31) 

Hence the north wall function for w is given by 

(32) 

Western wall. t10mentum wall functions along the west wall are 

similarly formulated. The total tangential velocity is now V = (v 2 + w2
) 1/2, 

and 'xr reduces to ~eff av/ax. Equation (27) for 't is again obtained and 

the 'xr wall function is formulated by employing the factor cos ¢; ¢ is 

the angle between the total tangential velocity vector and the radial 

velocity vector (¢ = arctan w/v). Thus one obtains the v-momentum expression: 

(33) 

The w-equation wall function on the western wall approximates 

~eff aw/ax, which is 'xe. Here the factor sin ¢ is used to obtain the 

necessary wall function as 

(34) 
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Other details. In accordance with Gosman and Pun,17 if y+ for a cell 

adjacent to any solid boundary is less than 11.63, it lies within the laminar 

sublayer where the laminar viscosity dominates. Hence, the wall function 

employed for north wall u-cells, for example, is 

(35) 

where uB = 0 has been employed. Similar expressions are analagously 

obtained for other momentum diffusion terms of the problem. 

For turbulence energy, from Eq. (30) 

, 
(C C )-2 constant 
~ D (36) 

near a solid boundary which implies that the wall flux is zero. Accordingly, 

zero normal gradient prescription for k is appropriate for wall cells via 

Eq. (16). Also the shear stress wall functions are employed for the k-

generation source G for k-cells along a wall. The general expression for G, 

given in Table 2, can alternately be expressed as 

[( dU)2 (h)2 + ('!..)2] [2 2 + 2]/ (37) G = 2~effax + dr r + 'rx + 're 'xe ~eff 

For north wall cells 't2 'r/ + 're2 which yields 

where the previous wall function expression for'rt is employed. Similarly, 

the result for west wall cells is 
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where T 2 = T 2 + T 2. 
t xr x8 

As for energy dissipation, near a wall the length scale is assumed 

to be proportional to the normal distance from the wall which leads to 

(40) 

This is the effective wall boundary condition on e and in the code this 

value is fixed for near wall points via the linearized source procedure, 

using Eqs. (21) and (22). 

2.5 Boundary Conditions Summary 

Table 3 summarizes the boundary values used in the present study, 

which are incorporated into the computer program. The symbol N in the 

table signifies that zero normal gradient prescription is appropriate. 

Footnotes (a) to (g) are dealt with as follows: 

(a) Inlet values UIN etc. are directly specified and easily altered. 

(b) The axial velocities at the outlet are deduced from their immediate 

upstream values by adding a fixed amount of each of U(NIM1,J) 

(J = 1 to NJM1); this amount is calculated to ensure overall mass 

conservation. 

(c) Near wall tangential velocities are connected with their zero 

wall values by way of the tangential shear stress wall functions. 

(d) Near-axis swirl velocity at J = 2 is fixed for solid body rotation 

in terms of the previous w at J 3 and its zero value on the axis. 

(e) Outlet values of k and e are unimportant because of the limited 

upstream influence at high Reynolds numbers and zero gradient is 
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N 
1.0 

Table 3. Boundary Conditions (N stands for zero normal gradient specified) 

(Footnotes are detailed in section 2.3 of the text) 

Algebraic Inl ets (a) Outlet Top Wall Si de wall 
Variabl e 

u UIN adjusted(b) (c) N 

v 0 0 N (c) 

w WIN N (c) (c) 

K TEIN N(e) N N 

e: EDIN N(e) (f) ( f) 

p'" O(g) N N N 

Symmetry 
Axis 

N 

0 

O(d) 

N 

N 

N 



specified. If the local Peclet number is greater than +2, there 

is no upstream influence because of the implications of the 

hybrid formulation of convection and diffusion, and the downstream 

convection dominates. 

(f) Near wall £ values are fixed using the length scale near the wall 

and the current value of k. 

(g) The pressure correction p' possesses zero normal gradient specifi

cation everywhere except the inlet. Just one internal pressure p 

specification at (2,2) is then required to allow all the pressures 

to be calculated. 

This concludes the discussion of boundary condition specification; its 

implementation is returned to in Section 4 of the present text. 

2.6 Solution Procedure 

The finite difference equations and boundary conditions constitute 

a system of strongly-coupled simultaneous algebraic equations. Though they 

appear linear they are not since the coefficients and source terms are them

selves functions of some of the variables, and the velocity equations are 

strongly linked through the pressure. The solution proceeds by the cyclic 

repetition of the following steps: 

(i) Guess the values of all variables including p*. Hence calculate 

auxiliary variables like turbulent viscosity etc. 

(ii) Solve the axial and radial momentum equations to obtain u* and v* 

from equations like Eq. (11). 

(iii) Solve the pressure correction equation, Eq. (15), to obtain p'. 

(iv) Calculate the pressure p and the corrected velocities u and v from 

Eqs. (12) through (14). 

(v) Solve the equations like Eq. (11) for the other ~'s successively. 
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(vi) Treat the new values of the variables as improved guesses and 

return to step (i); repeat the process until convergence. 

In the solution procedure algebraic equations like Eq. (11) are solved 

many times, coefficient and source updating being carried out prior to each 

occasion. The practice used here is to make use of the well-known lriiiagonal 

~trix ~lgorithm (TDMA), whereby a set of equations, each with exactly three 

unknowns in a particular order except the first and last which have exactly 

two unknowns, may be solved sequentially. One considers the values at grid

points along a vertical gridline to be unknown (values at P, Nand S for 

each point P), but take as known, most recent values being used, the values 

at each E and W neighbor. The TDMA is then applied to this vertical gridline. 

In this manner one can traverse along all the lines in the vertical direction 

sequentially from left to right of the integration domain. 

Two points clarify the solution technique regarding the stairstep sloping 

boundary. Firstly, interior points adjacent to the boundary must 'feel' 

the boundary in the usual way. Thus values in the external field must not 

be inadvertently picked up at these points. Usually the standard coupling 

coefficient of interest is set to zero and the wall effect given by way of a 

false source, according to the previous description. Secondly, if the TDMA 

is applied in columns over the entire 2-D array of points, the solution at 

external points can be automatically forced to zero by giving S~ a very 

large negative value at these locations. This term then dominates in its 

finite difference equation at P with solution ~ = o. Alternatively, the do

main of TDMA execution can be restricted to the physically meaningful portion 

of the 2-D array of points. The latter technique is incorporated into the 

present computer code. 

At each iteration it is necessary to employ some degree of under

relaxation when solving equations like Eq. (11). A weighted average of the 
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newly calculated value and the previous value is taken at each point. If 
'} n+ 1 
~p represents the newly calculated value of ¢ at the n+l iteration, it 

is obtained from 

(41 ) 

The notation and similarity to Eq. (11) is obvious and 

(42) 

where ¢ n+l represents the underrelaxed value of ¢ , employing the no-
p p 

relClxation value; n+l and the underrelaxation parameter f (O<"f t::: 1). P -
-n+l Rather than calculate and store the ¢ values and then apply Eq. (42), 

it is more convenient to modify and use Eq. (41) directly in the form 

(43) 

so that the underrelaxed value is calculated immediately. This is the 

version used in the present code. 

The effect of underrelaxation factor values on convergence rate is 

considerable. Unacceptably slow convergence or divergence of the solution 

is obtained if the factors are too low or too high, respectively. Large 

pressure corrections arise which produce large u- and v-velocity corrections. 

If these corrections are too large per iteration, the nonlinearity of the 

FOEs causes divergence. 

Velocity and pressure corrections per iteration become smaller as the 

solution proceeds toward convergence. Thus the underrelaxation factors 

(especially for u-and v-velocities) have small initial values, to prevent 
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divergence, and increase for faster convergence as the corrections become 

smaller. Hence the underrelaxation factors for u, v and ware increased 

linearly during the first 40 iterations. 

Increased accuracy of the initial estimate of field variables clearly 

reduces the amount of computational work required. Also it yields a slower 

rate-of-variable change and smaller corrections for continuity, which pro-

motes convergence. 

Since the user generally desires to utilize such a computer code to 

solve a series of problems, as in a parametric study for example, he almost 

always has converged (or partially-converged) solutions from previous com

puter runs of a similar problem. By storing field values of all variables 

on disk upon convergence for each swirl loop, a much better initial estimate 

conveniently becomes available for corresponding swirl cases of future pro

blems, or for more stringent convergence of the same problem. 

Final convergence is decided by way of a residual-source criterion, 

which measures the departure from exactness for the variable ~ at the point P. 

The residual sources are defined for each variable at each point by equations 

like 

R~p -- a~p~p - ~ a~~ - S~ ~ ~ ~ j~j U 
j 

(44) 

When each of these quantities becomes smaller than a certain fraction of a 

reference value, the finite difference equations are declared to be solved. 

Typically, the solution is considered to be converged if the cumulative 

sum of the absolute residuals throughout the field for all variables is 

less than 0.5 per cent of the inlet flow rate of the corresponding variable. 
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3. THE STARPIC COMPUTER PROGRAM 

3.1 Outstanding Features 

The case described. The computer program code described and listed 

performs the function outlined in Section 2 for the particular 2-D axisym

metric geometry shown schematically in Fig. 5. The f1owfie1d is covered 

with a gradually expanding rectangular grid system. The quantity EPSX 

specifies the degree of grid expansion in the axial direction, and in the 

radial direction it is determined through specification of the radial 

position of each individual horizontal grid line. The boundary of the solu

tion domain falls halfway between its immediate nearby parallel grid1ines; 

and clearly specification of JMAX(I) for each I (see Fig. 5) is sufficient 

to determine the f10wfie1d of interest. This provides a stairstep approxima

tion to any monotonically increasing top wall radius as required so as to 

simulate any sudden expansion, sloping straight or curved sidewall. The code 

is equipped to handle any of these with ease. The program is an advanced 

version of a framework of ideas embodied into the 1974 Imperial College TEACH 

computer program,l7 from which the present work has been developed. The 

following discussion is a commentary on the final developed program. A list

ing is supplied as Appendix E and should be read simultaneously with the 

discussion. 

General arrangement. The STARPIC program (see the flow chart of Fig. 8) 

has been written (in Fortran 4) primarily with a view to maximizing simpli

city and ease of amendment at the expense of computer time. This is achieved 

by limiting to the ~~IN subprogram those features which characterize the 

particular flow conditions being investigated, while different boundary con

ditions may be inserted by way of the PROMOD (~blem modifications) subroutine. 

The various functions of these and other subroutines are given briefly in 

Table 4 and in detail in sections 3.2 to 3.12. MAIN is the section of the 
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L1S0LV I 
called by 

each CALC 

Fig. 8. Flow chart of computer program showing the subroutine arrangement. 
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Table 4. Subroutine Tasks 

Subroutine Task 

MAIN . Controls and monitors the entire sequence of calcula-

INIT 

PROPS 

PRINT 

CLACU and 

CALCV 

tions: initialization, properties and initial output; 

the iteration loop with calls to update main variables, 

other mixture properties and intermediate output; and, 

after termination of the iteration loop, final output, 

an increment in inlet degree of swirl and a return to 

the beginning again. 

Sets values to the numerous geometric quantities con-

cerned with grid structure, see Figs. 9-11, and initial

izes most variables to zero or other reference value. 

Updates the fluid properties via calculation of turbulent 

viscosity, under-relaxed using its previous value. In 

nonisothermal flows, perhaps with chemical reaction, 

additional species' mass fractions, temperature and density 

are also calculated here, with an appeal to PROMOD (1) for 

any other modifications. 

Prints out an entire variable field according to a 

standard format. 

Calculates coupling coefficients of finite difference 

equation for axial velocity u* and radial velocity v*, 

calls PROMOD (2) and PROMOD (3) for boundary modifica

tions and LISOLV for entire field of variables to be 

updated to get u* and v* fields. 
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Table 4 (continued) 

CALCP 

Other 

CALC 

Subroutines 

PROMOD 

LISOLV 

Calculates coupling efficients of finite difference 

equation for pressure correction p'; calls PROMOD (4) 

for boundary modifications and LISOLV to obtain p' 

field. The subroutine closes with p*, u* and v* 

being 'corrected' with p', u' and v'. 

Calculates coupling coefficients of appropriate finite 

difference equation, calls appropriate part of PROMOD 

and then LISOLV for complete update of the variable 

in question. 

Modifies the values of the finite difference equation 

coefficients, or the variables, near walls or other 

boundaries where particular conditions apply. The sub

routine is divided into chapters, each handling a 

particular variable and being called from a CALC sub

routine, and each chapter considers all the boundaries 

around the solution domain. 

Updates entire field of a particular variable, by 

applying TDMA (lri~iagonal ~atrix ~lgorithm) to all 

the lines in the r-direction sequentially from left 

to right of the integration domain. 
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program to which a user will devote most of his attention, provided that 

he wishes to investigate configurations easily derivable from that shown 

in Fig. 5. He may also be concerned with PROMOD to adjust boundary con

dition types. Moreover all the subprograms are divided into chapters, 

each with a prescribed task to accomplish, thus decreasing the possibility 

of error on problem specification and modification. 

MAIN controls the entire iterative solution procedure, with initial 

calls to INIT (initialization), PROPS (properties) and PRINT (for output 

of all variable fields). Repeated intermediate calls occur during the 

iteration loop to the CALC subroutines (CALCU for updating calculation of 

the Q-velocity field, etc.), PROPS and PRINT (when required). Finally, 

after convergence or ~lAXIT (maximum iterations) number of iterations, 

PRINT is called again, together with the calculation and output of any special 

quantities required which are deducible from the flowfield values. Each of 

the CALC subroutines calls PROMOD (problem modifications) for modifications 

to the usual formulation because of boundary conditions. Subroutine LISOLV 

(line solve) is also called by each CALC subroutine to make several update 

sweeps of the relevant field of variables by applying the TDMA (!ri~iagonal 

~atrix ~lgorithm) to all the lines in the r-direction sequentially from left 

to ,right of the integration domain (NS1~PU times for the u-field, etc. - number 

of swee'p's for .!!). 

Major variables. The discussion of Fortran variables is restricted to 

those symbols enjoying major significance in the accompanying listing of the 

program in Appendix E. Other symbols will readily yield their meanings on 

inspection of the context and their memonics; or they appear in parts of the 

program which the user is enjoined not to disarrange, the user restricting 

most of his attention to MAIN and PROMOD. A glossary of Fortran symbols is 

given in Appendix D. 

trolling parameters. 

Table 5 lists principal dependent variables and con-
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t,.) 
1.0 

Algebraic 
Variable 

u 

v 

w 

k 

E 

p' 

II 

Fortran 
Variable 

U 

V 

W 

TE 

ED 

PP 

VIS 

Table 5. Principal Dependent Variables and Controlling Parameters 

Alphanumeric Logical Inlet CALC Underrelax- Number of Prandtl/ Residual 
Heading Variable Value Subroutine ation factor sweeps of Schmidt Source 

LISOLV per Number Term 
iteration 

HEDU INCALU UIN CALCU URFU NSWPU - RESORU 

HEDV INCALV VIN CALCV URFV NSWPV - RESORV 

HEDW INCALW WIN CALCW URFW NSWPW PRW RESORW 

HEDK INCALK TEIN CALCTE URFK NSWPK PRTE RESORK 

HEDD INCALD EDIN CALCED URFE NSWPD PRED RESORE 

HEDP INCALP - CALCP URFP NSWPP - (RESORM for 
mass calcu 
lated in 
CALCP) 

HEDVIS INPRO - PROPS URFVIS - - -



3.2 The MAIN Subprogram 

General arrangement. MAIN is that section of the program to \'/hich a 

user will devote most of his attention. The function of MAIN has been 

described in section 3.1. It is divided into chapters, each with a speci

fic task, and a description of the individual chapters of MAIN now follows. 

CO Preliminaries. Dimension, common and data blocks are followed by 

user input logical variables, which activate (when specified as true) certain 

special features of the program. As discussed in detail in Chapter 4, 

IFINE specifies a fine mesh in the x-direction with NI=35 as opposed to a 

coarser mesh with NI=23; IWRITE writes all dependent variables onto allocated 

disk storage; NONDIM calculates and prints the nondimensiona1 solution in 

addition to the dimensional one; IREAD reads from allocated disk storage 

the initial solution guess, which is a previous solution of a similar pro

blem; INITAL prints the initial guess of the solution; and INPLOT produces 

a line-printer plot of streamlines. Specification of NSWPU (~umber of sweeQs 

for ~), etc. and input read statements for alphanumeric headings HEDU (hea~ing 

for ~ velocity), etc. are also located here. These alphanumeric headings 

are the only input data which appear after the program and are listed here in 

order: 

U VELOCITY 

V VELOCITY 

W VELOCITY 

PRESSURE 

TEMPERATURE 

TURBULENCE ENERGY 

TURBULENCE DISSIPATION 

VISCOSITY 
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DIMENSIONLESS LENGTH SCALE 

DIMENSIONLESS STREAM FUNCTION 

RADIAL COORDINATE OF STREAMLINES 

DIMENSIONLESS U VELOCITY 

DIMENSIONLESS V VELOCITY 

DIMENSIONLESS W VELOCITY 

DIMENSIONLESS PRESSURE 

DIMENSIONLESS TURBULENCE ENERGY 

DIMENSIONLESS STREAMLINE COORDS 

DIMENSIONLESS EFF. VISCOSITY 

Cl Parameters and control indices. This chapter really defines the 

problem to be solved. It is implicity that the problem is axisymmetric in 

cylindrical coordinates with the setting of INDCOS = 2. The problem domain 

is specified by dealing with the grid exemplified in Fig. 5, and giving 

values to the key parameters there-in. Other matters include dependent 

variable selection (setting .TRUE. or .FALSE. to INCALU etc.), fluid pro

perties (see Prandtl/Schmidt numbers of Table 4), turbulence constants, 

boundary values (see inlet values of Table 4), pressure calculation reference 

point (IPREF, JPREF) and program control and monitor .. 

C2 Initial operations. Based on the problem specification already 

accomplished in CO and Cl, certain other initial operations are needed prior 

to the iteration procedure. In C2 the geometric quantities for the grids 

(see Figs. 9-11) are calculated and main 2-D array variables are set to 

zero or obvious initial values by way of the call to subroutine INIT. Re

turning to ~1AIN. the dependent variable fields are first specified at the 

inlet boundary including swirl velocity which uses VANB or SWNB for flat 

or sol id-body rotation profil e according to \'1hether NSBR (!!.umber for ~ol id 

Qody ~otation) equals 0 or 1. Then estimates of dependent variables in the 
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field are calculated, as many of them depend on inlet values. Following 

the call to PROPS for fluid properties, an initial output is made of certain 

flow and geometric quantities. Finally, if IREAD = .TRUE. each dependent 

variable array is read sequentially from the disk storage allocated to unit 

12 to re-specify the initial field estimates with improved values. Thus 

the user should specify IREAD = .TRUE. when a previous solution to a similar 

problem is available on disk, as this reduces the number of iterations re

quired for convergence. 

C3 Iteration loop. This is the section of MAIN that is repeated at 

each iteration where NITER counts the number of iterations. The task of 

C3 is several-fold: to adjust the underrelaxation factors for enhanced 

convergence based on numerical experience; to update dependent variables 

(via calls to subroutine CALCU if INCALU is true, etc.); to update fluid 

properties (if INPRO is true the call to PROPS updates secondary dependent 

variables); to give intermediate output of residual source sums and field 

values at monitored location (IMON, JMON) for all values of NITER; to in

clude appropriate field prints when NITER=JPRINT; and finally to make 

appropriate iteration termination tests. 

C4 Final operations and output. Having decided to terminate the itera

tion process, control transfers to C4 to obtain final variable field print

outs and to calculate and print nondimensional variables if NONDIM = .TRUE. 

Also, a call to subroutine STRMFN calculates dimensionless stream function 

and determines the coordinates of points along NSTLN streamlines for plotting. 

Further, if IWRITE = .TRUE. each dependent variable array is stored sequen

tially on the disk space allocated to unit 11. 

Control has now finished with the current problem. However, if LFS 

(loop for ~wirl) is less than LFSMAX (loop for ~wirl !!!aximum) then LFS 

is incremented by 1, and the inlet swirl velocity profile is recalculated 
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for the next swirl problem based on SWNB (swirl ~umber Qlock) or VANB 

(vane angle block) according to whether NSBR (~umber for ~olid Qody 

.!:.otation) equals 0 or 1. Before control begins C3 for the new s\~irl 

probl em, the precious sol ution of a simil ar probl em will be read from 

disk storage allocated to unit 12 if IREAD = .TRUE. This improved 

initial field estimate reduces the number of iterations required for con

vergence. 

3.3 Subroutine INIT 

INIT consists of two main chapters: 

Cl Calculate geometric coefficients. Geometric quantities for the 

three grids for C, U and V cell control volumes (see Figs. 3 and 9-11) 

are here calculated once and for all for the particular geometric system 

previously specified in MAIN. Notice that setting INDCOS = 1 suppresses 

the variation of R with Y and thus obtains cartesian coordinates. In the 

current program, however, the problem is correctly coded only for cylindri

cal coordinates. 

C2 Set variables to zero. In C2 most dependent and other 2-D array 

variables are set to zero throughout the flowfield although some are set 

to obvious nonzero initial values. 

3.4 Subroutine PROPS 

There is only one chapter: 

Cl Viscosity. The turbulent viscosity ~ is calculated from the two

equation k-E turbulence model, Eqs. (5) and (6), making use of the URFVIS 

underrelaxation parameter. 
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Fig. 9. Fortran variables related to the grid for C cells. 
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Fig. 10. Fortran variables related to the grid for U cells. 
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Fig. 11. Fortran variables related to the grid for V cells. 
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3.5 Subroutines CALCU and CALCV 

CALCU has the task of calculating the appropriate coupling coefficients 

linking the value of U* at each 'w' point of the mesh system with its four 

neighbors via Eq. (11). The formulation is completely general and correct 

only for internal points but the call to PROMOD (2)(~blem modifications, 

chapter 2) corrects for near boundary points by applying the correct formu

lation via a linearized source technique (see section 2.3). Underrelaxation 

via Eq. (43) precedes the updating of the U* field via a call to LISOLV, 

this being called NSWPU (~umber of sweeRs for ~) times for multiple inner 

updates of the U* field. The task of CALCV is similar as it renews the V* 

field and utilizes PROMOD (3). The chapters are: 

Cl Assembly of coefficients. Two nested loops for I and J ensure that 

all internal points of the mesh are considered in Cl. For each (I, J) -

point the following sequence of calculations is performed: 

(i) the cell face areas and volume (utilizing the geometric variables 

of Figs. 9-1l. 

(ii) the convection coefficients via the mass-velocities GN etc. and 

mass flow fluxes through the faces CN etc. 

(iii) the diffusion coefficients utilizing viscosities, areas and 

distances to obtain DN etc. 

(iv) the coefficients of source terms - here only the 'false' source 

stabil izing trick components of Eq. (9) are used; other parts 

of the source term are added in later. 

(v) the main coefficients AN etc. are assembled, using the 'hybrid' 

formulation of central and upwind differences, Eq. (10). The 

SU and SP components of the source expression are now determined 

with the pressure term going into SU, see Tables 1 and 2. 
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C2 Problem modifications. The general forumlation of Cl is modified 

for near boundary points via the call to PROMOD. The call is to Chapter 

2 of PROMOD in the case of CALCU and to Chapter 3 in the case of CALCV. 

C3 Final coefficient assembly and residual source calculation. Two 

nested loops for I and J allow all points of the grid to be dealt with in 

turn. Firstly, AP ( = ap) is calculated and RESORU (residual ~u~ce for ~) 

is incremented, and secondly, the underrelaxation demands of Eq. (43) are 

applied. 

C4 Solution of difference equation. LISOLV is called NSWPU times in 

order to update the u* field several times (NSWPV times in the case of 

V*). The LISOLV parameter list begins 3, 2, ... in the case of CALCU, but 

2, 3, in the case of CALCV. Careful observation of the relationship 

between the physical and reference storage locations of the displaced grid 

systems for U and V confirm this requirement. 

3.6 Subroutine CALCP 

CALCP deals with the variable PP (= p' the pressure correction) in a 

similar fashion to the CALCU and CALCV subroutines just described. However, 

there are several points of difference: 

(i) the subroutine is concerned with Eq. (15) and the calculation 

of p' , 

(ii) the assembly of coefficients is simpler than the previous two 

subroutines, 

(iii) the subroutine closes with the application of the p' field 

to correct the latest estimates so far of the u, v and p fields, 

that is u*, v* and p*, by appropriate use of Eqs. (12) through (14). 
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C1 Assembly of coefficients. Two nested loops sweep through the 

entire grid system. At each point the following sequence of calculations 

is performed: areas and volume of cells, coupling coefficients, source 

, terms and absolute mass sources. 

C2 Problem modification. A call statement to PROMOD (4) is included. 

C3 Final coefficient assembly. Coefficient AP is calculated for all 

points of the mesh. 

C4 Solution of difference equations. LISOLV is called NSWPP times in 

order to obtain a good estimate of the p' field. The parameter list, 

beginning 2,2, ... , is appropriate since pressures are stored at grid 

intersections. 

C5 Correct velocities and pressure. When this stage is reached, 

first estimates of the u, v and pfie1ds (U* from CALCU, V* from CALCV 

and p* from previous iteration) are known. Equations (12) through (14) 

are applied to obtain better estimates and ensure that the U* and V* 

momentum equation first-estimate solutions are brought into conformity 

with the continuity equation. Notice that the DO loop ranges are a little 

complicated so as to operate only on internal field points. There is no 

underre1axation here on the velocity components (this was done prior to 

obtaining the U* and V* fields). Also, the required p' correction is 

added to the latest estimate of the pressure field p*. 

3.7 The other CALC subroutines 

The other main dependent variables which are to be solved from their 

governing partial differential equations are w, k, and E as seen in Table 1. 

Each of these is dealt with in a separate subroutine denoted by the name 

CALC followed by W, TE and ED. They are each called sequentially in this 

order directly from the MAIN subprogram; and each of them is structured 
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similarly to the CALCU and CALCV subroutines described in section 3.5. Only 

highlights of the differences need be described. 

Cl Assembly of coefficients. Since all these variables are physically 

located at the grid intersections, both the I and J loops begin with the value 

2 and ensure a sweep over all internal mesh points. The third part of Cl is 

concerned with diffusion coefficients and it is here that the Prandtl/Schmidt 

numbers PRTE, etc. in Table 4 are brought into play: viscosities are divided 

by PRTE, etc. in order to obtain the appropriate exchange coefficients. The 

fourth part concerns source terms and rather longer expressions are formulated 

as required from Table 1. 

C2, C3 and C4. These bear such a strong resemblance to their correspond

ing chapters already described in section 3.5 that no further elaboration 

need be given here, except to remark that the LISOLV call always begins with 

the parameters 2, 2. 

3.8 Subroutine LISOLV 

LISOLV (line solver) is called from each of the CALC subroutines. When 

called it provides one complete sweep of the relevant interior points at 

which the variable is located. Also it replaces the 2-D array PHI, the last 

parameter of the call list, with the solution of the equations previously 

built-up in the calling subroutine. This is effected by means of the well

known TDMA (!ri~iagonal ~atrix ~lgorithm) being applied to each vertical 

gridline in turn, and traversing along all such lines in the vertical 

direction sequentially from left to right of the integration domain. 

The subroutine begins with a DO loop for the W-E sweep. There is some 

complexity here involving IST~RT and JSTART, the first two parameters of the 

call list (these are usually given the values 2, 2 but are 3, 2 and 2, 3 

when the call is from CALCU and CALCV respectively). But careful perusal of 
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the steps involved will assure the reader that the calculations are correct. 

The subsequent parts of the subroutine concern implementation of the TD~~ 

technique: with the S-N traverse, assembling the TDMA coefficients, the cal

culation of the coefficients of the recurrence formula and the back-sub

stitution to obtain the solution values of the S-N gridline. 

3.9 Subroutine PRINT 

The task of PRINT is to print out the values of a 2-D array PHI, to

gether with associated heading HEAD, the last parameter of the call list. 

The X and Y coordinates are written horizontally and vertically around the 

output matrix of values. Again, as discussed in Section 3.8, the first two 

parameters of the call list, ISTART and JSTART, are usually 1,1 so that all 

internal and external values are printed to help diagnostics. Also, for 

U the XU values are printed and for V the YV values so that correct physical 

position values accompany the output of these variables which are located 

on displaced grids. 

3.10 Subroutine PRO~1OD 

The finite difference equation coefficients are formulated in each 

of the CALC subroutines on the assumption that each point is a usual inter

nal point. Of course some points lie near or on the rectangular boundary of 

the flow domain in which the solution is sought and the general formulation 

of a CALC routine is not correct at these points. So that all required cor

rections to the general formulation are simple to understand and apply, each 

CALC routine calls a particular chapter of PROMOD (problem modifications). 

This subroutine has the task of modifying the values of the finite difference 

equation coefficients, or the variables, near walls or other boundaries where 

particular conditions apply. Each chapter concerns itself solely with one 
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particular variable and each chapter considers in turn each of the boundaries 

around the solution domain. Boundary conditions are thus easy to formulate 

and simple to apply; and this novel feature makes PROMOD second only to MAIN 

as a subroutine to which a prospective user needs to apply his attention. 

According to the value given to NCHAP (~umber of chapter required) of 

the call list, control proceeds to one and only one of the eight chapters of 

this subroutine. These chapters deal with: 

Cl Properties 

C2 U momentum 

C3 V momentum 

C4 Pressure correction 

C5 Thermal Energy 

C6 Turbulent kinetic energy 

C7 Dissipation 

C8 W momentum 

where C5 is retained from the original TEACH arrangement, but is not used 

in the present version of the code. 

Figure 5 reveals that amongst the boundaries of the solution domain 

only at the inlet is the usual formulation of the finite difference equa-

tions, as computed in the CALC subroutines, correct. At other boundaries 

of the solution domain appropriate sections of PROMOD have to supply the 

correct influence of the boundary conditions on the coupling coefficients 

aj (j N, S, E, Wand p) and components S~ and S~ of the linearized source 

term. In PROMOD each of the chapters is further divided into sections 

deal ing with 

(i) Northern to p wa 11, I = 2 to NIMl 

(i i) Southern symmetry axis, I = 2 to NIMl 

(i i i) l~estern side wall, J = 2 to NJMl 

(iv) Eastern outlet, J = 2 to NJMl 
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In what follows all four cases of a N, S, E and W near-boundary point are 

dealt with simultaneously. One merely reads the appropriate line (designated 

by (N), (S), (E) and (W)) of the equations which follow, according to the 

particular case in which the reader is temporarily interested. Notation 

follows that of the boundary cells of Figs. 6 and 7. 

Boundary conditions are inserted for each boundary cell. The first 

step generally involves breaking the link to any adjoining external cell by 

setting to zero the appropriate aj of Eq. (11). Then, for each boundary 

AN (I, J) 0 (N) 

AS (I, J) 0 (S) 
(45) 

AE (I, J) = 0 (E) 

AW (I, J) = 0 (\~ ) 

This step is followed by insertion of the correct boundary flux (diffusion 

and/or convection) for the cell boundary in question into the linearized 

source terms SU and SP, as exemplified in the following sections. 

Neumann conditions. If zero normal gradient condition is the one to 

be applied, breaking the appropriate link is all that is required. For then 

the terms 

aN (<Pp - <PN) 0 (N) 

as (<Pp - <PS) 0 (S) 
(46) 

aE (<pp - <P E) = 0 (E) 

aW (<pp - <PW) = 0 (W) 

are all zero in Eq. (11) so there is no flux through the boundary in question. 

Dirichlet conditions. If the value of <P is prescribed as <PB on the 

boundary then the usual boundary link is broken via Eq. (16). For a solid 

boundary the convective flux through the boundary face of the cell is zero, 
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but the diffusive flux is typically nonzero. Hence the diffusion term of 

Eq. (8) is transferred to the right-hand side RHS of the equation where it 

is incorporated into SU(I,J) and SP(I,J); on the RHS it is expressed in 

terms of ~P and ~B as 

fB (~B - ~p) rB f,x/oy (N) 

fB (~B - ~p) rB f,x/oy (S) 
(47) 

fB (~B - ~p) rB f,y/ox (E) 

fB (~B - ~p) rB /:::,y/ox (W) 

where fB is the appropriate exchange coefficient for ~ evaluated at point B. 

Appropriate cell boundary face areas appear here. North and south face areas 

are given by rB f,8 f,x whereas east and west areas are expressed as rB /:::'8 f,r; 

but f,8 cancels from the governing equations. These expressions may be split 

between SU(I,J) and SP(I,J) as 

fB r B ~B f,x/oy (N) 

f B r B <PB f,x/oy (S) 
sU(I,J) SU (I,J) + fB rB ~B f,y/ox (E) 

fB rB ~B f,y/ox (W) 

and 

fB rB f,x/oy (N) 

rB r B f,x/oy (S) 
SP(I,J) = SP (I,J) -

fB rB t::,y/ox (E) 

rB rB f,y/ox (H) 
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-
Flux specified. If the flux of ~ through a boundary face of the cell 

is specified. When brought to the RHS of Eq. (8) it may be approximately 

expressed as b~p + c where band c are known (if possible, retaining (-b) and 

(c) both positive to aid the convergence of the finite difference iteration 

procedure). This is implemented by breaking the boundary link and augmenting 

the source terms appropriately: 

SU (I,J) 

SP (I,J) 

SU(I,J) +c 

SP (I,J) + b 

(N,S,E, and W) 

(N,S,E, and W) 

(50) 

(51) 

Fixing a value at an internal point. The value of ~ at a near-boundary 

point P may be fixed at a value of ~F via setting 

SU (I,J) = ~F 10 30 (N,S,E, and W) 

SP (I,J) _10 30 (N,S,E, and W) 

(52) 

(53 ) 

so that these terms dominate in the equation for ~ at P, with the solution 

Convective and diffusive influences. If both convection and diffusion 

through a cell boundary occurs, the hybrid formulation should be used. In 

this situation the contribution C for the flux passing the surface in question 

(N,S,E, or 1-1) is calculated according to Eq. (10) and used along with the 

other surface contributions and source terms to formulate the usual finite 

difference ~quation. This is ensured automatically in the program for a 

normal inflow/outflow boundary. 

3.11 Subroutine STRMFN 

Subroutine STRMFN has been developed to calculate the dimensionless stream 

function 

r d/2 
STFN = f urdr / f urdr 

o o 
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for all internal field points of the u-cell grid. The quadrature formu

lation for calculating STFN is essentially the Trapezoidal Rule. The in

tegration proceeds radially one step SNSV(J) at a time so that a finite 

difference mesh which is either uniform or nonuniform in the radial 

direction is permissible. 

The coordinates of points constituting each of NSTLN streamlines with 

dimensionless stream function values STVAL ranging from 0.0 to 1.0 are 

subsequently calculated for plotting. The present code calculates the 

coordinates of eleven streamlines with ~* = 0.0,0.1, ... ,1.0. Each 

streamline is represented by NI-l points whose dimensionless x- and r

coordinates are stored as XUND(I) and YSTLND(I,K) (K = 1, .. ,11) respectively, 

where the k-index indicates the particular streamline. These two arrays 

are employed in producing Cor~PLOT streaml ine plots via the usual CALCOMP 

subroutines. Immediate line printer plots of alternate streamlines are 

obtained through the use of corresponding arrays XUDPLT(I) and YSLPLT(N,I) 

(N = 1, ... ,6) for the six streamlines ~* = 0.0,0.2, ... ,1.0. 

3.12 Subroutine PLOT 

The PLOT subroutine is a variant of the ~ - profile line printer plot 

routine supplied with some versions of the GENMIX computer program. It is 

now described at length in a recent text.3~ In the present version supplied, 

it is called twice after each converged solution has been obtained. Firstly, 

with the parameter LARGE equal to 0 (giving a small-sized plot) and secondly 

with LARGE equal to 1 (giving a larger-sized plot). Prominent in the call 

list are XUDPLT(I) and YSLPLT(N,I) (N = 1, ... ,6) as described in Section 3.11 

from which the required six streamlines are plotted. A 50 x 100 array is 

filled with alphanumeric characters as appropriate so as to give labels 
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0,2,4,6,8 and 1 corresponding to the nondimensional streamlines ~* = 0.0, 

0.2, ... ,1.0. 
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4. USER'S GUIDE 

4.1 Problem Specification 

General. The listing of the program, which is supplied in Appendix E, 

is used for precisely those calculations which have been described in 

Sections 2 and 3 of this report. The user of the program will wish to make 

other calculations; for this he must modify the program. Although the de

scription of the program which was given in Section 3 will allow the dis

cerning reader already to distinguish the parts of the program which must 

be altered, the following notes will aid him to make the modifications to 

suit his case, without going through the whole program. 

The general principles which the user should adopt are: 

(i) Read through MAIN, paying special attention to the Chapter titles, 

and other subtitles, and considering whether any of the features 

of the problem which relate to those titles have suffered changes 

which should be incorporated. 

(ii) Make the corresponding changes to MAIN. 

(iii) If modifications are desired to the turbulence model, introduce 

these in C2 of MAIN and/or C2 of PROPS. 

(iv) If different wall boundary conditions are required, read carefully 

Sections 2.3 and 3.10 and then change PROMOD accordingly. 

(v) Check that the COMMON statements are still adequate. 

(vi) Leave the general parts of the program alone, including the CALC 

subroutines, INIT, PROPS, LISOLV and PRINT (except those minor 

nonstructural parts just mentioned). 

The following discussion is organized under the headings: Input data 

specification, system specification, boundary conditions, and turbulence 

specification. 
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Input data specification. Much of the data is internally specified. 

However, if IREAD = .TRUE. has been declared in CO of MAIN, the unformatted 

reading of all input data from disk storage is activated. This input re

quires the proper job control "card" to allocate the logical unit number 

of the READ statement to the disk storage data file from which the data is 

to be read. The dependent variable fields are read from disk storage as an 

improved (near-solution) initial estimate to reduce the number of iterations 

required for convergence. 

As seen in Section 4.2, the X(I) and Y(J) [=R(J)] arrays preceed the 

dependent variable arrays sequentially written on each data file stored. 

Hence in CO of MAIN, these two independent variable arrays are read to 

enable the next unformatted READ in C2 of MAIN to read the U(I,J), etc. 

dependent variables. After the solution is printed in C4 of MAIN, the 

dependent variable arrays are re-initialized for the next swirl loop by 

another series of unformatted reads from disk storage. Also, as discussed 

in Section 3, alphanumeric headings are read in CO of t-1AIN using an A format 

field. 

System specification. ~1inor variants of the sample grid system of 

Fig. 4 can be derived simply by appropriate modifications being made to the 

grid section of Cl of MAIN. Appropriate choice of the integers NI, NJ, ISTEP, 

JSTEP and JMAX(I) together with RLARGE (=0/2) ALTOT (= total length), EPSX 

(the gradual expansion rate in the axial direction) and Y(J) defines completely 

the axisymmetric geometry with INDCOS = 2. Assigning true or false to INCALU 

etc. activates the calls to subroutine CALCU etc. during the subsequent 

iteration cycle to update the U-velocity field. They also determine whether 

printing is required. Clearly, true settings will generally be the ones to 

use for all the dependent variables. Specification is also required for 
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fluid properties, including Prandtl/Schmidt numbers and all material con

stants in SI units. 

Boundary conditions. Cl of MAIN specifies boundary values of all the 

dependent variables. Hence specification of UIN etc. are required for the 

main inlet. Most inlet profiles of the turbulent flow are then taken to be 

uniform in C2 of MAIN and the user can easily amend this if desired. Employ

ed here is the swirl ~umber Qlock SWNB or ~ane angle Qlock VANB according 

to the value of NSBR (~umber for ~olid Qody ~otation). The specification 

NSBR = 1 activates SWNB, which gives solid body rotation from a swirl genera

tor, and NSBR = 0 activates VANB for a flat s\'Jirl velocity profile from 

swirl vanes. In either case, the desired inlet values of swirl velocity 

Ware assigned appropriately. 

Initial field values of all the dependent variables are specified in C2 

of INIT and C2 of MAIN. The user \'Jill be content to 1 eave these alone, for 

as soon as the iteration process is underway, these estimates are improved. 

Only occasionally in some cases will they be too inaccurate to permit a 

smooth iterative process to continue from their values - in such cases more 

realistic values closer to the true solution and/or underrelaxation must be 

specified. 

Turbulence specification. Minor adjustments to the turbulence model 

already in the program can be simply achieved by altering the turbulence 

constants part of Cl of MAIN and C2 of PROPS for the viscosity calculation. 

If one desired to make a computation for laminar flow, VIS must be filled 

with appropriate values in the DO 100 loop of PROPS. Also, the logical 

variables INCALK and INCALD could be specified as false to suppress the 

calculation of k and E and the complexity in PROMOD for velocities near 

wall boundaries would be removed. When a different turbulence model is 

required, of course, C2 of PROPS must reflect this. Should a nonisotropic 
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or direct turbulent stress specification model be required, more far

reaching changes would be required to the diffusion term calculations in 

all the CALC subroutines, possibly with other CALC routines for solving 

stress equations. It is here that current knowledge is uncertain and much 

current research activity is being directed toward more realistic turbu

lence models. 

4.2 Iteration and Accuracy 

Iteration control. The iteration process is monitored by comparing 

the sum of the absolute values of residual source of mass in the filed, 

RESORM, with a preset value, SORMAX, representing maximum souEce. Simi

larly for other variables U, V, W, etc. iteration is terminated for a 

particular problem when the largest residual source is less than SORMAX, 

or number of iterations NITER is greater than the maximum number of itera

tions MAXIT to be allowed. By analogy a divergence criterion can also be 

included if required, so as to prematurely terminate a computation giving 

results which appear not to be converging. 

Fortran variables which are used to influence the iteration behavior 

are NSWPU etc. (representing ~umber of update swee~ for ~ etc.) and URFU 

etc, (representing ~nderEelaxation for ~ etc.). If divergence is found, 

the remedy often lies in increasing the former (especially NSWPP for pres

sure) and reducing the latter. However, the accompanying listing includes 

reasonable values which have been found convenient to use. They are auto

matically re-assigned in the iteration process according to the inlet swirl 

strength and number of iterations made toward convergence, as inspection 

of the listing reveals. 

61 



Output. At every iteration, RESORM etc. are printed out along with 

monitored values of variables at the location specified by mON and JMON. 

Full field prints presently after 100 iterations and increments of 50 

thereafter. Full field prints are obtained for each dependent variable 

with a true logical variable (like INCALU for U-ve1octiy) by way of a call 

to subroutine PRINT. The user, of course, is entirely free to make any 

output he wishes at each iteration stage in C3 of MAIN and to make a field 

print of any 2-D array via a call to PRINT. This structure is a flexible 

one which can be utilized to advantage. 

If IWRITE = .TRUE. has been specified in CO of MAIN, the unformatted 

writing of all output data onto disk storage is activated. This output re

quires the proper job control "card" to allocate the logical unit number of 

the WRITE statement to the disk storage data file which is to receive the 

data. First, the X(I) and then the Y(J) [=R(J)] arrays are written to disk 

storage allocated to logical unit 11, as seen in the initial output portion 

of MAIN, C2. Also, located here is the writing of XUND(I), nondimensiona1 

XU(I), to disk storage allocated to logical unit 14. 

Upon completion of the solution process for each swirl loop each field 

variable is nondimensiona1ized and printed (if NONDIM = .TRUE.) subsequent 

to the printing of dimensional variables. Then, the following dependent 

variable arrays are written onto disk (logical unit 11): U(I,J), V(I,J), 

W(I,J), P(I,J), TE(I,J), ED(I,J), VIS(I,J) and STFN(I,J). Immediately fol

lowing is the WRITE of YSTLND(I,K) to disk (logical unit 14), where YSTLND(I,K) 

contains the dimensionless radial coordinate corresponding to each dimen-

sion1 ess axial coordinate XUND(I) along each K stream1 ine. These arrays are 

subsequently used in obtaining CALCOMP streamline plots. 
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Independence of grid size. A computation may be considered to be 

accurate if alterations in the grid size produce no significant changes 

in the values of dependent variables, or the fluxes, at the points in the 

flow or its boundary which are interesting to the user of the program. 

Such alterations are obtained by changing the values of NI and NJ (~umber 

of grid intervals in 1 and ~ (i.e. X and Y) directions) along with EPSX 

and Y(J). Specification of these quantities is made in Cl of MAIN. Of 

course, large values of NI and NJ increase the computer time significantly, 

so smallest values should be used that are consistent with acceptable 

accuracy. There is no way but trial to establish what these values are, 

but a 23 x 21 or 35 x 21 grid is probably sufficient, as available by 

simple choice in the delivered code. 

Comparison with exact or experimental values. Further tests of accuracy 

can be made by setting the geometry and boundary conditions of the program 

to correspond to a problem for which exact solutions or experimental results 

are available. For example, the inlet step could be dispensed with and 

standard pipe flow results. In either case the presence of swirl and turbu

lence is optional. Hence comparison of the predictions of the program for 

this degenerate case with exact or experimental results can provide valuable 

insight into the accuracy with which the differential equations are being 

solved. 

'Trouble-shooting' - It is possible to mention only a few of the remedies 

which can be employed when the program, in the course of being adapted to a 

new problem, generates computations that are evidently faulty. 

To prevent divergence, the source terms should be formulated so that 

-SP is always positive for each cf> variable. This keeps the point P dominant 

in its finite difference form with its N, S, E and W neighbors and aids the 
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stability of the iteration process. The forms shown in Table 2 enjoy this 

characteristic. 

Lack of conservation of properties which ought to be conserved is 

often the result of incompatible specification of boundary conditions 

and fluid properties, for example. One has to take extreme care. It is 

not possible to say much more in general than that inadvertently introduced 

incompatibilities are among the most common causes of error. 

4.3 The Sample Computation 

The sample computation code listing (Appendix E) and the results given 

in the microfiche supplement are concerned with the inert turbulent flow in 

an idealized combustion chamber. An air flow (constant density p = 1.211 kg/ 

m3' 'and molecular viscosity f.l= 1.8x10-5 kg/ms) enters a 45 deg. expansion ((1.= 

45 deg.) from an inlet pipe (radius d/2 = 0.03125 m) to a large pipe (radius 
\ 

D/2 = 0.0625 m). The total length of the flow domain is 0.5 m so as to be suf-

ficient to enclose any expected recirculation zones. Computer runs through a 

range of seven inlet swirl vane angles ~(= arctan win/uin) equal to 0, 45,55, 

60, 65, 68 and 70 deg. are given, although serious production runs with the 

larger swirl strengths are made with the total length fUrther extended to 

about 0.8 m in order to cover a larger domain associated with a longer cen

tral recirculation zone. A maximum of 200 iterations for each swirl strength 

is allowed, with the solutions for each value of ~ being used as the initial 

starting values for the next higher value of ¢. 

The flow domain is covered by a 23 x 21 mesh system (NI = 23 for the 

x-direction, NJ = 21 for the r-direction). The sidewall angle of a = 45 deg. 

is accommodated by way of four steps each of three cells high in the radial 

direction. The specification is 
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ISTEP 2 

JSTEP 8 

J~1AX(1 ) 8 

JMAX(2) 11 

J~lAX(3) 14 

JMAX(4) 17 

JMAX(I) 20 (I = 5,6, ... ,21) 

In the x-direction a uniformly expanding grid up to x = 0.375 m at I = 20 

is specified via EPSX = 1.11, then equidistant addition grid lines are 

specified up to x = 0.5 m at NI = 23. This grid is appropriate for side

wall angles a = 45 and 90 deg., though with a = 70 deg. a uniformly expand

ing grid up to x = 0.375 m at I = 30 is specified via EPSX = 1.102, then 

equidistant additional grid lines are specified up to x = 0.55 m at NI = 35. 

In the r-direction the 21 grid lines are clustered near the expansion corner, 

centerline and north wall since additional refinement is required in regions 

with expected large gradients. The choice of x-grid is determined by 

setting IFINE to be true or false, giving fine or coarse grid system, re

spectively. Both grids are arranged 

(i) to give good resolution in strategic locations near the inlet, 

exit, projecting corners and front and back stagnation points, 

(ii) to give corresponding axial locations at which to compare pre

dictions with present and previous measur.ements. 

Finally, the choice of logical variables in Chapter 0 of MAIN is self

explanatory giving rather detailed output but not reading from or writing 

to any disk storage locations. 

When the user wishes to compute a problem with a sidewall angle a 

different from 45 deg. [as in the listing supplied in Appendix E] he has 
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to specify the x and r [= y] grid 1 ine locations and J~1AX(I) for each 1. 

Many variants of the flow domain of Fig. 5 discussed in Section 2.3 can 

thus be investigated. Auxiliary computations lead to the required speci

fication. For example, other values of a are obtained by modifying the 

x-grid spacing near the inlet, which depends on NI, EPSX and ALTOT, and 

comparing it with the corresponding r-grid spacing near the expansion 

corner. That is, XU(3) - XU(2) is compared with YV(JSTEP+2) - YV(JSTEP+l) 

to get the aspect ratio by the expansion corner. When a multi-cell step 

is envisioned a greater range of YV values are considered. Corresponding 

values of a can be tabulated with various combinations of NI and EPSX, and 

the user can then judiciously choose an appropriate combination with JMAX(I) 

values for his needs. 

Another parameter frequently requiring different values is swirl 

strength. The program is set up via LFS and LFSMAX to sequentially calcu

late through a range of seven swirl vane angles. These angles are specified 

in a DATA statement for the array VANB which is activated if NSBR = O. If 

NSBR = 1 the swirl number for consecutive swirl numbers to be investigated 

is specified via a DATA statement for the array SWNB. 
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5. CLOSURE 

The STARPIC computer program has been developed to predict swirling 

recirculating inert turbulent flows in axisymmetric combustion chambers. 

The technique involves a staggered grid system for axial and radial 

velocities, a line relaxation procedure for efficient solution of the 

equations, a two-equation k - € turbulence model, a stairstep boundary 

representation of the expansion flow, and realistic accommodation of 

swirl effects. Predictions of this type allow some results to be obtained 

more cheaply, quickly, and correctly than currently possible by the almost 

exclusive use of experimental means. Further development and application 

is providing a valuable supplementary technique for designers of practical 

combustion equipment. 

This report has dealt with the computational problem and shown how 

the mathematical basis and computational scheme may be translated into 

a computer program. A flow chart, Fortran 4 listing, notes about various 

subroutines and a user's guide are supplied as an aid to prospective users 

of the code. 
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7. NOMENCLATURE 

A 

a 

C 

C,U,V 

D 

d 

E 

f 

G 

I,J 

k 
. 
mnet 
Pe 

v = (u,v,w) 

x,r,e 

y 

r 

a 

r 

Cell face area, Eq. (8) 

Coupl ing coefficient, Eq. (11) 

Contribution to cell surface integral, Eq. -(10) 

Control cell volumes for <p, u, v, Fig. 3 

Chamber diameter, Fig. 1 

Nozzle diameter, Fig. 1 

Constant in law of wall, Eq. (24) 

Underrelaxation parameter, Eq. (42) 

k - generation term, Eq. (4) 

Mesh point, Fig. 2 

Kinetic energy of turbulence, Eq. (1) 

Net outflow of mass from cell, Eq. (9) 

Cell Peclet number = puo/r, Eq. (10) 

Time-mean pressure, Eq. (1) 

Res i dua 1 source, Eq. (44) 

Source term (with subscript), Eq. (1) 

Components of linearized source term, Eq. (8) 

Magnitude of total velocity vector, Eq. (24) 

Time-mean velocity (in x,r,e directions), Eq. (1) 

Axial, radial, circumferential polar 
co-ordinates, Eq. (1) 

Distance normal to a wall, Eq. (25) 

Turbulent exchange coefficient, Eq. (1) 

Side-wall angle, Fig. 

Exchange coefficient, Eq. (7) 

72 



ox 

£: 

K 

p 

(J 

T 

Superscripts 

old 

* 

Subscripts 

in 

n,s,e,w 

P,N,S,E,W 

t 

Axial distance between two neighboring 
mesh points, Fig. 4 

Turbulence energy dissipation rate, Eq. (1) 

Constant in log law, Eq. (24) 

Effective viscosity, Eq. (5) 

Time-mean density, Eq. (1) 

Prandtl-Schmidt number, Eq. (6) 

Wall shear stress, Eq. (25) 

Swirl vane angle, Fig. 1 
dependent variable, Eq. (1) 

Stream function, Eq. (7) 

Last iterate value, Eq. (9) 

Preliminary u, v and p field based on 
estimated pressure field p*, Eqs. (12)-(15) 

Correction value to u*,v*,p* to get u,v,p, 
Eqs. (12)-(15) 

Inl et, Fig. 1 

Laminar val ue, Eq. (5) 

North, south, east, west faces of cell, 
Eq. (8) 

Point, north, south, east, west neighbors, 
Fig. 2 

Total, Eq. (25) 
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APPENDIX A DERIVATION OF THE HYBRID DIFFERENCING SCHEME 

In the discussion of Section 2.2, it was remarked that a hybrid 

differencing scheme is used in representing the combined effects of 

convection and diffusion at cell boundaries. It possesses certain ad

vantages over the well-known central and upstream differencing schemes, 

and it is convenient to provide here sufficient derivation, in the con-

text of the present 2-D axisymmetric flow problem. The reasons and 

choices are aided by comparison of possible finite difference representa-

tions with the exact solution of a simplified l-D convection and diffusion 

problem, whose solution values and flux calculations therefrom provides 

useful guidance. 

Consider the transport across one face of a control volume, for 

example the western face of area Aw normal to the x-direction which lies 

midway between the gridpoints l~ and P distant ox apart, as shown earl ier 

in Fig. 4. The contribution Cw of the convection and diffusion terms of 

Eq. (1) to the surface integral for the western face is 

c = [pu~ - r ~] A w ~ ax w w (Al) 

and the task is to derive a finite difference expression to represent the 

right hand side realistically in terms of ~ and r~ values at Wand P using 

appropriate differencing. The choice will be aided by comparison with 

the exact solution of 

pu~ - r 2f = 0 
~ ax (A2) 

in the interval W ~ x ~ P, taken without loss of generality to be 

o ~ x ~ ox, where r~ = (r~)w = constant and p and u are presumed to be 

constant known values evaluated at x = 8x/2. Solving this one-dimensional 
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Eq. (A2) subject to the two grid values 

x = 0 

x = oX CPp 

yields the solution 

where the cell Peclet number has been defined by 

Pe = pu oX / r 
cP 

( A3) 

(A4 ) 

(A5) 

which is evaluated at X = ox/2, i.e. at the western face of the cell 

around P. The exact solution, Eq. (A4), is portrayed in Fig. 12 where 

inspection shows that the value of cP always lies within the extreme 

values of CPH and cpp. When Pe becomes very large and positive, because 

of axial velocity u being very large and from left to right in Fig. 3, 

the cP-x curve is nearly horizontal and nearly equal to CPW at all points, 

with a steep rise to the value ~P as x approaches oX (i.e. near pl. Con

versely when Pe is very large and negative, because of axial velocity 

u being very large and from right to left for example, the cP-x curve is 

nearly equal to CPp at all points with the steep part near x = 0 (i.e. 

near W). When Pe is near to zero in value, the linear interpolation 

straight line is close to the exact solution. 

The present task is to look at the net transfer of cP across the mid

plane at x = ox/2 and to deduce a satisfactory finite difference analugue 

of the differential equation Eq. (A2) in terms of CPw and cpp. The flux of 

cP across the mid-plane at x = ox/2 is 

_ r acp] 
Qox/ 2 - L:ucp - rcp ax x = ox/2 (A6) 
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Fig. 12. $ versus x curves for different values of the cell 

Peclet number Pe (assuming $W < $p)' 
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and upon substituting the exact solution for ¢ and ~ at x = ox/2 

using Eq. (A4) yields (see Appendix B) 

f,h I>Pe ,h j 'f'H - - 'f'P 
( p u ) 0 x/ 2 -"--P~e----'---

e - 1 

<Pp e-Pe 

-Pe l-e 

Three limits of this expression can be examined: 

Pe -+ + 00 

Pe -+ - 00 Qox/ 2 -+ (pu)ox/ 2°<pp 

I Pe I -+ 0 () f<p 1 + Pe + ---
Qox/ 2 -+ pu ox/2 t W Pe (1+Pe/2 + ---) 

-<p 1 - Pe + --- ] 
P Pe (1-Pe/2 + ---) 

(pu)ox/2 (<PW + <Pp)/2 - r ox/ 2 <PP
o
: <PW 

(An 

( A8) 

( A9) 

(A10) 

(All ) 

where terms of order Pel and higher have been omitted from the last 

expression. Rearrangement and substitution of r<p,ox/2 / oX for (pu)ox/2 / Pe 

has been made to obtain the final form of Eq. (All). This last equation is 

equivalent to central differencing of the diffusion part (in square 

brackets) of Eq. (Al). The first two limits of Eqs. (A8) and (A9) are 

the upstream convection dominated limits where diffusion terms are negli

gible. In computing it is necessary to use a finite difference expres

sion for the flux passing the surface for the western face contribution 

(A12) 
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which exhibits these three limiting cases. The hybrid scheme recommended 

and used in Refs. 17-23 exhibits these properties via the use of 

c = w (pu) A ¢w for Pe > 2 w w -
(pu) A ¢p for Pe < -2 w w 

where Pe = (pu) ox/(r~) is the cell Pec1et number calculated at w. w ~ w 
This hybrid scheme is denoted by HS. 

Figure 13 shows the nondimensional flux passing the mid-plane 

at x - ox/2 versus Pec1et number Pe. Four lines are shown representing 

the exact solution ES, the hybrid scheme HS, the central difference 

scheme CDS and the upwind difference scheme UDS. These lines show the 

overall superiority of the HS over the CDS and UDS approaches, for the 

particular case considered in Appendix C. However, the result is quite 

general. 3D These different schemes and the superiority of the hybrid 

scheme recommended and used in this work 7 are fully discussed in 

Appendix C. 
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\-('UDS 

\ 
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\ 
\ 
\ ,,\ \ 
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4.0 

t --0 

3.0 

2.0 

HS ), \ .. \ 
CDS \ UDS 

lQ.. _______ L __ 

-2 o 
-Pe--

Fig. 13. Comparison of exact flux passing through western face with other 

approaches, as a function of Peclet number (ES, CDS, UDS, AND HS 

are described in Appendix C). 
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APPENDIX B DERIVATION OF EQ. (Al) FROM EQ. (A6) 

Equation (A4) gives ~ and ~ evaluated at x = dx/2 as 

_ ePe/ 2 _ 1 
~ox/2 - ~ + (~ - <Pw) --:P=-e----=-

e - 1 
(Bl) 

and 

~ I - 1 Pe e Pe/2 
ax ox/2 - (~ - <Pw) • /e _ 1 • ox· (B2) 

Substitution into Eq. (A6) gives, where pu = {pu)ox/2: 

(B3) 

on substituting for r~ in terms of the Peclet number Pe = puox/r~. 

continuing 

f/e 
- 1 + 11 [-1] 

Qox/ 2 = pu <Pw t- ePe _ 1 :r + pu ~P ePe - 1 
(B4) 

"(pu)ox/2 l[ow ::: _ 1 - Op epe1 _ 13 

which is equivalent to Eq. (Al). 
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APPENDIX C THE SUPERIORITY OF THE HYBRID DIFFERENCING SCHEME 

Here the concern is with exhibiting possible finite difference 

analogues of Eq. (A7) which expresses the exact solution for the flux 

Q = Qox/ 2 passing the mid-plane x = ox/2, as a function of local density 

and axial velocity evaluated at this point pu = (pu)ox/2' the local 

Peclet number Pe and the ¢-values at Wand P. Three limiting cases for 

Pe ->- + co, Pe ->- - co and I Pel ->- 0 were given in Eqs. (AS) - (All), the first 

two being upstream convection dominated and the last one being equivalent 

to simple averaging for the convection term and central differencing for 

the diffusion term. 

In computing it is advantageous to use a finite difference analogue 

of Eq. (A2) which gives the best fit for this flux Q over a range of p, u, r 

and ox likely to be encountered, as expressed via the Peclet number Pe. 

The suffix ¢ on r is omitted from here onward to avoid confusion. Nonsub-

scripted variables are evaluated at x = ox/2. The three popular practices, 

and the exact solution, are: 

(i) CDS - the central difference scheme. For all Pe numbers, use 

(c1) 

(i i) UDS - the upstream difference scheme. For all Pe numbers, use 

[PUOW - r(op - owl/ox (u > 0) 

Q (C2) 

pU¢p - r(¢p - ¢w)/ox (u < 0) 

(iii) HS - the hybrid scheme. According to Pe and u, use (see Eq. (A13)): 

(¢p + ¢W)/2 - r(¢p - ¢W)/ox (IPel < 2) 

Q = (Pe ~ 2, u > 0) (C3) 

(Pe ~ -2, u < 0) 
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(iv) ES - the exact solution. According to Pe number, use (see Eq. (A7)): 

[ 

<P le _ W 
Q - pu Pe 

e -1 

_ <Pp 

1 

e-pej 
-Pe - e 

(C4) 

We wish to determine which of the CDS, UDS or HS is generally the best 

to use as an approximation to ES, over a range of Pe numbers. Nondimen-

sionalizing the fluxes via 

" ox 1 
Q = Q • r . <Pp - <PW 

gives the following forms (using Pe = puox/~ when required): 

(i i) UDS 

" Q = 

(i i i) HS 

" Q = 

(i v) ES 

"-

Q = 

- 1 (u > 0) 

- 1 (u < 0) 

<Pp + <PW 
t· Pe • ~ <P - 1 (IPel < 2) 

P - W 

<Pw Pe· -:---,.--
<Pp - <PW 

(Pe ~ 2, u > 0) 

Pe. <Pp 
<Pp - <PW 

~
w le 

Pe ""'P-e-
e - 1 

(Pe ~ 2, u < 0) 

_ <Pp e-
Pe J 
-Pe 1 - e 
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It is useful to examine limiting cases of the ES, in a manner similar to 

that used in obtaining Eqs. (A8) - (All). Now they are 

-1 (lpEI + 0) 

Q + <Pw 
P e· ...,.--;--

<Pp - <Pl~ 
(Pe + + 00) (Cl 0) 

<Pp' 
Pe. '" '", 

'l'P - 'PW 
(Pe -+ - 00) 

In order to discriminate between the CDS, UDS and HS approaches to 
" approximating the ES, we plot Q versus Pe. The plot depends, of course, 

on the values of <Pp and <PW' To illustrate the point, and without loss of 

generality of the result, let us take <Pw = 0 and <Pp = 1. For this case the 
" Q versus Pe relationships to plot are: 

( i ) CDS 

Q = t Pe - (Cll ) 

(i i) UDS r (u > 0) 
Q = 

Pe - (u < 0) 
(C12 ) 

(i i i) HS 

A ee-1 ( I Pe I < 0) 
Q = 0 (Pe ~ 2, u > 0) 

Pe (Pe .::. -2, u < 0) 

(Cl3) 

(iv) ES 

" -Pe 
Q = Pe • e - 1 -Pe - e 

(C14) 
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The three limiting cases of the ES are also 

[1 (iPei + 0) 
Q + 

-P~ 
(Pe + + 00) (C15) 

(Pe + - 00) 

In Fig. 13 are plotted four lines labelled CDS, UDS, HS and ES, each of 

which represents Q as a function of Pe. That marked ES represents the 

exact solution and its three limiting cases are clearly seen. When iPei 

is small, ES tends to -1; this is the value appropriate to Q because of 

diffusion alone. When Pe is very large and positive, Q tends to 0; when 
A 

Pe is very large in magnitude, but negative, Q tends to be equal to -Pe. 
A 

With the CDS approach, Q tends to ~Pe instead of zero when Pe is large 

and positive, and at the other extreme it tends to ~Pe instead of Pe. 

These disagreements are quite severe. And, of course, the finite difference 

equation coefficients obtained with the CDS approach when iPei > 2 are 

such as to encourage divergence during an iterative solution procedure. 

The UDS approach of the other hand, has errors which are larger than the 

CDS approach for moderate values of Pe, but when iPei is large the UDS 

solution is more exact than the CDS one. 

The HS approach combines the advantages of the CDS and UDS ideas and 

its corresponding straight lines are marked on the figure. Evidently 

this prescription is somewhat more accurate, overall, than either of its 

associated predecessors. It clearly tends to the asymptotes of 0 and -Pe, 

as Pe tends to + 00 and - 00 respectively (making it superior to the UDS for 

large values of iPei), and is equivalent to the CDS approach where the 

latter may be usefully employed when iPei < 2. The HS approach also 

happens to keep the finite difference coefficients within bounds which 

84 



ensure convergence of the iterative scheme for solving the resulting set 

of algebraic equations. Hence the recommendation and current use of the 

hybrid differencing scheme as given by Eq. (A13), and quoted earlier as 

Eq. (10). 
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APPENDIX D FORTRAN SYMBOL LIST 

A(J) 

AE(I,J) = 

All = 

AL2 = 

ALAMDA 

ALPHA = 

ALTOT = 

AN (I ,J) = 

AP(I,J) = 

AREAEH 

AREAN 

AREAS 

ARDEN 

ARDENT 

= 

= 

AS (I ,J) = 

AW(I,J) 

B(J) 

C(J) 

Cl 

C2 

CAPPA 

= 

Coefficient of recurrence relation 

Coefficient of combined convective/diffusive flux through 

east-wall of control volume 

X-coordinate of inlet boundary of flow domain 

X-coordinate of outlet boundary of flow domain 

Length scale factor at inlet of flow domain 

Inlet sloping wall expansion angle 

Total length of pipe of larger diameter 

Coefficient of combined convective/diffusive flux through 

north-wall of control volume 

Sum of coefficients of combined convective/diffusive fluxes 

through all four walls of control volume 

Area of east/west wall of control volume 

Area of north-wall of control volume 

Area of south-wall of control volume 

Area of east/west cell-wall times density of fluid 

Sum of all east/wall ARDEN at a cross-section 

Coefficient of combined convective/diffusive flux through 

south-wall of control volume 

Coefficient of combined convective/diffusive flux through 

west-wall of control volume 

Coefficient of recurrence formulae 

Coefficient of recurrence relation 

Constant of turbulence model (=1.44) 

Constant of turbulence model (=1.92) 

Von Karman constant (=0.4187) 
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CD 

CDTERM 

CE 

CMU 

CN 

CP 

CPO 

CS 

CW 

D(J) 

DE 

= 

= 

= 

= 

= 

= 

DEN(I,J) = 

DENSIT 

DITERM 

ON 

os 

DU(I. K) 

DUDXE 

= 

= 

DUDXW = 

DUDX = 

Constant of turbulence model (=1.0) 

CMU * * 0.25 

Coefficient of convective flux through east-wall of control 

volume 

Constant of turbulence model (=0.09) 

Coefficient of convective flux through north-wall of control 

volume 

Maximum of zero and net outflow (S~1P) from control volume 

CP 

Coefficient of convective flux through south-wall of control 

volume 

Coefficient of convective flux through west-wall of control 

volume 

Coefficient of recurrence formulae 

Coefficient of diffusive flux through east-wall of control 

volume 

Density of fluid 

Density of fluid at inlet of the calculation domain 

Coefficient of volume integral of energy dissipation rate 

in vicinity of walls 

Coefficient of diffusive flux through north-wall of control 

volume 

Coefficient of diffusive flux through south-wall of control 

volume 

Coefficient of velocity-correction term for U velocity 

au/ax at eastern face of U-cell 

au/ax at western face of U-cell 

au/ax at main grid node (I,J) 
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DUDY 

DUDYE 

DUDYW 

DVDX 

DVDXN 

DVDXS 

DVDY 

DVDYN 

DVDYS 

DW 

DWDX 

m~DY 

DXEP( I} 

DXEPU( I} 

DXPI4( I) 

DYNP(J) 

DYNPV(J} 

DYPS(J) 

DYPSV(J) 

ED(I,J) 

EDIN 

ELOG 

EPSX 

FACTOR 

FLm1 

FLm~HI 

= 

= 

= 

= 

= 

= 

= 

= 

au/ay at main grid node (I,J) 

au/ay at mid-point of east wall of V-cell 

au/ay at mid-point of west wall of V-cell 

av/ax at main grid node (I,J) 

av/ax at mid-point of north wall of U-cell 

av/ax at mid-point of south wall of U-cell 

av/ay at main grid node (I,J) 

av/ay at mid-point of north wall of V-cell 

av/ay at mid-point of south wall of V-cell 

Coefficient of diffusive flux through west wall of control 

volume 

aw/ax at main grid node (I,J) 

aw/ay at main grid node (I,J) 

X(I+l )-X(I} 

XU(I+l )-XU( I) 

X(I}-X(I-l) 

Y (J+ 1) - Y (J ) 

YV(J+l}-YV(J} 

Y(J)-Y(J-l) 

YV(J)-YV(J-l) 

Energy dissipation rate, £ 

Energy dissipation rate at inlet of flow domain (£in) 

Constant of P-function for heat transfer at walls (=9.793) 

Grid expansion factor in axial direction 

Area ratio for setting initial u-velocity field 

Mass flow rate at a cross-section based on calculated velocity 

Total mass flow rate entering pipes 
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GE = 

GEN(I,J) 

GENCOU 

GENRES 

GN 

GNW 

GP 

GREAT 

GS 

GSW 

HEDA 

HEDB 

HEDD 

HEDDK 

HEDDP 

HEDDSL 

HEDDU 

HEDDV 

HEDDVS 

HEDDW 

HEDK 

HEDM 

HEDP 

HEDSF 

HEDSL 

HEDT 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

Mass flux through east-wall of cell 

Generation of turbulence by shear from mean flow 

Part of generation term modified in terms of wall shear stress 

Total unmodified generation of turbulence (GEN(I,J) less 

].It(av/axF. 

Mass flux through north-wall of cell 

Mass flux through north-wall of u-cell 

Mass flux at location of velocity 

A very large value (1030) 

Mass flux through south-wall of cell 

Mass flux through south-wall of u-cell 

Heading 'KPLUS = TE * RHO/TAUN' 

Heading 'LENGTH SCALE/PIPE RADIUS' 

Heading 'ENERGY DISSIPATION' 

Heading 'DIMENSIONLESS TURBULENCE ENERGY' 

Heading 'DIMENSIONLESS PRESSURE' 

Heading 'DIHENSIONLESS STREAMLINE COORDS' 

Heading 'DIMENSIONLESS U VELOCITY' 

Heading 'DIMENSIONLESS V VELOCITY' 

Heading 'DIMENSIONLESS EFF. VISCOSITY' 

Heading 'DIMENSIONLESS W VELOCITY' 

Heading 'TURBULENCE ENERGY' 

Heading 'VISCOSITY' 

Heading 'PRESSURE' 

Heading 'DIMENSIONLESS STREM1 FUNCTION' 

Heading 'RADIAL COORDINATE OF STREM'lLINES' 

Heading 'TEMPERATURE' 
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HEDU 

HEDV 

IFINE 

Ul0N 

INCALA 

INCALB 

INCALD 

INCALK 

INCALM 

INCALP 

INCALS 

INCALU 

INCALV 

INCALW 

INDCOS 

INITAL 

INPLOT 

IREAD 

IWRITE 

INPRO 

IPREF 

Heading 'U VELOCITY' 

Heading 'V VELOCITY' 

Index for dependent variables, and co-ordinates 

Logical parameter for fine x-direction grid spacing 

I-index of monitoring location 

Additional (unused) logical parameter for sel ection of 

dependent variables 

Additional (unused) logical parameter for selection of 

dependent variables 

Logical parameter for solution of E-equation 

Logical parameter for solution of k-equation 

Additional (unused) logical parameter for selection of 

dependent variables 

Logical parameter for solution of P'-equation 

Logical parameter for calculation of stream function 

Logical parameter for solution of U-equation 

Logical parameter for solution of V-equation 

Logical parameter for solution of I-J-equation 

Control index for definition of co-ordinate system 

(= 1 for plane flows; = 2 for axisymmetric flows) 

Logical parameter to print initial field estimates 

Logical parameter to produce line printer streamline plots 

Logical parameter to read initial field values from allocated 

disk storage 

Logical parameter to write solution field values to allocated 

disk storage 

Logical parameter for updating of fluid properties 

I-index of location where pressure is fixed 
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IPRINT 

ISTEP 

ISTMl 

ISTPl 

IT 

J 

Jt~AX (I) 

JMON 

JPREF 

JPRINT 

JSTEP 

JSTHl 

JSTPl 

JT 

LFS 

LFSMAX 

t1AXIT 

NI 

NIMl 

NITER 

NJ 

NJMl 

NJM2 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

If equal to NITER, activates printing of residual sums and 

monitor values of field variables 

I-index of entrance plane, within calculation domain 

ISTEP-l 

ISTEP+l 

I-index of maximum dimension of dependent variables 

Index for dependent variables, and co-ordinate 

Maximum value of j-index within flow domain 

J-index of monitoring location 

J-index of location where pressure is fixed 

If equal to NITER, activates printing of field variable values 

J-index of horizontal plane next to wall of, and within, 

smaller pipe 

JSTEP-l 

JSTEP+l 

J-index of maximum dimension of dependent variables 

Index for counting loops for swirl 

Number of swirl loops to be run 

Maximum number of iterations to be completed if iteration 

sequence is not stopped by test on value of SORCE 

Maximum value of I-index 

NI -1 

Number of iterations completed 

Maximum value of J-index 

NJ-l 

NJ-2 
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NONDH1 

NSBR 

NSTLN 

NSWPD = 

NSWPK = 

NSWPP = 

NSHPU 

NSWPW = 

P (I ,J) 

PHI(I,J) = 

PP(I,J) 

PRANDT 

PRED 

PRTE = 

PSTAR(I,J)= 

R(J) 

RCV(J) 

RESO R 

RES ORE 

RSoRK 

RESoRM 

RESoRU 

RESORV 

RESoRW = 

RLARGE 

Activates the calculation and printing of dimensionless 

solution when specified as true 

Zero value specifies flat H profile; the value one specifies 

solid body rotation 

Number of streamlines calculated 

Number of appl ication of 1 ine iteration for e:-equation 

Number of application of line iteration for k-equation 

Number of application of line iteration for pI -equa t ion 

Number of application of 1 ine iteration for U-equation 

Number of application of 1 ine iteration for W-equa t i on 

Pressure, P 

General representation for all dependent variables, ~ 

Pressure-correction, pI 

Turbulent Prandtl number 

Constant of turbulence model in e:-equation, a e: 
Constant of turbulence model in k-equation, ae: 

Dimensionless pressure 

Radius of main grid node (I,J) from symmetry axis 

Radius of C- and U-cell center 

Residual source for individual control volume 

Sum of residual sources within calculation domain for e:-equation 

Sum of residual sources within calculation domain for k-equation 

Sum of mass sources within calculation domain 

Sum of residual sources within calculation domain for U-equation 

Sum of residual sources within calculation domain for V-equation 

Sum of residual sources withi n calculation doma i n 

Radius of large pipe 
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RSDRL 

RSMALL 

RV(J) 

SEW(I) 

SEWU( I) 

SMP 

SNS(J) 

SNSV(J) 

= 

= 

SORCE = 

SORMAX = 

SORVOL 

SP(I,J) = 

SPKD(I,J) = 

sse 

STFN (I ,J) 

STVAL(K) 

SU(I,J) 

SUKD(I,J) 

SWNB(LFS) = 

SWRLNO = 

TAUN(I) = 

TAURX 

TAURI~ 

TAUW(J) = 

TAUXR 

TAUXW = 

TE(I,J) = 

RSMALL/ RLARGE 

Radius of small pipe 

Radius of location of V(I,J) from symmetry axis 

O.5*(DXEP(I) + DXPW(I)) 

O.5*(DXEPU(I) + DXPWU(I)) 

Net outflow from control volume 

O.5*(DYNP(J) + DYPS(J)) 

O.5*(DYNPV(J) + DYPSV(J)) 

Maxi mum of RESOR~l, RESORU, RESORV, RESORH, RESORK 

r1aximum acceptabl e val ue of SORCE for converged sol ution 

GREAT * VOL 

Coefficient of linearized source treatment 

-CP, for k- and s-equations 

Shear-stress coefficient 

Dimensionless stream function 

Stream function value of streamlines 

Coefficient of linearized source treatment 

CPO * TE(I,J), for k-equation 

CPO * ED(I,J), for s-equation 

Inlet swirl number speciacation of WINST 

Calculated inlet swirl number 

Shear stress at north wall-boundary of flow domain 

North wall shear stress, x-component 

North wall shear stress, e-component 

Shear stress at west wall-boundary of flow domain 

West wall shear stress, r-component 

West wall shear stress, e-component 

Turbulence energy, k 
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lESTAR(I,J) :: 

TEIN 

H1ULT 

TURBIN 

U(I,J) 

UEFF 

U IN 

UINC 

ULARGE 

UMEAN 

URFE 

URFK 

URFP 

URFU 

URFV 

URFVIS 

URFH 

= 

= 

= 

= 

= 

= 

= 

= 

= 

:: 

USTAR(I,J)= 

V(I,J) = 

VANB(LFS) 

VAVG 

VDR 

VIS (I ,J) 

VISCOS 

VISE 

Dimensionless turbulence energy 

Turbulence energy at inlet of flow domain (kin) 

Coefficient of wall shear-stress expression 

Turbulence intensity factor at inlet of flow domain 

Component of mean velocity in axial direction (u-velocity) 

SQRT[U(I,J)**2 + H(I,J)**2] 

U-velocity at inlet of flow domain 

Uniform increment of u-velocity at outlet of flow domain 

UI N * (RSMALL/ RLARGE) **2 

Mean u-velocity at inlet 

Under-relaxation factor for energy dissipation 

Under-relaxation factor for turbulence energy 

Under-relaxation factor for pressure-correction 

Under-relaxation factor for u-velocity 

Under-relaxation factor for v-velocity 

Under-relaxation factor for viscosity 

Under-relaxation factor for w-velocity 

Dimensionless u-velocity 

Component of mean velocity in radial direction (v-velocity) 

Swirl vane angle 

Average v-velocity between nodes (I,J) and (I,J+l) 

V(I,J)/RV(J) 

Effective viscosity 

Laminar viscosity 

Effective viscosity at mid-point of east-wall of cell 
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VISOLD 

VISN 

VISS 

VISTAR( I,J)= 

VISW 

VOL = 

VSTAR(I,J)= 

W(I,J) 

WIN 

WINST 

Wf10NIN 

WSTAR(I,J)= 

X( I) 

Xf10NIN 

XND(I ) 

XPLUSW( I) 

XU(I) 

XUDPL T( I) 

Y(J) 

YND(J) 

YPLUSN(J) 

YSLOPE 

YSLPLT(N, I}= 

Value of effective viscosity before underrelaxation 

Effective viscosity at mid-point of north-wall of cell 

Effective viscosity at mid-point of south-wall of cell 

Dimensionless effective viscosity 

Effective viscosity at mid-point of west-wall of cell 

Volume of cell or control-volume 

Dimensionless v-velocity 

\<I-velocity 

Inlet w-velocity from swirl vanes 

Inlet w-velocity at JSTEP from solid body rotation swirl 

generator 

Inlet swirl momentum 

Dimensionless w-velocity 

Distance from inlet plane in axial direction 

r~omentum of fluid at inlet of flow domain 

Dimensionless X(I) 

Local Reynolds number based on friction velocity and 

distance from west wall-boundary of flow domain 

X-coordinate of storage location of U(I,J) 

Dimensionless XU(I) required for line printer streamline 

plots 

Distance from symmetry axis in radial direction 

Dimensionless Y(J) 

Local Reynolds number based on friction velocity and distance 

from north wall-boundary of flow domain 

Height of first stairstep along sloping wall 

Dimensionless YSTLN(I,K) required for line printer streamline 

plots 
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YSTLN (I, K) = 

YSTLND(I,K) = 

YV(J) 

YUND(J) 

Radial coordinate of points representing streamlines 

Dimensionless YSTLN(I,K) 

V-coordinate of storage location of V(I,J) 

Dimensionless YV(J) 
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APPENDIX E COMPUTER PROGRAM LISTING 

The computer program listing obtained for the sample computation 

described in Section 4.3 is now given. 

C SUBROUTINE CONTRO 
C 
CA********************************************************************** 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A COMPUTER PROGRAM FOR TURBULENT, SWIRLING, RECIRCULATING, 
FLOW IN COMBUSTOR GEOMETRIES 

VERSION OF APRIL, 1981 

D L RHODE & D G LILLEY 
MECHANICAL AND AEROSPACE ENGINEERING 
OKLAHOMA STATE UNIVERSITY 
STILLWATER, OK 74078 

CA********************************************************************** 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

DIMENSION HEDU(9), HEDV(9), HEDW(9), HEDP(9), HEDT(9), HEDK(9), 
*HEDD(9), HEDM(9), HEDL(9), VANB(7),SWNBC7),HEDSFC9),HEDSLC9), 
~HEDDU(9),HEDDVC9),HEDDHC9), 
1! H EDDP C 9) , H EDDK ( 9 ) , H EDDS LC 9) , H EDDVS C 9 ) 

DIMENSION YAXES(10),SYMB LCI0) 
CO~lnON 

I/UVEL/RESORU,NSWPU,URFU,DXEPU(48),DXPWUC48),SEWU(48) 
I/VVEL/RESORV,NSWPV,URFV,DYNPV(24),DYPSV(24),SNSVC24) 
*/WVEL/ RESORW, NSWPH, URFW 
1/PCOR/RESORM,NSWPP,URFP,DUC48,24),DV(48,24),IPREF,JPREF 
l/TEN/RESORK,NSWPK,URFK 
l/TDIS/RESORE,NSWPD,URFE 
*/VAR/UC48,24), VC48,24), WC48,24), PC48,24), PPC48,24), TEC48,24), 
*EDC48,24),STFNC48,24),YSTLNC48,24),STVALC24),USTARC48,24), 
*VSTARC48,24),WSTAR(48,24),PSTARC48,24),TESTARC48,24),YSTLND(48,24) 
It,VISTAR(48,24) 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAX(48),JMAXP1(48) 
1/GEOM/INDCOS,X(48),Y(24),DXEP(48),DXPW(48),DYNP(24),DYPS(24), 
1 SNS(24),SEW(48),XU(48),YV(24),R(24),RV(24), 
~ WFN(24),WFSC24),WFEC48),WFWC48),RCV(24),XND(48),XUND(48), 
~YND(24),YVND(24) 
CO~H10N 

1/FLUPR/URFVIS,VISCOS,DENSIT,PRAtlDT,DEN(48,24),VIS(48,24) 
I/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSrlALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTPl,ISTMI 
I/TURB/GENC48,24),CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
I/WALLF/YPLUSN(48),XPLUSW(24),TAUN(48),TAUWC24) 
1/COEF/AP(48,24),AN(48,24),ASC48,24),AEC48,24),AWC48,24),SUC48,24), 
1 SP(48,24) 
I/PLOTT/NSTLN.NPLTLN.NPTS,YSLPLT(10.48).XUDPLT(48),INPLOT 

LOGICAL INCALU.INCALV,INCALW.INCALP,INPRO.INCALK.INCALD,INCALM, 
*INCALA,INCALB,INCALS,INPLOT,IWRITE,NONDIM,IREAD,INLET, 
*I1IITAL,IFINE 

C---------ALL PRIMARY USER INPUTS ARE LOCATED HERE 
DATA VANB /0.,45.,55.,60.,65 .• 68 .• 70'/ 
~.SWNB/0 .•. 5.1.0.1.25.1.50.1.75.2.0/ 

DATA XAXIS /3HXI / 
DATA YAXES /3H 00.3H 02.3H 04.3H 06,3H 08,3H 10. 

ft3H 06.3H 07.3H 08.3H 09/ 
DATA SYMB L /IHO.IH2.1H4.1H6.1H8,IH1.1H6.1H7.1H8.1H9/ 

C---------DELETE UNDERFLOI~ ERROR MESSAGES, CALL TRAPS WHEN USING WATFIV 
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0000100 
0000200 
0000300 
0000400 
0000500 
0000600 
0000700 
0000800 
0000900 
0001000 
0001100 
0001200 
0001300 
0001lt00 
0001500 
0001600 
0001700 
0001800 
0001900 
0002000 
0002100 
0002200 
0002300 
0002400 
0002500 
0002600 
0002700 
0002800 
0002900 
0003000 
0003100 
0003200 
0003300 
0003400 
0003500 
0003600 
0003700 
0003800 
0003900 
0004000 
0004100 
0004200 
0004300 
0004400 
0004500 
0004600 
0004700 
0004800 
0004900 
0005000 
0005100 
0005200 
0005300 
0005400 
0005500 
0005600 
0005700 
0005800 
0005900 
0006000 



C---------CAll TRAPSCl,1,4000) 
CAll ERRSETC208,256,-1,1,0,0) 

C---------SET ItlPlOT=.TRUE. ONLY FOR STREAMLINE lINE-PRINTER PLOT 
INPlOT=.TRUE. 

C---------SET IWRITE=.TRUE. ONLY FOR WRITING SOlN. ON DATA FILES 
HlRITE=. FALSE. 

C---------SET NONDIM=.TRUE. ONLY FOR PRINTING DIMENSIONLESS SOlN. 
NONDH1=. TRUE. 

C---------SET IPEAD=.TRUE. ONLY FOR READING INITIAL GUESS OF SOlN. 
C--------- FROt! DATA FILES 

IREAD=.FAlSE. 
C---------SET INITAl=.TRUE. ONLY FOR PRINTING INITIAL GUESS OF SOlN. 

INITAl=. TRUE. 
C---------SET IFItlE=.TRUE. ONLY FOR FINE GRID IN X-DIRECTION 

IFIHE=.FALSE. 
IFC.NOT. IREAD) GO TO 150 
READ(12) X 
READ(12) Y 

150 COtHItIUE 
NSTLN=l1 
tlPl TLtl=6 
MAXlH=IO 
tlITER=O 
JPRItlT=NITER+300 
IPRIHT=tHTER+l 
lFS=l 
lFSMAX=7 
NSBR=O 
MAXIT=NITER+200 

C---------SEE STATEMENT 304 FOR MAXIT SPEC. FOR FURTHER SWIRL CASES 
DENSIT=1.211 
IT=(,8 
JT=24 
GREAT=1.E30 
HS~JPU=4 
tlS~JPV=3 
tlSlJPl,J=3 
NSl,!PP=5 
tlSl,JPK = 3 
NS~!PD=3 
READ(5,10) HEDU,HEDV,HEDW,HEDP,HEDT,HEDK,HEDD,HEDM,HEDl, 

$HEDSF,HEDSl,HEDDU,HEDDV,HEDDW,HEDDP,HEDDK,HEDDSl,HEDDVS 
010 FORnAH9A4) 

C 
CHAPTER 1 1 1 1 PARAMETERS AND CONTROL INDICES 1 1 1 1 1 
C 
C---------GRID 

ISTEP=2 
JSTEP=8 
ItlDCOS=2 
tlJ=21 
NJ~ll=NJ-l 
ISTPl=ISTEP+l 
ISHn=ISTEP-l 
JSTPl=JSTEP+l 
JSHn=JSTEP-l 
RlARGE=.0625 
AlTOT=.375 
IFCIFINE) GO TO 120 

C---------COARSE MESH GRID lINES IN X-DIRECTION 
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0006100 
0006200 
0006300 
0006400 
0006500 
0006600 
0006700 
0006800 
0006900 
0007000 
0007100 
0007200 
0007300 
0007400 
0007500 
0007600 
0007700 
0007800 
0007900 
0008000 
0008100 
0008200 
0008300 
0008400 
0008500 
0008600 
0008700 
0008800 
0008900 
0009000 
0009100 
0009200 
0009300 
0009400 
0009500 
0009600 
0009700 
0009800 
0009900 
0010000 
0010100 
0010200 
0010300 
0010400 

1 0010500 
0010600 
0010700 
0010800 
0010900 
0011000 
0011100 
0011200 
0011300 
0011400 
0011500 
0011600 
0011700 
0011800 
0011900 
0012000 



NI=20 
NIMl=NI-l 
EPSX=l.11 
IFCEPSX-l.) 13,12,13 

13 SUMX=0.5*EPSX**CNI-4)+CEPSX**(NI-3)-1.)/(EPSX-l.)+0.5 
GO TO 15 

12 CONTINUE 
SUMX=NIMl-l 

15 DX=ALTOT/SUMX 
XCl)=-.5*DX 
X(2)=-X(l) 
DO 100 I=3,NIMl 
XCl>=X(I-l)+DX 

100 DX=EPSX*DX 
X(NI)=X(NIMl)+(X(NIMl)-X(NI-2» 
X(21)=X(20)+(X(20)-X(19» 
X(22)=X(21)+(X(20)-X(19» 
X(23)=X(22)+CX(20)-XC19» 
tn=23 
NHIl=NI-l 
ALTOT=CX(22)+X(23»/2. 
ALl=0.5*CXCISTEP)+X(ISTMl» 
AL2=AL TOT-All 

C---------FINE MESH GRID LINES IN X-DIRECTION 
IFC . NOT. IFINE) GO TO 130 

120 NI=30 
NIMl=NI-l 
EPSX=1.102 
IFCEPSX-l.) 17,16,17 

17 SUMX=0.5*EPSX**CNI-4)+CEPSX**(NI-3)-1.)/(EPSX-l.)+0.5 
GO TO 18 

16 CONTINUE 
SU~'X=Nnll-l 

18 DX=ALTOT/SUMX 
XCl)=-.5*DX 
X(2)=-XCl) 
DO 170 I=3,NIMl 
XC 1) =XC I-l)+DX 

170 DX=EPSX*DX 
XCHI)=XCNIMl)+(X(NIMl)-X(NI-2» 
DO 180 L=31, 35 

180 XCL)=X(L-l)+CX(NI)-X(NIMl» 
NI=35 
NIrll =NI-l 
ALTOT=CX(NIMl)+X(NI»/2. 
ALl=0.5*CX(ISTEP)+X(ISTMl» 
AL2=AL TOT-All 

C---------SPECIFY RADIAL HEIGHT(NO. OF J-CELLS) OF ~OMBUSTOR 
C--------- WALL FOR EACH I GRID LINE 

130 CONTINUE 
JMAX(l)=JSTEP 
JMAXPICl)=JMAX(l)+l 
DO 160 I=2,NI 
JMAXCI)=JMAXCI-l)+3 
IFCJMAX(I-l) .EQ. NJMl) JMAX(I)=JMAX(I-l) 

160 JMAXPICI)=JMAXCI)+l 
C---------GRID LINES IN Y-DIRECTION 

Y(1)=-1.5625E-3 
YC 2) =1. 5625E-3 
Y(3)=5.625E-3 
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0012100 
0012200 
0012300 
0012400 
0012500 
0012600 
0012700 
0012800 
0012900 
0013000 
0013100 
0013200 
0013300 
0013400 
0013500 
0013600 
0013700 
0013800 
0013900 
0014000 
0014100 
0014200 
0014300 
0014400 
0014500 
0014600 
0014700 
0014800 
0014900 
0015000 
0015100 
0015200 
0015300 
0015400 
0015500 
0015600 
0015700 
0015800 
0015900 
0016000 
0016100 
0016200 
0016300 
0016400 
0016500 
0016600 
0016700 
0016800 
0016900 
0017000 
0017100 
0017200 
0017300 
0017400 
0017500 
0017600 
0017700 
0017800 
0017900 
0018000 



Y(4)=1.062SE-2 
YCS)=1.62SE-2 
Y(6)=2.187SE-2 
Y(7)=2.687SE-2 
Y(8)=3.0312SE-2 
Y(9)=3.2187SE-2 
YCI0)=3.437SE-2 
YCll)=3.7187SE-2 
Y(12)=4.0937SE-2 
Y(13)=4.32812SE-2 
Y(14)=4.S62SE-2 
Y(lS)=4.812SE-2 
Y(16)=S.07812SE-2 
Y(17)=S.3437SE-2 
Y(18)=S.S937SE-2 
Y(19)=S.937SE-2 
Y(20)=6.187SE-2 
Y( 21) =6. 312SE-2 
RSMAll=O.SM(Y(JSTEP)+Y(JSTPl» 

C---------DEPENDENT VARIABLE SELECTION 
INCAlU=.TRUE. 
ItlCAlV=.TRUE. 
INCAlW=.TRUE. 
INCAlP=.TRUE. 
INCAlK=.TRUE. 
ItlCAlD=. TRUE. 
INPRO=.TRUE. 
INCAlS=.TRUE. 

C---------FLUID PROPERTIES 
C---------TURBUlENCE CONSTANTS 

CMU=0.09 
CD=1.00 
Cl=1.44 
C2=1 .. 92 
CAPPA=.4187 
ElOG=9.793 
PRED=CAPPAMCAPPA/(C2-Cl)/(CMUMM.S) 
PRTE=1.0 

C---------BOUNDARY VALUES 
UIN=30. 
UlARGE=UINMCRSMALL/RLARGE)MM2 
TURBltl=.03 
TEItl=TURBINMUINMM2 
AlM1DA=O.OOS 
EDIN=TEINMMl.S/CALAMDAMRlARGE) 
VISCOS=1.8E-S . 

C---------PRESSURE CALCULATION 
IPREF=2 
JPREF=2 

C---------PROGRAM CONTROL AND MONITOR 
IMON=NIMI 
JMON=8 
SORMAX=.004 

C 
CHAPTER 2 2 2 2 2 2 INITIAL OPERATIONS 2 2 2 2 2 2 2 2 

CAll INIT 
C---------NONDIMENSIONAlIZE X & Y VARIABLES FOR NONDIMENSIONAL OUTPUT 

DO SO I=l.NI 
XND(I)=X(I)/(2.MRlARGE) 

SO XUtlD(I)=XUCI)/C2.MRlARGE) 
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0018100 
0018200 
0018300 
0018400 
0018S00 
0018600 
0018700 
0018800 
0018900 
0019000 
0019100 
0019200 
0019300 
0019400 
0019S00 
0019600 
0019700 
0019800 
0019900 
0020000 
0020100 
0020200 
0020300 
0020400 
0020S00 
0020600 
0020700 
0020800 
0020900 
0021000 
0021100 
0021200 
0021300 
0021400 
0021S00 
0021600 
0021700 
0021800 
0021900 
0022000 
0022100 
0022200 
0022300 
0022400 
0022S00 
0022600 
0022700 
0022800 
0022900 
0023000 
0023100 
0023200 
0023300 
0023400 

2 0023500 
0023600 
0023700 
0023800 
0023900 
0024000 



DO 60 J=l,NJ 
YND(J)=Y(J)/(2.MRLARGE) 

60 YVHD(J)=YV(J)/(2.MRLARGE) 
C---------INITIALISE VARIABLE FIELDS 

FLOWIN=O.O 
ARDEtl=O.O 
ARDENT=O. 
XMONIN=O. 
W~'ONIH=O. 0 
ANGMOr1=0. 

C 
C---------INLET SWIRL VELOCITY PROFILE 
C 
C---------W, USE SOLID BODY ROTATION MODEL 

WINST=2.MSWNB(LFS)/(1.+SWNB(LFS»MUIN 
DO 206 J=2,JSTEP 

206 W(l,J)=WINSTMR(J)/R(JSTEP) 
C---------NSBR=O FLAT SWIRL VELOCITY PROFILE FROM SWIRL VANES 
C---------NSBR=l SOLID BODY ROTATION FROM SWIRL GENERATOR 

IF(NSBR .EQ. 1) GO TO 208 
C---------W, FLAT PROFILE 

WIN=UINMTAH(VAHB(LFS)M3.14159/180.) 
DO 207 J=2,JSTEP 

207 W( 1, J) =WItI 
208 CONTINUE 

C---------INITIALIZE U-,TE-,ED-, & W-FIELDS 
DO 200 J=2,JSTEP 
U(2,J)=UIN 
TE( 1, J) =TEIN 
ED(l,J)=EDIN 
ARDEN=0.5M(DEN(1,J)+DEN(2,J»MRCV(J)MSNS(J) 
XMONIN=XMONIN+ARDENMU(2,J)MU(2,J) 
WMONIN=WMONIN+ARDENMU(2,J)MW(1,J) 
ANGMOM=ANGMOM+ARDENMU(2,J)MW(1,J)MR(J) 
ARDENT=ARDENT+ARDEN 

200 FLOWIN=FLOWIN+ARDENMU(2,J) 
UMEAN=FLOWIN/ARDENT 
SWRLNO=ANGMOM/(XMONINMRSMALL) 
IF(W(l,JSTEP) .EQ. 0.) WMONIN=l. 
DO 202 I=2,NI 
IJ=JMAXP1CI-1) 
FACTOR=(YVCJSTP1)MRV(JSTP1»/CYVCIJ)MRVCIJ» 
JJ=JMAXCI-1) 
DO 202 J=2,JJ 
UCI,J)=UIN*FACTOR 

202 CONTINUE 
C 

IFCNSBR .EQ. 0) GO TO 219 
DO 209 I=2,NI 
JJ=JMAXCI) 
DO 209 J=2,JJ 
WINST=2.MSWNBCLFS)/C1.+SWNB(LFS»MUCI,2) 
WCI,J)=WINSTMR(J)/R(JJ) 
TECI,J)=TEIN 
EDCI,J)=EDIN 

209 CONTINUE 
GO TO 221 

C 
219 CONTINUE 

DO 220 I=2,Nl 
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0024100 
0024200 
0024300 
0024400 
0024500 
0024600 
0024700 
0024800 
0024900 
0025000 
0025100 
0025200 
0025300 
0025400 
0025500 
0025600 
0025700 
0025800 
0025900 
0026000 
0026100 
0026200 
0026300 
0026400 
0026500 
0026600 
0026700 
0026800 
0026900 
0027000 
0027100 
0027200 
0027300. 
0027400 
0027500 
0027600 
0027700 
0027800 
0027900 
0028000 
0028100 
0028200 
0028300 
0028400 
0028500 
0028600 
0028700 
0028800 
0028900 
0029000 
0029100 
0029200 
0029300 
0029400 
0029500 
0029600 
0029700 
0029800 
0029900 
0030000 



c 

JJ=JMAXCI) 
DO 220 J=2,JJ 
TECI,J)=TEIN 
EDCI,J)=EDIN 

220 CONTINUE 

221 CONTINUE 
DO 203 I=2,NIMl 

203 YPLUSNCI)=11.0 
DO 204 J=JSTEP,NJ 
XPLUSWCJ)=11.0 

204 IFCJ.EQ.JSTEP) XPLUSWCJ)= 0.0 
URFVIS=.7 
CALL PROPS 

C---------INITIAL OUTPUT 
WRITEC 6,211) 
IK=JMAXPICISTEP) 
YSLOPE=YVCIK)-YVCJSTPl) 
IFCJMAXCISTEP) .LT. NJMl) ALPHA=ATANCYSLOPE/SEWU(2»*180./3.14159 
IF«JSTEP .IT. NJM1) .AND. CJMAXCISTEP) .EQ. NJM1» ALPHA=90. 
WRITEC6,225) ALPHA 
WRITEC6,235) RSMALL 
WRITEC6,240) RlARGE 
WRITEC6,245) ALTOT 
RE=UIN*RSMAll*2.0*DENSIT/VISCOS 
~JRITEC6,250) RE 
WRITEC6,255) VISCOS 
RSDRl=RSMALL/RLARGE 
WRITEC6,260) DENSIT 

295 CONTINUE 
IFC.NOT. IWRITE) GO TO 297 
WRITEC 11) X 
WRITECl!) Y 
WRITE(14) XUND 

297 CONTINUE 
IFC.NOT. IREAD) GO TO 298 
READCl2) U 
READCl2) V 
READ(12) W 
READCl2) P 
READCl2) TE 
READCl2) ED 
READCl2) VIS 
READC 12) STFH 

298 CONTINUE 
IFC.NOT. INITAl) GO TO 299 
IFCINCAlU) CAll PRINTCl,l,NI,NJ,IT,JT,XU,Y,U,HEDU) 
IFCINCAlV) CALL PRINTCl,l,NI,NJ,IT,JT,X,YV,V,HEDV) 
IFCINCAlW) CALL PRINTCl, 1, NI, NJ, IT, JT, X, Y, W, HEDW) 
IFCINCAlK) CAll PRINTCl,l,NI,NJ,IT,JT,X,Y,TE,HEDK) 
IFCINCAlD) CALL PRINTCl,l,NI,NJ,IT,JT,X,Y,ED,HEDD) 

299 COHTINUE 
RESORU=.005 
URFP=l. 
RESORV=.005 
RESORW=.005 

C 
CHAPTER 3 3 3 3 3 3 3 ITERATION LOOP 3 3 3 3 3 3 3 3 3 
C 

WRITEC6,310) IMON,JMON 
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0030100 
0030200 
0030300 
0030400 
0030500 
0030600 
0030700 
0030800 
0030900 
0031000 
0031100 
0031200 
0031300 
0031400 
0031500 
0031600 
0031700 
0031800 
0031900 
0032000 
0032100 
0032200 
0032300 
0032400 
0032500 
0032600 
0032700 
0032800 
0032900 
0033000 
0033100 
0033200 
0033300 
0033400 
0033500 
0033600 
0033700 
0033800 
0033900 
0034000 
0034100 
0034200 
0034300 
0034400 
0034500 
0034600 
0034700 
0034800 
0034900 
0035000 
0035100 
0035200 
0035300 
0035400 
0035500 
0035600 
0035700 
0035800 
0035900 
0036000 



300 NITER=NITER+l 
DO 330 I=2,NIMl 
DO 330 J=2,NJMl 

330 PPCI,J)=O. 
IFCLFS .GE. 3) GO TO 425 
URFU=.5 
URFV=.5 
URFW=.6 
URFK=.7 
URFE=.7 
URFVIS=.7 
IFCLFS .LT. 3) GO TO 430 

425 CONTINUE 
C---------INCREASE UNDERRELAXATION FACTORS AS CONVERGENCE NEARS 

URFU=.15+CFLOATCNITER»*CC.35-.15)/40.) 
IFCURFU .GT .. 35) URFU=.35 
URFV=.20+CFLOATCNITER»*CC.25-.20)/40.) 
IFCURFV .GT .. 25) URFV=.25 
URFW=.50+CFLOATCNITER»*CC.60-.50)/40.) 
IFCURFW .GT .. 60) URFW=.60 
URFK=.70 
URFE=.70 
URFVIS=.70 
IFCCRESORV .LT. .OS) .AND. CRESORU .LT. .10» URFU=.40 
IFCCRESORV .LT. .06) .AND. CRESORU .LT. .OS» URFU=.45 
IFCCRESORK .LT .. 10E-1) .AND. CRESORE .LT .. 10E+10» URFE=.75 
IF((RESORK .LT. .4E-2) .AND. CRESORE .LT. .5E+9» URFE=.SO 
IFCRESORU .LT. SORMAX) URFU=.20 
IFCRESORV .LT. SORMAX) URFV=.20 
IFCRESORW .LT. SORMAX) URFW=.25 
IFCRESORK .LT. .10E-2) URFK=.60 
IFCRESORE .LT. .10E+S) URFE=.55 

430 CONTINUE 
C---------UPDATE MAIN DEPENDENT VARIABLES 

IFCINCALU) CALL CALCU 
IFCINCALV) CALL CALCV 
IFCINCALP) CALL CALCP 
IFCIHCALW) CALL CALCW 
IFCINCALK) CALL CALCTE 
IF(INCALD) CALL CALCED 

C---------UPDATE FLUID PROPERITIES 
IFCINPRO) CALL PROPS 

C---------IHTERMEDIATE OUTPUT 
RESORM=RESORM/FLOWIN 
RESORU=RESORU/XMONIH 
RESORV=RESORV/XMONIH 
RESORW=RESORW/WMONIN 
RESORK=RESORK/C.5*FLOWIH*UMEAN*UMEAH) 
IFCNITER .NE. IPRINT) GO TO 301 
IPRINT=IPRINT+l 
WRITEC6,311) NITER,RESORU,RESORV,RESORW,RESORM,RESORK, 

*RESORE,UCIMON,JMON),V(IMON,JMON),W(IMON,JMON),PCIMON,HJM1), 
*EDCIMON, NJMU 

IFCHITER .NE. JPRINT) GO TO 301 
IFCINCALU) CALL PRINTC1,1,NI,NJ,IT,JT,XU,Y,U,HEDU) 
IF(INCALV) CALL PRINTC1,1,NI,HJ,IT,JT,X,YV,V,HEDV) 
IFCINCALW) CALL PRINTC1,1,NI,NJ,IT,JT,X,Y,W,HEDW) 
IFCINCALP) CALL PRINTC1,1,NI,NJ,IT,JT,X,Y,P,HEDP) 
IFCINCALD) CALL PRINTC1,1,NI,NJ,IT,JT,X,Y,ED,HEDD) 
JPRINT=JPRINT+25 

103 

0036100 
0036200 
0036300 
0036400 
0036500 
0036600 
0036700 
0036800 
0036900 
0037000 
0037100 
0037200 
0037300 
0037400 
0037500 
0037600 
0037700 
0037800 
0037900 
0038000 
0038100 
0038200 
0038300 
0038400 
0038500 
0038600 
0038700 
0038800 
0038900 
0039000 
0039100 
0039200 
0039300 
0039400 
0039500 
0039600 
0039700 
0039800 
0039900 
0040000 
0040100 
0040200 
0040300 
0040400 
0040500 
0040600 
0040700 
0040800 
0040900 
0041000 
0041100 
0041200 
0041300 
0041400 
0041500 
0041600 
0041700 
0041800 
0041900 
0042000 



WRITEC6,310) IMON,JMON 0042100 
301 CONTINUE 0042200 

C---------TERMINATION TESTS 0042300 
SORCE=AMAXICRESORM,RESORU,RESORV,RESORW,RESORK) 0042400 
IFCNITER.GE.MAXIT) GO TO 302 0042500 

303 IFCHITER .GE. 150 .AND. SORCE .GE. 3.0) GO TO 302 0042600 
IFCSORCE.GT.SORMAX .OR. NITER .IT. 20) GO TO 300 0042700 

302 CONTINUE 0042800 
IFCNITER .GE. 150 .AND. SORCE .GE. 3.0) WRITEC6,960) 0042900 

C 0043000 
CHAPTER 4 4 4 4 4 4 FINAL OPERATIONS AND OUTPUT 4 4 4 4 4 4 0043100 
C 0043200 

440 CONTINUE 0043300 
C---------NONDIMENSIONAlIZE PROBLEM SOlN. 0043400 

IFC .NOT. NONDIM) GO TO 700 0043500 
DO 600 I=I,NI 0043600 
DO 600 J=I,NJ 0043700 
USTARCI,J)=UCI,J)/UIN 0043800 
VSTARCI,J)=VCI,J)/UIN 0043900 
WSTARCI,J)=WCI,J)/UIN 0044000 
PSTARCI,J)=PCI,J)/CDENSIT*CUIN**2)/2.) 0044100 
TESTARCI,J)=TECI,J)/CUIN*UIN) 0044200 
SPCI,J)=O.O 0044300 
IFCEDCI,J) .GT. I.E-IS) SPCI,J)=TECI,J)**1.5/EDCI,J)/RlARGE 0044400 
VISTARCI,J)=VISCI,J)/VISCOS 0044500 

600 CONTINUE 0044600 
700 CONTINUE 0044700 

IFCIHCAlS) CAll STRMFN 0044800 
WRITEC6,312) 0044900 
WRITEC6,410) lFS,NSBR,SWHBClFS),VANBClFS),SWRlNO,UMEAN,FlOWIN 0045000 
IFCIHCAlU) CAll PRINTCl,I,NI,NJ,IT,JT,XU,Y,U,HEDU) 0045100 /-
IFCINCAlV) CAll PRINTC1,1,NI,HJ,IT,JT,X,YV,V,HEDV) 0045200 
IFCINCAlW) CAll PRINTC1, 1, NI, HJ, IT, JT, X, Y, W, HEDW) 0045300 
IFCIHCAlP) CAll PRINTCl,l,NI,NJ,IT,JT,X,Y,P,HEDP) 0045400 
IFCINC~lP) CAll PRINTC1,1,NI,NJ,IT,JT,X,Y,PP,HEDP) 0045500 
IFCINCAlK) CAll PRIHTCl,l,NI,NJ,IT,JT,X,Y,TE,HEDK) 0045600 
IFCINCAlD) CAll PRINTC1,1,HI,NJ,IT,JT,X,Y,ED,HEDD) 0045700 
IFCIHCAlS) CAll PRINTCl,l,NI,NJ,IT,JT,XU,Y,STFN,HEDSF) 0045800 
IFCINCAlS) CAll PRINTC1,1,NI,NSTlN,IT,JT,XU,STVAl,YSTlN,HEDSl) 0045900 
IFC .NOT. HONDIM) GO TO 750 0046000 
IFCINCAlU) CAll PRINTC1,1,NI,NJ,IT,JT,XUND,YND,USTAR,HEDDU) 0046100 
IFCINCAlV) CAll PRINTC1,1,NI,NJ,IT,JT,XND,YVND,VSTAR,HEDDV) 0046200 
IFCINCAlW) CAll PRINTC1, 1, HI, HJ, IT, JT, XHD, YND,WSTAR,HEDDW) 0046300 
IFCIHCALS) CALL PRIHTCl,l,HI,HSTLH,IT,JT,XUHD,STVAL,YSTLHD,HEDDSL) 0046400 
IFCINCAlP) CAll PRINTC1,1,NI,NJ,IT,JT,XND,YHD,PSTAR,HEDDP) 0046500 
IFCINCAlK) CAll PRINTC1,1,NI,NJ,IT,JT,XND,YND,TESTAR,HEDDK) 0046600 
IFCINCAlK) CAll PRINTC2,2,NI,NJ,IT,JT,X,Y,SP,HEDl) 0046700 
IFCINCAlK) CAll PRINTC1,1,NI,NJ,IT,JT,XND,YND,VISTAR,HEDDVS) 0046800 

750 CONTINUE 0046900 
IFC. NOT. IWRITE) GO TO 702 0047000 
WRITECll) U 0047100 
WRITECl1) V 0047200 
WRITECll) W 0047300 
WRITECll) P 0047400 
WRITECll) TE 0047500 
WRITECll) ED 0047600 
WRITECll) VIS 0047700 
WRITECl1) STFN 0047800 
WRITE(14) YSTlND 0047900 

702 CONTINUE 0048000 

104 



C---------CALCULATION OF SHEAR-STRESS COEFFICIENT ALONG LARGE DUCT WALL 
WRITE(6.402) 
DO 401 1=2.NIMl 
S5C=ABS(TAUN(I»/(.5*DEN5IT*UIN*UIN) 
WRITE(6.403) I.XND(I).SSC 

401 CONTINUE 
WRITE(6.312) 

C---------PLOT DIMENSIONLESS STREAMLINES 
LARGE=O 
IF(INPLOT .AND. INCALS) CALL PLOT (XUDPLT.IT.NPTS,XAXIS,YSLPLT, 

#MAXLN.NPLTLN.YAXES,5YMB L,LARGE) 
LARGE=l 
IF(INPLOT .AND. INCALS) CALL PLOT (XUDPLT,IT,NPTS,XAXIS,YSLPLT, 

ftMAXLN.NPLTLN.YAXE5,SYMB L,LARGE) 
C---------RE5ET INITIAL CONDITIONS FOR ANOTHER SWIRL CASE 

IF(LF5 .GE. LFS~lAX) GO TO 409 
LF5=LF5+1 
tHTER=O 
JPR I tH =N ITER+ 300 
IPRINT=NITER+l 

304 IF(LFS .GE. 3) MAXIT=NITER+200 
IF(N5BR .EQ. 0) GO TO 405 
WIt15T=2. *Sl~tlB( LF5 )/( 1. +5l~NB(lFS) )*UIN 
DO 406 J=2.JSTEP 

406 W(I,J)=WIN5T*R(J)/R(J5TEP) 
GO TO 408 

405 WIN=UINMTAN(VANB(LFS)*3.14159/180.) 
DO 407 J=2.J5TEP 

407 W(I.J)=WW 
408 FLOlHN=O. 

ARDEtl=O. 
ARDEtH=O. 
Xil0tHN=0. 
ANGr10~1=O . 
vJ~10tnN=0 . 

C---------RERD INITIAL GUESS OF NEXT SWIRL PROBLEM FROM 
C---------PREVIOUS SOLN. OF SIMILAR PROBLEM 

IF(.NOT. IREAD) GO TO 445 
READ(12) U 
READ(12) V 
READ( 12) W 
READCl2) P 
READ( 12) TE 
READ(12) ED 
READCl2) VIS 
READ(12) STFN 

445 COtHINUE 
DO 490 J=2.JSTEP 
ARDEN=0.5*(DEN(I,J)+DEN(2,J»*RCV(J)*SNS(J) 
XMONIN=XMONIN+ARDENMU(2,J)*U(2,J) 
WMONIN=WMONIN+ARDEN*U(2,J)MW(1,J) 
ANG~OM=ANGMOM+ARDENMU(2,J)MW(1,J)*R(J) 
ARDEtH =ARDENT+ARDEN 

490 FLOWIN=FLOWIN+ARDENMU(2,J) 
UMEAN=FLOWIN/ARDENT 
SWRLNO=ANGMOM/(XMONIN*RSMALL) 
IF(W(I.J5TEP) .EQ. 0.) WMONIN=I. 
WRITE(6,310) IMON.JMON 
GO TO 300 

409 CONTINUE 
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0048100 
0048200 
0048300 
0048400 
0048500 
0048600 
0048700 
0048800 
0048900 
0049000 
0049100 
0049200 
0049300 
0049400 
0049500 
0049600 
0049700 
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0050000 
0050100 
0050200 
0050300 
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0050600 
0050700 
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0051100 
0051200 
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0051500 
0051600 
0051700 
0051800 
0051900 
0052000 
0052100 
0052200 
0052300 
0052400 
0052500 
0052600 
0052700 
0052800 
0052900 
0053000 
0053100 
0053200 
0053300 
0053400 
0053500 
0053600 
0053700 
0053800 
0053900 
0054000 



STOP 
C---------FORMAT STATEMENTS 

C 

211 FORMATCIH1,T37,'AXISYMMETRIC,ISOTHERMAL, GT COMBUSTOR FLOWFIELD SI 
IIMULATION',//,T35,'USING THE STAIRSTEP APPROXIMATION FOR THE SLOPIN 
#G EXPANSION WALL',//,T53, 'AND THE K-E TURBULENCE MODEL') 

225 FORMATC////,T40,'EXPANSION ANGLECDEG.) =',T77,IPEI3.3) 
230 FORMATC//,T40, 'NUMBER OF STAIRSTEPS =',T81,Il) 
235 FORMAT C//,T40,'INLET RADIUSCM) =',T77,IPEI3.3) 
240 FORMATC//,T40,'COMBUSTOR RADIUSCM) =',T77,IPEI3.3) 
245 FORMATC//,T40, 'COMBUSTOR LENGTHCM) =',T77,IPEI3.3) 
250 FORMATC//,T40,'INLET REYNOLDS NO.CUSING DIAM.) =',T77,lPE13.3) 
255 FORMATC//,T40,'LAMINAR VISCOSITYCKG/M/SEC) =',T77,lPE13.3) 
260 FORMATC//,T40,'DENSITYCKG/CU. M) =',T77,lPEl3.3,////) 
310 FORMATC13HOITER 1---, 9X,29HABSOLUTE RESIDUAL SOURCE SUMS,9X, 

I11H---I I---,37H FIELD VALUES AT MONITORING LOCATIONC,I2,IH"I2, 
N6H) ---I/14H NO UMON,7X,'VMON',7X,'WMON',7X,'MASS',7X, 
N'TKIN' 
3,7X,4HDISP,9X,IHU,9X,IHV,10X,IHW,10X,lHP,10X,IHD/) 

311 FORMAT C2X,I4,IIEll.4) 
312 FORMAT CIHO,59C2H- » 
402 FORMATC///9X,IHI,5X,3HX/D,5X,10HS.S.COEFF.) 
403 FORMATC/5X,I5,2CIPEll.3» 
410 FORMATC//23H SWIRL CASE WITH LFS =,13/ 

1 23H AND NSBR =,13// 
163H CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 
1,FIO.3//37H OR IF NSBR = 0 TO SWIRL VANE ANGLE =,FI0.3//, 
llX,' COMPUTED INLET SWIRL NUMBER =',FIO.4//, 
l1X,' COMPUTED INLET MEAN AXIAL VELOCITY =',FI0.4//, 
1IX,' COMPUTED INLET MASS FLOW RATE =',FI0.5////) 

950 FORMATCIOX,6FIO.5,/,10X,6FI0.5,/,10X,4FI0.5) 
960 FORMATCI5X,' THE SOLN. IS NOT CONVERGING') 

END 

C-----------------------------------------------------------------
C 

SUBROUTINE INIT 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
I/UVEL/RESORU,NSWPU,URFU,DXEPU(48),DXPWU(48),SEWU(48) 
I/VVEL/RESORV,NSWPV,URFV,DYNPV(24),DYPSV(24),SNSV(24) 
*/WVEL/ RESORW, NSWPW, URFW 
I/PCOR/RESOR~1,NSWPP,URFP,DU(48,24),DV(48,24),IPREF,JPREF 
*/VAR/U(48,24), V(48,24), W(48,24), P(48,24), PP(48,24), TE(48,24), 
*ED(48,24),STFN(48,24),YSTLN(48,24),STVAL(24),USTAR(48,24), 
*VSTAR(48,24),l~STAR(48,24),PSTAR(48,24),TESTAR(48,24),YSTLND(48,24) 
II,VISTARC48,24) 
I/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAX(48),JMAXP1(48) 
I/GEOM/INDCOS,X(48),Y(24),DXEP(48),DXPW(48),DYNP(24),DYPS(24), 
1 SNS(24),SEW(48),XU(48),YV(24),R(24),RV(24), 
II WFN(24),WFS(24),WFE(48),WFW(48),RCV(24),XND(48),XUND(48), 
IIYND(24),YVND(24) 

COt1t10N 
1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DEN(48,24),VIS(48,24) 
I/KASE TI/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTMl 
1/TURB/GEN(48,24),CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
I/WALLF/YPLUSN(48),XPLUSW(24),TAUNC48),TAUW(24) 
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0054100 
0054200 
0054300 
0054400 
0054500 
0054600 
0054700 
0054800 
0054900 
0055000 
0055100 
0055200 
0055300 
0055400 
0055500 
0055600 
0055700 
0055800 
0055900 
0056000 
0056100 
0056200 
0056300 
0056400 
0056500 
0056600 
0056700 
0056800 
0056900 
0057000 
0057100 
0057200 
0057300 
0057400 
0057500 
0057600 
0057700 
0057800 
0057900 
0058000 
0058100 
0058200 
0058300 
0058400 
0058500 
0058600 
0058700 
0058800 
0058900 
0059000 
0059100 
0059200 
0059300 
0059400 
0059500 
0059600 
0059700 
0059800 
0059900 
0060000 



1/COEF/APC48,24),ANC48,24),ASC48,24),AEC48,24),AWC48,24),SU(48,24), 
1 SP(48,24) 
1/PLOTT/NSTLN,NPLTLN,NPTS,YSLPLTC10,48),XUDPLTC48),INPLOT 

C 
CHAPTER 1 1 1 1 1 CALCULATE GEOMETRICAL QUANTITIES 1 1 1 1 1 
C 

DO 100 J=l,NJ 
R(J)=Y(J) 

100 IF(IHDCOS.EQ.1)R(J)=1.0 
DXP~J( 1) =0 . 0 
DXEP(HI)=O.O 
DO 101 I=l,HIM1 
DXEP(I)=XCI+1)-XCI) 

101 DXPW(I+l)=DXEP(I) 
DYPS(U=O.O 
DYHPCHJ)=O.O 
DO 102 J=l,HJMl 
DYHPCJ)=YCJ+l)-Y(J) 

102 DYPS(J+1)=DYHP(J) 
SEL-H 1) =0.0 
SHlCHI)=O.O 
DO 103 I=2,HIMI 

103 SEWCI)=0.5*CDXEP(I)+DXPW(I» 
SHSCU=O.O 
SHS(HJ)=O.O 
DO 104 J=2,HJM1 

104 SHS(J)=0.5*(DYHP(J)+DYPS(J» 
XUCU=O.O 
DO 105 I=2,HI 

105 XUCI)=0.5*CXCI)+X(I-1» 
DXPWUCU=O.O 
DXPWU(2)=0.0 
DXEPU(1)=0.0 
DXEPUCHI)=O.O 
DO 106 I=2,HIMI 
DXEPUCI)=XUCI+l)-XU(I) 

106 DXPWU(I+l)=DXEPU(I) 
SEt.JUCU=O.O 
DO 107 I=2,HI 

107 SEWU(I)=X(I)-X(I-1) 
C---------U-VELOCITIES WEIGHTIHG FACTORS 

DO 111 I=2,HIMI 
WFE(I)=SEWUCI+1)/(SEWUCI+l)+SEWU(I» 
IFCI .LE. 2) GO TO 111 
WFW(I)=SEWU(I-l)/(SEWU(I-1)+SEWU(I» 

III COHTIHUE 
YVCU=O.O 
RV(U=O.O 
DO 108 J=2,HJ 
RV(J)=0.5*(R(J)+R(J-l» 

108 YV(J)=0.5*(Y(J)+Y(J-l» 
RCVCU=RCU 
RCV(HJ)=RCHJ) 
DO 113 J=2,NJMl 

113 RCV(J)=0.5*CRVCJ+l)+RVCJ» 
DYPSVCU=O.O 
DYPSV(2)=0.0 
DYNPVCNJ)=O.O 
DO 109 J=2,HJMl 
DYHPV(J)=YV(J+1)-YV(J) 
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109 DYPSVCJ+l)=DYNPVCJ) 
SNSVCU=O.O 
DO 110 J=2,NJ 

110 SNSVCJ)=YCJ)-YCJ-l) 
C---------V-VELDCITIES WEIGHTING FACTORS 

DO 112 J=3,NJMl 
WFNCJ)=SNSVCJ+l)/CSNSVCJ+l)+SNSVCJ» 
WFSCJ)=SNSVCJ-l)/CSNSVCJ-l)+SNSVCJ» 

112 CONTINUE 
C 
CHAPTER 2 2 2 2 2 2 SET VARIABLES TO ZERO 2 2 2 2 2 2 
C 

DO 200 I=l,NI 
TAUNCI>=l.O 
DO 200 J=l,NJ 
TAUWCJ)=l.O 
UCI.J)=O.O 
VCI,J)=O.O 
WCI,J)=O. 
PCI,J)=O.O 
PPCI,J)=O.O 
TECI,J)=O.O 
EDCI,J)=O.O 
DENCI.J)=DENSIT 
VISCI,J)=VISCOS 
DUCI,J)=O.O 
DVCI,J)=O.O 
SUCI,J)=O.O 
SPCI,J)=O.O 
STFNCI,J)=O. 

200 CONTINUE 

c 

DO 300 I=l,NI 
DO 300 J=l,NSTLN 
YSTLNC I, J) =0. 
YSTLNDCI,J)=O. 
STVALCJ)=O. 

300 CONTINUE 
DO 400 N=l,NPLTLN 
DO 400 I=l,NI 
YSLPLTCN,I)=O. 

400 CONTINUE 
RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE PROPS 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

C 

COMMON 
1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENC48,24),VISC48,24) 
*/VAR/UC48,24), VC48,24), WC48,24), P(48,24), PPC48,24), TEC48,24), 
*ED(48,24),STFN(48,24),YSTLNC48,24),STVALC24),USTAR(48,24), 
*VSTARC48,24),WSTARC48,24),PSTARC48,24),TESTARC48,24),YSTLNDC48,24) 
#,VISTARC48,24) 
1/ALL/IT,JT,NI,NJ,NIMl,NJMl,GREAT,JMAX(48),JMAXPl(48) 
1/TURB/GENC48,24),CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 

108 

0066100 
0066200 
0066300 
0066400 
0066500 
0066600 
0066700 
0066800 
0066900 
0067000 
0067100 
0067200 
0067300 
0067400 
0067500 
0067600 
0067700 
0067800 
0067900 
0068000 
0068100 
0068200 
0068300 
0068400 
0068500 
0068600 
0068700 
0068800 
0068900 
0069000 
0069100 
0069200 
0069300 
0069400 
0069500 
0069600 
0069700 
0069800 
0069900 
0070000 
0070100 
0070200 
0070300 
0070400 
0070500 
0070600 
0070700 
0070800 
0070900 
0071000 
0071100 
0071200 
0071300 
0071400 
0071500 
0071600 
0071700 
0071800 
0071900 
0072000 



CHAPTER 
C 

1 1 1 

DO 100 I=2,NIMl 
DO 100 J=2,NJMl 
VISOLD=VISCI,J) 

VISCOSITY 1 1 1 

IFCEDCI,J).EQ.O.) GO TO 102 
VISCI,J)=DEHCI,J)*TECI,J)**2*CMU/EDCI,J)+VISCOS 
GO TO 101 

102 VISCI,J)=VISCOS 
C---------UNDER-RELAX VISCOSITY 
101 VISCI,J)=URFVIS*VISCI,J)+Cl.-URFVIS)*VISOLD 

100 CONTINUE 
RETURN 
END 

C 
C-----------------------------------------------------------------
C 

0072100 
0072200 
0072300 
0072400 
0072500 
0072600 
0072700 
0072800 
0072900 
0073000 
0073100 
0073200 
0073300 
0073400 
0073500 
0073600 
0073700 

SUBROUTINE CALCU 
CA********************************************************************** 
C 

0073800 
0073900 
0074000 

CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
1/UVEL/RESORU,NSWPU,URFU,DXEPU(48),DXPWUC48),SEWUC48) 
1/VVEL/RESORV,NSWPV,URFV,DYNPV(24),DYPSVC24),SNSVC24) 
1/PCOR/RESORM,NSWPP,URFP,DUC48,24),DVC48,24),IPREF,JPREF 
*/VAR/UC48,24), VC48,24), WC48,24), PC48,24), PPC48,24), TEC48,24), 
*EDC48,24),STFNC48,24),YSTLNC48,24),STVALC24),USTARC48,24), 
*VSTARC48,24),WSTARC48,24),PSTARC48,24),TESTAR(48,24),YSTLNDC48,24) 
II,VISTARC48,24) 
1/ALL/IT,JT,NI,NJ,NIMl,NJMl,GREAT,JMAX(48),JMAXPlC48) 
1/GEOM/INDCOS,X(48),YC24),DXEPC48),DXPWC48),DYNPC24),DYPS(24), 

0074100 
0074200 
0074300 
0074400 
0074500 
0074600 
0074700 
0074800 
0074900 
0075000 
0075100 
0075200 
0075300 
0075400 
0075500 
0075600 

1 SNS(24),SEWC48),XUC48),YVC24),R(24),RV(24), 
II WFN(24),WFSC24),WFE(48),WFWC48),RCVC24),XNDC48),XUNDC48), 
IIYNDC 24), YVllDC 2(t) 
CO~mON 

1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENC48,24),VISC48,24) 
1/COEF/APC48,24),ANC48,24),ASC48,24),AEC48,24),AWC48,24),SUC48,24), 

0075700 
0075800 
0075900 1 SPC48,24) 

l/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,ALl,AL2,JSTEP,ISTEP,JSTPl,JSTMl,ISTPl,ISTMI 

C 
CHAPTER 
C 

1 1 1 1 

DO 100 I=3,NIMl 
DO 101 J=2,NJMl 

1 1 ASSEMBLY OF COEFFICIENTS 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RVCJ+l)*SEWUCI) 
AREAS=RVCJ)*SEWUCI) 
AREAEW=RCVCJ)*SNSCJ) 
VOL=RCVCJ)*SEWUCI)*SNSCJ) 

1 

C---------CALCULATE CONVECTION COEFFICIENTS 
GN=0.5*CDENCI,J+l)+DEN(I,J»*VCI,J+l) 
GNW=0.5*CDENCI-l,J)+DENCI-l,J+l»*V(I-l,J+l) 
GS=0.5*CDENCI,J-l)+DENCI,J»*VCI,J) 
GSW=0.5*CDENCI-l,J)+DENCI-l,J-l»*V(I-l,J) 
GE=DENCI,J)*CUCI+l,J)*Cl.0-WFECI»+UCI,J)*WFECI» 
GW=DENCI-l,J)*CUCI-l,J)*Cl.0-WFWCI»+UCI,J)*WFW(I» 
CN=0.5*CGN+GNW)*AREAN 
CS=0.5*CGS+GSW)*AREAS 
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1 1 1 1 1 

0076000 
0076100 
0076200 

1 0076300 
0076400 
0076500 
0076600 
0076700 
0076800 
0076900 
0077000 
0077100 
0077200 
0077300 
0077400 
0077500 
0077600 
0077700 
0077800 
0077900 
0078000 



CE=GElEAREAEW 
CW=GL~lEAREAEW 

C---------CALCULATE DIFFUSION COEFFICIENTS 
VISH=0.25lECVISCI,J)+VISCI,J+1)+VISCI-1,J)+VISCI-1,J+l)) 
VISS=0.25lECVISCI,J)+VISCI,J-1)+VISCI-1,J)+VISCI-1,J-1)) 
DN=VISNMAREAH/DYNPCJ) 
DS=VISSMAREAS/DYPSCJ) 
DE=VISCI,J)MAREAEW/DXEPUCI) 
DW=VISCI-1,J)MAREAEW/DXPWUCI) 

C---------CALCULATE COEFFICIENTS OF SOURCE TERMS 
SMP=CN-CS+CE-CW 
CP=AMAX1CO.0.SMP) 
CPo=cp 

C---------ASSEMBLE MAIN COEFFICIENTS 
ANCI,J)=AMAX1CABSCO.5 MCN),DN)-0.5 MCN 
ASCI,J)=AMAX1CABSCO.5MCS),DS)+0.5 MCS 
DE=AMAX1CDE,-WFECI)MCE,C1.0-WFECI»MCE) 
DW=AMAX1CDW,WFWCI)MCW,-C1.0-WFWCI»MCW) 
AECI.J)=DE-C1.0-WFECI»MCE 
AW(I,J)=DW+C1.-WFWCI»MCW 
DU( I. J) =AREAEW 
DUDXE=CUCI+1,J)-UCI,J»/DXEPUCI) 
DUDXW=CUCI,J)-UCI-1,J»/DXPWUCI) 
SORCE1=CDUDXElEVISCI,J)-DUDXWMVISCI-1,J»/SEWUCI) 
DVDXN=(V(I,J+1)-VCI-1,J+1»/SEWU(I) 
DVDXS=CV(I,J)-VCI-1.J»/SEWUCI) 
SORCE2=(RVCJ+1)lEVISNMDVDXN-RVCJ)MVISSMDVDXS)/CRCVCJ)MDYNPV(J» 
SUCI,J)=CPOMU(I,J)+DUCI,J)MCPCI-1,J)-P(I,J» 
SUCI,J)=SUCI,J)+CSORCE1+S0RCE2)MVOL 
SP(I.J)=-CP 

101 CONTItWE 
100 CONTINUE 

C 
CHAPTER 2 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 
C 

CALL PROMOD (2) 
C 
CHAPTER 3 FINAL COEFF. ASSEMBLY AND RESIDUAL SOURCE CALCULATION 3 
C 

RESORU=O.O 
DO 300 I=3.NIM1 
DO 301 J=2,NJI1l 
AP(I,J)=ANCI,J)+ASCI,J)+AECI,J)+AWCI,J)-SPCI,J) 
DU(I,J)=DU(I,J)/APCI,J) 
RESOR=ANCI,J)lEUCI,J+1)+ASCI,J)MUCI,J-1)+AECI,J)MUCI+1,J) 

1 +AWCI,J)MU(I-l,J)-APCI,J)MU(I,J)+SUCI,J) 
VOL=RCV(J)lESEWUCI)MSNSCJ) 
SORVOL=GREAT*VOL 
IFC-SP(I,J).GT.0.5MSORVOL) RESOR=RESOR/SORVOL 
RESORU=RESORU+ABSCRESOR) 

C---------UNDER-RELAXATION 
APCI.J)=AP(I,J)/URFU 
SUCI,J)=SUCI,J)+(l.-URFU)MAPCI,J)MU(I,J) 
DUCI,J)=DU(I,J)MURFU 

301 COtlTINUE 
300 COIITIHUE 

C 
CHAPTER 4 4 4 SOLUTION OF DIFFERENCE EQUATION 4 4 4 4 4 4 4 
C 

DO 400 N=l,NSWPU 

110 

0078100 
0078200 
0078300 
0078400 
0078500 
0078600 
0078700 
0078800 
0078900 
0079000 
0079100 
0079200 
0079300 
0079400 
0079500 
0079600 
0079700 
0079800 
0079900 
0080000 
0080100 
0080200 
0080300 
0080400 
0080500 
0080600 
0080700 
0080800 
0080900 
0081000 
0081100 
0081200 
0081300 

2 0081400 
0081500 
0081600 
0081700 

3 0081800 
0081900 
0082000 
0082100 
0082200 
0082300 
0082400 
0082500 
0082600 
0082700 
0082800 
0082900 
0083000 
0083100 
0083200 
0083300 
0083400 
0083500 
0083600 
0083700 
0083800 
0083900 
0084000 



C 

400 CALL lISOLV(3,2,HI,JMAX,IT,JT,U,2) 
RETURN 
Elm 

c-----------------------------------------------------------------
C 

0084100 
0084200 
0084300 
0084(tOO 
0084500 
0084600 

SUBROUTINE CALCV 
CA****~***************************************************************** 
C 

0084700 
0084800 
00114900 

CHAPTER 0 0 0 0 0 0 0 0 PRElIMIHARIES 0 0 0 0 0 0 0 0 
C 

COMi10H 
1/UVEL/RESORU,HSWPU,URFU,DXEPU(48),DXPWUC48),SEWUC48) 
1/VVEL/RESORV,HSWPV,URFV,DYNPV(24),DYPSVC24),SHSVC24) 
1/PCOR/RESORM,NSWPP,URFP,DUC48,24),DVC48,24),IPREF,JPREF 
*/VAR/UC43,24), VC48,24), WC48,24), PC48,24), PPC48,24), TEC48,24), 
*ED(48,24),STFNC48,24),YSTLN(48,24),STVALC24),USTAR(48,24), 
*VSTARC48,24),WSTARC48,24),PSTARC48,24),TESTARC48,24),YSTLHD(48,24) 
II,VISTARC(t8,2(t) 
1/ALL/IT,JT,HI,HJ,HIMl,HJMl,GREAT,JMAX(48),JMAXPlC48) 
1/GEOM/IHDCOS,X(48),YC24),DXEPC48),DXPWC48),DYHPC24),DYPS(24), 

0085000 
0085100 
0085200 
0085300 
0085400 
0085500 
0085600 
0085700 
0085800 
0085900 
0086000 
0086100 
0086200 
0086300 
0086400 
0086500 

1 SNS(24),SEWC48),XU(48),YVC24),RC24),RVe24), 
II WFH(24),WFSC24),WFEC48),WFWC48),RCVC24),XHDC48),XUHDC48), 
IIYHD(24),YVHDC24) 
CO~ii10H 

1/FlUPR/URFVIS,VISCOS,DEHSIT,PRAHDT,DENC48,24),VISC48,24) 
1/COEF/APC48,24),AHC48,24),ASC48,24),AEe48,24),AWe48,24),SUC48,24), 

0086600 
0086700 
0086800 1 SPC48,24) 

l/KASE Tl/UIH,TEIH,EDIH,FLOWIH,AlAMDA, 
2 RSMAll,RlARGE,Al1,Al2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTMI 

C 
CHAPTER 
C 

1 1 1 1 

DO 100 I=2,HIM1 
DO 101 J=3,HJM1 

1 1 -ASSEMBLY OF COEFFICIEHTS 

C---------COMPUTE AREAS AHD VOLUME 
AREAH=RCJ)*SEWCI) 
AREAS=RCJ-1)*SEWCI) 
AREAEW=RVCJ)*SHSVeJ) 
VOl=RVCJ)*SEW(I)*SHSV(J) 

1 

C---------CAlCUlATE COHVECTIOH COEFFICIEHTS 
GH=DEHCI,J)*CVCI,J+1)*Cl.0-WFHCJ»+VCI,J)*WFHCJ» 
GS=DEHCI,J-1)*CVCI,J-1)*C1.0-WFSCJ»+V(I,J)*WFS(J» 
GE=0.5*(DEH(I+1,J)+DEH(I,J»*U(I+l,J) 
GSE=0.5*CDEH(I,J-1)+DEH(I+1,J-1»*U(I+1,J-1) 
GW=0.5*CDEH(I,J)+DEHCI-l,J»*ueI,J) 
GSW=0.5*(DEHCI,J-1)+DEHeI-1,J-1»*UCI,J-l) 
CH=GH*AREAH 
CS=GS*AREAS 
CE=0.5*CGE+GSE)*AREAEW 
CW=0.5*eGW+GSW)*AREAEW 

1 1 

C---------CAlCUlATE DIFFUSIOH COEFFICIEHTS 
VISE=0.25*eVISCI,J)+VIseI+1,J)+VIseI,J-l)+VIseI+l,J-l)) 
VISt~=0.25*CVISCI,J)+VISCI-l,J)+VIseI,J-1)+VISCI-l,J-l» 
DH=VIseI,J)*AREAH/DYHPVeJ) 
DS=VIseI,J-1)*AREAS/DYPSVeJ) 
DE=VISE*AREAEW/DXEPeI) 
DW=VISW*AREAEW/DxPWeI) 

C---------CAlCUlATE COEFFICIEHTS OF SOURCE TERMS 
SMP=CH-CS+CE-CW 
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1 1 1 

0085900 
0087000 
0087100 

1 0087200 
0087300 
0087400 
0087500 
0087600 
0087700 
0087800 
0087900 
0088000 
0083100 
0088200 
0088300 
0088400 
0088500 
0088600 
0088700 
0088800 
0088900 
0089000 
0089100 
0089200 
0089300 
0089400 
0089500 
0089600 
0089700 
0089800 
0089900 
0090000 



CP=AMAX1eO.0,SMP) 
CPO=CP 

C---------ASSEMBLE MAIN COEFFICIENTS 
DN=AMAX1eDN,-WFNeJ)MCN,e1.0-WFNeJ»MCN) 
DS=AMAX1eDS,WFSeJ)MCS,-e1.0-WFSCJ»MCS) 
ANCI,J)=DN-e1.0-WFNeJ»MCN 
ASeI,J)=Ds+e1.0-WFSeJ»MCS 
AEeI,J)=AMAXleABseO.5 MCE),DE)-0.5MCE 
AWeI,J)=AMAXleABseO.5 MCW),DW)+0.5 MCW 
DVCI,J)=0.5 MeAREAN+AREAS) 
DUDYE=eUCI+l,J)-UCI+l,J-l»/SNSVeJ) 
DUDYW=CUCI,J)-UeI,J-l»/SNSVeJ) 
SORCE1=CDUDYEMVISE-DUDYW*VISW)/DXEPUeI) 
DVDYN=cveI,J+1)-VeI,J»/DYNPVeJ) 
DVDys=cveI,J)-VeI,J-1»/DYPSVCJ) 
SORCE2=eVISeI,J)MRCVeJ)MDVDYN-VISeI,J-1)MRCVeJ-1)MDVDYS) 

# /eRVeJ)*SNSVeJ» 
SUCI,J)=CPo*veI,J)+DveI,J)MepeI,J-1)-peI,J» 
SUCI,J)=SUCI,J)+CSORCE1+S0RCE2)MVOL 
SPCI,J)=-CP 
IFCINDCOS .EQ. 1) GO TO 101 
SUCI,J)=SUCI,J)+VOLMeeDENeI,J)+DENeI,J-1»MeWeI,J)+weI,J-l) 

#)MM2)/C8.MRVCJ» 
SPCI,J)=SPCI,J)-eVISeI,J)+VIseI,J-1»MVOL/RVeJ)MM2 

101 COIHItlUE 
100 CONTINUE 

C 
CHAPTER 2 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 
C 

CALL PROMOD (3) 
C 
CHAPTER 3 FINAL COEFF. ASSEMBLY AND RESIDUAL SOURCE CALCULATION 
C 

RESORV=O.O 
DO 300 I=2,NIM1 
DO 301 J=3,NJM1 
APCI,J)=ANCI,J)+AseI,J)+AEeI,J)+AweI,J)-SpeI,J) 
DVCI,J)=DVCI,J)/APeI,J) 
RE50R=ANCI,J)MVCI,J+1)+ASCI,J)MVeI,J-1)+AEeI,J)MVeI+1,J) 

1 +AWCI,J)MVCI-1,J)-APCI,J)MVCI,J)+sueI,J) 
VOL=RVCJ)MSEWCI)MSNSVCJ) 
SORVOL=GREATMVOL 
IFC-SPCI,J).GT.0.5MSORVOL) RESOR=RESOR/SORVOL 
RESORV=RESORV+ABSCRESOR) 

C---------UNDER-RELAXATION 
APCI,J)=APCI,J)/URFV 
5UCI,J)=SUCI,J)+C1.-URFV)MAPeI,J)MVCI,J) 
DVCI,J)=DVCI,J)MURFV 

C 

301 COIHINUE 
300 CONTINUE 

CHAPTER 4 4 4 SOLUTION OF DIFFERENCE EQUATION 4 4 4 4 4 4 
C 

C 

DO 400 N=I,NSWPV 
400 CALL LISOLVC2,3,NI,JMAX,IT,JT,V,3) 

RETURN 
EllD 

C-----------------------------------------------------------------
C 

112 

0090100 
0090200 
0090300 
0090400 
0090500 
0090600 
0090700 
0090800 
0090900 
0091000 
0091100 
0091200 
0091300 
0091400 
0091500 
0091600 
0091700 
0091800 
0091900 
0092000 
0092100 
0092200 
0092300 
0092400 
0092500 
0092600 
0092700 

2 2 0092800 
0092900 
0093000 
0093100 

3 3 0093200 
0093300 
0093400 
0093500 
0093600 
0093700 
0093800 
0093900 
0094000 
0094100 
0094200 
0094300 
0094400 
0094500 
0094600 
0094700 
0094800 
0094900 
0095000 
0095100 

4 0095200 
0095300 
0095400 
0095500 
0095600 
0095700 
0095800 
0095900 
0096000 



SUBROUTINE CALCW 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMOH 
1/UVEL/RESORU,HSWPU,URFU,DXEPU(48),DXPWU(48),SEWU(48) 
1/VVEL/RESORV,HSWPV,URFV,DYNPV(24),DYPSV(24),SHSV(24) 
*/WVEL/ RESORW, HSWPW, URFW 
l/TEH/RESORK,NSWPK,URFK 
l/TDIS/RESORE,NSWPD,URFE 
*/VAR/U(48,24), V(48,24), W(48,24), PC48,24), PPC48,24), TEC48,24), 
*EDC48,24),STFNC48,24),YSTLNC48,24),STVALC24),USTARC48,24), 
*VSTARC48,24),WSTARC48,24),PSTARC48,24),TESTARC48,24),YSTLHDC48,24) 
II,VISTARC48,24) 
1/ALL/IT,JT,NI,NJ,HIM1,HJM1,GREAT,JMAX(48),JMAXP1C48) 
1/GEOM/INDCOS,X(48),YC24),DXEP(48),DXPW(48),DYNP(24),DYPS(24), 
1 SHS(24),SEW(48),XUC48),YV(24),RC24),RV(24), 
II WFN(24),WFSC24),WFEC48),WFW(48),RCV(24),XNDC48),XUND(48), 
IIYND(24),YVHDC24) 

COMMOH 
1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DEH(48,24),VIS(48,24) 
l/KASE T1/UIH,TEIH,EDIH,FLOWIH,ALAMDA, 
2 RS~lALL,RLARGE,ALl,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 
1/TURB/GEHC48,24),CD,CMU,C1,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSN(48),XPLUSW(24),TAUHC48),TAUWC24) 
1/COEF/APC48,24),ANC48,24),AS(48,24),AE(48,24),AW(48,24),SU(48,24), 
1 SP(48,24) 

C---------IF NO SWIRL, RETURH TO MAIH 
IFCWC1,3) .LE. 0.) GO TO 500 

C 
CHAPTER 1 1 1 1 1 1 1 1 ASSEMBLY OF COEFFICIENTS 1 1 1 1 1 1 1 
C 

C 

DO 100 1=2, NIM1 
DO 101 J=2, NJM1 

C COMPUTE AREAS AND VOLUME 
C 

C 

AREAN=RV(J+1)*SEW(I) 
AREAS=RVCJ)*SEWCI) 
AREAEW=RCV(J)*SNS(J) 
VOL=RCV(J)*SNSCJ)*SEWCI) 

C---------CALCULATE CONVECTION COEFFICIENTS 
C 

C 

GN=0.5*CDENCI,J)+DENCI,J+1»*VCI,J+1) 
GS=0.5*CDENCI,J)+DEHCI,J-1»*VCI,J) 
GE=0.5*CDEHCI,J)+DEHCI+1,J»*UCI+1,J) 
GW=0.5*CDEHCI,J)+DEHCI-l,J»*UCI,J) 
CN=GH*AREAN 
CS=GS*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCULATE DIFFUSIOH COEFFICIENTS 
C 

VISH=0.5*(VISCI,J)+VIS(I,J+1» 
VISS=0.5*CVISCI,J)+VIS(I,J-1» 
VISE=0.5*CVISCI,J)+VIS(I+l,J» 
VISW=0.5*(VISCI,J)+VIS(I-1,J» 
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0096100 
0096200 
0096300 
0096400 
0096500 
0096600 
0096700 
0096800 
0096900 
0097000 
0097100 
0097200 
0097300 
0097400 
0097500 
0097600 
0097700 
0097800 
0097900 
0098000 
0098100 
0098200 
0098300 
0098400 
0098500 
0098600 
0098700 
0098800 
0098900 
0099000 
0099100 
0099200 
0099300 
0099400 
0099500 
0099600 
0099700 
0099800 
0099900 
0100000 
0100100 
0100200 
0100300 
0100400 
0100500 
0100600 
0100700 
0100800 
0100900 
0101000 
0101100 
0101200 
0101300 
0101400 
0101500 
0101600 
0101700 
0101800 
0101900 
0102000 



C 

DN=VISN*AREAN/DYNPCJ) 
DS=VISS*AREAS/DYPSCJ) 
DE=VISE*AREAEW/DXEPCI) 
DW=VISW*AREAEW/DXPWCI) 

C---------SOURCE TERMS 
C 

C 

SMP=CN-CS+CE-CW 
CP=AMAXICO., SMP) 
CPO=CP 

C---------ASSEMBLE MAIN COEFFICIENTS 
C 

ANCI,J)=AMAXICABSCO.5*CN),DN)-0.5*CN 
ASCI,J)=AMAXICABSeO.5*CS),DS)+0.5MCS 
AECI.J)=AMAXICABSCO.5MCE),DE)-0.5MCE 
AWCI,J)=AMAXICABSCO.5*CW).DW)+0.5*CW 
DV=0.5MeAREAN+AREAS) 
VAVG=0.5* CVCI,J+l)+VCI,J» 
SUCI,J)=CPOMWeI,J) 
IFCINDCOS .EQ. 1) GO TO 101 
SORCEl=-DENCI,J)MVAVG*WeI,J) /RCVCJ) 
SORCE2=-CVISNMRVCJ+l)-VISS*RVeJ» *WCI,J)/CDYNPVCJ)M 

lIRCVeJ)MRCVeJ» 
SUeI,J)=SUCI,J)+eSORCEl+S0RCE2)MVOL 
SPCI,J)=-CP 

101 CONTINUE 
100 CONTItlUE 
C 
CHAPTER 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 2 2 2 2 2 
C 

CALL PROMOD (8) 
C 
CHAPTER 3 3 FINAL COEFFICIENT ASSEMBLY AND RESIDUAL SOURCE CALCULATION 
C 

C 

RESORW=O. 
DO 300 1=2, NIMI 
DO 301 J=2.NJMI 
APCI,J)=ANCI,J)+ASeI,J)+AECI,J)+AWCI,J)-SpeI,J) 
RESOR=ANCI,J)MWCI,J+l)+ASeI,J)MWCI,J-l)+AEeI,J)MWeI+l,J) 

M +AWCI,J)MWCI-l,J)-APeI,J)MWeI,J)+SUCI,J) 
VOL=RCVeJ)MSNSCJ)MSEWeI) 
SORVOL=Gr.EATMVOL 
IFC-SPCI,J) .GT. 0.5MSORVOL) RESOR=RESOR/SORVOL 
IFeJ .LE. 2) RESOR=O. 
RESORW=RESORW+ABSCRESOR) 

C---------UNDER RELAXATION 
C 

301 
300 
C 

APCI,J)=APCI,J)/URFW 
SUCI.J)=SUCI,J)+el.-URFW)MAPeI,J)MWeI,J) 
CONTINUE 
CONTINUE 

CHAPTER 4 4 4 SOLUTION 
C 

OF DIFFERENCE EQUATIONS 4 4 4 4 4 4 4 4 

DO 400 N=l, NSWPW 
400 CALL LISOLVC2, 2, NI, JMAX, IT, JT, W,8) 

500 CONTINUE 
RETURN 
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0102100 
0102200 
0102300 
0102400 
0102500 
0102600 
0102700 
0102800 
0102900 
0103000 
0103100 
0103200 
0103300 
0103400 
0103500 
0103600 
0103700 
0103800 
0103900 
0104000 
0104100 
0104200 
0104300 
0104400 
0104500 
0104600 
0104700 
0104800 
0104900 
0105000 
0105100 
0105200 
0105300 
0105400 
0105500 
0105600 
0105700 
0105800 
0105900 
0106000 
0106100 
0106200 
0106300 
0106400 
0106500 
0106600 
0106700 
0106800 
0106900 
0107000 
0107100 
0107200 
0107300 
0107400 
0107500 
0107600 
0107700 
0107800 
0107900 
0108000 



END 
C 
C-----------------------------------------------------------------
C 

0108100 
0108200 
0108300 
0108400 

SUBROUTINE CALCP 
CA********************************************************************** 
C 

0108500 
0108600 
0108700 

CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMO~~ 

0108800 
0108900 
0109000 

1/PCOR/RESORM,NSWPP,URFP,DU(48,24),DV(48,24),IPREF,JPREF 
*/VAR/U(48,24), V(48,24), W(48,24), P(48,24), PP(48,24), TE(48,24), 
*ED(48,24),STFH(48,24),YSTLN(48,24),STVAL(24),USTAR(48,24), 
*VSTAR(48,24),WSTAR(48,24),PSTAR(48,24),TESTARC48,24),YSTLND(48,24) 
II.VISTARC48,24) 
1/ALL/IT,JT,HI,NJ,NIM1,NJMl,GREAT,JMAX(48),JMAXP1C48) 
I/GEOM/INDCOS,X(48),Y(24),DXEPC48),DXPW(48),DYNP(24),DYPS(24), 

0109100 
0109200 
0109300 
0109400 
0109500 
0109600 
0109700 
0109800 
0109900 
0110000 
0110100 

1 SNS(24),SEW(48),XUe48),YV(24),Re24),RVC24), 
n WFN(24),WFSe24),WFE(48),WFWC48),RCVC24),XNDC48),XUND(48), 
IYHD(24),YVNDe24) 

cor'mON 
1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENC48,24),VISC48,24) 
1/COEF/APC48,24),ANC48,24),ASC48,24),AEC48,24),AWC48,24),SU(48,24), 

0110200 
0110300 
0110400 1 SPUt8,24) 

l/KASE TI/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 

RESORM=O.O 
C 
CHAPTER 
C 

1 1 1 1 1 1 ASSEMBLY OF COEFFICIENTS 

DO 100 I=2,NIM1 
DO 101 J=2,HJMl 

C---------COMrUTE AREAS AND VOLUME 
AREAN=RVeJ+l)MSEWCI) 
AREAS=RVCJ)MSE~CI) 
AREAEW=RCVCJ)~SNSCJ) 
VOL=RCVeJ)'SNSCJ)MSEWeI) 

C---------CALCULATE COEFFICIENTS 
DEN N = a . 5;; C 0 E II( I , J ) + 0 EN C I , J + 1 ) ) 
DEI r S = a . 5 M C DElI( I , J ) + 0 E I I( I , J - 1 ) ) 
DENE=0.5MCDENCI,J)+DENCI+1,J» 
DEI H~ = a . 5 M C DElI( I , J ) + 0 E tl( I-I , J ) ) 
AIH I , J ) = DElnl * A R EAlI1' DV C I , J + 1 ) 
ASCI,J)=DElrS"AREASMDVCI,J) 
AECI,J)=DEHEMAREAEWMDUCI+l,J) 
At~CI,J)=DrNtJMAREAEW'DueI,J) 

C---------CALCULATE SOURCE TERMS 
CN=DEIHl"V C I, J+1 )1't,REAN 
CS=DElrS"'JC I, J )'(t.REAS 
CE=DENEMUCI+l,J)MAREAEW 
CtJ=DEN!J',UC I, J P,AREAEW 
sr1P = CH - CSt C E - CW 
SPCLJ)=O.O 
S U C I , J ) = - S ~i P 

C---------CorwuTE SUM OF ABSOLUTE MASS SOURCES 
R ESORn = R ESORM+ AB S C S~1P) 

101 COlnItWE 
100 CONTINUE 

C 
CHAPTER 2 2 2 2 2 2 2 PROBLEM MODIFICATIONS 
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1 1 1 1 1 1 

2 2 2 2 2 2 

0110500 
0110600 
0110700 
0110800 

1 0110900 
0111000 
0111100 
0111200 
0111300 
0111400 
0111500 
0111600 
0111700 
0111800 
0111900 
0112000 
0112100 
0112200 
0112300 
0112400 
0112500 
0112600 
0112700 
0112800 
0112900 
0113000 
0113100 
0113200 
0113300 
0113400 
0113500 
0113600 
0113700 
0113800. 
0113900 

2 0114000 



C 
CALL PROMOD (4) 

C 
CHAPTER 3 3 3 3 3 FINAL COEFFICIENT ASSEMBLY 3 3 3 3 3 3 
C 

DO 300 I=2,NIMl 
DO 301 J=2,NJMl 

301 APCI,J)=ANCI,J)+ASCI,J)+AECI,J)+AWCI,J)-SPCI,J) 
300 CONTINUE 

C 
CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 4 4 
C 

DO 400 N=l,NSWPP 
400 CALL LISOLVC2,2,NI,JMAX,IT,JT,PP,4) 

C 
CHAPTER 5 5 5 5 CORRECT VELOCITIES AND PRESSURE 5 5 5 5 5 5 
C 
C---------VELOCITIES 

DO 503 I=2,NIMl 
JJ=JMAXCI ) 
DO 501 J=3,JJ 
VCI,J)=VCI,J)+DV(I,J)*CPPCI,J-l)-PPCI,J» 

501 CONTINUE 
JJ=JMAXCI-l) 
DO 502 J=2,JJ 
IFCI .NE. 2) UCI,J)=UCI,J)+DUCI,J)*CPPCI-l,J)-PPCI,J» 

502 CONTINUE 
503 CONTINUE 

C---------PRESSURES CWITH PROVISION FOR UNDER-RELAXATION) 
PPREF=PPCIPREF,JPREF) 
DO 506 I=2,NIMl 
JJ=JMAXCI) 
DO 508 J=2,JJ 
PCI,J)=PCI,J)+URFP*CPPCI,J)-PPREF) 

C---------PP IS ZEROED AT TOP OF CHAPTER 3, MAIN 
508 CONTINUE 
506 CONTINUE 

RETURN 
END 

C C-----------------------------------------------------------------
C 

SUBROUTINE CAlCTE 

3 

4 

CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
l/TEN/RESORK,NSWPK,URFK 
*/VAR/U(48,24), VC48,24), WC48,24), P(48,24), PP(48,24), TEC48,24), 
*ED(48,24),STFNC48,24),YSTlN(48,24),STVAl(24),USTAR(48,24), 
*VSTAR(48,24),WSTAR(48,24),PSTARC48,24),TESTARC48,24),YSTlNDC48,24) 
#,VISTARC48,24) 
1/ALl/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAX(48),JMAXPIC48) 
1/GEOM/ltlDCOS,X(48),YC24),DXEP(48),DXPWC48),DYNP(24),DYPS(24), 
1 SNS(24),SEWC48),XUC48),YVC24),RC24),RVC24), 
# WFN(24),WFSC24),WFEC48),WFW(48),RCVC24),XNDC48),XUNDC48), 
#YND(24),YVNDC24) 

COml0N 
1/FlUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENC48,24),VISC48,24) 
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0114100 
0114200 
0114300 
0114400 
0114500 
0114600 
0114700 
0114800 
0114900 
0115000 
0115100 
0115200 
0115300 
0115400 
0115500 
0115600 
0115700 
0115800 
0115900 
0116000 
0116100 
0116200 
0116300 
0116400 
0116500 
0116600 
0116700 
0116800 
0116900 
0117000 
0117100 
0117200 
0117300 
0117400 
0117500 
0117600 
0117700 
0117800 
0117900 
0118000 
0118100 
0118200 
0118300 
0118400 
0118500 
0118600 
0118700 
0118800 
0118900 
0119000 
0119100 
0119200 
0119300 
0119400 
0119500 
0119600 
0119700 
0119800 
0119900 
0120000 



C 

I/COEF/APC48,24),ANC48,24),ASC48,24),AEC48,24),AWC48,24),SUC48,24), 
1 SPC48,24) 
I/TURB/GENC48,24),CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
I/WALLF/YPLUSN(48),XPLUSWC24),TAUNC48),TAUWC24) 
l/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,ALl,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTMI 
1/SUSP/SUKDC48,24),SPKDC48,24) 

CHAPTER 1 1 1 1 1 1 ASSEMBLY OF COEFFICIENTS 1 1 1 1 1 1 
C 

PRTE=I.0 
DO 100 I=2,NIMl 
DO 101 J=2,NJMl 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RVCJ+l)*SEWCI) 
AREAS=RVCJ)*SEWCI) 
AREAEW=RCVCJ)*SNSCJ) 
VOL=RCVCJ)*SNSCJ)*SEWCI) 

C---------CALCULATE CONVECTION COEFFICIENTS 
GN=0.5*CDENCI,J)+DENCI,J+l»*VCI,J+l) 
GS=0.5*CDEHCI,J)+DEHCI,J-l»*VCI,J) 
GE=0.5*CDENCI,J)+DEHCI+l,J»*UCI+l,J) 
GW=0.5*CDENCI,J)+DEHCI-l,J»*UCI,J) 
CH=GH*AREAN 
CS=GS*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCULATE DIFFUSION COEFFICIENTS 
GAMH=0.5*CVISCI,J)+VISCI,J+l»/PRTE 
GAMS=0.5*eVISCI,J)+VIseI,J-l»/PRTE 
GAME=0.5*eVISeI,J)+VIseI+l,J»/PRTE 
GAMW=0.5*eVISCI,J)+VIseI-l,J»/PRTE 
DN=GAMN*AREAN/DYHPeJ) 
DS=GAMS*AREAS/DYPSeJ) 
DE=GAME*AREAEW/DXEPCI) 

DW=GAMW*AREAEW/DXPWCI) 
C---------SOURCE TERMS 

SMP=CH-CS+CE-CW 
CP=AMAXICO.O,SMP) 
CPO=CP 
DUDX=CUCI+l,J)-UCI,J»/SEWCI) 
DVDy=cveI,J+l)-VCI,J»/SHSeJ) 
DUDY=CCUCI,J)+UCI+1,J)+UCI,J+I)+UCI+I,J+1»/4.-CUCI,J)+UCI+l,J)+ 

lUCI,J-l)+UCI+1,J-1»/4.)/SHSCJ) 
DVDx=ccveI,J)+VCI,J+l)+VCI+l,J)+veI+l,J+l»/4.-eVCI,J)+VCI,J+l)+VC 

lI-l,J)+VCI-l,J+l»/4.)/SEWeI) 
DWDy=cweI,J+l)-WeI,J-l»/CDYNPeJ)+DYPSCJ»-WeI,J)/RCJ) 
DWDx=cweI+l,J)-WCI-l,J»/CDXPWeI)+DXEPCI» 
GEHeI,J)=C2.*CDUDX**2+DVDY**2)+CDUDY+DVDX)**2)*VISCI,J) 
IFCIHDCOS .EQ. 2) GENCI,J)=GENCI,J)+VIseI,J)*eDWDY**2+DWDX**2) 
IFeRVCJ) .EQ. 0.) GO TO 110 
VDR=VCI,J)/RVCJ) 
IFeIHDCOS .EQ. 2) GEHCI,J)=GENeI,J)+VISCI,J)*.5* 

#CVDR+VCI,J+l)/RVeJ+l»**2 
GO TO 120 

110 IFCIHDCOS .EQ. 2) GENeI,J)=GENCI,J)+VISCI,J)* 
#0.5*CVCI,J+l)/RVCJ+l»**2 

120 COHTINUE 
C---------ASSEMBLE MAIN COEFFICIENTS 

AHCI,J)=AMAXICABSCO.5*CN),DH)-0.5*CN 
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0120100 
0120200 
0120300 
0120400 
0120500 
0120600 
0120700 
0120800 
0120900 
0121000 
0121100 
0121200 
0121300 
0121400 
0121500 
0121600 
0121700 
0121800 
0121900 
0122000 
0122100 
0122200 
0122300 
0122400 
0122500 
0122600 
0122700 
0122800 
0122900 
0123000 
0123100 
0123200 
0123300 
0123400 
0123500 
0123600 
0123700 
0123800 
0123900 
0124000 
0124100 
0124200 
0124300 
0124400 
0124500 
0124600 
0124700 
0124800 
0124900 
0125000 
0125100 
0125200 
0125300 
0125400 
0125500 
0125600 
0125700 
0125800 
0125900 
0126000 



ASCI,J)=AMAXICABSCO.5*CS),DS)+0.5*CS 
AECI,J)=AMAXICABSCO.5*CE),DE)-0.5*CE 
AWCI,J)=AMAXICABSCO.5*CW),DW)+0.5*CW 
SUCI,J)=CPO*TECI,J) 
SUKDCI,J)=SUCI,J) 
SUCI,J)=SUCI,J)+GENCI,J)*VOL 
SP C I, J) =-CP 
SPKDCI,J)=SPCI,J) 
SPCI,J)=SPCI,J)-CD*CMU*DENCI,J)**2*TECI,J)*VOL/VISCI,J) 

101 CONTINUE 
100 CONTINUE 

C 
CHAPTER 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 
C 

CALL PROMOD (6) 
C 
CHAPTER 3 FINAL COEFFICIENT ASSEMBLY AND RESIDUAL SOURCE CALCULATION 3 
C 

RESORK=O.O 
DO 300 I=2,NIMI 
DO 301 J=2,NJMl 
APCI,J)=ANCI,J)+AseI,J)+AECI,J)+AWCI,J)-SPCI,J) 
RESOR=ANCI,J)*TECI,J+l)+AseI,J)*TECI,J-l)+AECI,J)*TEeI+1,J) 

1 +AWCI,J)*TECI-l,J)-APeI,J)*TEeI,J)+SUCI,J) 
VOL=RCVeJ)*SNSCJ)*SEWCI) 
SORVOL=GREAT*VOL 
IFC-SPCI,J).GT.0.5*SORVOL) RESOR=RESOR/SORVOL 
RESORK=RESORK+ABSCRESOR) 

C---------UNDER-RELAXATION 
APCI,J)=APCI,J)/URFK 
SUCI,J)=SUCI,J)+Cl.-URFK)*APCI,J)*TECI,J) 

301 CONTINUE 
300 CONTINUE 

C 
CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 4 4 4 
C 

C 

DO 400 N=l,NSWPK 
400 CALL LISOLVC2,2,NI,JMAX,IT,JT,TE,6) 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE CALCED 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
I/TDIS/RESORE,NSWPD,URFE 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAX(48),JMAXPIC48) 
1/GEOM/INDCOS,X(48),YC24),DXEPC48),DXPWC48),DYNPC24),DYPS(24), 
1 SNS(24),SEW(48),XU(48),YVC24),RC24),RV(24), 
# WFN(24),WFS(24),WFEC48),WFWC48),RCVC24),XNDC48),XUND(48), 
tYND(24),YVND(24) 
I/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENC48,24),VIS(48,24) 
I/COEF/APC48,24),ANC48,24),ASC48,24),AEC48,24),AW(48,24),SUC48,24), 
1 SP(48,24) 
*/VAR/UC48,24), VC48,24), WC48,24), PC48,24), PPC48,24), TEC48,24), 
*EDC48,24),STFNC48,24),YSTLNC48,24),STVALC24),USTARC48,24), 
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0126100 
0126200 
0126300 
0126400 
0126500 
0126600 
0126700 
0126800 
0126900 
0127000 
0127100 
0127200 
0127300 
0127400 
0127500 
0127600 
0127700 
0127800 
0127900 
0128000 
0128100 
0128200 
0128300 
0128400 
0128500 
0128600 
0128700 
0128800 
0128900 
0129000 
0129100 
0129200 
0129300 
0129400 
0129500 
0129600 
0129700 
0129800 
0129900 
0130000 
0130100 
0130200 
0130300 
0130400 
0130500 
0130600 
0130700 
0130800 
0130900 
0131000 
0131100 
0131200 
0131300 
0131400 
0131500 
0131600 
0131700 
0131800 
0131900 
0132000 



C 

*VSTAR(48,24),WSTAR(48,24),PSTAR(48,24),TESTAR(48,24),YSTLHD(48,24) 
#,VISTAR(48,24) 

COMI10H 
1/TURB/GEHC48,24),CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSN(48),XPLUSWC24),TAUNC48),TAUWC24) 
1/SUSP/SUKDC48,24),SPKDC48,24) 
l/KASE T1/UIH,TEIH,EDIN,FLOWIH,ALAMDA, 
2 RSMALL,RLARGE,ALl,AL2,JSTEP,ISTEP,JSTPl,JSTMl,ISTPl,ISTMI 

CHAPTER 1 1 1 1 1 1 ASSEMBLY OF COEFFICIENTS 1 1 1 1 1 1 
C 

DO 100 I=2,N!M1 
JJ=JMAXCI) 
DO 101 J=2,JJ 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RVCJ+1)*SEWCI) 
AREAS=RVCJ)*SEWCI) 
AREAEW=RCVCJ)*SHSCJ) 
VOL=RCV(J)*SHS(J)*SEWC!) 

C---------CALCULATE COHVECTION COEFFIC!ENTS 
GH=0.5*CDEHCI,J)+DEN(I,J+1»*V(I,J+1) 
GS=0.5*(DEH(I,J)+DEN(I,J-l»*VCI,J) 
GE=0.5*CDENCI,J)+DEHCI+1,J»*UCI+1,J) 
GW=0.5*CDEHCI,J)+DENCI-1,J»*UCI,J) 
CH=GH*AREAN 
CS=GS*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCULATE DIFFUSION COEFFICIENTS 
GAMH=0.5*(VIS(I,J)+VISCI,J-1»/PRED 
GAMS=0.5*(VISCI,J)+VIS(I,J-1»/PRED 
GAME=0.5*(VIS(I,J)+VIS(I+l,J»/PRED 
GAMW=0.5*(VIS(I,J)+VIS(I-1,J»/PRED 
DN=GAMN*AREAN/DYHP(J) 
DS=GAMS*AREAS/DYPSCJ) 
DE=GAME*AREAEW/DXEPCI) 

DW=GAMW*AREAEW/DXPWC!) 
C---------SOURCE TERMS 

SMP=CN-CS+CE-CW 
CP=AMAXICO.O,SMP) 
CPO=CP 

C---------ASSEMBLE MAIN COEFFICIENTS 
AHCI,J)=AMAX1(ABSCO.5*CN),DN)-0.5*CH 
ASCI,J)=AMAX1CABSCO.5*CS),DS)+0.5*CS 
AECI,J)=AMAX1CABSCO.5*CE),DE)-0.5*CE 
AWCI,J)=AMAX1CABSCO.5*CW),DW)+0.5*CW 

C 

SUCI,J)=CPO*ED(I,J) 
SUKDCI,J)=SUCI,J) 
SUCI,J)=SUCI,J)+C1*CMU*GENCI,J)*VOL*DENCI,J)*TECI,J)/VISCI,J) 
SPCI.J)=-CP 
SPKDCI,J)=SP(I,J) 
SPCI,J)=SPCI,J)-C2*DENCI,J)*EDCI,J)*VOL/TECI,J) 

101 CONTINUE 
100 COHTIHUE 

CHAPTER 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 
C 

CA LL PROMOD C 7) 
C 
CHAPTER 3 FINAL COEFFICIENT ASSEMBLY AHD RESIDUAL SOURCE CALCULATION 3 
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0132100 
0132200 
0132300 
0132400 
0132500 
0132600 
0132700 
0132800 
0132900 
0133000 
0133100 
0133200 
0133300 
0133400 
0133500 
0133600 
0133700 
0133800 
0133900 
0134000 
0134100 
0134200 
0134300 
0134400 
0134500 
0134600 
0134700 
0134800 
0134900 
0135000 
0135100 
0135200 
0135300 
0135400 
0135500 
0135600 
0135700 
0135800 
0135900 
0136000 
0136100 
0136200 
0136300 
0136400 
0136500 
0136600 
0136700 
0136800 
0136900 
0137000 
0137100 
0137200 
0137300 
0137400 
0137500 
0137600 
0137700 
0137800 
0137900 
0138000 



C 
RESORE=O.O 
DO 300 I=2,NIM1 
DO 301 J=2,NJM1 
APCI,J)=ANCI,J)+ASCI,J)+AECI,J)+AWCI,J)-SPCI,J) 
RESOR=ANCI,J)*EDCI,J+1)+ASCI,J)*EDCI,J-1)+AECI,J)*EDCI+l,J) 

1 +AWCI,J)*EDCI-1,J)-APCI,J)*EDCI,J)+SUCI,J) 
VOL=RCVCJ)*SNSCJ)*SEWCI) 
SORVOL=GREAT*VOL 
IFC-SP(I,J).GT.0.5*SORVOL) RESOR=RESOR/SORVOL 
RESORE=RESORE+ABSCRESOR) 

C---------UHDER-RELAXATIOH 

C 

APCI,J)=APCI,J)/URFE ~ 
SUCI,J)=SUCI,J)+(l.-URFE)*AP(I,J)*EDCI,J) 

301 CONTINUE 
300 CONTINUE 

CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 4 4 4 
C 

C 

DO 400 N=I,NSWPD 
400 CALL LISOLVC2,2,NI,JMAX,IT,JT,ED,7) 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE LISOLveISTART,JSTART,NI,JMAX,IT,JT,PHI,NCHAP) 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

DIMENSION PHICIT,JT),AC48),BC48),CC48),DC48),JMAXCIT) 
CO~lMON 

1/COEF/APC48,24),ANC48,24),ASC48,24),AEC48,24),AWC48,24),SUC48,24), 
1 SPC43,24) 
l/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTPl,JSTM1,ISTPl,ISTM1 

JSM1=JSTART-1 
NIM1=NI-l 
ACJSMU=O.O 

C---------COMMENCE W-E SWEEP 
DO 100 I=ISTART,NIM1 
CCJSM1)=PHICI,JSMl) 

C---------COMMEHCE S-H TRAVERSE 
JI=JMAXCI) 
IFCNCHAP .EQ. 2) JI=JMAXeI-1) 
DO 101 J=JSTART,JI 

C---------ASSEMBLE TDMA COEFFICIENTS 
ACJ)=AN(I.J) 
BCJ)=AS(I.J) 
C(J)=AECI,J)*PHICI+1,J)+AWCI,J)*PHICI-1,J)+SUCI,J) 
DCJ)=APCI,J) 

C---------CALCULATE COEFFICIENTS OF RECURRENCE FORMULA 
TERM=I./CDeJ)-BCJ)*ACJ-1» 
ACJ)=ACJ)*TERM 
CCJ)=CCCJ)+BCJ)*CCJ-1»*TERM 

101 CONTINUE 
C---------OBTAIN NEW PHI)S 

DO 102 JJ=JSTART,JI 
J=JI+l+JSM1-JJ 

120 

0138100 
0138200 
0138300 
0138400 
0138500 
0138600 
0138700 
0138800 
0138900 
0139000 
0139100 
0139200 
0139300 
0139400 
0139500 
0139600 
0139700 
0139800 
0139900 
0140000 
0140100 
0140200 
0140300 
0140400 
0140500 
0140600 
0140700 
0140800 
0140900 
0141000 
0141100 
0141200 
0141300 
0141400 
0141500 
0141600 
0141700 
0141800 
0141900 
0142000 
0142100 
0142200 
0142300 
0142400 
0142500 
0142600 
0142700 
0142800 
0142900 
0143000 
0143100 
0143200 
0143300 
0143400 
0143500 
0143600 
0143700 
0143800 
0143900 
0144000 



'. 

C 

102 PHICI,J)=ACJ)*PHICI,J+1)+CeJ) 
100 COHTIHUE 

RETURH 
EHD 

C-----------------------------------------------------------------
C 

SUBROUTIHE PRIHTCISTART,JSTART,HI,HJ,IT,JT,X,Y,PHI,HEAD) 
CA********************************************************************** 
C 

DIMEHSIOH PHICIT,JT),XCIT),YeJT),HEADe9),STOREC48) 
ISKIP=l 
JSKIP=l 
WRITEC6,1l0)HEAD 
ISTA=ISTART-12 

100 CONTIHUE 
ISTA=ISTA+12 
IEHD=ISTA+ll 
IFCHI.LT.IEHD)IEHD=HI 
WRITEC6,111)CI,I=ISTA,IEHD,ISKIP) 
WRITEC6,114)CXCI),I=ISTA,IEHD,ISKIP) 
WRITEC6.l12) 
DO 101 JJ=JSTART,HJ,JSKIP 
J=JSTART+HJ-JJ 
DO 120 I=ISTA,IEHD 
A=PHIC I. J) 
IFCADSCA).LT.1.E-20) A=O.O 

120 STORECI>=A 

C 

101 WRITEC6,113)J,YCJ),CSTORECI),I=ISTA,IEND,ISKIP) 
IFCIEHD.LT.NI)GO TO 100 
RETURN 

110 FORMATCIHO,17C2H*-),7X,9A4,7X,17C2H-*» 
III FORMATCIHO,13H I = ,12,1119) 
112 FORMATC8HO J Y) 
113 FORMATCI3,OPF8.5,lX,lPI2E9.2) 
114 FORMATC11H X = ,F8.5,11F9.5) 

END 

C-----------------------------------------------------~-----------
C 

SUBROUTIHE PROMOD CHCHAP) 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
1/UVEL/RESORU,NSWPU,URFU,DXEPU(48),DXPWUC48),SEWUC48) 
1/VVEL/RESORV,NSWPV,URFV,DYHPV(24),DYPSVC24),SNSVC24) 
*/WVEL/ RESORW, HSWPW, URFW 
*/VAR/UC48,24), VC48,24), WC48,24), PC48,24), PPC48,24), TEC48,24), 
*EDC48,24),STFNC48,24),YSTLNC48,24),STVALC24),USTAR(48,24), 
*VSTARC48,24),WSTAR(48,24),PSTARC48,24),TESTAR(48,24),YSTLHD(48,24) 
It,VISTARC48,24) 
1/PCOR/RESORM,HSWPP,URFP,DU(48,24),DV(48,24),IPREF,JPREF 
I/ALL/IT,JT,HI,NJ,HIM1,HJM1,GREAT,JMAX(48),JMAXP1(48) 
1/GEOM/INDCOS,X(48),Y(24),DXEPe48),DXPWC48),DYNP(24),DYPS(24), 
1 SNS(24),SEWC48),XU(48),YV(24),R(24),RV(24), 
It WFH(24),WFS(24),WFE(48),WFW(48),RCV(24),XND(48),XUND(48), 
ItYHD(24),YVHD(24) 

cor'1MON 

121 

0144100 
0144200 
0144300 
0144400 
0144500 
0144600 
0144700 
0144800 
0144900 
0145000 
0145100 
0145200 
0145300 
0145400 
0145500 
0145600 
0145700 
0145800 
0145900 
0146000 
0146100 
0146200 
0146300 
0146400 
0146500 
0146600 
0146700 
0146800 
0146900 
0147000 
0147100 
0147200 
0147300 
0147400 
0147500 
0147600 
0147700 
0147800 
0147900 
0148000 
0148100 
0148200 
0148300 
0148400 
0148500 
0148600 
0148700 
0148800 
0148900 
OFt9000 
0149100 
0149200 
0149300 
0149400 
0149500 
0149600 
0149700 
0149800 
0149900 
0150000 



1/FLUPR/URFVIS,VISCOS;DENSIT,PRANDT,DENe48,24),VISe48,24) 
l/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,ALl,AL2,JSTEP,ISTEP,JSTPl,JSTMl,ISTPl,ISTNI 
1/SUSP/SUKDe48,24),SPKDC48,24) 
1/COEF/APC48,24),ANC48,24),ASC48,24),AEe48,24),AWe48,24),5Ue48,24), 
1 SPC48,24) 
1/TURB/GENC48,24),CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSN(48),XPLUSWC24),TAUNC48),TAUWC24) 

IFCNCHAP .EQ. 2) GO TO 1150 
IFCJSTEP .EQ. NJMl) GO TO 1150 

C---------OUT OF RANGE VALUES 
DO 1100 I=2,NI 

C 
C 
C 

IFeJMAXCI) .EQ. NJMl) GO TO 1150 
JJ=JMAXPl( I) 
DO 1100 J=JJ,NJMl 

1100 SPCI,J)=-GREAT 
1150 CONTINUE 

GO TO Cl,2,3,4,5,6,7,8),NCHAP 

CHAPTER 1 1 1 1 1 1 1 1 PROPERTIES 
C 

1 CONTINUE 
C---------NO MODIFICATIONS FOR THIS PROBLEM 

RETURN 
C 
CHAPTER 2 2 2 2 2 2 2 2 U MOMENTUM 
C 

2 CONTINUE 
C---------OUT OF RANGE VALUES 

IFCJSTEP .EQ. NJMl) GO TO 202 
DO 200 I=3,NI 
IFCJMAXeI-l) .EQ. NJMl) GO TO 202 
JJ=JMAXPICI-l) 
DO 200 J=JJ,NJMl 
SPCI,J)=-GREAT 

200 CONTINUE 
202 COIHINUE 

C---------TOP WALL 
CDTERM=CMU**0.25 
DO 210 I=3,NIMI 
J=J~lAXCI-l) 
YP=YVCJ+l)-YCJ) 
SQRTK=SQRTCO.5*CTECI,J)+TECI-l,J») 
DENU=0.5*CDENCI,J)+DENCI-l,J» 
YPLUSA=0.5*CYPLUSNCI)+YPLUSNCI-l» 
IFCYPLUSA.lE.ll.63) GO TO 211 

1 1 1 

2 2 2 

TMULT=DENU*CDTERM*SQRTK*CAPPA/ALOGCELOG*YPLUSA) 
GO TO 212 

211 TMULT=VISCOS/YP 
212 CONTINUE 
205 SPCI,J)=SPCI,J)-TMULT*SEWUCI)*RVCJ+l) 

IFCJMAXCI-l) .NE. JMAXCI» SPCI,J)=speI,J)/2. 
210 ANCI,J)=O. 

C---------SIDE WALL 
IFCJSTEP .EQ. NJMl) GO TO 214 
DO 225 I=3,NIMI 
IFCJMAXCI-2) .GE. JMAXCI-l» GO TO 225 
JJ=JMAXPICI-2) 

122 

1 

2 

1 1 1 1 1 

2 2 2 2 2 

0150100 
0150200 
0150300 
0150400 
0150500 
0150600 
0150700 
0150800 
0150900 
0151000 
0151100 
0151200 
0151300 
0151400 
0151500 
0151600 
0151700 
0151800 
0151900 
0152000 
0152100 
0152200 
0152300 
0152400 
0152500 
0152600 
0152700 
0152800 
0152900 
0153000 
0153100 
0153200 
0153300 
0153400 
0153500 
6153600 
0153700 
0153800 
0153900 
0154000 
0154100 
0154200 
0154300 
0154400 
0154500 
0154600 
0154700 
0154800 
0154900 
0155000 
0155100 
0155200 
0155300 
0155400 
0155500 
0155600 
0155700 
0155800 
0155900 
0156000 



JI=JMAX(I-l ) 
DO 220 J=JJ,JI 
AW(I,J)=O. 

220 COHTIHUE 
225 COHTIHUE 

C---------SyMMETRy AXIS 
214 COHTIHUE 

DO 203 I=I,HI 
203 AS(I,2)=0. 

C---------OUTLET 
ARDEtH=O.O 
FLOW=O.O 

C 

DO 209 J=2,HJMl 
ARDEH=0.50*(DEH(HIMl,J)+DEH(HIMl-l,J»*RCV(J)*SHS(J) 
ARDEHT=ARDEHT+ARDEH 

209 FLOW=FLOW+ARDEH*ueHIMl,J) 
UIHc=eFLOWIH-FLOW)/ARDEHT 
DO 215 J=2,HJMl 

215 UeHI,J)=ueHIMl,J)+UIHC 
RETURH 

CHAPTER 3 3 3 3 3 3 3 3 V MOMEHTUM 3 3 3 3 3 3 3 3 3 
C 

3 COHTIHUE 
C---------SIDE WALL 

IF(JSTEP .EQ. HJMl) GO TO 314 
CDTERM=CMU**0.25 
DO 325 I=2,HIMI 
IF(JMAX(I-l) .GE. JMAX(I» GO TO 325 
JJ=JMAXPleI-l) 
JI=JMAXeI) 
DO 320 J=JJ,JI 
XP=X(I)-XUeI) 
SQRTK=SQRTeO.5*(TEeI,J)+TE(I,J-l») 
DEHV=0.5*eDEHeI,J)+DEHeI,J-l» 
XPLUSA=0.5*(XPLUSWeJ)+XPLUSWeJ-l» 
IFeXPLUSA.LE.ll.63) GO TO 311 
TMULT=DEHV*CDTERM*SQRTK*CAPPA/ALOG(ELOG*XPLUSA) 
GO TO 312 

311 TMULT=VISCOS/XP 
312 COHTIHUE 
305 SP(I,J)=SP(I,J)-TMULT*SHSVeJ)*RV(J) 

IF(J .EQ. JMAXPl(I-l» SPCI,J)=SPCI,J)/2. 
310 AWCI,J)=O.O 
320 COHTIHUE 
325 COHTIHUE 

C---------TOP WALL 
314 COHTIHUE 

C 

DO 313 I=2,HIM1 
J=JMAXeI) 

313 AHeI,J)=O. 
RETURH 

CHAPTER 4 4 4 4 4 4 PRESSURE CORRECTION 4 4 4 4 4 4 4 4 
C 

4 CONTINUE 
c---------SIDE WALL 

IF(JSTEP .EQ. NJMl) GO TO 414 
DO 412 I=2,NIMI 
IFeJMAXeI-1) .GE. JMAXeI» GO TO 412 

123 

0156100 
0156200 
0156300 
0156400 
0156500 
0156600 
0156700 
0156800 
0156900 
0157000 
0157100 
0157200 
0157300 
0157400 
0157500 
0157600 
0157700 
0157800 
0157900 
0158000 
0158100 
0158200 
0158300 
0158400 
0158500 
0158600 
0158700 
0158800 
0158900 
0159000 
0159100 
0159200 
0159300 
0159400 
0159500 
0159600 
0159700 
0159800 
0159900 
0160000 
0160100 
0160200 
0160300 
0160400 
0160500 
0160600 
0160700 
0160800 
0160900 
0161000 
0161100 
0161200 
0161300 
0161400 
0161500 
0161600 
0161700 
0161800 
0161900 
0162000 



JJ=JMAXP1CI-1) 
JI=JMAXCI) 
DO 410 J=JJ,JI 
AlHI,J)=O. 

410 CONTINUE 
412 CONTItlUE 

C---------TOP WALL 
414 COIHINUE 

DO 402 I=2,NIM1 
J=JMAXCI) 

402 AN(I,J)=O.O 
C---------SYMMETRY AXIS 

DO 420 I=2,NIM1 
A5C1,2)=0.0 

420 CONTINUE 
C---------OUTLET 

DO 440 J=2,NJM1 
AECNHll,J)=O.O 

440 CONTINUE 
RETURN 

C 
CHAPTER 
C 

5 5 

5 CONTItlUE 

5 5 5 5 5 THERMAL ENERGY 

C---------NO MODIFICATIONS FOR THIS PROBLEM 
RETURN 

5 

C 
CHAPTER 
C 

6 6 6 6 6 TURBULENT K!NET!C ENERGY 

C 
6 CONTINUE 

C---------TOP WALL 
CDTERM=CMU*MO.25 
DO 610 !=2,NIMI 
J=Jt1AXC I) 
DWDy=eWCI,J+l)-WCI,J-l»/CDYNPCJ)+DYPSCJ» 
UAVG=ueI,J)MWFEe!)+Cl.-WFEe!»MUC!+I,J) 
UEFF=SQRTCUAVGMUAVG + WeI,J)MWe!,J» 
yp=YVeJ+1)-YCJ) 
DENU=DENeI,J) 
SQRTK=SQRTCTEC!,J» 
VOL=RCVeJ)MSNSCJ)MSEWCI) 
YPLUSN(I)=DENU*SQRTK*CDTERM*YP/VISCOS 

5 5 5 5 5 5 5 

6 6 6 6 6 6 6 

IFCYPLUSNCI) .LE. 11.63) GO TO 608 
TMULT=DENUMCDTERMMSQRTKMCAPPA/ALOGCELOGMYPLUSNC!» 
TAUNCI)=-TMULTMUEFF 
DITERM=DENCI,J)MCCMUMM.75)MSQRTKMALOGCELOGMYPLUSNC!»/CCAPPAMYP) 
GO TO 609 

608 TAURX=-VISCOSMUAVG/YP 
TAURW=VISCOSMC-WCI,J)/YP - WC!,J)/YCJ» 
TAUNeI)=5QRTCTAURXM*2+TAURWMM2) 
DITERM=DENC!,J)MCCMUMM.75)MSQRTKMYPLUSNC!)/YP 

5 

0162100 
0162200 
0162300 
0162400 
0162500 
0162600 
0162700 
0162800 
0162900 
0163000 
0163100 
0163200 
0163300 
0163400 
0163500 
0163600 
0163700 
0163800 
0163900 
0164000 
0164100 
0164200 
0164300 
0164400 
0164500 
0164600 
0164700 

6 0164800 
0164900 
0165000 
0165100 
0165200 
0165300 
0165400 
0165500 
0165600 
0165700 
0165800 
0165900 
0166000 
0166100 
0166200 
0166300 
0166400 
0166500 
0166600 
0166700 
0166800 
0166900 
0167000 
0167100 

609 DUDY=CCUCI,J)+UCI+1,J)+UCI,J+1)+UCI+1,J+1»/4.-CUC!,J)+UC!+l,J)+UC 
0167200 
0167300 
0167400 4I,J-1)+UCI+l,J-l»/4.)/SNSCJ) 

GENCOU=TAUNeI)MM2/VISCI,J) 
GEHRES=GEHCI,J)-VISCI,J)MCDUDYMM2+CDWDY-WC!,J)/YCJ»MM2) 
GENC!,J)=GENRES+GENCOU 
5UCI,J)=GENCI,J)MVOL+5UKDCI,J) 
SPCI,J)=-DITERMMVOL+SPKDCI,J) 
AN(I,J)=O.O 

124 

0167500 
0167600 
0167700 
0167800 
0167900 
0168000 



.. 

610 COHTIHUE 
TAUHCHI)=TAUHCHIM1) 

C---------SIDE WALL 
IFeJSTEP .EQ. HJM1) GO TO 614 
DO 625 I=2,HIM1 
IFCJMAXCI-l) .GE. JMAXCI» GO TO 625 
JJ=JMAXPICI-l) 
JI=JMAXCI) 
DO 620 J=JJ,JI 
DWDx=eweI+l,J)-WeI-l,J»/CDXPWCI)+DXEPeI» 
VAVG=veI,J)*WFHCJ)+e1.-WFNeJ»*veI,J+1) 
VEFF=SQRTeVAVG*VAVG + WeI,J)*WCI,J» 
xp=xeI)-XUeI) 
DEtW=DEtH I, J) 
SQRTK=SQRTeTECI,J» 
VOL=RCVeJ)*SNSeJ)*SEWeI) 
XPlUSWeJ)=DENV*SQRTK*CDTERM*XP/VISCOS 
IFexPlUSL~eJ) .lE. 11.63) GO TO 621 
TMUlT=DENV*CDTERM*SQRTK*CAPPA/AlOGCELOG*XPLUSWCJ» 
TAUWeJ)=-TMUlT*VEFF 
DITERM=DENeI,J)*eCMU**.75)*SQRTK*AlOGCElOG*XPlUSWCJ»/CCAPPA*XP) 
GO TO 622 

621 TAUXR=VISCOS*VAVG/XP 
TAUXW=VIscos*weI,J)/XP 
TAUWeJ)=SQRTCTAUXR**2+TAUXW**2) 
DITERM=DENeI,J)*eCMU**.75)*SQRTK*XPLUSWeJ)/xP 

622 DVDx=eeveI,J)+VCI,J+1)+veI+1,J)+VCI+1,J+1»/4.-eVCI,J)+VCI,J+l)+VC 
3I-l,J)+veI-l,J+l»/4.)/SEWCI) 

GENCOU=TAUWeJ)**2/VIseI,J) 
GENRES=GENCI,J)-VISeI,J)*eDVDX**2+DWDX**2) 
GENeI,J)=GENRES+GENCOU 
SUeI,J)=sueI,J)+SUKDeI,J)+GENeI,J)*VOl 
SpeI,J)=speI,J)+sPKDeI,J)-DITERM*VOL 
AWeI,J)=o.o 

620 CotHItlUE 
625 COtlTINUE 

TAUWCtlJ)=TAUWCNJM1) 
C---------SyMMETRy AXIS 

614 CONTINUE 
J=2 
DO 630 I=2,HIM1 
DUDY=ecueI,J)+UCI+l,J)+UCI,J+1)+UCI+l,J+1»/4.-eUCI,J)+ueI+1,J)+ 

3UCI,J-1)+UCI+1,J-1»/4.)/StlSeJ) 
VOL=RCVCJ)*SNSeJ)*SEWCI) 
GENeI,J)=GENeI,J)-VISeI,J)*DUDY**2 
SUCI,J)=SUKDeI,J)+GENeI,J)*VOL 

630 ASCI,2)=0.0 
C---------OUTlET 

C 

DO 640 J=2,NJM1 
AECNIfU,J)=O.O 

640 CONTINUE 
RETURH 

CHAPTER 7 7 7 7 7 7 7 7 DISSIPATIOH 7 7 7 7 7 7 7 7 7 
C 

7 CONTINUE 
C---------TOP WAll 

DO 710 I=2,NIM1 
J=JMAXCI) 
yp=YVeJ+1)-yeJ) 

125 

0168100 
0168200 
0168300 
0168400 
0168500 
0168600 
0168700 
0168800 
0168900 
0169000 
0169100 
0169200 
0169300 
0169400 
0169500 
0169600 
0169700 
0169800 
0169900 
0170000 
0170100 
0170200 
0170300 
0170400 
0170500 
0170600 
0170700 
0170800 
0170900 
0171000 
0171100 
0171200 
0171300 
0171400 
0171500 
0171600 
0171700 
0171800 
0171900 
0172000 
0172100 
0172200 
0172300 
0172400 
0172500 
0172600 
0172700 
0172800 
0172900 
0173000 
0173100 
0173200 
0173300 
0173400 
0173500 
0173600 
0173700 
0173800 
0173900 
0174000 



TERM=(CMU**.75)/(CAPPA*YP) 
SU(I.J)=GREATMTERMMTE(I.J)MMl.5 

710 SP(I.J)=-GREAT 
C---------SIDE WAll 

IFCJSTEP .EQ. NJMl) GO TO 714 
DO 725 I=2.NIM1 
IF(JMAXCI-1) .GE. JMAX(I» GO TO 725 
JJ=Jt1AXPHI-I) 
JI =Jt1AX ( I ) 
DO 720 J=JJ.JI 
IF(J .EQ. JMAX(I» GO TO 720 
XP=XCI)-XU(I) 
TERM=(CMUMM.75)/(CAPPAMXP) 
SU(I.J)=GREAT*TERMMTE(I.J)MM1.5 
SPCI,J)=-GREAT 

720 CONTINUE 
725 CONTINUE 

C---------SyMMETRY AXIS 
714 CONTIHUE 

DO 730 I=2.NIM1 
730 ASCI,2)=0.0 

C---------OUTl ET 
DO 740 J=2.NJMl 
AEctHMl.J)=O.O 

740 CONTINUE 
RETURH 

C 
CHAPTER 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
C SWIRL VELOCITY 
C 

8 CONTItWE 
C---------TOP WAll 

CDTERM=CMUMMO.25 
DO 810 I=2.tHMl 
J=JMAX(I) 
YP=YVCJ+l)-YCJ) 
SQRTK=SQRTCTE(I.J» 
DEt;W=DEN C I. J) 
YPlUSA=YPlUStH I) 
IF(YPlUSA .lE. 11.63) GO TO 811 
TMUlT=DEHWMCDTERMMSQRTKMCAPPA/AlOG(ElOGMYPlUSA)-VIS(I,J)/R(J) 
GO TO 812 

811 TMUlT=VISCOS/YP 
812 SP(I.J)=SPCI,J)-TMUlT*SEW(I)*RV(J+1) 

AtHI,J)=O.O 
810 CONTItWE 

C---------SIDE WAll 
IFCJSTEP .EQ. NJM1) GO TO 814 
DO 855 1=2. tHMl 
IF(JMAX(I-l) .GE. JMAX(I» GO TO 855 
JJ=JMAXP1(I-1) 
JI=J~lAXCI) 
DO 850 J=JJ. JI 
XP=X(I)-XU(I) 
SQRTK=SQRT(TE(I,J» 
DEtIW=DEtl C I • J) 
XPlUSA=XPlUSW(J) 
IF(XPlUSA .lE. 11.63) GO TO 851 
TMUlT=DENW*CDTERMMSQRTK*CAPPA/AlOG(ElOG*XPlUSA) 
GO TO 852 
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0174100 
0174200 
0174300 
0174400 
0174500 
0174600 
0174700 
0174800 
0174900 
0175000 
0175100 
0175200 
0175300 
0175400 
0175500 
0175600 
0175700 
0175800 
0175900 
0176000 
0176100 
0176200 
0176300 
0176400 
0176500 
0176600 
0176700 
0176800 
0176900 
0177000 
0177100 
0177200 
0177300 
0177400 
0177500 
0177600 
0177700 
0177800 
0177900 
0178000 
0178100 
0178200 
0178300 
0178400 
0178500 
0178600 
0178700 
0178800 
0178900 
0179000 
0179100 
0179200 
0179300 
0179400 
0179500 
0179600 
0179700 
0179300 
0179900 
0180000 



851 TMULT=VISCOS/XP 
852 SPCI,J)=SPCI,J)-TMULT*SNS(J)*RCV(J) 

AWCI,J)=O. 
850 CONTINUE 
855 CONTINUE 

C---------SYMMETRY AXIS 
814 CONTINUE 

C---------FIX W FOR SOLID BODY ROTATION AT J=2 USING W AT J=3 
DO 860 I=2,NIM1 
TERM=W(I,3)*RC2)/RC3) 
SUCI,2)=GREAT*TERM 

860 SPCI,2)=-GREAT 
C---------OUTLET 

DO 870 J=2,NJM1 
870 AECNIM1,J)=0. 

C 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE STRMFN 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
1/VVEL/RESORV,NSWPV,URFV,DYNPV(24),DYPSV(24),SNSVC24) 
*/VAR/UC48,24), VC48,24), W(48,24), PC48,24), PPC48,24), TE(48,24), 
*EDC48,24),STFNC48,24),YSTLNC48,24),STVALC24),USTARC48,24), 
*VSTARC48,24),WSTARC48,24),PSTARC48,24),TESTARC48,24),YSTLNDC48,24) 
It,VISTARC48,24) 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAX(48),JMAXP1C48) 
1/GEOM/INDCOS,X(48),YC24),DXEPC48),DXPWC48),DYNPC24),DYPS(24), 
1 SNS(24),SEWC48),XU(48),YV(24),RC24),RVC24), 
It WFN(24),WFSC24),WFE(48),WFW(48),RCV(24),XND(48),XUND(48), 
ItYND(24),YVNDC24) 
l/KASE T1/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 
1/PLOTT/NSTLN,NPLTLN,NPTS,YSLPLTC10,48),XUDPLT(48),INPLOT 

LOGICAL INPLOT 
C 
CHAPTER 1 1 1 1 1 CALCULATE STREAM FCN BASED ON VOLUMETRIC FLOW 
C 
C 

C 

Q=UIN*CRSMALL**2)/2. 
DO 400 I=2,NI 
IF(JMAX(I-1) .LT. 5) GO TO 400 
S T F tIC I , 2 ) = C Y C 2 ) * R C 2 ) * U C I , 2 ) * . 5 ) / Q 
JJ=J~1I\XC I-I) 
DO 200 J=3,JJ 
STFllCI,J)=STFNCI,J-1)+SNSV(J)*(R(J-l)*U(I,J-1)+R(J)*U(I,J»*.5/Q 

200 CONTINUE 
400 CONTINUE 

DO 800 I=2,NI 
IJ = J r'1 A X PIC I-I ) 
DO 700 K=l,NSTLN 
AK=K-1 
STVALCK)=AK*.l 
JJ=J~1AX( I-I) 
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0180100 
0180200 
0180300 
0180400 
0180500 
0180600 
0180700 
0180800 
0180900 
0181000 
0181100 
0181200 
0181300 
0181400 
0181500 
0181600 
0181700 
0181800 
0181900 
0182000 
0182100 
0182200 
0182300 
0182400 
0182500 
0182600 
0182700 
0182800 
0182900 
0183000 
0183100 
0183200 
0183300 
0183400 
0183500 
0183600 
0183700 
0183800 
0183900 
0184000 
0184100 
0184200 
0184300 
0184400 
0184500 
0184600 
0184700 
0184800 
0184900 
0185000 
0185100 
0185200 
0185300 
0185400 
0185500 
0185600 
0185700 
0185800 
0185900 
0186000 



600 

650 

670 

700 
800 

730 

740 
745 

DO 600 J=2,JJ 
IFCSTFNCI,J) .GE. STVALCK» GO TO 650 
CONTINUE 
YSTLNCI,K)=RVCIJ) 
GO TO 670 
IFCJ .EQ. 2) YSTLNCI,K)=O.O 
IFCJ .EQ. 2) GO TO 670 
SLOPE=CSTVALCK)-STFNCI,J-1»/CSTFNCI,J)-STFNCI,J-1» 
YSTLNCI,K)=YCJ-1)+SLOPE*CYCJ)-YCJ-1» 
COIHHlUE 
YSTLNDCI,K)=YSTLNCI,K)/C2.*RLARGE) 
CONTINUE 
CONTINUE 
IFC.NOT. INPLOT) GO TO 745 
N=O 
DO 730 K=1,1l,2 
N=N+1 
DO 730 I=1,NIM1 
YSLPLTCN,I)=YSTLNDCI+1,K) 
CONTINUE 
DO 740 I=l,NIMl 
XUDPLTeI)=XUNDCI+1) 
CONTINUE 
NPTS=NIM1 
RETURN 
END 

0186100 
0186200 
0186300 
0186400 
0186500 
0186600 
0186700 
0186800 
0186900 
0187000 
0187100 
0187200 
0187300 
0187400 
0187500 
0187600 
0187700 
0187800 
0187900 
0188000 
0188100 
0188200 
0188300 
0188400 
0188500 
0188600 
0188700 
0188800 

C 
C 

SUBROUTINE PLOT CX,IDIM,IMAX,XAXIS,Y,JDIM,JMAX,YAXES,SYMB L,LA) 
CA********************************************************************** 

0188900 
0189000 
0189100 C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE FOR PLOTTING J CURVES OF YCJ,I) AGAINST XCI). 

X AND Y ARE ASSUMED TO BE 
ARE PLOTTED AS ZERO. 

IN ANY RANGE EXCEPT THAT NEGATIVE VALUES 

X AND Y ARE SCALED TO THE RANGE o. TO 1. BY DIVISION BY THE MAXIMA, 
WHICH ARE ALSO PRINTED. 

IDIM IS THE VARIABLE DIMENSION FOR X. 
IMAX IS THE NUMBER OF X VALUES. 
XAXIS STORES THE NAME OF THE X-AXIS. 
JDIM IS THE VARIABLE DIMENSION FOR Y. 
JMAX IS THE NUMBER OF CURVES TO BE PLOTTED, CUP TO 10). 
THE ARRAY YAXESCJ) STORES THE NAMES OF THE CURVES. 
THE ARRAY SYMBOLeJ) STORES THE SINGLE CHARACTERS USED FOR PLOTTING. 

C 
CA******************************************************************** 

DIMENSION XeIDIM),YCJDIM,IDIM),YAXESCJDIM),SYMB LCJDIM), 
1 A(101),YMAXC10) 

DATA DOT,CROSS,BLANK/1H.,lH+,lH / 
C---------SCALING X ARRAY TO THE RANGE 0 TO 50 

X~'AX=l. E-30 
DO 1 I=l,IMAX 

IFeXeI).GT.XMAX) XMAX=XCI) 
1 COIHINUE 

DO 2 I=l,HlAX 
XCI)=XCI)/XMAX*50. 

IFeXeI).LT.O.) XCI)=O. 
2 CONTINUE 

C---------SCALING Y ARRAY TO THE RANGE 0 TO 100 
DO 3 J=l,JMAX 
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0189200 
0189300 

* 0189400 
* 0189500 
* 0189600 

0189700 
0189800 
0189900 
0190000 
0190100 
0190200 
0190300 

* 0190400 
0190500 
0190600 
0190700 
0190800 
0190900 
0191000 
0191100 
0191200 
0191300 
0191400 
0191500 
0191600 
0191700 
0191800 
0191900 
0192000 



YMAXCJ)=I.E-30 
DO 4 1=1, HlAX 

IFCYCJ,I).GT.YMAXeJ» YMAXeJ)=yeJ,I) 
4 CONTINUE 

DO 3 I=I,IMAX 
C NO Y SCALING 

YCJ,I)=yeJ,I)*100.0 
IFCLA.EQ.l) YCJ,I)=0.02*yeJ,I) 

IFCYeJ,I).LT.O.) YeJ,I)=O. 
3 CONTINUE 

C---------IDENTIFYING THE VARIOUS CURVES TO BE PLOTTED 
WRITEC6,103) XAXIS 
WRITEC6,100) eYAXESeI),I=l,JMAX) 
WRITEC6,106) eSYMB LCI),I=I,JMAX) 
WRITEC6,102) eYMAXCI),I=I,JMAX) 
DO 5 1=1,11 

5 ACI)=O.I* eI-l) 
IFCLA .EQ. 1) WRITEC6,120) 
IFCLA .EQ. 0) WRITEC6,115) 
WRITEC6,101) CACI),I=I,11) 

C---------MAIN LOOP. EACH PASS PRODUCES AN X-CONSTANT LINE. 
DO 40 11=1,51 
I=II 
IFCI.EQ.l.0R.I.EQ.51) GO TO 32 
GO TO 33 

C---------ALLOCATE . OR + AS MARKER ON THE Y-AXIS 
32 DO 30 K=I,101 
30 ACK)=DOT 

DO 31 K=11,101,10 
31 ACK)=CROSS 

C---------ALLOCATE . OR + MARK ON THE X-AXIS, ALSO THE APPROPRIATE 
C--------- X VALUE 

33 Ael)=DOT 
A(lOl)=DOT 
K=I-l 

46 K=K-5 
IFCK)48,47,46 

47 ACl)=CROSS 
ACI01)=CROSS 

48 XL=0.02* CI-l) 
C---------CHECK IF ANY ye XCI) ) VALUE LIES ON THIS X-CONSTANT LINE 
C---------IF YES GO TO 41, OTHERWISE GO TO 42 

DO 43 K=I,IMAX 
IFIX=XCKH1.5 
IFeIFIX-I)43,41,43 

C---------LOCATE YC XCI) 
41 DO 44 J=I,JMAX 

NY=YCJ,KH1.5 
ACNY)=Snm l(J) 

44 COtHINUE 
GO TO 42 

43 CONTINUE 
C---------PRINT X-CONSTANT LINE 

42 CONTINUE 
IFCLA.EQ.l) GO TO 51 
WRITEC6,105) XL,CACK),K=I,101),XL 
GO TO 52 

51 WRITEC6,107) XL,CACK),K=I,101),XL 
52 CONTINUE 

C---------PUTTING BLANKS INTO X-CONSTANT LINE 

129 

0192100 
0192200 
0192300 
0192400 
0192500 
0192600 
0192700 
0192800 
0192900 
0193000 
0193100 
0193200 
0193300 
0193400 
0193500 
0193600 
0193700 
0193800 
0193900 
0194000 
0194100 
0194200 
0194300 
0194400 
0194500 
0194600 
0194700 
0194800 
0194900 
0195000 
0195100 
0195200 
0195300 
0195400 
0195500 
0195600 
0195700 
0195800 
0195900 
0196000 
0196100 
0196200 
0196300 
0196400 
0196500 
0196600 
0196700 
0196800 
0196900 
0197000 
0197100 
0197200 
0197300 
0197400 
0197500 
0197600 
0197700 
0197800 
0197900 
0198000 



DO 49 K=I,101 
49 A(K)=BLANK 
40 COtlTINUE 

DO 50 1=1,11 
50 A(I)=.l* (I-I) 

WRITE(6,104)CA(I),I=1,11) 
WRITE( 6,130) 
RETURN 

100 FORMAT(IIH Y-AXES ARE,5X,10CIX,AI0» 
101 FORMATCIHO,2X,IIFI0.1) 
102 FORMATC15H MAXIMUM VALUES, 10Ell.3) 
103 FORMATCIIHIX-AXIS IS ,A3) 
104 FORMATC3X,11FI0.1) 
105 FORMATC2H X,F6.2,3X,101Al,F6.2) 
106 FORMATC7H SYMBOL,11X,10CIX,AI0» 
107 FORMATC/2H X,F6.2,3X,101Al,F6.2) 
115 FORMAT(//,T50,'RADIAL POSITION R/D',/) 
120 FORMAT(//,T50,'RADIAL POSITION 2R/D',/) 
130 FORMATC///,T45,'DIMENSIONLESS STREAMLINE PLOT') 

RETURN 
END 

U VELOCITY 
V VELOCITY 

W VELOCITY 
PRESSURE 

TEMPERATURE 
TURBULENCE ENERGY 

TURBULENCE DISSIPATION 
VISCOSITY 

DIMENSIONLESS LENGTH SCALE 
DIMENSIONLESS STREAM FUNCTION 

RADIAL COORDINATE OF STREAMLINES 
DIMENSIONLESS U VELOCITY 

DIMENSIONLESS V VELOCITY 
DIMENSIONLESS W VELOCITY 
DIMENSIONLESS PRESSURE 
DIMENSIONLESS TURBULENCE ENERGY 
DIMENSIONLESS STREAMLINE COORDS 

DIMENSIONLESS EFF. VISCOSITY 

13{) 

0198100 
0198200 
0198300 
0198400 
0198500 
0198600 
0198700 
0198800 
0198900 
0199000 
0199100 
0199200 
0199300 
0199400 
0199500 
0199600 
0199700 
0199800 
0199900 
0200000 
0200100 
0200600 
0200700 
0200800 
0200900 
0201000 
02011 00 
0201200 
0201300 
0201400 
0201500 
0201600 
0201700 
0201800 
0201900 
0202000 
0202100 
0202200 
0202300 



AXISYMMETRIC, ISOTHERMAL, GT COMBUSTOR FLOWFIELD SIMULATION 

USING THE STAIRSTEP APPROXIMATION FOR THE SLOPING EXPANSION WALL 

AND THE K-E TURBULENCE MODEL 

EXPANSION ANGLEIDEG.I = 4.479E 01 

INLET RADIUSIMI = 3.125E-02 

COMBUSTO~ RADIUSIMI = &.250E-02 

COMBUSTOR LENGTHIMI = 5.004E-Ol 

INLET REYNOLDS NO.IUSING DIAM. I = 1 .2& 1 E 05 

LAMINAR VISCOSITYIKG/M/SECI = 1 . 800E -05 

DENSITYIKG/CU. MI = 1 .211 E 00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
0 I = 1 2 3 4 5 & 7 8 9 10 1 1 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.02539 0.035&1 0.04&97 0.05957 0.0735& 0.08909 . 0.10&32 0.12545 
o J Y 

.. 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 7.50E 00 7.50E 00 7.50E DC 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
1 CJ O. 05CJ37 0.00 0.00 0.00 0.00 0.00 7.50E 00 7.~OE 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
18 0.055CJ4 0.00 0.00 0.('10 0.00 0.00 7.50E 00 7.50E 00 7,50E 00 7.50E 00 7.'50E 00 7.50E 00 7.50E 00 
17 0.05344 0.00 0.00 0.00 0.00 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
lb 0.05078 0.00 0.00 0.00 0.00 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
15 0.04812 0.00 0.00 0.00 0.00 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
14 0.045&2 0.00 0.00 0.00 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7 . ..50E 00 7.50f 00 7.50E 00 
13 0.04328 0.00 0.00 0.00 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50f 00 
12 0.040CJ4 0.00 0.00 0.00 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
11 0.0371CJ 0.00 0.00 1.92E 01 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
10 0.03437 0.00 0.00 1 .92E 01 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 

CJ 0.0321CJ 0.00 0.00 1 .92E 01 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
8 0.03031 0.00 3.00E 01 1 .92E 01 1.33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
7 0.02&87 0.00 3.00E 01 1 .92E 01 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
& 0.02187 0.00 3.00E 01 1 .92E 01 1.33EOl 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
5 0.01&25 0.00 3.00E 01 1.92E 01 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
4 0.010&2 0.00 3.00E 01 1 .92E 01 1 .33E 01 9.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 



qq 0.35b7E 00 0.3344E-01 0.5000E-02 0.47b2E-02 0.2128E-Ol 0.884qE 08 0.1188E 02-0.545qE-Ol 
100 0.3505E 00 0.3331E-01 0.5000E-02 0.472bE-02 0.2044E-Ol 0.8344E 08 0.117qE 02-0.5325E-Ol 
101 0.3442E 00 0.3257E-Ol 0.5000E-02 0.4422E-02 0.lq7bE-Ol 0.7834E 08 0.1170E 02-0.51Q4E-Ol 
102 0.337QE·00 0.3240E-Ol 0.5000E-02 0.4415E-02 0.lQ23E-Ol 0.7353E 08 0.11b2E 02-0.50b7E-Ol 
103 0.3315E 00 0.31b7E-Ol 0.5000E-02 0.415bE-02 0.1882E-Ol 0.bQ3QE 08 0.1153E 02-0.4q42E-Ol 
104 0.3250E 00 0.3147E-Ol 0.5000E-02 0.41b4E-02 0.1850E-Ol 0.b523E 08 0.1145E 02-0.4820E-Ol 
105 0.3184E 00 0.3075E-Ol 0.5000E-02 0.3Q32E-02 0.1827E-Ol 0.b172E 08 0.1137E 02-0.4701E-Ol 
lOb 0.3118E 00 0.3052E-01 0.5000E-02 0.3q31E-02 0.1812E-Ol 0.5834E 08 0.112qE 02-U.4585E-Ol 
107 0.3051E 00 0.2Q82E-01 0.5000E-02 0.3715E-02 0.1804E-Ol 0.548qE 08 0.1122E 02-0.4471E-Ol 
108 0.2q85E 00 0.2q5bE-01 0.5000E-02 0.3b85E-02 0.1804E-Ol 0.5172E 08 0.1114E 02-0.43bOE-Ol 
10Q 0.2Q17E 00 0.2887E-01 0.5000E-02 0.3471E-02 O.180qE-Ol 0.4q02E 08 0.1107E 02--0.4251E-Ol 
110 0.2851E 00 0.2858E-01 0.5000E-02 0.3432E-02 0.181bE-Ol 0.45QbE 08 0.1100E 02-0.4144E-Ol 
111 0.2783E 00 0.27QOE-01 0.5000E-02 0.321bE-02 0.182bE-Ol 0.4337E 08 0.10q3E 02-0.4040E-01 
112 0.2717E 00 0.27bOE-01 0.5000E-02 0.3182E-02 0.1838E-01 0.4008E 08 0.108bE 02-0.3q37E-Ol 
113 0.2b50E 00 0.2bq2E-01 0.5000E-02 0.2Q82E-02 0.1853E-Ol 0.3751E 08 o. i080E 02-0.3837E-Ol 
114 0.2584E 00 0.2bb1E-01 0.5000E-02 0.2q54E-02 C.18b8E-Ol 0.3483E 08 0.1073E 02-0.373qE-Ol 
115 0.2518E 00 O.25q4E-Ol 0.5000E-02 0.2777E-02 0.188bE-Ol 0.3254E 08 0.lGb7E 02-0.3&43E-Ol 
llb 0.2452E 00 0.25blE-Ol 0.5000E-02 0.2750E-02 0.lq02E-Ol 0.30&2E OR 0.10&lE 02-0.354qE-Ol 
117 0.2387E 00 0.24q5E-Ol 0.5000E-02 0.25q3E-02 0.lq17E-Ol 0.2871E 08 0.1055E 02-0.345&E-Ol 
118 0.2322E 00 0.24blE-Ol 0.5000E-02 0.25&7E-02 0.lq32E-Ol 0.27&8E 08 0.104qE 02·0.33&bE-Ol 
llq 0.2258E 00 0.23Q7E-Ol 0.5000E-02 0.2421E-02 0.lQ45E-Ol 0.2&10E 08 0.1043E 02-0.3277E-Ol 
120 0.21Q5E 00 0.23&2E-Ol 0.5000E-02 0.2385E-02 0.lq55E-Ol O.24qOE 08 0.1038E 02-0.31qOE-Ol 
121 0.2132E 00 0.22~8E-Ol 0.5000E-02 0.224&E-02 O.lq&4E-Ol 0.2378E 08 0.1033E 02-0.1'05E-Ol 
122 0.2070E 00 0.22&3E-Ol 0.5000E-02 0.2212E-02 0.lq71E-Ol 0.2300E 08 0.1027E 02-0.3021E-Ol 
123 0.200qE 00 0.2201E-Ol 0.5000E-02 0.207&E-02 0.lq7&E-Ol 0.2204E 08 0.1022E 02-0.2q3qE-Ol 
124 0.lq4qE 00 0.21b&E-Ol 0.5000E-02 0.2042E-02 0.lq80E-Ol 0.2158E 08 0.1017E 02-0.2A5qE-Ol 
125 0.188qE 00 0.2104E-Ol 0.5000E-02 0.lql1E-02 O.lqS2E-Ol 0.2045E 08 0.1012E 02-0.27S0E-Ol 
12b 0.1831E 00 0.20&8E-Ol 0.5000E~02 0.15d5E-02 0.lqS2E-Ol 0.lQ80E 08 0.100SE 02-0.2703E-Ol 
127 0.1773E 00 0.2008E-Ol 0.5000E-02 0.17&&E-02 0.lQ7QE-Ol O.lQl&E 08 0.1003E 02-0.2&27E-Ol 
128 0.1717E 00 0.lQ72E-Ol 0.5000E-02 0.1737E-02 0.lQ74E-Ol 0.lS47E OS 0.QQS5E 01-0.2553E-Ol 
12q O.l&&lE 00 0.lq14E-Ol 0.5000E-02 0.1&3&E-02 O.lQ&&E-Ol 0.17S0E OS 0.QQ41E 01-0.2481E-01 
130 0.1&07E 00 0.1878E-Ol 0.5000E-02 0.1&04E-02 0.lQ57E-Ol 0.174QE 08 O.QSQSE 01-0.240QE-01 
131 0.1553E 00 0.1821E-0~ 0.5000E-02 0.1507E-02 0.lQ47E-Ol O.l&SOE OS 0.QS57E 01-0.2340E-Ol 
132 0.1501E 00 0.1785E-Ol 0.5000E-02 0.147QE-02 O.lQ34E-Ol 0.1&53E OS 0.QS1&E 01-0.2271E-Ol 
133 0.144QE 00 0.1730E-Ol 0.5000E-02 0.13QOE·-02 0.lQ1QE-Ol 0.15Q5E OS 0.Q777E 01-0.2204E-Ol 
134 0.13QQE 00 0.lbQ4E-Ol 0.5000E-02 0.13&OE-02 v.1Q03E-Ol O. 1541E 08 0.Q738E 01-0.2138E-01 
135 0.1350E 00 0.1&40E-Ol 0.5000E-02 0.1275E-02 0.18S5E-Ol 0.1501E 08 0.Q701E 01-0.2074E-Ol 
13& 0.1302E 00 0.1&05E-Ol 0.5000E-02 0~1250E-02 O.lS&&E-Ol 0.14S2E OS 0.q&&5E 01-0.2011E-Ol 
137 0.125SE 00 0.1552E-Ol 0.5000E-02 0.11&&E-02 0.lS44E-Ol 0.1440E OS 0.Q&30E 01-0.1Q4QE-Ol 
138 0.120QE 00 0.1518E-Ol 0.5000E-02 0.1145E-02 0.lS22E-Ol 0.142QE OS 0.Q5Q5E 01-0.1S8QE-Ol 
13Q 0.11&4E 00 0.14&7E-Ol 0.5000E-02 0.10&QE-02 0.17QSE-Ol 0.13S5E OS 0.~5&2E 01-0.1S30E-Ol 
140 O.1120E 00 0.1433E-Ol 0.5000E-02 0.1045E-02 0.1773E-01 0.134&E 08 0.Q52QE 01-0.1772E-Ol 
141 0.1077E 00 0.1383E-Ol 0.5000E-02 0.Q787E-03 0.1747E-Ol 0.131&E 08 0.Q4QSE 01-0.1715E-Ol 
142 0.103&E 00 0.1350E-Ol 0.5000E-02 0.Q535E--03 0.1720E-Ol 0.1300E 08 0.Q4&7E 01-0.1&5QE-Ol 
143 0.QQ53E-Ol 0.1303E-Ol 0.5000E-02 0.8Q2SE-03 0.1&Q2E-Ol 0.12&3E OS 0.Q43SE 01-0.1&05E-Ol 
144 0.Q5&lE-Ol 0.1270E-Ol 0.5000E-02 0.S723E-03 0.1&&3E-Ol 0.1251E OS 0.Q40QE 01-0.1552E-Ol 
145 0.Q178E-Ol 0.1224E-Ol 0.5000E-02 0.Slb8E-03 0.1&34E-Ol 0.1212E 08 0.Q3S1E 01-0.1500E-Ol 
14& 0.8808E-Ol 0.11Q2E-Ol 0.5000E-02 0.7Q4&E-03 0.1&04E-Ol O.llS&E 08 0.Q353E 01-0.144QE-01 
147 0.844&E-Ol 0.1148E-Ol 0.5000E-02 0.7415E-03 0.1513E-Ol 0.1182E OS 0.Q327E 01-0.13QQE-Ol 
148 0.80Q7E-Ol 0.111&E-Ol 0.5000E-02 0.7234E-03 0.1541E-Ol 0.113&E OS 0.Q301E 01-0.1350E-Ol 
14Q 0.7757E-Ol 0.1074E-Ol 0.5000E-02 0.&720E-03 0.150QE-Ol 0.1121E OS 0.Q277E 01-0.1303E-Ol 
150 0.7428E-Ol 0.1043E-Ol 0.5000E-02 0.&583E-03 0.1477E-Ol 0.1075E 08 0.Q253E 01-0.125&E-Ol 
151 0.7.08E-Ol 0.1003E-Ol 0.5000E-02 0.&040E-03 0.1445E-Ol 0.1052E 08 0.Q22QE 01-0.1211E-Ol 
152 0.&7QQE-Ol 0.Q733E-02 0.5000E-02 0.5Q&QE-03 0.1412E-Ol 0.1027E OS 0.Q2C7E 01-0.11&&E-Ol 

0.0000 0.180QE 03 0.7885E 03 
0.0000 0.1818E 03 0.7QQ8E 03 
0.0000 0.1827E 03 0.8100E 03 
0.0000 0.1835E 03 0.81Q3E 03 
0.0000 0.1843E 03 0.827&E 03 
0.0000 0.1851E 03 0.8350E 03 
0.0000 O.185QE 03 0.8415E 03 
0.0000 0.18&7E 03 0.8472E 03 
0.0000 0.1874£ 03 0.8520E 03 
0.0000 0.1882E 03 0.85bOE 03 
0.0000 0.188QE 03 0.85Q3E 03 
0.0000 0.18Q&E 03 0.8blQE 03 
0.0000 0.lQ02E 03 0.8&38E 03 
0.0000 0.lQ07E 03 0.8&51E 03 
0.0000 0.lQ13E 03 0.8b57E 03 
0.0000 0.lQ18E 03 0.8&57E 03 
0.0000 O.lQ23E 03 0.8&52E 03 
0.0000 0.lQ28E 03 0.8&41E 03 
0.0000 0.lQ32E 03 0.8&2&E 03 
0.0000 0.lQ37E 03 0.8&0&E 03 
0.0000 0.lQ41E 03 0.8582E 03 
0.0000 0.lQ4bE 03 0.8553E 03 
0.0000 0.lQ4QE 03 0.8521E 03 
0.0000 0.lQ53E 03 0.8485E 03 
0.0000 0.lQ57E 03 0.844&E 03 
0.0000 O.lQ&OE 03 0.8404E 03 
0.0000 0.lQ&3E 03 0.835QE 03 
0.0000 O.lQ&&E 03 0.8312E 03 
0.0000 O.lQ&QE 03 0.82&2E 03 
0.0000 0.lQ72E 03 0.8210E 03 
0.0000 0.lQ74E 03 0.815&E 03 
0.0000 0.lQ77E 03 0.S100E 03 
0.0000 0.lQ79E 03 0.8042E 03 
0.0000 0.lQS1E 03 O.7Q83E 03 
0.0000 0.1~S3E 03 0.7q23E 03 
0.0000 0.lQS5E 03 0.78&2E 03 
0.0000 0.lQ87E 03 0.7S00E 03 
0.0000 0.lq8QE 03 0.7737E 03 
0.0000 0.lqQ1E 03 0.7&73E 03 
0.0000 0.lQQ2E 03 0.7&OSE 03 
0.0000 0.lQQ4E 03 0.7544E 03 
0.0000 0.1~Q5E 03 0.7478E 03 
0.0000 O.lQQ&E 03 0.7413E 03 
0.0000 0.lQQ8E 03 0.7348E 03 
0.0000 O.lQQQE 03 0.7282E 03 
0.0000 0.2000E 03 0.7217E 03 
0.0000 0.2001E 03 0.7151E 03 
0.0000 0.2002E 03 0.70S&E 03 
0.0000 0.2002E 03 0.7021E 03 
0.0000 0.2003E 03 0.&Q57E 03 
0.0000 0.2004E 03 0.&8Q3E 03 
0.0000 0.2005E 03 0.&82QE 03 
0.0000 0.2005E 03 0.&7&&E 03 
0.0000 0.200&E 03 0.b704E 03 



o 

13 0.04328 
12 0.040<34 
11 0.0371<3 
10 0.03437 

<3 0.0321<3 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

I = 
X = 

o J Y 

0.00 0.00 1.02E 00 2.0<3E 00 4.3&E 00 7.Q3E 00 1.22E 01 1 .70E 01 2.23E 01 2.81E 01 3.40E 01 3.<31E 01 
0.00 0.00 1.57E 00 4.77E 00 8.22E 00 1.1&E 01 1.55E 01 2.01E 01 2.53E 01 3.0QE 01 3.&7E 01 4.17E 01 
0.00 2.3~E 00 1.13E 01 1 .<31E 01 2.00E 01 2.0&E 01 2.24E 01 2.53E 01 2.Q3E 01 3.41E 01 3.Q2E 01 4.38E 01 
0.00 1 .35E 01 4.&OE 01 4.08E 01 3.47E 01 3.07E 01 2.Q3E 01 2.Q<3E 01 3.20E 01 3.53E 01 3.Q4E 01 4.34E 01 
0.00 7.34E 01 7.13E 01 S.SlE 01 4.23E 01 3.47E 01 3.14E 01 3.0QE 01 3.1<3E 01 3.42E 01 3.74E 01 4.10E 01 

2.70E 01 1.37E 01 1.23E 01 1.40E 01 1 .7&E 01 2.18E 01 2.53E 01 2.74E 01 2.8SE 01 3.03E 01 3.34E 01 3.72E 01 
2.70E 01 8.8<3E 00 4.04E 00 2.28E 00 1.&&E 00 1 .77E 00 2.&SE 00 4.82E 00 8.Q1E 00 1.4&E 01 2.02E 01 2.S&E 01 
2.70E 01 8.8QE 00 4.04E 00 2.23E 00 1 .41E 00 Q.&8E-Ol 7.12E-Ol 5.7QE-Ol &.78E-Ol 1 .3QE 00 3.83E 00 8.81E 00 
2.70E 01 8.8QE 00 4.04E 00 2.24E 00 1 .41E 00 Q.&QE-Ol 7.10E-Ol 5.43E-Ol 4.28E-Ol 3.4&E-Ol 3.82E-Ol 1.13E 00 
2.70E 01 8.8<3E 00 4.04E 00 2.24E 00 1.41E 00 Q.70E-01 7.10E-Ol 5.43E-Ol 4.2QE-Ol 3.4/E-Ol 2.85E-01 2.38E-01 
2.70E 01 8.8<3E 00 4.0SE 00 2.24E 00 1 .41E 00 Q.71E-Ol 7.11E-Ol 5.43E-0~ 4.2QE-Ol 3.47E-Ol 2.85E-Ol 2.38E-01 
2.70E 01 8.8QE 00 4.0SE 00 2.24E 00 1.41E 00 Q.71E-Ol 7.11E-Ol 5.44E-01 4.2QE-Ol 3.47E-Ol 2.8&E-Ol 2.38E-01 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 lQ 20 21 22 23 

0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q48 0.52127 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.18E 00 2.30E 00 2.27E 00 2.11E 00 1.88E 00 1.&3E 00 1 .38F. 00 1.17E 00 <3.87E-Ol 8.31E-Ol 2.70E 01 
1<3 0.05<337 1.44E 01 1.51E 01 1.47E 01 1.3bE 01 1.20E 01 1.02E 01 8.S&E 00 7.10E 00 5.88E 00 4.88E 00 2.70E 01 
18 0.055<34 2.1<3E 01 2.27E 01 2.21E 01 2.02E 01 1 .77E 01 1.SlE 01 1.2bE 01 1.04E Oi 8.S7E 00 7.11E 00 2.70E 01 
17 0.05344 2.&4E 01 2.72E 01 2.&3E 01 2.40E 01 2.10E 01 1.78E 01 1.47E 01 1.21E 01 <3.<38E 00 8.28E 00 2.70E 01 
lb 0.05078 3.0<3E 01 3.17E 01 3.0SE 01 2.77E 01 2.42E 01 2.04E 01 1.&8E 01 1.37E 01 1 .13E 01 <3.3bE 00 2.70E 01 
15 0.04812 3.S3E 01 3.&OE 01 3.44E 01 3.12E 01 2.71E 01 2.28E 01 1.87E 01 1.S3E 01 1.2SE 01 1.03E 01 2.70E 01 
14 0.045&2 3.~lE 01 3.<37E 01 3.7<3E 01 3.43E 01 2.<38E 01 2.S0E 01 2.04E 01 1 .&oE O~ 1 .3SE 01 1 .12E 01 2.70E 01 
13 0.04328 4.22E 01 4.28E 01 4.08E 01 3.70E 01 3.21E 01 2.b<3E 01 2.lQE 01 1.77E 01 1.44E 01 1 .1qE 01 2.70E 01 
12 0.040<34 4.48E 01 4.S3E 01 4.33E 01 3.q4E 01 3.42E 01 2.87E 01 2.33E 01 1.88E 01 1.~3E 01 1 .2&E 01 2.70E 01 
11 0.0371q 4.&8E 01 4.7SE 01 4.S8E 01 4.21E 01 3.&qE 01 3.11E 01 2.S3E 01 2.04E 01 1.bSE 01 1 .3SE 01 2.70E 01 
10 0.03437 4.&3E 01 4.74E 01 4.&3E 01 4.31E 01 3.83E 01 3.2SE 01 2.bbE 01 2.14E 01 1 .73E 01 1.42E 01 2.70E 01 
<30.0321q 4.42E 01 4.&OE 01 4.S7E 01 4.32E 01 3.8qE 01 3.33E 01 2.74E 01 2.21E 01 1 .78E 01 1.4bE 01 2.70E 01 
8 0.03031 4.0qE 01 4.3&E 01 4.43E 01 4.27E 01 3.qOE 01 3.37E 01 2.7qE 01 2.2&E 01 1.83E 01 1.S0E 01 2.70E 01 
7 0.02&87 3.14E 01 3.&SE 01 3.q8E 01 4.03E 01 3.82E 01 3.3qE 01 2.8&E 01 2.33E 01 1 .8qE 01 1.SSE 01 2.70E 01 
& 0.02187 1.S1E 01 2.24E 01 2.qlE 01 3.3SE 01 3.47E 01 3.28E 01 2.8bE 01 2.3qE 01 1.qSE 01 1.bOE 01 2.70E 01 
5 0.01&25 3.qSE 00 q.21E 00 1.b3E 01 2.34E 01 2.83E 01 2.QbE 01 2.7&E 01 2.38E 01 1.q8E 01 1 .b3E 01 2.70E 01 
4 0.010&2 S.43E-01 2.S&E 00 7.2&E 00 1.42E 01 2.12E 01 2.SbE 01 2.SqE 01 2.34E 01 1 .q8E 01 1.bSE 01 2.70E 01 
3 0.005&2 2.01E-Ol 4.Q&E-Ol 2.QOE 00 8.S4E 00 1.b4E 01 2.27E 01 2.4bE 01 2.2QE 01 1 .Q8E 01 1 .bSE 01 2.70E 01 
2 0.0015& 2.01E-Ol 1.78E-Ol 1.34E 00 &.4SE 00 1 .4SE 01 2.lSE 01 2.40E 01 2.27E 01 1.Q7E 01 1 .bSE 01 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.OS2Q4 0.0&&20 0.080Q2 0.OQ72& 0.11S3Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040<34 
11 0.0371Q 
10 0.03437 
Q 0.0321<3 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 2.53E 01 1.34E 02 2.&lE 02 4.31E 02 &.5bE 02 Q.48E 02 1.31E 03 1 .70E 03 
0.00 0.00 0.00 0.00 7.37E 01 2.14E 02 3.&lE 02 5.&2E 02 8.24E 02 1 .15E 03 1.52E 03 1 .QOE 03 
0.00 0.00 0.00 0.00 1 .07E 02 2.Q3E 02 5.10E 02 8.0QE 02 1 .1QE 03 1.&5E 03 2.15E 03 2.blE 03 
0.00 0.00 0.00 5.87E 01 1 .41E 02 3.44E 02 &.35E 02 1.04E 03 1.5&E 03 2.1&E 03 2.81E 03 3.35E 03 
0.00 0.00 0.00 7.34E 01 1.bQE 02 4.0&E 02 8.05E 02 1.37E 03 2.07E 03 2.87E 03 3.&QE 03 4.34E 03 
0.00 0.00 0.00 8.&7E 01 1.QQE 02 5.10E 02 1.07E 03 1.84E 03 2.7&E 03 3.78E 03 4.78E 03 S.SlE 03 
0.00 0.00 &.04E 01 1 .12E 02 2.b3E 02 7.47E 02 1.53E 03 2.53E 03 3.&7E 03 4.88E 03 &.OlE 03 &.7&E 03 
0.00 0.00 1 .03E 02 1 .83E 02 5.41E 02 1.34E 03 2.3bE 03 3.55E 03 4.84E 03 &.l&E 03 7.33E 03 a.02E 03 
0.00 0.00 1.<35E 02 7.03E 02 1.82E 03 2.81E 03 ~.Q1E 03 5.13E 03 &.44E 03 7.73E 03 a.80E 03 Q.32E 03 
0.00 7.5bE 02 5.14E 03 8.75E 03 8.57E 03 8.24E 03 8.34E 03 8.82E 03 Q.54E 03 1.03E 04 1.0QE 04 1 .10E 04 
0.00 4.Q5E 03 3.b8E 04 3.07E 04 2.33E 04 1.82E 04 1.51E 04 1.34E 04 1 .27E 04 1.24E 04 1 .22E 04 1 .1&E 04 
0.00 &.28E 04 8.44E 04 b.07E 04 3.Q7E 04 2.&7E 04 1.Q&E 04 1 .&lE 04 1 .42E 04 1 .30E 04 1.21E 04 1 .12E 04 



11 0.2~750 2.02E 04 3.55E 04 4.48E 04 5.33E 04 o.OoE 04 0.03E 04 7.02E 04 7.25E 04 7.37E 04 7.42E 04 0.00 
10 0.27500 2.00E 04 3.58E 04 4.4~E 04 5.34E 04 0.07E 04 0.03E 04 7.02E 04 7.25E 04 7.37E 04 7.41E 04 0.00 
~ 0.25750 2.0~E 04 3.00E 04 4.51E 04 5.35E 04 0.07E 04 0.03E 04 7.02E 04 7.25E 04 7.37E 04 7.40E 04 0.00 
8 0.24250 2.72E 04 3.02E 04 4.53E 04 5.30E 04 0.08E 04 0.03E 04 7.02E 04 7.25E 04 7.37E 04 7.3~E 04 0.00 
7 0.21500 2.77E 04 3.b7E 04 4.50E 04 5.38E 04 o.O~E 04 0.04E 04 7.03E 04 7.25E 04 7.37E 04 7.38E 04 0.00 
o 0.17500 2.83E 04 3.72E 04 4.00E 04 5.42E 04 o.llE 04 o.ooE 04 7.03E 04 7.2bE 04 7.37E 04 7.30E 04 0.00 
5 0.13000 2.85E 04 3.75E 04 4.03E 04 5.45E 04 0.14E 04 0.07E 04 7.04E 04 7.20E 04 7.37E 04 7.34E 04 0.00 
4 0.09500 2.85E 04 3.75E 04 4.04E 04 5.47E 04 o.loE 04 o.o~E 04 7.05E 04 7.27E 04 7.37E 04 7.32E 04 0.00 
3 0.04500 2.85E 04 3.74E 04 4.04E 04 5.47E 04 0.18E 04 0.71E 04 7.00E 04 7.27E 04 7.37E 04 7.31E 04 0.00 
2 0.01250 2.85E 04 3.74E 04 4.04E 04 5.4~E 04 o.l~E 04 0.72E 04 7.07£ 04 7.27E 04 7.37E 04 7.30E 04 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS TURBULENCE ENERGY -*-t-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 0 7 B q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.10430 0.24187 0.327q& 0.42352 0.52q&0 0.04735 0.77804 0.q2311 1.08415 
o J Y 

o 

21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
10 0.40025 
15 0.38500 
14 0.30500 
13 0.34025 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
o 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4q500 
lq 0.47500 
18 0.44750 
17 0.42750 
10 0.40025 
15 0.38500 
14 0.30500 
13 0.34025 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 1.30E-04 3.QoE-04 0.18E-04 8.04E-04 1 .14E-03 1.40E-03 1.81E-03 2.15E-03 
0.00 0.00 0.00 0.00 1 .04E-03 2.83E-03 4.17f.-03 5.77E-03 7.03E-03 9.75E-03 1.21E-02 1.43E-02 
0.00 0.00 0.00 0.00 1 .34E-03 4.0qE-03 0.18E-03 8.oqE-03 1 .10E-02 1.4QE-02 1 .85E-02 2.18E-02 
0.00 0.00 0.00 3.03E-04 1 .q&E-03 4.07E-03 7.20E-03 1.04E-02 1.40E-02 1 .81E-02 2.24E-02 2.b5E-02 
0.00 0.00 0.00 q.71E-04 2.40E-03 5.1qE-03 8.32E-03 1.22E-02 1 .05E-02 2.14E-02 2.00E-02 3.12E-02 
0.00 0.00 0.00 1 .OqE-03 2.80E-03 5.78E-03 q.52E-03 1.41E-02 1 .q2E-02 2.48E-02 3.00E-02 3.58E-02 
0.00 0.00 3.70E-04 1.50E-03 3.40E-03 0.80E-03 1.11E-02 1 .03E-02 2.1QE-02 2.81E-02 3.44E-02 3.QQE-02 
0.00 0.00 1 .14E-03 2.33E-03 4.85E-03 8.81E-03 1.35E-02 1 .8QE-02 2.48E-02 3.12E-02 3.78E-02 4.34E-02 
0.00 0.00 1 .74E-03 5.30E-03 Q.14E-03 1.2QE-02 1 .72E-02 2.23E-02 2.81E-02 3.44E-02 4.08E-02 4.03E-02 
0.00 2.02E-03 1.25E-02 2.13E-C~ 2.22E-02 2.2~E-02 2.4QE-02 2.81E-02 3.?5E-02 3.78E-02 4.30E-02 4.87E-02 
0.00 1 .50E-02 5.11E-02 4.54E-02 3.85E-02 3.41E-02 3.25E-02 3.32E-02 3.55E-02 3.Q3E-02 4.38E-02 4.82E-02 
0.00 8.10E-02 7.Q2E-02 0.12E-02 4.70E-02 3.80E-02 3.4QE-02 3.43£-02 3.55E-02 3.7QE-02 4.10E-02 4.50E-02 

3.00E-02 1.53E-02 1.30E-02 1.5&E-02 1 .QoE-02 2.42E-02 2.81E-02 3.04E-02 3.17E-02 3.30E-02 3.71E-02 4.13E-02 
3.00E-02 Q.88E-03 4.4QE-03 2.53E-03 1.85E-03 1 .Q7E-03 2.Q4E-03 5.3&E-03 Q.QOE-03 1 .02E-02 2.24E-02 2.84E-02 
3.00[-02 Q.88E-03 4.4QE-03 2.48E-03 1.50E-03 1.08E-03 7.Q1E-04 0.43E-04 7.53E-04 1 .55E-03 4.2&E-03 Q.7QE-03 
3.00E-02 Q.88E-03 4.4QE-03 2.48E-03 1.50E-03 1.08E-03 7.88E-04 0.03E-04 4.70E-04 3.85E-04 4.25E-04 1.2SE-03 
3.00E-02 Q.88E-03 4.4QE-03 2.4QE-03 1.57E-03 1.08E-03 7.8QE-04 0.04E-04 4.77E-04 3.85E-04 3.17E-04 2.&5E-04 
3.00E-02 Q.88E-03 4.4QE-03 2.4QE-03 1.57E-03 1.08E-03 7.QOE-04 &.04E-04 4.77E-04 3.85E-04 3.17E-04 2.&5E-04 
3.00E-02 Q.88E-01 4.4QE-03 2.4QE-03 1.57E-03 1.08E-03 7.QOE-04 &.04E-04 4.77E-04 3.80E-04 3.17E-04 2.&5E-04 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1Q 20 21 22 23 

1.2028Q 1.4&130 1.&8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2.43E-03 2.5&E-03 2.52E-03 2.35E-03 2.0QE-03 1.81E-03 1.54E-03 
1.00E-02 1.07E-02 1.04E-02 1.51E-02 1.33E-02 1 .14E-02 Q.51E-03 
2.43E-02 2.52E-02 2.45E-02 2.25E-02 1.Q7E-02 1.&8E-02 1.3QE-02 
2.Q3E-02 3.03E-02 2.Q2E-02 2.07E-02 2.33E-02 1.Q8E-02 1.04E-02 
3.44E-02 3.53E-02 3.3QE-02 3.08E-02 2.08E-02 2.2&E-02 1.87E-02 
3.Q2E-02 4.00E-02 3.83E-02 3.47E-02 3.02E-02 2.53E-02 2.08E-02 
4.34E-02 4.41E-02 4.21E-02 3.82E-02 3.31E-02 2.78E-02 2.27E-02 
4.oQE-02 4.70E-02 4.54E-02 4.11E-02 3.57E-02 2.QQE-02 2.44E-02 
4.Q8E-02 5.04E-02 4.81E-02 4.37E-02 3.80E-0? 3.18E-02 2.5QE-02 
5.20E-02 5.28E-02 5.0QE-02 4.08E-02 4.10E-02 3.45E-02 2.82E-02 
5.14E-02 5.27E-02 5.15E-02 4.7QE-02 4.20E-02 3.01E-02 2.Q5E-02 
4.Q1E-02 5.11E-02 5.08E-02 4.80E-02 4.32E-02 3.70E-02 3.04E-02 
4.55E-02 4.85E-02 4.Q3E-02 4.75E-02 4.33E-02 3.75E-02 3.10E-02 
3.4QE-02 4.00E-02 4.42E-02 4.48E-02 4.25E-02 3.77E-02 3.17E-02 

0.00 0.00 0.00 
1.30E-03 1 .10E-03 q.24E-04 
7.8qE-03 &.54E-03 5.42E-03 
1.15E-02 q.52E-03 7.qOE-03 
1.35E-02 1 .11E-02 q.20E-03 
1.53E-02 1.25E-02 1.04E-02 
1.oqE-02 1.3qE-02 1.15E-02 
1.84E-02 1.50E-02 1.24E-02 
1.q7E-02 1.00E-02 1.32E-02 
2.0qE-02 1.70E-02 1.40E-02 
2.27E-02 1.83E-02 1.51E-02 
2.38E-02 1.q2E-02 1.58E-02 
2.40E-02 1.q8E-02 1.03E-02 
2.51E-02 2.03E-02 1.00E-02 
2.5qE-02 2.10E-02 1.72E-02 

0.00 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
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OITER 
NO 

0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 O.q 1.0 

1--
UMON 

DIMENSIONLESS STREAMLINE PLOT 
ABSOLUTE RESIDUAL SOURCE SUMS ---I 1--- FIELD VALUES AT MONITORING LOCATIONI22, 8) ---I 

VMON WMON MASS TKIN DISP U V W P 0 

1 0.302qE-02 0.&447E-03 0.q8&8E 00 0.58q4E-04 0.232QE-Ol 0.3545E 11 0.8722E 01-0.5813E-03 0.25&3E-08 0.2010E 03 0.4750E 03 
2 0.5488E-02 0.2432E 00 0.q7&3E 00 0.1732E 00 0.3818E-Ol 0.58qOE 11 0.8720E 01··0.5188E-03 0.310qE-07 0.7755E 03 0.4732E 03 
3 0.1457£ 00 0.3522E 00 0.q4q8E 00 0.2481E 00 0.3747E-Ol 0.4344E 11 0.8718E 01-0.4&37E-03 0.lq72E-0& 0.1405E 04 0.4715E 03 
4 0.3280E 00 0.427qE 00 0.Q113E 00 0.43&5E 00 0.4430E-Ol 0.1527E 11 0.871&E 01-0.4334E-03 0.8&q7E-0& 0.171qE 04 0.4&~8E: 03 
5 0.4778E 00 0.501&E 00 0.8724E 00 0.4410E 00 0.&300E-01 0.1517E 11 0.8714E 01-0.470&E-03 0.2qq7E-05 0.1850E 04 0.4&82E 03 
& 0.&442E 00 0.5&17E 00 0.83&&E 00 0.&70&E 00 0.7&83E-01 0.150qE 11 0.8713E 01-0.&050E-03 0.85q5E-05 0.18q4E 04 0.4&&7E 03 
7 0.7738E 00 0.&117E 00 0.8133E 00 0.8115E 00 0.Q205E-01 0.1024E 11 0.8711E 01-0.8027E-03 0.2137E-04 0.18&2E 04 0.4&53E 03 
8 0.871QE 00 0.&Q51E 00 0.7823E 00 0.1347E 01 O.1043E 00 0.5478E 10 0.8710E 01-0.Q8&8E-03 0.4740E-04 0.178&E 04 0.4&3QE 03 
Q 0.Q731E 00 0.&582E 00 0.7&17E 00 0.1584E 01 0.1177E 00 0.3815E 10 0.870QE 01-0.1075E-02 0.Q5QOE-04 0.1704E 04 0.4&25E 03 

10 0.10Q5E 01 0.7800E 00 0.7880E 00 0.4551E 01 0.1284E 00 0.5&3&E 10 0.8707E 01-0.1057E-02 0.1800E-03 0.1&22E 04 0.4&12E 03 
11 0.1238E 01 0.7418E 00 0.7&q2E 00 0.2557E 01 0.1278E 00 O.480QE 10 0.870&E 01·0.Q721E-03 0.317&E-03 0.152&E 04 0.45QQE 03 
12 0.134QE 01 0.8058E 00 0.8207E 00 0.3qO&E 01 0.12&OE 00 0.2741E 10 0.8704E 01-0.8417E-03 0.5325E-03 0.1451E 04 0.458&E 03 
13 0.1472E 01 0.q40&E 00 0.7405E 00 0.25q&E 01 0.1231E 00 0.127&E 10 0.8702E 01-0.&344E-03 0.8544E-03 0.144QE 04 0.4573E 03 
14 0.13q2E 01 0.&&32E 00 0.7431E 00 O.lQOQE 01 0.11&4E 00 0.3185E 10 0.8700E 01-0.5&85E-03 0.131QE-02 0.1372E 04 0.45&OE 03 
15 0.1273E 01 0.&q&2E 00 0.7222E 00 0.1834E 01 0.11Q7E 00 0.b314E 10 0.8&Q7E 01-0.51&&E-03 0.lQ&4E-02 0.1380E 04 0.4547E 03 
1& 0.11&7E 01 0.5735E 00 0.7127E 00 0.184qE 01 0.11q4E 00 0.&Q~4E 10 0.8&Q4E 01-0.&730E-03 0.282QE-02 0.1405E 04 0.4535E 03 
17 0.1082E 01 0.5374E 00 0.7001E 00 0.1&12E 01 0.1245E 00 0.&445E 10 0.8&Q1E 01-0.1n04E-02 0.3Q4&E-02 0.13&&E 04 0.4523E 03 
18 0.101QE 01 0.5202E 00 0.&834E 00 0.1234E 01 0.12Q3E 00 0.7175E 10 0.8&88E 01-0.1540E-02 0.5341E-02 0.1370E 04 0.4511E 03 
lQ 0.Q717E 00 0.3852E 00 0.&718E 00 0.7121E 00 0.1332E 00 0.7542E :J 0.8&84E 01-0.20QOE-02 0.7023E-02 0.131QE 04 0.44Q8E 03 
20 0.Q47&E 00 0.4252E 00 0.&&27E 00 0.&301E 00 0.1387E 00 0.8101E 10 0.8&90E 01-0.2702E-02 0.8QQ1E-02 0.1280E 04 0.4485E 03 
21 0.Q3&OE 00 0.3482E 00 0.&541E 00 0.4841E 00 0.13Q5E 00 0.81&&E 10 0.8&7&E 01-0.31Q7E-02 0.1123£-01 0.1231E 04 0.4471E 03 
22 0.Q484E 00 0.3Q&2E 00 0.&458E 00 0.&058E 00 0.1407E 00 0.7&14E 10 0.8&72E 01-0.3723E-02 0.1371E-01 0.1177E 04 0.445&E 03 
23 0.Q545E 00 0.34&5E 00 0.&320E 00 0.4842E 00 0.1408E 00 0.&Q07E 10 0.8&&7E 01-0.4170E-02 0.1&41E-Ol 0.1140E 04 0.443QE 03 
24 0.Q5Q3E 00 0.3840E 00 0.&21&E 00 0.483&E 00 0.13Q&E 00 0.7024E 10 0.8&&3E 01-0.4&17E-02 0.1Q2QE-01 0.1107E 04 0.4421E 03 
25 0,Q444E 00 0.3&83E 00 0.&103E 00 0.4421E 00 0.1387E 00 0.7020E 10 0.8&58E 01-0.5117E-02 0.2231E-01 0.10Q3E 04 0.4401E 03 
2& 0.Q27&E 00 0.4004E 00 0.&02&E 00 0.4157E 00 0.1372E 00 0.&778E 10 0.8&53E 01-0.557QE-02 0.2544E-Ol 0.1080E 04 0.4380E 03 
27 0.Q033E 00 0.3&71E 00 0.5Q71E 00 0.3Q50E 00 U.13&2E 00 0.&3&OE 10 0.8&4QE 01-0.&147E-02 0.28&&E-Ol 0.1073E 04 0.435&E 03 
28 0.883QE 00 0.3874E 00 0.5QOQE 00 0.380&E 00 0.1343E 00 0.&02qE 10 0.8&44E 01-0.&&14E-02 0.31Q3E-Ol 0.10&2E 04 0.4331E 03 
2Q 0.8&45E 00 0.3&45E 00 0.5851E 00 0.3&&2E 00 0.1317E 00 0.5818E 10 0.8&3QE 01-0.722&E-02 0.3524E-Ol 0.1054E 04 0.4304E 03 
30 0.8525E 00 0.3842E 00 0.57Q8E 00 0.351&E 00 0.1283E 00 0.5&40E 10 0.8&33E 01-0.7&71E-02 0.3857E-Ol 0.1042E 04 0.427&E 03 
31 0.8403E 00 0.3587E 00 0.575&E 00 0.3484E 00 0.1251E 00 0.5537E 10 0.8&28E 01-0.8238E-02 0.41Q1E-Ol 0.102QE 04 0.424&E 03 
32 0.8317E 00 0.371&E 00 0.5700E 00 0.3453E 00 0.1222E 00 0.5473E 10 0.8&22E 01-0.8585E-02 0.4525E-01 0.1015E 04 0.4214E 03 
33 0.82b7E 00 0.33QOE 00 0.5651E 00 0.325QC 00 0.i18QE 00 0.5417E 10 0.8&1&E 01-0.Q047E-02 0.48&OE-01 0.1000E 04 0.4181E 03 
34 0.81Q1E 00 0.3517E 00 0.5&OQE 00 0.3342E 00 0.11b1E 00 0.5517E 10 0.8&10E 01-0.q2q5E-02 0.51q4E-01 O.q8&3E 03 0.4147E 03 
35 0.8107E 00 0.331QE 00 0.5573E 00 0.327qE 00 O.113qE 00 0.5&2&E 10 0.8&03E 01-0.q&&OE-02 0.5527E-01 0.Q74qE 03 0.4111E 03 
3& 0.8031E 00 0.3474E 00 0.5531E 00 0.3071E 00 0.1138E 00 0.&387E 10 0.85Q&E 01-0.Q831E-02 0.58&OE-01 0.~&72E 03 0.4075E 03 
37 0.7Q5QE 00 0.31Q&E 00 0.5485E 00 0.2Q42E 00 0.1138E 00 0.7340E 10 0.8589[ 01-0.1012E-Ol 0.&lQ4E-Ol 0.Q&47E 03 0.4038E 03 
38 0.7837E 00 0.3242E 00 0.5425E 00 0.3022E 00 0.1140E 00 0.78Q2E 10 O.8581E 01-0.1024E-Ol 0.&528E-01 0.~&3QE 03 0.4GOOE 03 
3~ 0.7727E 00 0.2Q54E 00 0.53&1E 00 0.2Q74E 00 0.1135E 00 0.7Q&8E 10 0.~S73E 01-0.1048E-01 0.&8&4E-Ol 0.Q&43E 03 0.39&lE 03 
40 0.7577E 00 0.3047E 00 0.5311E 00 0.3033E 00 0.1135E 00 0.7&78E 10 0.85&4E 01-0.105QE-01 0.7201E-Ol 0.Q&54E 03 0.3Q22E 03 
41 0.74Q5E 00 0.27Q&E 00 0.52&3E 00 0.30&1E 00 0.1128E 00 0.&Q72E 10 0.8555E 01-0.107QE-01 0.7540E-01 0.Q&74E 03 0.3882E 03 
42 0.7374E 00 0.2737E 00 0.520&E 00 0.2472E 00 0.1117E 00 0.5832E 10 0.854&E 01-0.1087E-01 0.7883E-01 0.Q&80E 03 0.3842E 03 
43 0.7273E 00 0.2521E 00 0.51&2E 00 0.2415E 00 0.110QE 00 0.5224E 10 0.853&E 01-0.1102E-Ol 0.8228E-01 0.Q&70E 03 0.3802E 03 
44 0.71&7E 00 0.2554E 00 0.511QE 00 0.2301E 00 0.1104E 00 0.4&83E 10 0.852&E 01-0.1107E-01 0.8578E-01 0.Q&55E 03 0.37&2E 03 
45 0.7071E 00 0.22QOE 00 0.5084E 00 0.2088E 00 0.10Q5E 00 0.40QQE 10 0.851&E 01-0.1118E-01 0.8Q33E-01 0.Q&41E 03 0.3721E 03 



o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 1.0SE 03 1.0bE 03 1.0SE 03 1.03E 03 1.03E 03 1.03E 03 1.03E 03 1 .03E 03 
lq 0.OSq37 0.00 0.00 0.00 0.00 1.04E 03 1.05E 03 1.04E 03 1.03E 03 ~ .02E 03 1 .02E 03 1.03E 03 1.03E 03 
180.0SSq4 0.00 0.00 0.00 0.00 1.03E 03 1.04E 03 1 .03E 03 1.02E 03 1 .01E 03 1 .01E 03 1.02E 03 1.02E 03 
17 0.OS344 0.00 0.00 0.00 1.00E 03 1 .O~~ 03 1.03E 03 1.02E 03 1.01E 03 1.00E 03 1.01E 03 1.01E 03 1.01E 03 
lb 0.OS078 0.00 0.00 0.00 q.84E 02 1.00E 03 1.OiE 03 1.00E 03 q.q5E 02 q.q4E 02 q.q7E 02 Q.QQE 02 Q.QQE 02 
15 0.04812 0.00 0.00 0.00 Q.5QE 02 Q.87E 02 Q.Q4E 02 ~.8bE 02 '1.82E 02 q.84E 02 q.87E 02 q.8qE 02 q.88E 02 
140.04Sb2 0.00 0.00 8.QOE 02 Q.34E 02 q.bqE 02 q.75E 02 q.70£ 02 ~.b8E 02 q.73E 02 q.77E 02 q.7qE 02 q.7bE 02 
13 0.04328 0.00 0.00 8.b3E 02 q.13E 02 Q.48E 02 q.5bE 02 q.52E 02 1.54E 02 q.blE 02 q.b7E 02 q.b7E 02 q.b5E 02 
12 0.040Q4 0.00 0.00 8.21E 02 8.87E 02 q.24E 02 q.33E 02 q.33E 02 ( .3qE 02 q.4qE 02 q.55E 02 q.S5E 02 q.52E 02 
11 0.0371q 0.00 5.qlE 02 7.3qE 02 8.43E 02 8.84E 02 8.q4E 02 q.OOE 02 If.14E 02 q.27E 02 q.32E 02 q.31E 02 Q.2qE 02 
10 0.03437 0.00 5.10E 02 b.QqE 02 8.0bE 02 8.50E 02 8.b2E 02 8.73E 02 8.93E 02 q.08E 02 q.12E 02 q.12E 02 q.l1E 02 
Q 0.0321q 0.00 4.04E 02 b.7bE 02 7.78E 02 8.23E 02 8.3bE 02 8.53E 02 8.7bE 02 8.qlE 02 8.q5E 02 8.q5E 02 8.qbE 02 
8 0.03031 0.00 3.83E 02 b.45E 02 7.53E 02 7.qQE 02 8.15E 02 8.35E 02 8.bOE 02 8.74E 02 8.7qE 02 8.81E 02 8.83E 02 
7 0.02&87 0.00 4.38E 02 b.OQE 02 7.13E 02 7.58E 02 ~.7qE 02 8.03E 02 8.28E 02 8.42E 02 8.4qE 02 8.54E 02 8.bOE 02 
b 0.02187 0.00 4.blE 02 5.73E 02 b.b2E 02 7.01E 02 7.22E 02 7.54E 02 7.7bE 02 7.qlE 02 8.03E 02 8.14E 02 8.2bE 02 
50.01b25 0.00 4.31E 02 5.31E 02 b.07E 02 b.40E 02 b.bbE 02 b.q4F. 02 7.15E 02 7.35E 02 7.54E 02 7.74E 02 7.q3E 02 
4 0.010&2 0.00 3.34E 02 4.7QE 02 5.53E 02 5.q2E 02 b.12E 02 b.38E 02 b.b2E 02 b.88E 02 7.1SE 02 7.42E 02 7.b7E 02 
30.005b2 0.00 1 .42E 02 4.42E 02 5.1qE 02 5.52E 02 5.7bE 02 b.03E 02 b.30E 02 b.bOE 02 b.q2E 02 7.23E 02 7.52E 02 
20.0015b 0.00 0.00 4.1bE 02 4.87E 02 5.35E 02 5.blE 02 5.8qE 02 b.18E 02 b.50E 02 b.83E 02 7.1bE 02 7.4bE 02 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1b 17 18 lq 20 21 22 23 
X = 0.lS78b 0.182bb 0.2101q 0.24075 0.274b7 0.31232 0.35411 0.3Q5qO 0.437bq 0.47q48 0.S2127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 1 .03E 03 1.03E 03 1.03E 03 1.03E 03 1.03E 03 1.03E 03 1.02E 03 1.02E 03 1 .01E 03 1 .01E 03 0.00 
lq 0.05q37 1.03E 03 1.03E 03 1.02E 03 1.02E 03 1.02E 03 1.02E 03 1.01E 03 1.01E 03 1.00E 03 q.qqE 02 0.00 
180.055Q4 1 .02E 03 1.01E 03 1.01E 03 1.01E 03 1.01E 03 1.00E 03 q.qqE 02 Q.Q5E 02 Q.Q1E 02 Q.8bE 02 0.00 
17 0.05344 1 .01E 03 1.00E 03 1.00E 03 Q.Q8E 02 Q.Q5E 02 Q.Q2E 02 Q.88E 02 Q.85E 02 Q.81E 02 Q.77E 02 0.00 
lb 0.05078 q.qbE 02 Q.q3E 02 Q.8QE 02 Q.8bE 02 Q.83E 02 Q.80E 02 Q.77E 02 Q.74E 02 Q.71E 02 Q.b8E 02 0.00 
15 0.04812 Q.85E 02 Q.81E 02 Q.78E 02 Q.75E 02 Q.72E 02 Q.bQE 02 Q.b7E 02 Q.b4E 02 Q.b2E 02 Q.5QE 02 0.00 
140.045b2 Q.73E 02 q.70E 02 Q.b7E 02 Q.b4E 02 Q.blE 02 Q.5QE 02 Q.57E 02 Q.55E 02 Q.53E 02 Q.51E 02 0.00 
13 0.04328 q.blE 02 q.58E 02 Q.5bE 02 Q.54E 02 Q.52E 02 Q.50E 02 Q.48E 02 Q.47E 02 Q.45E 02 Q.44E 02 0.00 
12 0.040Q4 Q.4QE 02 Q.47E 02 Q.45E 02 Q.43E 02 Q.42E 02 Q.41E 02 Q.40E 02 Q.3QE 02 Q.38E 02 Q.37E 02 0.00 
11 0.0371Q Q.28E 02 Q.27E 02 Q.27E 02 Q.27E 02 Q.~7E 02 Q.27E 02 Q.27E 02 Q.27E 02 Q.27E 02 Q.28E 02 0.00 
10 0.03437 Q.l1E 02 Q.13E 02 Q.14E 02 Q.15E 02 Q.lbE 02 Q.17E 02 Q.18E 02 Q.1QE 02 Q.20E 02 Q.21E 02 0.00 
Q 0.0321Q 8.Q8E 02 Q.01E 02 Q.04E 02 Q.ObE 02 Q.08E 02 Q.l0E 02 Q.llE 02 Q.13E 02 Q.14E 02 Q.lbE 02 0.00 
8 0.03031 8.87E 02 8.Q1E 02 8.Q5E 02 8.QQE 02 Q.01E 02 Q.04E 02 Q.ObE 02 Q.08E 02 Q.l0E 02 Q.12E 02 0.00 
70.02b87 8.&7E 02 8.74E 02 8.80E 02 8.85E 02 8.QOE 02 8.Q3E 02 8.Q7E 02 Q.OOE 02 Q.03E 02 Q.ObE 02 0.00 
b 0.02187 8.38E 02 8.50E 02 8.bOE 02 8.b8E 02 8.74E 02 8.80E 02 8.85E 02 8.8QE 02 8.Q3E 02 8.Q8E 02 0.00 
5 0.01&25 8.11E 02 8.27E 02 8.40E 02 8.51E 02 B.bOE 02 8.b8E 02 8.74E 02 8.80E 02 8.85E 02 8.QOE 02 0.00 
4 0.010&2 7.8QE 02 8.0QE 02 8.25E 02 8.3QE 02 8.4QE 02 8.58E 02 8.bbE 02 8.73E 02 8.7QE 02 8.85E 02 0.00 
3 0.005&2 7.77E 02 7.QQE 02 8.17E 02 8.32E 02 8.44E 02 8.53E 02 8.b2E 02 8.bQE 02 8.7&E 02 8.82E 02 0.00 
2 0.0015& 7.72E 02 7.Q5E 02 8.14E 02 8.2QE 02 8.41E 02 8.52E 02 8.bOE 02 a.b8E 02 8.7SE 02 8.81E 02 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 a Q 10 11 12 

X = -O.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.Obb20 0.080Q2 0.OQ72b 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lQ 0.05Q37 
18 0.055Q4 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00-1.82E-02-2.0bE-02 3.51E-03 1 .b7E-02 2.00E-02 1.Q2E-02 1 .88E-02 2.03E-02 
0.00-1 .52E-02-2.03E-02 3.1QE-03 1.57E-02 1.87E-02 1.80E-02 1.7&E-02 1.Q4E-02 
0.00-8.45E-03-1.82E-02 3.4QE-03 1.50E-02 1.73E-02 1.b3E-02 1.57E-02 1.77E-02 



-----------------------------------------------------------------------------------------------------------------------~ 

o 

lb 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2q750 
10 0.27500 

C) 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 0.00 4.Q3E-Ol 4.55E-01 4.2&E-Ol 4.12E-01 4.08E-01 4.08E-Ol 4.07E-Ol 4.14E-Ol 4.30E-Ol 
0.00 0.00 0.00 5.12E-Ol 4.&&E-Ol 4.31E-Ol 4.15E-Ol 4.11E-Ol 4.11E-Ol 4.13E-01 4.27E-01 4.43E-Ol 
0.00 0.00 5.Q&l-01 5.38E-Ol 4.77E-Ol 4.34E-Ol 4.15E-Ol 4.12E-Ol 4.14E-Ol 4.22E-Ol 4.43E-Ol 4.53E-01 
0.00 0.00 &.2&E-Ol 5.57E-Ol 4.84E-Ol 4.34E-Ol 4.14E-Ol 4.12E-Ol 4.17E-Ol 4.37E-Ol 4.57E-Ol 4.&lE-Ol 
0.00 0.00 &.4QE-Ol 5.72E-01 4.88E-Ol 4.32E-Ol 4.11E-Ol 4.12E-Ol 4.27E-Ol 4.54E-Ol 4.&8E-01 4.&5E-Ol 
0.00 7.QOE-Ol &.Q1E-Ol 5.QOE-Ol 4.QOE-Ol 4.2&E-Ol 4.0&E-Ol 4.17E-Ol 4.50E-Ol 4.7&E-Ol 4.7QE-Ol 4.&5E-Ol 
0.00 8.20E-Ol 7.32E-Ol &.05E-Ol 4.84E-Ol 4.14E-Ol 4.01E-Ol 4.31E-Ol 4.71E-Ol 4.8&E-Ol 4.7QE-Ol 4.57E-Ol 
0.00 8.5&E-Ol 7.55E-Ol &.04E-Ol 4.70E-Ol 4.01E-Ol 4.01E-Ol 4.4&E-Ol 4.82E-Ol 4.8QE-Ol 4.74E-Ol 4.48E-Ol 

1.00E 00 9.0QE-Ol 7.&7E-Ol 5.Q3E-Ol 4.52E-Ol 3.Q1E-01 4.0&E-Ol 4.5QE-Ol 4.8QE-Ol 4.88E-Ol 4.&&E-Ol 4.37E-Ol 
1.00E 00 Q.l0E-Ol 7.52E-Ol 5.&4E-Ol 4.2bE-Ol 3.82E-Ol 4.24E-Ol 4.77E-Ol 4.90E-Ol 4.74E-Ol 4.44E-Ol 4.10E-Ol 
1.00E 00 8.Q&E-Ol 7.10E-Ol 5.08E-Ol 3.85E-01 3.84E-Ol 4.47E-Ol 4.&8E-0~ 4.57E-Ol 4.28E-Ol 3.92E-Ol 3.58E-Ol 
1.00E 00 8.&5E-Ol &.33E-Ol 4.23E-Ol 3.50E-Ol 3.85E-Ol 4.00E-Ol 3.97E-Ol 3.75E-01 3.45E-Ol 3.12E-Ol 2.82E-Ol 
1.00E 00 8.10E-Ol 5.11E-Ol 3.25E-Ol 2.84E-Ol 2.Q3E-Ol 2.Q~E-Ol 2.81E-Ol 2.&2E-Ol 2.38E-Ol 2.14E-Ol 1.92E-Ol 
1.00E 00 7.01E-Ol 3.3QE-Ol 1.45E-Ol 1.71E-Ol 1.&7E-Ol 1.&3E-Ol 1.55E-Ol 1.44E-Ol 1.31E-Ol 1.17E-Ol 1.05E-Ol 
1.00E 00 1.Q5E-Ol Q.42E-02 4.04E-02 4.7&E-02 4.&2E-02 4.54E-02 4.31E-02 4.00E-02 3.&2E-02 3.24E-02 2.91E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 19 20 21 22 23 

1.2&28Q 1.4&130 1.&8153 1.92598 2.19733 2.49852 2.832A5 3.1&718 3.50150 3.83583 4.17015 
o J Y 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4q500 3.81E-Ol 4.04E-Ol 4.27E-Ol 4.44E-Ol 4.54E-Ol 4.58E-Ol 4.55E-Ol 4.4qE-Ol 4.3qE-Ol 4.30E-Ol 0.00 
lc) 0.47500 4.12E-Ol 4.32E-Ol 4.50E-Ol 4.&4E-Ol 4.73E-Ol 4.7&E-Ol 4.75E-Ol 4.70E-Ol 4.&2E-Ol 4.52E-Ol 0.00 
18 0.44750 4.2&E-Ol 4.42E-Ol 4.55E-Ol 4.&4E-Ol 4.&8E-Ol 4.&8E-Ol 4.&5E-Ol 4.58E-Ol 4.4qE-Ol 4.37E-Ol 0.00 
17 0.42750 4.34E-Ol 4.45E-Ol 4.53E-Ol 4.58E-Ol 4.5qE-Ol 4.57E-Ol 4.51E-Ol 4.43E-Ol 4.33E-Ol 4.20E-Ol 0.00 
1& 0.40&25 4.42E-Ol 4.47E-Ol 4.50E-Ol 4.50E-Ol 4.48E-Ol 4.43E-Ol 4.35E-Ol 4.25E-01 4.14E-01 4.00E-01 0.00 
15 0.38500 4.48E-01 4.47E-Ol 4.44E-Ol 4.40E-01 4.35E-01 4.27E-Ol 4.18E-01 4.0&E-01 3. Q3E-Ol 3.7qE-01 0.00 
14 0.3&500 4.52E-Ol 4.45E-Ol 4.37E-01 4.2QE-Ol 4.21E-Ol 4.11E-01 4.00E-Ol 3.88E-01 3.74E-Ol 3.5qE-01 0.00 
130.34b25 4.53E-01 4.41E-01 4.2qE-Ol 4.18E-01 4.07E-01 3.q&E-Ol 3.83E-Ol 3.70E-01 3.55E-Ol 3.41E-01 0.00 
12 0.32750 4.52E-01 4.35E-01 4.20E-Ol 4.0&E-01 3.Q2E-01 3.7QE-01 3.&5E-01 3.52E-Ol 3.37E-01 3.22E-Ol 0.00 
11 0.2Q750 4.43E-Ol 4.21E-Ol 4.01E-Ol 3.83E-01 3.&7E-Ol 3.52E-01 3.3&E-Ol 3.22E-01 3.07E-01 2.Q2E-01 0.00 
10 0.27500 4.31E-Ol 4.0~~-Ol 3.83E-01 3.&4E-0' 3.4&E-Ol 3.2QE-01 3.14E-01 2.Q9E-01 2.84E-01 2.&9E-01 0.00 

C) 0.25750 4.1QE-Ol 3.92E-0~ 3.&8E-01 3.47E-01 3.29E-Ol 3.12E-01 2.9&E-Ol 2.81E-01 2.&&E-01 2.52E-Ol 0.00 
8 0.24250 4.07E-Ol 3.7QE-Ol 3.54E-01 3.32E-Ol 3.13E-Ol 2.9bE-Ol 2.80E-Ol 2.&&E-Ol 2.51E-01 2.38E-01 0.00 
7 0.21500 3.79E-Ol 3.50E-Ol 3.25E-01 3.03E-01 2.84E-Ol 2.&7E-01 2.52E-01 2.38E-Ol 2.24E-Ol 2.12E-01 0.00 
& 0.17500 3.27E-Ol 3.00E-Ol 2.77E-01 2.5&E-0~ 2.38E-01 2.23E-01 2.0~E-01 1.9&E-01 1 _85E-Ol 1.74E-Ol 0.00 
5 0.13000 2.5&E-Ol 2.33E-Ol 2.14E-Ol 1.97E-01 1.ij2E-Ol 1.&9E-Ol 1.58E-01 1.48E-Ol 1.39E-01 1.30E-01 0.00 
4 0.08500 1.74E-01 1.58E-Ol 1.44E-01 1.32E-01 1.22E-Ol 1.13E-Ol 1.05E-Ol 9.78E-02 9.1&E-02 8.59E-02 0.00 
3 0.04500 9.4&E-02 8.59E-02 7.82E-02 7.15E-02 &.57E-02 &.07E-02 5.&3E-02 5.25E-02 4.91E-02 4.&OE-02 0.00 
2 0.01250 2.&2E-02 2.38E-02 2.17E-02 1.98E-02 1.82E-02 1.&8E-02 1.5&E-02 1 .45E~02 1.3&E-02 1.27E-02 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*--*-*-*-*-*- DIMENSIONLESS STREAMLINE COOROS -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 J & 7 8 9 10 11 12 

X = J.OOOOO 0.00000 0.0&295 0.12937 0.20308 0.28491 0.37574 0.47&5& 0.58847 0.712&9 0.85058 1.003&3 
o J Y 

11 1 .00000 
10 0.90000 

C) 0.80000 
8 0.70000 
7 0.&0000 
& 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 

0.00 2.50E-Ol 
0.00 2.37E-01 
0.00 2.23E-01 
0.00 2.0QE-Ol 
0.00 1.93E-01 
0.001.77E-Ol 
0.001.57E-Ol 
0.001.3&E-Ol 
o . 00 1. 1 OE -01 
0.007.75E-02 

3. 12E -01 
2.&7E-Ol 
2.47E-Ol 
2.30E-Ol 
2.13E-Ol 
1.95E-Ol 
1.7&E-Ol 
1 . 53E -01 
1.29E-Ol 
9.43E-02 

3.75E-Ol 
3.23E-Ol 
2.93E-Ol 
2.70E-Ol 
2.50E-Ol 
2.31E-Ol 
2.11E-Ol 
1 .89E-Ol 
1.&4E-Ol 
1.33E-Ol 

4.37E-Ol 
3.90E-Ol 
3.5&E-Ol 
3.29E-Ol 
3.05E-01 
2.83E-Ol 
2.&2E-Ol 
2.40E-Ol 
2.17E-Ol 
1.8&E-Ol 

5.00E-Ol 
4.45E-Ol 
4.11E-Ol 
3.83E-Ol 
3.59E-01 
3.J&E-Ol 
3. 14E -01 
2.92E-Ol 
2.&9E-Ol 
2.43E-Ol 

5.00E-Ol 
4.&7E-Ol 
4.40E-01 
4.15E-Ol 
3.92E-Ol 
3.70E-Ol 
3.49E-01 
3.28E-Ol 
3.05E-Ul 
2.80E-Ol 

5.00E-Ol 
4.74E-Ol 
4.50E-Ol 
4.27E-Ol 
4.0&E-Ol 
3.85E-Ol 
3.&4E-Ol 
3.43E-Ol 
3.20E-Ol 
2.94E-Ol 

5.00E-01 
4.75E-0' 
4.52E-Ol 
4.30E-Ol 
4.09E-Ol 
3.87E-01 
3.&&E-Ol 
3.44E-Ol 
3.20E-01 
2.91E-01 

5.00E-Ol 
4.75E-01 
4.52E-01 
4.29E-Ol 
4.07E-01 
3.85E-01 
3.&3E-01 
3.40E-01 
3.12E-01 
2.78E-01 

5.00E-01 
4.75E-01 
4.51E-01 
4.28E-01 
4.0&E-01 
3.Fl3E-01 
3.bOE-01 
3.35E-01 
3.05E-01 
2.&5E-01 

5.00E-01 
4.74E-01 
4.51E-01 
4.28E-01 
4.0&E-01 
3.83E-Ol 
3.58E-01 
3.32E-01 
2.99E-01 
2.54E-01 



MAXIMUM VALUES 0.2E,OE 02 0.320E 02 0.3E,E,E 02 0.40<3E 02 0.455E 02 0.500E 02 

RADIAL POSITION 2R/D 

0 0.0 O. 1 0.2 0.3 0.4 0.5 O.b 0.7 0.8 0.'3 1.0 

X 0.00 O ......... + ......... +.2 ....... +4 ....... b+ .... 8 .... 1 ......... + ......... + ......... + ......... + .......... 0.00 

X 0.02 0 2 4 b 8 0.02 

X 0.04 0 2 4 b 8 0.04 

X O.OE, 0 2 4 b 8 O.OE, 

X 0.08 0 2 4 b 8 0.08 

X O. 10 + 0 2 4 b 8 0.10 

X 0.12 0 2 4 b 8 0.12 

X O. 14 0 2 4 b 8 0.14 

X O.lb O.lE, 

X 0.18 0 2 4 8 0.18 

X 0.20 + + 0.20 

X 0.22 0 2 4 3 0.22 

X 0.24 0.24 

X 0.2b 0 2 4 8 0.2b 

X 0.28 0.28 

X 0.30 + 0 2 8 0.30 

X 0.32 0.32 

X 0.34 0 2 4 8 0.34 

X 0.3b O.3b 

X 0.38 0.38 

X 0.40 0 2 4 8 0.40 

X 0.42 0.42 

X 0.44 0.44 

X O.4b 0 2 4 8 0.4E, 



b 0.0218J 2.22E 00 3.1qE 00 4.00E 00 4.b2E 00 5.07E 00 5.37E 00 5.58E 00 5.70E 00 5.75E 00 5.7&E 00 5.75E 00 
50.01b25 8.04E-Ol 1.qqE 00 3.02E 00 3.82E 00 4.41E 00 4.83E 00 5.11E 00 5.28E 00 5.3&E 00 5.J8E 00 5.38E 00 
4 0.010b2 -2.72E-Ol 1.08E 00 2.2&E 00 3.21E 00 3.~2E 00 4.42E 00 4.7&E 00 4.q7E 00 5.07E 00 5.10E 00 5.10E 00 
3 O. 005b;~ -8. 7&E -0 1 5. b 1 E -0 1 1. 83E 00 2. 87E 00 3. &4E 00 4. 18E 00 4.5 7E 00 4. 7qE 00 4. q 1 E 00 4. q4E 00 4. q4E 00 
2 0.0015b -1 .10E 00 3.73E-Ol 1.&7E 00 2.74E 00 3.53E 00 4.10E 00 4.4qE 00 4.73E 00 4.85E 00 4.8qE 00 4.8qE 00 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*·_*-*-*- V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ O.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J Y 

21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0bOb2 0.00 0.00 0.00 0.00 1 .35E 00 8.24E-Ol 1.84E-01-4.Q5E-02-9.&lE-02-7.81E-02-5.27E-02-4.59E-02 
190.057b& 0.00 0.00 0.00 0.00 4.23E 00 1.94E 00 4.33E-Ol-l.3&E-01-2.50E-01-2.15E-Ol-l .7&E-Ol-l.58E-01 
180.054bQ 0.00 0.00 0.00 0.00 7.91E 00 2.84E 00 5.8&E-01-2.&5E-01-4.31E-01-3.94E-01-3.39E-01-2.88E-Ol 
17 0.05211 0.00 0.00 0.00 4.32E 00 7.91E 00 3.34E 00 &.37E-01-4.13E-Ol-&.23E-01-5.80E-01-4.87E-01-3.99E-01 
100.04Q45 0.00 0.00 0.00 8.41E 00 8.47E 00 1.75E 00 &.58E-01-5.75E-01-8.39E-01-7.&8E-01-&.23E-01-5.01E-Ol 
150.04b87 0.00 0.00 0.00 1.2bE 01 9.09E 00 4.00E 00 5.8&E-01-7.81E-Ol-1.05E 00-9.15E-01-7.28E-01-5.84E-01 
14 0.04445 0.00 0.00 4.82E 00 1.27E 01 9.47E 00 4.08E 00 4.03F.-Ol-l.01E 00-1.20E 00-1.01E 00-8.00E-01-0.47E-Ol 
13 0.04211 0.00 0.00 8.Q7E 00 1.34E 01 9.78E 00 4.01E 00 1 .30E-Ol-l .21E 00-1 .30E 00-1.07E 00-8.49E-Ol-0.9&E-Ol 
120.03QOb 0.00 0.00 1.4bE 01 1.47E 01 1.00E 01 3.0~E 00-3.18E-Ol-l.42E 00-1.3bE 00-1.10E 00-8.91E-01-7.43E-Ol 
110.03578 0.00 5.4QE 00 1.b5E 01 1.&OE 01 9.93E 00 2.71E 00-8.3&E-Ol-l .47E 00-1.33E 00-1.09E 00-9.03E-01-7.07E-01 
10 0.03328 0.00 1.08E 01 1.81E 01 1.&5E 01 9.40E 00 1 .70E 00-1.09E 00-1.43E 00-1.27E 00-1.0&E 00-8.97E-01-7.73E-01 
9 0.03125 0.00 1.b4E 01 1.QOE 01 1.&5E 01 8.&4E 00 9.81E-01-1.19E 00-1 .3&E 00-1 .21E 00-1.03E 00-8.83E-01-7.&9E-01 
80.0285Q 0.00 1.53E 01 1.93E 01 1.&JE 01 7.32E 00 4.&lE-02-1.20E 00-1.25E 00-1 .12E 00-9.7&E-01-8.58E-01-7.5&E-Ol 
7 0.02437 0.00 1.45E 01 1.Q2E 01 1.47E 01 4.25E 00-9.08E-Ol-1 .06E 00-1.04E 00-9.&3E-01-8.7&E-01-7.94E-01-7.09E-Ol 
o 0.0190& 0.00 1.44E 01 1.84E 0'. 1.12E 01-3.18E-01-8.84E-01-8.18E-01-7.80E-01-7.~9E-01-7.23E-01-&.73E-Ol-&.08E-Ol 
~ 0.01344 0.00 1.40E 01 1.&1E 01 2.73E 00-9.34E-01-7.12E-01-5.80E-01-5.3&E-01-5.34E-01-5.32E-01-5.04E-01-4.59E-01 
4 0.00812 0.00 1 .3qE 01 q.01E 00-1.40E 00-8.0&E-01-4.81E-01-3.58E-01-3.21E-01-3.23E-01-3.29E-01-3.17E-01-2.88E-Ol 
30.0035q 0.00 Q.08E 00 b.80E-01-5.70E-01-3.84E-01-2.24E-Ol-l .&lE-Ol-l .42E-Ol-l .43E-Ol-l .4&E-Ol-1 .43E-Ol-1 .30E-01 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 1q 20 21 22 23 
X = 0.1578b 0.182&& 0.21019 0.24075 0.274&7 0.31232 0.35411 0.39590 0.437&9 0.47q48 0.52127 

o J Y 
21 0.Ob250 
20 0.ObO&2 
19 0.057&b 
18 0.054bQ 
17 0.05211 
10 0.04q45 
15 0.04b87 
14 0.04445 
13 0.04211 
12 0.03qOb 
11 0.03578 
10 0.03328 
q 0.03125 
8 0.0285q 
7 0.02437 
& 0.01qOb 
5 0.01344 
4 0.00812 
3 0.0035Q 
2 0.00000 

0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
-4.44E-02-3.&OE-02-2.4&E-02-1.51E-02-9. IOE-03-5.77E-03-3.5&E-03-2.27E-03-3.54E-04 1.73E-04 
-1.35E-01-· .OiE-Ol-&.5QE-02-3.Q1E-02-2.20E-02-1.20E-02··5.30E-03-1 .21E-03 2.50E-03 3.77E-04 
-2.31E-Ol-l .&8[-01-1 .OQE-Ol-&.47E-02-3.&4E-02-1 .Q&E-02-8.1&E-03-1 .17E-02 4.35E-03 5.1&E-04 
-3.13E-01-2.25E-01-1 .4&E-01-8.77E-02-4.Q9E-02-2.71E-02-1 .'.&E-02-2.07E-03 5.10E-03 &.09E-04 
-3.Q1E-01-2.81E-01-1 .84E-Ol-1.11E-Ol-&.44E-02-3.5&E-02-1 .59E-02-3.85E-03 5.08E-03 &.80E-04 
-4.58E-01-3.3~E-01-2.18E-01-1.34E-01-7.84E-02-4.42E-02-2.05E-02-&.1&E-03 4.49E-03 7.29E-04 
-5.12E-01-3.73E-01-2.48E-Ol-l .53E-01-9.11E-02-5.22E-02-2.50E-02-8.&3E-03 3.58E-03 7.57E-04 
-5.55E-01-4.08E-01-2.73E-01-1.71E-Ol-1 .03E-01-5.9&E-02-2.94E-02-1 .11E-02 2.4QE-03 7.&8E-04 
-&.01E-01-4.4&E-01-3.02E-01-1.Q1E-01-1 .17E-01-&.87E-02-3.48E~02-1.44E-02 9.02E-04 7.&&E-04 
-&.28E-01-4.72E-01-3.24E-01-2.07E-01-1.28E-01-7.&2E-02-3.9&E-02-1 .7&E-02-8.17E-04 7.35E-04 
-0.38E-01-4.84E-01-3.34E-01-2.10E-01-1 .34E-01-8.0&E-02-4.25E-02-1 .~oE-02-2.03E-03 &.98E-04 
-&.3QE-01-4.87E-01-3.3QE-01-2.20E-01-1 .37E-01-8.31E-02-4.43E-02-2.0QE-02-2.Q2E-03 &.&lE-04 
-&.33E-01-4.87E-01-3.41E-01-2.22E-01-1.40E-01-8.54E-02-4.&lE-02-2.23E-02-3.9&E-03 &.08E-04 
-&.01E-01-4.&7E-01-3.31E-01-2.18E-01-1.38E-01-8.51E-02-4.&&E-02-2.33E-02-S.1SE-03 5.18E-04 
-5.1QE-01-4.0QE-01-2.Q4E-01-1.Q5E-01-1 .24E-01-7.73E-02-4.30E-02-2.20E-02-S.&3E-03 3.Q&E-04 
-3.Q4E-01-3.13E-01-2.28E-01-1.S2E-01-9.7SE-02-&.09E-02-3.42E-02-1 .78E-02-4.9SE-03 2.&8E-04 
-2.4QE-01-1.98E-01-1.4&E-01-Q.72E-02-&.2&E-02-3.Q3E-02-2.21E-02-1.17E-02-3.38E-03 1.54E-04 
-1.12E-01-8.Q4E-02-&.&OE-02-4.41E-02-2.84E-02-1 .78E-02-1 .01E-02-S.34E-03-1 .S8E-03 &.SQE-OS 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



~--------------------------------------------------------------------------.-----------------------------

3 0.005b2 0.00 3.00E 01 1 .q2E 01 1 .33E 01 q.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.S0E 00 7.50E 00 
2 0.0015b 0.00 3.00E 01 1 .q2E 01 1 .33E 01 q.80E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 I = 13 14 15 10 17 18 113 20 21 22 23 
X = 0.140bq O. 17020 0.113043 0.22547 0.25771 0.2133413 0.33321 0.37500 0.410713 0.45858 0.50037 

0 J Y 
21 0.00312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
113 0.051337 7.50E 00 7.S0E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
18 0.055134 7.50E 00 7.50E 00 7.50r 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
17 0.05344 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
10 0.05078 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 '7.50E 00 7.5lE 00 7.50E 00 7.50E 00 
15 0.04812 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.5uE 00 7.50E 00 7.50E 00 
14 0.04502 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
13 0.04328 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
12 0.040134 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 "'7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
11 0.037113 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
10 0.03437 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50f. 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 

13 0.032113 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
8 0.03031 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
7 0.02b87 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
b 0.02187 7.50E 00 7.50E 00 7.50E 00 7.50E 007.50E 007.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
5 0.01b25 7.50E 00 7.50E 00 7.50E 00 7.50E 007.50E 007.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
4 0.010b2 7.50E 00 7.50E 00 7.50E 00 7.50E 007.50E 007.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
3 0.00502 7.50E 00 7.50E 00 7.50E 00 7.50E 007.50E 007.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 
2 0.0015b 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.50E 00 7.~OE 00 7.50E 00 7.50E 00 
1-0.00150 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*-*-*-*-*-*-*-~-*-*-*-*-*-*-*-*-* 
0 I = 1 2 3 4 5 0 7 8 <3 10 1 1 12 

X = -0.003<33 0.003<33 0.01180 0.02054 0.03023 0.040<3<3 0.052<34 0.00020 0.080<32 0.0<3720 0.1153<3 0.13552 
o J Y 

21 0.Ob250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob002 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1<3 0.05700 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.054&<3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.05211 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.041345 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.04&87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oe 0.00 0.00 0.00 0.00 
14 0.04445 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.04211 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.03<30& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.03578 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.03328 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

<3 0.03125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.028513 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.02437 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& 0.01<30& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.01344 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.00812 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.003513 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0(; 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 I = 13 14 15 1& 17 18 1<3 20 21 22 23 
X = 0.15780 0.182&& 0.2101<3 0.24075 0.27407 0.31232 0.35411 0.3135130 0.4370<3 0.471348 0.52127 



0-

1~3 0.&500E-01 0.q340E-02 0.5000E-02 0.54&8E-03 0.137qE-Ol 0.1005E 08 0.q185E 01-0.1123E-Ol 
154 0.&210E-Ol 0.q05qE-02 0.5000E-02 0.537qE-03 0.134&E-Ol O.qq47E 07 0.ql&4E 01-0.1080E-Ol 
155 0.5q30E-Ol 0.8&80E-02 0.5000E-02 0.4q38E-03 0.1313E-Ol 0.q740E 07 0.q143E 01-0.103QE-Ol 
15& 0.5&5QE-Ol 0.8412E-02 0.5000E-02 0.4847E-03 0.1280E-Ol 0.q7&8E 07 0.q123E 01-0.QQ8&E-02 
157 0.53Q8E-Ol 0.804~E-02 0.5000E-02 0.4450E-03 0.1247E-Ol 0.Q354E 07 0.Ql04E 01-0.Q5Q2E-02 
158 0.5147E-Ol 0.77Q1E-02 0.5000E-02 0.4407E-03 0.1214E-Ol 0.Q02QE 07 0.Q08&E 01-0.Q210E-02 
15q 0.4Q04E-Ol 0.744QE-02 0.5000E-02 0.3Q77E-03 0.1182E-Ol 0.Q027E 07 0.QO&8E 01-0.8835E-02 
1&0 0.4&70E-Ol 0.71Q4E-02 0.5000E-02 0.3Q43E-03 0.114QE-Ol 0.8&12E 07 0.Q051E 01-U.8472E-02 
1&1 0.4443E-Ol 0.&874E-02 0.5000E-02 0.3574E-03 0.1117E-Ol 0.8510E 07 0.Q034E 01-0.8118E-02 
1&2 0.4227E-Ol 0.&&27E-02 0.5000E-02 0.354QE-03 0.1085E-Ol 0.8430E 07 0.Q018E 01-0.7773E-02 
1&3 0.4017E-Ol 0.&325E-02 0.5000E-02 0.3177E-03 0.1053E-Ol 0.8022E 07 0.Q002E 01--0.7438E-02 
1&4 0.3815E-Ol 0.&088E-02 0.5000E-02 0.3181E-03 0.1022E-Ol 0.7807E 07 O.8Q88E 01-0.7113E-02 
1&5 0.3&22E-Ol 0.5804[-02 0.5000E-02 0.2833E-03 0.QQOQE-02 0.783QE 07 0.8Q73E 01-0.&7Q&E-02 
1&& 0.343&E-Ol 0.5581E-02 0.5000E-02 0.2817E-03 0.Q&04E-02 0.7543E 07 0.8Q5QE 01-0.&488E-02 
1&7 0.3258E-Ol 0.5308E-02 0.5000E-02 0.2544E~03 0.q302E-02 0.753qE 07 0.8Q4&E 01-0.&lqOE-02 
1&8 0.3087E-Ol 0.50QQE-02 0.5000E-02 0.24Q2E··03 0.Q005E-02 0.7138E 07 0.8Q33E 01-0.5QOOE-02 
l&Q O.2Q22E-Ol 0.4843E-02 0.5000E-02 0.2282E-03 0.8714E-02 0.7188E 07 0.8Q21E 01-0.5&20E-02 
110 0.27&5E-Ol 0.4&42E-02 0.5000E-02 0.2232E-03 0.842&E-02 0.&757E 07 0.8QOQE 01-0.534QE-02 
171 0.2&15E-Ol 0.4405E-02 0.5000E-02 0.~02QE-03 0.8145E-02 0.&&Q7E 07 0.88q8E 01-0.508&E-02 
172 0.2471E-Ol 0.4217E-02 0.5000E-02 0.2003E-03 0.78&8E-02 0.&53&E 07 0.8887E 01-0.4831E-02 
173 0.2333E-Ol 0.3Q8qE-02 0.5000E-02 0.17&2E-03 0.75q8E-02 0.&100E 07 0.8877E 01-0.458&E-02 
174 0.2201E-Ol 0.381&E-02 0.5000E-02 0.17&qE-03 0.7332E-02 0.&124E 07 0.88&7E 01-0.4348E-02 
175 0.2075E-Ol 0.3&01E-02 0.5000E-02 0.15&5E-03 0.7072E-02 0.5740E 07 0.8857E 01-0.411QE-02 
17& 0.lQ55E-01 0.3440E-02 0.5000E-02 0.157&E-03 0.&817E-02 0.5787E 07 0.8848E 01-0.38q7E-02 
177 0.1840E-Ol 0.3242E-02 0.5000E-02 0.1403E-03 0.&570E-02 0.5513E 07 0.883qE 01-0.3&83E-02 
178 0.1730E-01 0.30qOE-02 0.5000E-02 O.1433F-03 0.&328E-02 0.5520E 07 0.8831E 01-0.3~78E-02 
17q 0.1&2&E-Ol 0.2q07E-02 0.5000E-02 0.1271£-03 0.&OqlE-02 0.5040E 07 0.8823E 01-0.3281E-02 
180 0.152&E-Ol 0.27&5E-02 0.5000E-02 0.1234E-03 0.58&2E-02 0.4882E 07 0.8815E 01-0.30qOE-02 
181 0.1431E-Ol 0.2SqlE-02 0.5000E-02 0.1133E-03 0.5&37E-02 0.4Q57E 07 0.B808E 01-0.2q08E-02 
182 0.1341E-Ol 0.24&5E-02 0.5000E-02 0.108qE-03 0.5418E-02 0.4&87E 07 0.8801E 01-0.2733E-02 
183 0.1255E-Ol 0.230&E-02 0.5000E-02 0.q&QSE-04 0.520&E-02 0.4&25E 07 0.87Q4E 01-0.25&5E-02 
184 0.1174E-Ol 0.218&E-02 0.5000E-02 0.1013E-03 0.5001E-02 0.4&2QE 07 0.8788E 01-0.2404E-02 
185 0.10q&E-Ol 0.2038E-02 0.5000E-02 0.8324E-04 0.47QQE-02 0.4128E 07 0.8782E 01-0.2250E-02 
18& 0.1023E-Ol 0.lQ32E-02 0.5000E-02 0.8520E-04 0.4&04E-02 0.3Q83E 07 O.8777E 01-0.2102E-02 
187 0.Q530E-02 0.17Q&E-02 0.5000E-02 0.7&88E-04 0.441&E-02 0.3842E 07 0.8771E 01-0.lQ&lE-02 
188 0.8877E-02 0.1&Q7E-02 0.5000E-02 0.7&44E-04 0.4232E-02 0.38Q5E 07 0.87&&E 01-0.182&E-02 
18Q 0.8248E-02 0.1571E-02 0.5000E-02 0.&&37E-04 0.4C55E-02 0.353QE 07 0.87&1~ 01-0.1&Q8E-02 
lQO 0.7&58E-02 0.1483E-02 0.5000E-02 0.70Q3E-04 0.3882E-02 0.3405E 07 0.8757E 01-0.157&E-02 
lQl 0.70QQE-02 0.13&8E-02 0.5000E-02 0.5QQ7E-04 0.371&E-02 0.3515E 07 0.8753E 01-0.14&OE-02 
1q2 0.&572E-02 0.1288E-02 0.5000E-02 0.&507E-04 0.3555E-02 0.32&4E 07 0.874QE 01-0.1348E-02 
lq3 0.&075E-02 0.1184[-02 0.5000E-02 0.5&2QE-04 0.3400E-02 0.3271E 07 0.8745E 01-0.1244E-02 
lq4 0.5&04E-02 0.1114E-02 0.5000E-02 0.SQ87E-04 0.324QE-02 0.303QE 07 0.8741E 01-0.1143E-02 
lq5 0.51&4E-02 0.1014E-02 0.5000E-02 0.5340E-04 0.3104E-02 0.281&E 07 0.8738E 01-0.104qE-02 
lq& 0.4750E-02 0.Q538E-03 0.5000E-02 0.&175E-04 0.2Q&5E-02 0.271&E 07 0.8735E 01-0.Q5Q8E-03 
lq7 0.4357E-02 0.8722E-03 0.5000E-02 0.57&4E-04 0.282QE-02 0.27Q1E 07 0.8732E 01-0.8750E-03 
lQ8 0.3QqlE-02 0.8131E-03 0.5000E-02 0.5Q25E-04 0.2&QQE-02 0.2487E 07 0.872QE 01-0.7Q52E-03 
lqQ 0.3&48E-02 0.74&8E-03 0.5000E-02 0.&238E-04 0.2574E-02 0.2&25E 07 0.872&E 01-0.71Q2E-03 
200 0.332&E-02 0.&q53E-03 0.5000E-02 0.5878E-04 0.2453E-02 0.237QE 07 0.8724E 01-0.&48QE-03 

SWIRL CASE WITH LFS = 1 
AND NSBR = 0 

0.0000 0.2007E 03 0.&b42E 03 
0.0000 0.2007E 03 0.&581E 03 
0.0000 0.2008E 03 0.&520E 03 
0.0000 0.2008E 03 0.&4&lE 03 
0.0000 0.2008E 03 0.&402E 03 
0.0000 0.200QE 03 0.&344E 03 
0.0000 0.200QE 03 0.&287E 03 
0.0000 0.200QE 03 0.&230E 03 
0.0000 0.2010E 03 0.&175E 03 
0.0000 0.2010E 03 0.&121E 03 
0.0000 0.2010E 03 0.&0&7E 03 
0.0000 0.2010E 03 0.&014E 03 
0.0000 0.2010E 03 0.5Q&3E 03 
0.0000 0.2011E 03 0.5Q12E 03 
0.0000 0.2011E 03 0.S8&3E 03 
0.0000 0.2011E 03 0.5814E 03 
0.0000 0.2011E 03 0.57&&E 03 
0.0000 0.2011E 03 0.5720E 03 
0.0000 0.201~E 03 0.5&74E 03 
0.0000 0.2011E 03 0.5&30E 03 
0.0000 0.2011E 03 0.558&E 03 
0.0000 0.2011E 03 0.5543E 03 
0.0000 0.2011E 03 0.5502E 03 
0.0000 0.2011E 03 0.54&lE 03 
0.0000 O.2011E 03 0.5422E 03 
0.0000 0.2011E 03 0.5383E 03 
0.0000 0.2011E 03 0.534&E 03 
0.0000 0.2011E 03 0.530QE 03 
0.0000 0.2011E 03 0.5274E 03 
0.0000 0.2011E 03 0.523QE 03 
0.0000 0.2011E 03 0.5205E 03 
0.0000 0.2011E 03 0.5173E 03 
0.0000 0.2011E 03 0.5141E 03 
O~OOOO 0.2011E 03 0.5110E 03 
0.0000 0.2011E 03 0.5080E 03 
0.0000 0.2011E 03 O.5051E 03 
0.0000 0.2011E 03 0.5023E 03 
0.0000 0.2011E 03 0.4QQ&E 03 
0.0000 0.2011E 03 0.4Q70E 03 
0.0000 0.2011E 03 0.4Q44E 03 
0.0000 0.2011E 03 0.4~1QE 03 
0.0000 0.2011E 03 0.4SQ5E 03 
0.0000 0.2010E 03 0.4872E 03 
0.0000 0.2010E 03 0.4850E 03 
0.0000 0.2010E 03 0.482QE 03 
0.0000 0.2010E 03 0.4808E 03 
0.0000 0.2010E 03 0.4788E 03 
0.0000 0.2010E 03 0.47&8E 03 



o 

8 0.03031 4.4qE 05 q.qOE 04 3.74E 04 2.11E 04 1.b4E 04 1.54E 04 1.52E 04 1.45E 04 1 .31E 04 1.lbE 04 1.07E 04 1 .OOE 04 
70.02b87 4.4qE 05 8.07E 04 2.12E 04 7.2qE 03 3.21E 03 1.85E 03 1.40E 03 1 .3qE 03 1.q7E 03 3.08E 03 4.44E 03 5.58E 03 
b 0.02187 4.4qE 05 8.07E 04 2.12E 04 7.24E 03 3.00E 03 1.44E 03 7.b&E 02 4.4qE 02 3.0qE 02 2.b4E 02 3.35E 02 8.03E 02 
5 0.01&25 4.4QE 05 8.07E 04 2.12E 04 7.2bE 03 3.01E 03 1.44E 03 7.b7E 02 4.41E 02 2.70E 02 1.73E 02 1.23E 02 1.10E 02 
40.010E,2 4.4QE 05 8.07E 04 2.12E 04 7.27E 03 3.02E 03 1.44E 03 7.b8E 02 4.42E 02 2.70E 02 1 .73E 02 1 .15E 02 7.80E 01 
30.005b2 4.4QE 05 8.07E 04 2.13E 04 7.27E 03 3.02E 03 1.44E 03 7.bQE 02 4.43E 02 2.70E 02 1.73E 02 1.15E 02 7.80E 01 
2 0.0015& 4.4QE OS 8.07E 04 2.13E 04 7.27E 03 3.02E 03 1.45E 03 7.bQE 02 4.43E 02 2.71E 02 1 .73E 02 1.15E 02 7.81E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 lb 17 18 lq 20 21 22 23 
X = 0.1578b 0.182bb 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437bq 0.47q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.03E 03 2.1QE 03 2.15E 03 1.q3E 03 1.b2E 03 1 .31E 03 1.02E 03 7.Q3E 02 b.lbE 02 4.77E 02 4.4qE 05 
lq 0.05Q37 2.18E 03 2.27E 03 2.15E 03 1.S8E 03 1.54E 03 1.22E 03 q.41E 02 7.21E 02 5.55E 02 4.28E 02 4.4QE 05 
180.055Q4 2.88E 03 2.87E 03 2.&lE 03 2.18E 03 1.74E 03 1.33E 03 Q.q8E 02 7.48E 02 5.b4E 02 4.31E 02 4.4qE 05 
17 0.05344 3.&3E 03 3.52E 03 3.11E 03 2.55E 03 1.qSE 03 ~ .48E 03 1.0qE 03 8.01E 02 5.qbE 02 4.50E 02 4.4QE 05 
1& 0.05078 4.5QE 03 4.3bE 03 3.77E 03 3.02E 03 2.30E 03 1.&~E 03 1.22E 0: a.78E 02 b.42E 02 4.80E 02 4.4QE 05 
15 0.04812 5.71E 03 5.31E 03 4.52E 03 3.57E 03 2.bSE 03 1.q3E 03 1.3bE 03 q.bqE 02 b.q8E 02 5.1&E 02 4.4QE 05 
14 0.045&2 &.85E 03 &.28E 03 5.27E 03 4.13E 03 3.0bE 03 2.18E 03 1 .52E 03 1.0bE 03 7.5bE 02 5.54E 02 4.4qE 05 
13 0.04328 7.Q7E 03 7.20E 03 5.QQE 03 4.b&E 03 3.43E 03 2.42E 03 1.b7E 03 1 .1bE OJ 8.13E 02 5.qlE 02 4.4QE 05 
120.040Q4 Q.OSE 03 8.07E 03 b.&7E 03 S.lbE 03 3.7QE 03 2.bbE 03 1.82E 03 1.25E 03 8.71E 02 b.28E 02 4.4QE 05 
11 0.0371Q 1 .03E 04 Q.08E 03 7.4QE 03 5.83E 03 4.30E 03 3.02E 03 2.05E 03 1 .3qE 03 q.b2E 02 b.8bE 02 4.4QE 05 
10 0.03437 1.07E 04 9.3&E 03 7.7QE 03 b.14E 03 4.58E 03 3.24E 03 2.21E 03 1.4QE 03 1.03E 03 7.28E 02 4.4QE 05 
Q 0.0321Q 1.03£ 04 Q.13E 03 7.74E 03 &.21E 03 4.71E 03 3.3bE 03 2.31E 03 1.5bE 03 1.07E 03 7.58E 02 4.4QE 05 
8 0.03031 Q.38E 03 8.57E 03 7.47E 03 b.14E 03 4.75E 03 3.44E 03 2.31E 03 1 .blE 03 1 .10E 03 7.80E 02 4.4QE 05 
7 0.02&87 &.34E 03 &.&4E 03 b.3QE 03 5.bbE 03 4.b2E 03 3.47E 03 2.45E 03 1.b8E 03 1.15E 03 8.15E 02 4.4QE 05 
& 0.02187 1 .78E 03 2.Q4E 03 3.87E 03 4.22E 03 3.QbE 03 3.2bE 03 2.43E 03 1 .72E 03 1.20E 03 8.51E 02 4.4QE 05 
5 0.01&25 2.03E 02 b.52E 02 1.47E 03 2.32E 03 2.80E 03 2.72E 03 2.2SE 03 1.bQE 03 1.21E 03 8.70E 02 4.4QE 05 
4 0.010&2 b.SbE 01 1.02E 02 3.Q4E 02 1 .02E 03 1.74E 03 2.10E 03 1.Q8E 03 1.bOE 03 1.20E 03 8.72E 02 4.4QE 05 
3 0.005&2 5.42E 01 4.&5£ 01 1.0QE 02 4.74E 02 1.13E 03 1.b7E 03 1 .7bE 03 1.52E 03 1 .17E 03 8.b7E 02 4.4QE 05 
2 0.0015& 5.43E 01 3.87E 01 4.81E 01 2.58E 02 8.10E 02 1.40E 03 1 .blE 03 1.45E 03 1 .15E 03 8.bOE 02 4.4QE 05 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAM FUNCTION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01b17 0.0253Q 0.035bl 0.04bQ7 0.05Q57 0.0735b 0.08QOQ 0.10b32 0.12545 
o J Y 

21 0.0&312 
20 0.0&187 
lQ 0.OSQ37 
18 0.OSSQ4 
17 0.05344 
lb 0.05078 
15 0.04812 
14 0.04Sb2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02&87 
& 0.02187 
S 0.01&2S 
4 0.010b2 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 1.00E 00 1.01E 00 1 .01E OC 1 .01E 00 1 .01E 00 1 .01E 00 1 .01E 00 
0.00 0.00 0.00 0.00 0.00 1.03E 00 1.04E 00 1.0SE 00 1.0bE 00 1.0bE 00 1 .0bE 00 1.0&E 00 
0.00 0.00 0.00 0.00 0.00 1.05E 00 1.08E 00 1 .10E 00 1 .11E 00 1 .11E 00 1 .11E 00 1 .11E 00 
0.00 0.00 0.00 0.00 1.01E 00 1.07E 00 1.11E 00 1 .13E 00 1 .14E 00 1 .14E 00 1 .14E 00 1 .13E 00 
0.00 0.00 0.00 0.00 1.03E 00 1.0QE 00 1 .13E 00 1 .15E 00 1 .1bE 00 1 .17E 00 1 .1&E 00 1 .15E 00 
0.00 0.00 0.00 0.00 1.05E 00 1.10E 00 1 .14E 00 1 .1bE 00 1 .17E 00 1 .18E 00 1 .17E 00 1 .15E 00 
0.00 0.00 0.00 1.01E 00 1.0bE 00 1.11E 00 1 .1SE 00 1 .17E 00 1 .18E 00 1 .18E 00 1 .17E 00 1 .14E 00 
0.00 0.00 0.00 1.03E 00 1.07E 00 1.12E 00 1 .14E 00 1 .1&E 00 1 .17E 00 1 .1&E 00 1 .1SE 00 1 .12E 00 
0.00 0.00 0.00 1 .04E 00 1.08E 00 1 .11E 00 1 .13E 00 1 .14E 00 1 .1SE 00 1 .14E 00 1 .12E 00 1.0QE 00 
0.00 0.00 1.02E 00 1 .0bE 00 1.07E 00 1.0QE 00 1.0QE 00 1.0QE 00 1.0QE 00 1.07E 00 1.0SE 00 1 .01E 00 
0.00 0.00 1.03E 00 1.04E 00 1.04E 00 1.04E 00 1 .03E 00 1.03E 00 1.02E 00 1.00E 00 Q.7SE-Ol Q.38E-01 
0.00 0.00 1.00E 00 Q.Q4E-Ol Q.8SE-01 Q.77E-Ol Q.b8E-Ol Q.SQE-Ol Q.4bE-Ol Q.2QE-Ol Q.03E-01 8.&8E-01 
0.00 Q.41E-Ol Q.28E-Ol Q.18E-01 Q.l0E-Ol Q.03E-Ol 8.QSE-Ol 8.8bE-Ol 8.74E-Ol 8.57E-Ol 8.33E-Ol 8.00E-Ol 
0.00 7.40E-Ol 7.37E-Ol 7.3SE-Ol 7.33E-Ol 7.31E-Ol 7.2QE-Ol 7.2SE-Ol 7.17E-Ol 7.05E-Ol b.88E-Ol b.b3E-Ol 
0.00 4.QOE-Ol 4.8QE-Ol 4.87E-Ol 4.8bE-Ol 4.8bE-Ol 4.8SE-Ol 4.84E-Ol 4.82E-Ol 4.77E-Ol 4.70E-Ol 4.58E-Ol 
0.00 2.70E-Ol 2.70E-Ol 2.bQE-Ol 2.bQE-Ol 2.b8E-Ol 2.b8E-Ol 2.b7E-Ol 2.bbE-Ol 2.b4E-Ol 2.blE-Ol 2.S&E-Ol 
0.00 1.lbE-Ol 1.lSE-Ol 1.lSE-Ol 1.lSE-Ol 1.1SE-Ol 1.lSE-Ol 1.14E-Ol 1.14E-Ol 1.13E-Ol 1.11E-01 1.10E-01 



i 

b 0.17S00 1.b8E-02 2.4~E-02 3.23E-02 3.73E-02 3.8bE-02 3.b4E-02 3.18E-02 2.&SE-02 2.17E-02 1.78E-02 3.00E-02 
S 0.13000 4.3~E-03 1.02E-02 1.81E-02 2.&OE-02 3.14E-02 3.2qE-02 3.0&E-02 2.&5E-02 2.20E-02 1.82E-02 3.00E-02 
40.08S00 b.03E-04 2.8SE-03 8.0bE-03 1.58E-02 2.3&E-02 2.84E-02 2.88E-02 2.&OE-02 2.20E-02 1.83E-02 3.00E-02 
30.04S00 2.23E-04 S.51E-04 3.22E-03 q.4qE-03 1 .82E-02 2.52E-02 2.73E-02 2.55E-02 2.1qE-02 1.84E-02 3.00E-02 
20.012S0 2.23E-04 1.q7E-04 1.4qE-03 7.1&E-03 1 .&lE-02 2.3qE-02 2.&7E-02 2.53E-02 2.1qE-02 1 .84E-02 3.00E-02 
1-0.012S0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 2 3 4 5 & 7 8 q 10 11 12 13 

X = 0.003q3 0.01180 0.02054 0.03023 0.040qq O.052q4 0.0&&20 0.080q2 0.Oq72& 0.1153q 0.13552 0.1578& 
o J Y 

21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
1q 0.OS~37 0.00 0.00 0.00 1.q8E-Ol 3.04E-Ol 3.22E-01 3.37E-01 3.4qE-01 3.&2E-01 3.7&E-01 3.8qE-01 4.01E-01 
18 0.OS5~4 0.00 0.00 0.00 1.q8E-01 3.85E-01 4.12E-01 4.33E-01 4.53E-01 4.7&E-01 5.04E-01 5.34E-01 5.b8E-01 
170.0S344 0.00 0.00 5.10E-02 2.&&E-01 4.01E-01 4.21E-01 4.3qE-01 4.5qE-01 4.85E-01 5.17E-01 5.54E-01 5.q8E-01 
1& 0.OS078 0.00 0.00 1.78E-01 3.12E-01 3.q8E-Ol ~.07E-01 4.23E-01 4.44E-01 4.71E-01 5.0&E-Ol 5.4qE-01 &.00E-01 
15 0.04812 0.00 0.00 1.78E-01 3.32E-01 3.72E-Ol 3.75E-01 3.q2E-01 4.15E-01 4.4&[-01 4.84E-01 5.32E-Ol 5.88E-01 
14 0.045&2 0.00 5.10E-02 2.23E-01 3.25E-Ol 3.24E-Ol 3.32E-01 3.54F.-01 3.83E-01 4.1&E-01 4.5qE-01 5.10E-01 5.70E-01 
13 0.04328 0.00 1.&OE-Ol 2.&4E-Ol 2.&qE-01 2.&7E-01 2.88E-Ol 3.1&E-01 3.4qE-Ol 3.87E-01 4.32E-01 4.87E-01 5.51E-01 
120.040q4 0.00 1.&OE-Ol 2.37E-01 2.07E-01 2.24E-01 2.4QE-01 2.80E-01 3.1&E-Oi 3.5&E-01 4.04E-01 4.&3E-01 5.30E-01 
11 0.0371Q 7.&4E-02 1.18E-Ol 1.53E-Ol 1.&7E-01 1.82E-01 2.03E-01 2.31E-01 2.&&E-01 3.07E-01 3.&OE-01 4.23E-01 4.Q&E-01 
10 0.03437 1.&OE-01 1.35E-01 1.3&E-Ol 1.40E-01 1.50E-01 1.&8E-Ol 1.94E-01 2.28E-Ol 2.70E-01 3.25E-01 3.Q4E-Ol 4.72E-01 
~ 0.0321Q 1.&OE-01 1.14E-Ol 1.08E-Ol 1.11E-Ol 1.23E-01 1.44E-Ol 1.71E-Ol 2.03E-Ol 2.45E-Ol 3.03E-01 3.74E-01 4.57E-Ol 
8 0.03031 8.22E-03 1.83E-02 3.Q8E-02 7.22E-02 1.0&E-Ol 1.34E-Ol 1.58E-Ol 1.8&E-Ol 2.2QE-Ol 2.QOE-Ol 3.&3E-Ol 4.47E-Ol 
7 0.02&87 5.2&E-03 &.13E-03 7.54E-03 1.07E-02 2.04E-02 4.Q3E-02 1.22E-Ol 2.17E-Ol 2.88E-01 3.28E-01 3.71E-01 4.44E-01 
& 0.02187 5.2&E-03 &.13E-03 7.37E-03 8.88E-03 1.0&E-02 1.25E-02 1.57E-02 2.8QE-02 Q.Q4E-02 3.58E-01 5.21E-01 5.2QE-01 
5 0.01&25 5.2&E-03 &.13E-03 7.37E-03 8.88E-03 1.0bE-02 1.25E-02 1.45E-02 1.&&E-02 1.8QE-02 3.08E-02 1.74E-01 &.18E-Ol 
4 0.010&2 5.2&E-03 &.13E-03 7.37E-03 8.88E-03 1.0&E-02 1.25E-02 1.45E-02 1.&&E-02 1 .8QE-02 2.13E-02 2.38E-02 Q.77E-02 
3 0.005&2 5.2&E-03 &.13E-03 7.37E-03 8.88E-03 1.0&[-02 1.25E-02 1.45E-02 1.&&E-02 1 .8QE-02 2.13E-02 2.38E-02 2.&5E-02 
2 0.0015& 5.2&E-03 &.13E-03 7.37E-03 8.88E-03 1.0&E-02 1.25E-02 1.45E-02 1.&&E-02 1 .aQE-02 2.13E-02 2.38E-02 2.&5E-02 

o I = 14 15 1& 17 18 1Q 20 21 22 23 
X = 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.54E-02 5.00E-03 
lQ 0.05Q37 4.12E-Ol 4.20E-Ol 4.2&E-Ol 4.2QE-Ol 4.dQE-Ol 4.2&E-Ol 4.1QE-Ol 4.12E-Ol 4.03E-Ol 5.00E-03 
180.055Q4 &.03E-Ol &.3&E-Ol &.&5E-Ol &.8QE-Ol 7.05E-Ol 7.13E-Ol 7.14E-Ol 7.11E-Ol 7.04E-Ol 5.00E-03 
17 0.05344 &.4&E-Ol &.Q3E-Ol 7.38E-Ol 7.78E-Ol 8.0QE-Ol 8.30E-Ol 8.42E-01 8.47E-Ol 8.47E-Ol 5.00E-03 
1& 0.05078 &.5&E-Ol 7.15E-Ol 7.72E-Ol 8.25E-Ol 8.71E-Ol Q.05E-Ol Q.2QE-Ol Q.45E-Ol Q.54E-Ol 5.00E-03 
15 0.04812 &.51E-Ol 7.1&E-Ol 7.82E-Ol 8.45E-Ol Q.02E-Ol Q.4QE-Ol Q.84E-Ol 1.01E 00 1 .03E 00 5.00E-03 
14 0.045&2 &.38E-Ol 7.0QE-Ol 7.80E-Ol 8.51E-01 Q.l&E-Ol Q.72E-Ol 1.02E 00 1.05E 00 1.08E 00 5.00E-03 
13 0.04328 &.22E-Ol &.Q7E-Ol 7.74E-Ol 8.50E-Ol Q.21E-Ol Q.84E-Ol 1.04E 00 1.08E 00 1 .11E 00 5.00E-03 
120.040Q4 &.05E-Ol &.84E-Ol 7.&5E-Ol 8.45E-Ol Q.22E-Ol Q.QOE-Ol 1.05E 00 1 .10E 00 1 .14E 00 5.00E-03 
11 0.0371Q 5.78E-Ol &.&3E-Ol 7.50E-01 8.3&E-Ol Q.1QE-Ol Q.Q4E-Ol 1.0bE 00 1 .ilE 00 1 .1&E 00 5.00E-03 
10 0.03437 5.58E-Ol &.48E-Ol 7.3QE-Ol 8.28E-Ol Q.15E-Ol Q.Q4E-Ol 1.0&E 00 1 .12E 00 1 .18E 00 5.00E-03 
Q 0.0321Q 5.4&E-Ol &.3~E-Ol 7.32E-Ol 8.24E-Ol Q.13E-Ol Q.Q5E-Ol 1.07E 00 1 .13E 00 1 .18E 00 5.00E-03 
8 0.03031 5.38E-Ol &.32E-Ol 7.27E-Ol 8.21E-Ol Q.12E-Ol Q.Q5E-Ol 1.07E 00 1.13E 00 1 .1QE 00 5.00E-03 
7 0.02&87 5.32E-Ol &.27E-Ol 7.24E-Ol 8.1QE-Ol Q.12E-Ol Q.Q7E-Ol 1.07E 00 1 .14E 00 1.20E 00 5.00E-03 
& 0.02187 5.75E-Ol &.50E-Ol 7.3&E-Ol 8.27E-Ol Q.20E-0' 1.01E 00 1.08E 00 1 .15E 00 1 .20E 00 5.00E-03 
5 0.01&25 &.8&E-Ol 7.1&E-01 7.7QE-Ol 8.58E-Ol Q.4&E-Ol 1.03E 00 1 .10E 00 1.1&E 00 1 .22E 00 5.00E-03 
4 0.010&2 &.42E-Ol 7.Q3E-Ol 8.35E-Ol Q.01E-Ol Q.85E-Ol 1.07E 00 1 .13E 00 1 .18E 00 1 .23E 00 5.00E-03 
30.005b2 1.20E-Ol 7.23E-Ol 8.43E-Ol Q.40E-Ol 1.03E 00 1.11E 00 1.1&E 00 1.20E 00 1 .24E 00 5.00E-03 
2 0.0015& 3.0QE-02 5.14E-Ol 1.02E 00 1.0QE 00 1 .14E 00 1.17E 00 1 .1QE 00 1.22E 00 1 .25E 00 5.00E-03 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS EFF. VISCOSITY -*-*-*-*-*-*-*-*-t-*-*-*-*-*-*-*-* 

L. __________________________________________________________________ ~ 



4& 0.&q25E 00 0.2280E 00 0.5048E 00 0.lq7&E 00 0.1081E 00 0.3&31E 10 0.8505E 01-0.1121E-Ol 0.q2q3E-Ot 0.q&15E 03 0.3&80E 03 
47 0.&78&E 00 0.2054E 00 0.5010E 00 0.lq17E 00 0.10&2E 00 0.3210E 10 0.84q5E 01-0.1127E-Ol 0.Q&5qE-Ol 0.q&08E 03 0.3&3qE 03 
48 0.&&14E 00 0.2040E 00 0.4Q8qE 00 0.1857E 00 0.1043E 00 0.28q5E 10 0.8483E 01-0, 112QE-Ol 0.1003E 00 O.q&O&E 03 O.35q8E 03 
4Q 0.&44QE 00 0.1847E 00 0.4Q72E 00 0.1850E 00 0.1020E 00 0.2728E 10 0.8472E 01-0.1133E-Ol 0.1041E 00 O.q&O&E 03 0.3557E 03 
50 0.&235E 00 0.1837E 00 0.4q47E 00 0.175&E 00 0.qq25E-Ol 0.25&2E 10 0.84&OE 01-0.1134E-Ol 0.10aOE 00 0.q&05E 03 0.3515E 03 
51 0.&035E 00 0.1&54E 00 0.4q33E 00 0.1&70E 00 0.q&18E-Ol 0.23&&E 10 0.8448E 01-0.1137E-Ol 0.1120E 00 0.q&12E 03 0.3474E 03 
52 0.5807E 00 0.l'&51E 00 0.4Q12E 00 0.1&75E 00 0.q31&E-Ol 0.2113E iO 0.8435E 01-0.1137E-Ol 0.11&2E 00 O.q&OqE 03 0.3432E 03 
53 0.55Q8E 00 0.14Q2E 00 0.4888E 00 0.1&27E 00 0.8q80E-Ol O.lqlqE 10 0.8423E 01-U.113qE-Ol 0.1204E 00 0.q&17E 03 0.33qOE 03 
54 0.5378E 00 0.148&E 00 0.48&5E 00 0.1574E 00 0.8&18E-Ol 0.1785E 10 0.8410E 01-0.1140E-Ol O.1248E 00 0.q&15E 03 0.334QE 03 
55 0.517&E 00 0.1342E 00 0.4842E 00 0.1517E 00 0.8257E-Ol 0.1&55E 10 0.83q7E 01-0.1141E-Ol 0.12q3E 00 0.q&21E 03 0.3307E 03 
5& 0.4Q&8E 00 0.1348E 00 0.481qE 00 0.14q8E 00 0.7885E-Ol 0.1528E 10 0.8383E 01-·0.1143E-Ol 0.1340E 00 0.q&18E 03 0.32&&E 03 
57 0.47q3E 00 0.1234E 00 0.480&E 00 0.143&E 00 0.7523E-Ol 0.1388E 10 0.83&qE 01-0.1145E-Ol 0.1388E 00 0.q&21E 03 0.3224E 03 
58 0.4&03E 00 0.1251E 00 0.4785E 00 0.1388E 00 0.71&3E-Ol 0.1255E 10 0.835&E 01-0.114qE-Ol 0.143qE 00 0.q&1qE 03 0.31e3E 03 
5q 0.4442E 00 0.1151E 00 0.47&8E 00 0.13&OE 00 0.&813E-01 0.1137E 10 0.8342E 01-0.1151E-01 0.14q2E 00 0.q&20E 03 0.3142E 03 
bO 0.4274E 00 0.11&3E 00 0.4755E 00 0.1351E 00 0.&4&7E-01 0.1035E 10 0.8327E 01-0.1157E-01 0.1547E 00 0.q&14E 03 0.3101E 03 
&1 0.4133E 00 0.10&4E 00 0.4735E 00 0.1352E 00 0.&138E-Ol 0.Q30QE OQ 0.8313E 01-0.11&1E-Ol 0.1&05E 00 0.Q&11E 03 0.30&1E 03 
&2 0.3Q81E 00 0.1070E 00 0.4710E 00 0.1337E 00 0.5814E-01 O.8278E OQ 0.82Q8E 01-0.11&QE-01 O.l&&&E 00 O.Q&03E 03 0.3021E 03 
&3 0.3857E 00 0.Q81QE-Ol 0.4&8&E 00 0.1343E 00 0.54QQE-Ol 0.7283E Oq 0.8283E 01-0.117&E-01 0.1730E 00 0.Q5Q8E 03 0.2Q81E 03 
&4 0.3727E 00 0.Q8&OE-Ol 0.4&&2E 00 0.1331E 00 0.518QE-01 0.&3&8E OQ 0.82&7E 01-0.1187E-Ol 0.17Q8E 00 0.Q5~OE 03 0.2Q43E 03 
&5 0.3&18E 00 0.Q017E-Ol 0.4&33E 00 0.1330E 00 0.48Q3E-Ol 0.5534E OQ 0.8252E 01-0.11Q7E-Ol 0.1870E 00 0.Q58&E 03 0.2QO&E 03 
&& 0.34Q&E 00 0.Q072E-Ol 0.4&03E 00 0.1317E 00 0.4&05E-Ol 0.478&E OQ 0.823&E 01-0.1211E-Ol 0.lQ4&E 00 0.Q57QE 03 0.28&Qf 03 
&7 0.33Q2E 00 0.8383E-Ol 0.4571E 00 O.1320E 00 0.4332E-Ol 0.4112E OQ 0.8220E 01-0.1225E-Ol 0.2027E 00 0.Q577E 03 0.2834~ 03 
&8 0.327QE 00 0.84~3E-Ol 0.4541E 00 0.1302E 00 0.40&8E-Ol 0.3511E OQ 0.8203E 01-0.1244E-Ol 0.2113E 00 0.Q573E 03 0.2801E 03 
&q 0.318&E 00 0.7QOqE-Ol 0.450&E 00 0.12Q1E 00 0.3807E-Ol 0.2Q&7E OQ 0.818&E 01-0.12&2E-Ol 0.2205E 00 0.Q572E 03 0.27&YE 03 
70 0.3082E 00 0.8038E-Ol 0.4471E 00 0.12&lE 00 0.3551E-Ol 0.248&E OQ 0.81&qE 01-0.1285E-Ol 0.2304E 00 0.Q5&QE 03 0.2740E 03 
71 0.2qq2E 00 0.752&E-Ol 0.4434E 00 0.124&E 00 0.3311E-Ol 0.20&OE OQ 0.8151E 01-0.1~OqE-Ol 0.240QE 00 0.Q5&8E 03 0.2713E 03 
72 0.28qlE 00 0.7&32E-Ol 0.43Q&E 00 0.121&E 00 0.3082E-Ol 0.1&8&E Oq 0.8133E 01-0.1338E-Ol 0.2522E 00 O.Q5&5E 03 0.2&8~E 03 
73 0.2805E 00 0.71Q4E-Ol 0.43&OE 00 0.1201E 00 0.2858E-Ol 0.13&OE OQ 0.8114E 01-0.13&7E-Ol 0.2&44E 00 0.Q5&5E 03 O.2&&QE 03 
74 0.270qE 00 0.72qlE-01 0.4321E 00 0.1170E 00 0.2&4&E-Ol 0.1070E Oq 0.80Q5E 01-0.1401E-01 0.2775E 00 0.Q5&2E 03 0.2&51E 03 
75 0.2&27E 00 0.&8q8E-Ol 0.4283E 00 0.114SE 00 0.2447E-Ol 0.82qOE 08 0.8075E 01-0.143&E-Ol 0.2Q15E 00 O.95&2E 03 0.2&38E 03 
7& 0.253QE 00 0.&Q&4E-Ol 0.4245E 00 0.110QE 00 0.2255E-Ol 0.7230E 08 0.8054E 01-0.1477E-Ol 0.30&7E 00 0.Q55QE 03 0.2&28E 03 
77 0.24&3E 00 0.&&10E-Ol 0.420QE 00 0.1083E 00 0.207QE-Ol 0.7008E 08 0.8033E 01-0.1518E-Ol 0.3231E 00 0.Q55QE 03 0.2&23E 03 
78 0.2382E 00 0.&&84E-Ol 0.4172E 00 0.1054E 00 0.lQ21E-01 0.&881E 08 0.8010E 01-0.15&5E-Ol 0.3407E 00 0.Q557E 03 0.2&23E 03 
7Q 0.2312E 00 0.&375E-Ol 0.4135E 00 0.1032E 00 0.1787E-01 0.&74QE 08 0.7Q87E 01-0.1&12E-Ol 0.35Q8E 00 0.Q557E 03 0.2&28E 03 
80 0.2235E 00 0.&411E-Ol 0.40Q7E 00 0.100&E 00 0.1&&5E-Ol 0.&SQ1E 08 0.7Q&4E 01-0.1&&3E-Ol 0.3803E 00 0.Q55&E 03 0.2&37E 03 
81 0.21&8E 00 0.&081E-Ol 0.40&OE 00 0.Q883E-Ol 0.1570E-Ol 0.&473E 08 0.7Q3QE 01-0.171&E-Ol 0.4025E 00 0.Q55&E 03 0.2&53E 03 
82 0.20Q4E 00 0.&053E-01 0.4022E 00 0.Q&75E-Ol 0.14Q4E-Ol 0.&3&4E 08 0.7Q13E 01-0.1772E-Ol 0.42&4E 00 0.Q554E 03 0.2&73E 03 
83 0.2031E 00 0.572QE-Ol 0.3Q83E 00 0.Q52&E-Ol 0.1425E-Ol 0.&241E 08 0.788&E 01-0.182QE-01 0.4522E 00 0.Q553E 03 0.2&QQE 03 
84 0.lQ&2E 00 0.5&80E-Ol 0.3Q43E 00 0.Q357E-Ol 0.13&3E-Ol 0.&0&5E 08 0.7858E 01-0.188QE-Ol 0.47qqE 00 0.q550E 03 0.2730E 03 
85 0.lQ02E 00 0.540&E-Ol 0.3q01E 00 0.Q250E-Ol 0.130&E-Ol 0.5883E 08 0.782qE 01-0.lq48E-Ol 0.50Q8E 00 0.q54QE 03 0.27&&E 03 
8& 0.183&E 00 0.5350[-01 0.3858E 00 0.q121E-Ol 0.1257E-Ol 0.5743E 08 0.77q8E 01-0.2010E-Ol 0.5420E 00 0.Q54&E 03 0.2808E 03 
87 0.1777E 00 0.511QE-Ol 0.3815E 00 0.Q057E-Ol 0.1208E-Ol 0.5&51E 08 0.77&&E 01-0.2070E-Ol 0.57&&E 00 0.Q544E 03 0.2854E 03 
88 0.17'3E 00 0.5078E-Ol 0.37&QE 00 0.8Q57E-Ol 0.11&3E-Ol 0.5588E 08 0.7733E 01-0.2132E-Ol 0.&13&E 00 0.Q542E 03 0.2Q05E 03 
8Q 0.1&55E 00 0.4Q15E-Ol 0.3723E 00 0.88Q&E-Ol 0.1118E-01 0.5530E 08 0.7&QQE 01-0.21Q2E-Ol 0.&534E 00 0.Q540E 03 0.2Q&OE 03 
QO 0.15Q3E 00 0.48&8E-Ol 0.3&77E 00 0.884&E-Ol 0.107&E-Ol 0.5378E 08 0.7&&3E 01-0.2251E-Ol 0.&Q5QE 00 0.Q537E 03 0.3018E 03 
Ql 0.1540E 00 0.475QE-Ol 0.3&28E 00 0.8840E-Ol 0.1037E-Ol 0.5223E 08 0.7&2&E 01-0.2307E-01 0.7412E 00 0.Q535E 03 0.3080E 03 
q2 0.1485E 00 0.4704E-01 0.3577E 00 0.882&E-01 0.1000E-Ol 0.4Q87E 08 0.7588E 01-0.23&2E-01 0.78Q5E 00 0.Q532E 03 0.3145E 03 
Q3 0.143&E 00 0.4&22E-Ol 0.3523E 00 0.8788E-Ol 0.Q&3QE-02 0.4733E 08 0.7548E 01-0.2412E-Ol 0.840QE 00 0.Q531E 03 0.3213E 03 
Q4 0.1387E 00 0.455&E-Ol 0.34&8E 00 0.874&E-Ol 0.Q31~E-02 0.4433E 08 0.7507E 01-0.245QE-Ol 0.8Q54E 00 0.Q528E 03 0.3282E 03 
Q5 0.1342E 00 0.4501E-01 0.3410E 00 0.8&85E-Ol 0.8QQ8E-02 0.413QE 08 0.74&5E 01-0.2500E-01 0.Q530E 00 0.Q527E 03 0.3353E 03 
Q& 0.12Q2E 00 0.4435E-Ol 0.3351E 00 0.8&00E-01 0.8&85E-02 0.3818E 08 0.7422E 01-0.2538E-01 0.1014E 0: 0.Q525E 03 0.3425E 03 
Q7 0.124&E 00 0.4417E-Ol 0.32QOE 00 0.8507E-Ol 0.83~OE-02 0.352QE 08 0.7378E 01-0.25&QE-Ol 0.1078E 01 0.Q523E 03 0.34Q8E 03 
Q8 0.11QQE 00 0.4344E-01 0.3228E 00 0.8385E-Ol 0.8128E-02 0.3222E 08 0.7332E 01-0.25Q5E-01 0.1145E 01 0.Q522E 03 0.3571E 03 
QQ 0.115&E 00 0.4337E-Ol 0.31&4E 00 0.8253E-01 0.788QE-02 0.2Ql&E 08 0.7287E 01-0.2&13E-Ol 0.121&E 01 0.Q521E 03 0.3&43E 03 



o 

17 0.05344 
10 0.05078 
15 0.04812 
14 0.04502 
13 0.04328 
12 0.040q4 
11 0.0371q 
10 0.03437 
q 0.0321q 
8 0.03031 
7 0.02087 
o 0.02187 
5 0.01025 
4 0.01002 
3 0.00502 
2 0.00150 
1-0.00150 

I = 
X = 

0.00 0.00 0.00-2.07E-02-1 .OQE-02-1 .48E-02 4.33E-03 1.44E-02 1.00E-02 1.4bE-02 1.41E-02 1.b7E-02 
0.00 0.00 0.00-1 .QbE-02-1 .5QE-02-1.18E-02 5.10E-03 1.3bE-02 1.42E-02 1.25E-02 1.25E-02 1.55E-02 
0.00 0.00 0.00-1.03E-02-1 .70E-02-Q.b2E-03 5.71E-03 1.24E-02 1.21E-02 1.03E-02 1 .10E-02 1.42E-02 
0.00 0.00-2.75E-02-1.23E-02-1 .57E-02-7.81E-03 5.81E-03 1.0bE-02 Q.52E-03 8.3&E-03 Q.82E-03 1.24E-02 
0.00 O.00-2.31E-02-1.Q4E-02-1.&lE-02-b.8QE-03 5.05E-03 8.37E-03 &.71E-03 b.78E-03 8.34E-03 Q.Q5E-03 
0.00 0.00-1.08E-02-2.0&E-02-1 .bQE-02-b.84E-03 3.53E-C3 5.35E-03 4.41E-03 5.28E-03 5.Q3E-03 b.12E-03 
0.00-5.70E-03-1.12E-02-2.21E-02-2.02E-02-Q.04E-03-1.1Q[-0J-l.27E-04 b.Q5E-04 1.45E-03-4.84E-04-2.2&E-03 
0.00-2.45E-03-1.8&E-02-2.82E-02-2.4QE-02-1.25E-02-5.3QE-03-5.07E-03-2.48E-03-3.50E-03-7.42E-03-1 .0&E-02 
0.00 &.50E-03-2.31E-02-3.54E-02-3.01E-02-1 .71E-02-1 . 12E-02-8.84E-03-b.55E-03-8.Q5E-03-1 .40E-02-1 .83E-02 
0.00 3.0&E-03-3.01E-02-4.2QE-02-3.b4E-02-2.31E-02-1 .5bE-02-1 .28E-02-1 .OQE-02-·1 .44E-02-2.03E-02-2.57E-02 
0.00-2.45E-02-4.78E-02-b.00E-02-4.87E-02-3.01E-02-2.7bE-02-2.23E-02-2.1bE-02-2.bQE-02-3.42E-02-4.0bE-02 
0.00-5.Q1E-02-7.73E-02-8.72E-02-7.00E-02-5.8QE-02-4.7QE-02-4.15E-02-4.34E-02-5.00E-02-5.71E-02-b.47E-02 
0.00-Q.58E-02-1.13E-01-1 .20E-Ol-l .11E-Ol-b.13E-02-7.17E-02-7.07E-02-7.34E-02-7.87E-02-8.44E-02-Q.18E-02 
0.00-1 .32E-Ol-1.48E-Ol-l .b3E-Ol-l .27E-Ol-l.03E-Ol-Q.Q3E-02-1.01E-Ol-l .03E-Ol-1 .05E-01-1 .OQE-01-1 .15E-01 
0.00-1 .74E-01-1 .75E-Ol-1 .77E-01-1 .50E-1)1-1.30E-01-1.21E-Ol-l .21E-01-1 .22E-01-1 .21E-Ol-l .24E-Ol-1 .2QE-01 
0.00-2.11E-01-1.87E-01-1.QOE-Ol-1.bOE-01-' .41E-01-1 .30E-01-1 .2QE-01-1 .2QE-01-1 .28E-01-1 .30E-Ol-1 .35E-Ol 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 lb 17 18 lQ 20 21 22 23 
0.1578& 0.182bb 0.2101Q 0.24075 0.274b7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q48 0.52127 

o J Y 
21 0.00312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.00187 2.54E-02 3.4qE-02 4 88E-02 b.qlE-02 q.bOE-02 1.30E-01 1.bqE-Ol 2.0qE-01 2.4qE-01 2.8qE-01 0.00 
1q 0.05q37 2.45E-02 3.38E-02 4.70E-02 b.b5E-02 q.17E-02 1.24E-01 1.bOE-01 1.q7E-01 2.34E-Ol 2.bqE-01 0.00 
180.055q4 2.32E-02 3.20E-02 4.3qE-02 b.12E-02 8.2qE-02 1.10E-Ol 1.41E-Ol 1.72E-Ol 2.01E-Ol 2.2qE-Ol 0.00 
17 0.05344 2.1qE-02 3.01E-02 4.08E-02 5.blE-02 7.4bE-02 ~.7qE-02 1.24£-01 1.4qE-Ol 1.73E-Ol 1.q5E-Ol 0.00 
lb 0.05078 2.04E-02 2.72E-02 3.b4E-02 4.qOE-02 b.3qE-02 8.28E-02 1.03E-Ol 1.22E-Ol 1.dOE-Ol 1.55E-Ol 0.00 
15 0.04812 1 .82E-02 2.35E-02 3.07E-02 4.05E-02 5.15E-02 b.55E-02 7.q5E-02 q.28E-02 1.04E-Ol 1.13E-Ol 0.00 
140.045b2 1.51E-02 1 .8qE-02 2.41E-02 3.10E-02 3.83E-02 4.74E-02 5.58E-02 b.3~E-02 b.q3E-02 7.33E-02 0.00 
13 0.04328 1.12E-02 1.3bE-02 1 .b8E-02 2.07E-02 2.4bE-02 2.qOE-02 3.23E-02 3.51E-02 3.5qE-02 3.52E-02 0.00 
120.040Q4 b.ObE-03 7.08E-03 8.37E-03 Q.23E-03 Q.7QE-03 Q.7bE-03 7.Q8E-03 5.Q7E-03 2.13E-03-2.b5E-03 0.00 
11 0.0371Q -4.71E-03-b.00E-03-7.84E-03-1 .13E-02-1 .b3E-02-2.33E-02-3.2bE-02-4.1bE-02-5.20E-02-b.24E-02 0.00 
10 0.03437 -1.47E-02-1.77E-02-2.1QE-02-2.85E-02-3.7bE-02-4.Q2E-02-b.35E-02-7.71E-02-Q.18E-02-1.0bE-01 0.00 
Q 0.0321Q -2.33E-02-2.7QE-02-3.38E-02-4.27E-02-5.48E-02-b.Q8E-02-8.7bE-02-1.04E-01-1 .22E-Ol-1 .38E-01 0.00 
8 0.03031 -3.1bE-02-3.72E-02-4.45E-02-5.53E-02-b.Q5E-02-8.73E-02-1.08E-01-1 .27E-01-1 .47E-01-1 .b5E-01 0.00 
7 0.02b87 -4.78E-02-5.52E-02-b.47E-02-7.88E-02-Q.bbE-02-1 .lQE-01-1.43E-01-1 .b7E-01-1 .QOE-01-2.11E-01 0.00 
b 0.02187 -7.31E-02-8.20E-02-Q.41E-02-1 .12E-01-1 .J4E-01-1 .b1E-01-1 .QOE-01-2.1QE-01-2.4bE-01-2.bQE-01 0.00 
5 0.01b25 -1 .01E-Ol-l .11E-Ol-l.25E-Ol-l .45E-Ol-l .70E-01-2.01E-01-2.34E-01-2.bbE-01-2.Q7E-01-3.22E-Ol 0.00 
4 0.010b2 -1 .24E-Ol-l .34E-Ol-l.4QE-Ol-l .72E-Ol-l .Q8E-01-2.31E-01-2.bbE-01-3.01E-01-3.33E-01-3.5QE-Ol 0.00 
3 0.005b2 -1 .37E-Ol-l .4QE-Ol-l .b4E-Ol-l.87E-01-2.15E-01-2.48E-01-2.85E-01-3.20E-01-3.54E-01-3.80E-Ol 0.00 
2 0.0015b -1 .43E-Ol-l .54E-Ol-l.70E-Ol-l .Q3E-01-2.21E-01-2.54E-01-2.Q1E-01-3.27E-Ol-3.blE-01-3.88E-Ol 0.00 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TUR8ULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.Obb20 0.080Q2 0.OQ72b 0.1153Q 0.13552 
o J Y 

21 0.Ob312 
20 0.Ob187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 
1b 0.05078 
15 0.04812 
14 0.045b2 
13 0.04328 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 1 .13E 00 q.b2E-01 8.85E-01 8.22E-01 7.71E-01 7.30E-01 7.04E-01 7.1bE-01 
0.00 0.00 0.00 3.50E 00 4.b1E 00 3.q4E 00 3.22E 00 2.bbE 00 2.2SE 00 2.01E 00 2.1bE 00 
0.00 0.00 0.00 5.1qE 00 4.qOE 00 4.23E 00 3.57E 00 3.03E 00 2.b1E 00 2.3bE 00 2.QbE 00 
0.00 0.00 1.b7E 00 4.77E 00 4.bOE 00 3.Q5E 00 3.40E 00 2.Q5E 00 2.5QE 00 2.50E 00 3.83E 00 
0.00 0.00 5.8QE 00 5.70E 00 4.7bE 00 3.85E 00 3.20E 00 2.74E 00 2.42E 00 2.7bE 00 5.20E 00 
0.00 0.00 7.47E 00 5.QQE 00 4.bbE 00 3.b3E 00 2.Q3E 00 2.46E 00 2.22E 00 3.bbE 00 7.1&E 00 
0.00 2.1bE 00 7.72E 00 S.QQE 00 4.53E 00 3.4&E 00 2.72E 00 2.23E 00 2.42E 00 5.58E 00 Q.4QE 00 
0.00 8.47E 00 8.b2E 00 b.03E 00 4.4bE 00 3.41E 00 2.b4E 00 2.22E 00 3.88E 00 8.28E 00 1 .1QE 01 



1 0.00000 0.00 0.00 0.00 0.18E-02 1.43E-Ol 2.07E-Ol 2.4QE-Ol 2.00E-Ol 2.44E-Ol 2.12E-Ol 1.7QE-Ol 1.38E-Ol 
o I = 13 14 15 10 17 18 1Q 20 21 22 23 

X = 1.17352 1.3020q 1.57141 1.80370 2.00100 2.347Q3 2.0050Q 3.00001 3.33434 3.&0800 4.002qQ o J Y 
11 1.00000 5.00E-Ol 5.00E-Ol 5.00E-Ol 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 
100.qOOOO 4.75E-01 4.70E-01 4.77E-01 4.78E-01 4.78E-01 4.78E-01 4.78E-01 4.78E-01 4.78E-01 4.78E-01 4.78E-01 
q 0.80000 4.52E-Ol 4.54E-Ol 4.55E-01 4.55E-Ol 4.55E-01 4.55E-01 4.55E-01 4.55E-01 4.55E-01 4.55E-Ol 4.55E-01 
8 0.70000 4.30E-01 4.32E-01 4.32E-Ol 4.32E-01 4.32E-O~ 4.31E-Ol 4.31E-0' 4.31E-Ol 4.31E-01 4.31E-01 4.31E-Ol 
7 0.00000 4.07E-Ol 4.08E-01 4.0qE-01 4.08E-01 4.07E-01 4.00E-01 4.05E-01 4.04E-01 4.04E-01 4.05E-01 4.05E-Ol 
o 0.50000 3.83E-01 3.84E-01 3.83E-01 3.81E-Ol 3.7qE-Ol 3.77E-Ol 3.70E-Ol 3.75E-Ol 3.75E-Ol 3.75E-Ol 3.75E-Ol 
5 0.40000 3.58E-Ol 3.57E-Ol 3.55E-Ol 3.52E-Ol 3.48E-Ol 3.40E-Ol 3.43E-Ol 3.42E-0~ 3.42E-Ol 3.42E-Ol 3.42E-Ol 
4 0.30000 3.2qE-Ol 3.20E-Ol 3.22E-Ol 3.17E-Ol 3.12E-Ol 3.08E-Ol 3.05E-Ol 3.03E-Ol 3.03E-Ol 3.03E-Ol 3.03E-Ol 
3 0.20000 2.Q4E-Ol 2.88E-Ol 2.81E-Ol 2.74E-Ol 2.07E-Ol 2.01E-Ol 2.58E-Ol 2.55E-Ol 2.54E-Ol 2.54E-Ol 2.54E-Ol 
2 0.10000 2.45E-Ol 2.34E-Ol 2.22E-Ol 2.11E-Ol 2.01E-Ol 1.Q4E-Ol 1.8QE-Ol 1.80E-01 1.85E-Ol 1.85E-Ol 1.85E-Ol 
1 0.00000 7.2~E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 0 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.10430 0.24187 0.327qo 0.42352 0.52qoO 0.04735 0.77804 0.q2311 1.08415 
o J Y 

o 

21 0.50500 
20 0.4Q500 
lq 0.47500 
18 0.44750 
17 0.42750 
'0 0.40025 
15 0.38500 
14 0.30500 
13 0.34025 
i2 0.32750 
11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
o 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4qSOO 
lq 0.47500 
18 0.44750 
17 0.42750 
10 0.40&25 
15 0.38500 
14 0.30500 
13 0.34&25 
12 0.32750 
11 0.2q750 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 3.qOE 05 3.q3E 05 3.8qE 05 3.84E 05 3.83E 05 3.83E 05 3.84E 05 3.84E 05 
0.00 0.00 0.00 0.00 3.87E 05 3.QOE 05 3.8&E 05 3.82E 05 3.80E 05 3.81E 05 3.S1E 05 3.82E 05 
0.00 0.00 0.00 0.00 3.81E 05 3.85E 05 3.81E 05 3.77E 05 3.70E 05 3.77E 05 3.78E 05 3.78E 05 
0.00 0.00 0.00 3.72E 05 3.77E 05 3.S1E 05 3.77E 05 3.74E 05 3.73E 05 3.74E 05 3.75E 05 3.75E 05 
0.00 0.00 0.00 3.00E 05 3.73E 05 3.75E 05 3.72E 05 3.70E 05 3.70E 05 3.71E 05 3.71E 05 3.71E 05 
0.00 0.00 0.00 3.50E 05 3.07E 05 3.&qE 05 3.&&E 05 3.05E 05 3.~5E 05 3.07E 05 3.oBE 05 3.&7E 05 
0.00 0.00 3.31E 05 3.47E 05 3.00E 05 3.&2E 05 3.00E 05 3.&OE 05 3.&lE 05 3.03E 05 3.&4E 05 3.&3E 05 
0.00 0.00 3.21E 05 3.3qE 05 3.52E 05 3.55E 05 3.54E 05 3.55E 05 3.57E 05 3.5QE 05 3.5QE 05 3.58E 05 
0.00 0.00 3.05E 05 3.30E 05 3.43E 05 3.47E 05 3.47E 05 3.4QE 05 3.53E 05 3.55E 05 3.55E 05 3.54E 05 
0.00 2.20E 05 2.75E 05 3.13E 05 3.2QE 05 3.32E 05 3.34E 05 3.40E 05 3.45E 05 3.4&E 05 3.4&E 05 3.45E 05 
0.00 1.8QE 05 2.00E 05 3.00E 05 3.1&E 05 3.20E 05 3.24E 05 3.32E 05 3.37E 05 3.3QE 05 3.3QE 05 3.38E 05 
0.00 1.50E 05 2.51E 05 2.8QE 05 3.0&E 05 3.11E 05 3.17E 05 3.25E 05 3.31E 05 3.33E 05 3.33E 05 3.33E 05 
0.00 1.42E 05 2.40E 05 2.80E 05 2.Q7E 05 3.03E 05 3.10E 05 3.20E 05 3.25E 05 3.27E 05 3.27E 05 3.28E 05 
0.00 1.03E 05 2.20E 05 2.&SE 05 2.82E 05 2.8QE 05 2.QQE 05 3.08E 05 3.13E 05 3.15E 05 3.17E 05 3.1QE 05 
0.00 1 .71E 05 2.13E 05 2.40E 05 2.00E 05 2.08E 05 2.80E 05 2.88E 05 2.Q4E 05 2.Q8E 05 3.03E 05 3.07E 05 
0.00 1.&OE 05 1.Q7E 05 2.20E 05 2.J8E 05 2.47E 05 2.58E 05 2.00E 05 2.73E 05 2.80E 05 2.88E 05 2.Q5E 05 
0.00 1.24E 05 1 .78E 05 2.00E 05 2.20E 05 2.27E 05 2.37E 05 2.4&E 05 2.5&E 05 2.&&E 05 2.7&E 05 2.85E 05 
0.00 5.27E 04 1.&4E 05 1.Q3E 05 2.05E 05 2.14E 05 2.24E 05 2.34E 05 2.45E 05 2.57E 05 2.&QE 05 2.7QE 05 
0.00 0.00 1.55E 05 1.81E 05 1 .QQE 05 2.0QE 05 2.1QE 05 2.30E 05 2.41E 05 2.54E 05 2.&&E 05 2.77E 05 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 lQ 20 21 22 23 
1.2&28Q 1.4&130 1.&8153 1.Q25Q8 2.1Q733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 
3.84E 05 3.84E 05 
3.82E 05 3.81E 05 
3.77E 05 3.77E 05 
3.74E 05 3.73E 05 
3.70E 05 3.oQE 05 
3.0&E 05 3.&5E 05 
3.02E 05 3.&OE 05 
3.57E 05 3.5&E 05 
3.53E 05 3.52E 05 
3.45E 05 3.45E 05 

0.00 
3.84E 05 
3.81E 05 
3.7&E 05 
3.72E 05 
3.&8E 05 
3.&3E 05 
3.5QE 05 
3.55E 05 
3.51E 05 
3.45E 05 

0.00 
3.83E 05 
3.80E 05 
3.75E 05 
3.71E 05 
3.&7E 05 
3.02E 05 
3.58E 05 
3.54E 05 
3.51E 05 
3.45E 05 

0.00 
3.83E 05 
3.7QE 05 
3.74E 05 
3.70E 05 
3.&5E 05 
3.&lE 05 
3.57E 05 
3.54E 05 
3.50E 05 
3.44E 05 

0.00 
3.81E 05 
3.78E 05 
3.72E 05 
3.&8E 05 
3.&4E 05 
3.&OE 05 
3.5&E 05 
3.53E 05 
3.50E 05 
3.44E 05 

0.00 
3.80E 05 
3.7&E 05 
3.71E 05 
3.07E 05 
3.&3E 05 
3.5QE 05 
3.5&E 05 
3.52E 05 
3.4QE 05 
3.44E 05 

0.00 
3.78E 05 
3.75E 05 
3.70E 05 
3.&&E 05 
3.&2E 05 
3.58E 05 
3.55E 05 
3.52E 05 
3.4QE 05 
3.44E 05 

0.00 
3.7&E 05 
3.73E 05 
3.&8E 05 
3.&5E 05 
3.&lE 05 
3.57E 05 
3.54E 05 
3.51E 05 
3.4QE 05 
3.45E 05 

0.00 
3.74E 05 
3.71E 05 
3.&&E 05 
3.03E 05 
3.&OE 05 
3.5&E 05 
3.53E 05 
3.51E 05 
3.48E 05 
3.45E 05 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



X 0.48 

X 0.50 

X 0.52 

X 0.54 

X 0.5E> 

X 0.58 

X O.bO 

X 0.E>2 

X 0.b4 

X O.bb 

X 0.b8 

X 0.70 

X 0.72 

X 0.74 

X 0.7b 

X 0.78 

X 0.80 

X 0.82 

X 0.84 

X 0.8b 

X 0.88 

X 0.90 

X 0.92 

X 0.94 

X 0.9b 

X 0.98 

X 1.00 

+ 

o 2 

o 2 

+ 

o 2 

+ 

o 2 

+ 

o 2 

+ 

o 2 

4 

4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

8 

0.48 

+ 0.50 

0.52 

0.54 

0.5b 

0.58 

+ O.bO 

0.b2 

0.b4 

O.bb 

0.b8 

+ 0.70 

0.72 

0.74 

0.7b 

0.78 

+ 0.80 

0.82 

0.84 

0.8b 

0.88 

+ 0.90 

0.92 

0.94 

0.9b 

0.98 

O ......... + ......... + ......... + ......... + ......... +2 ........ + ....... 4 . + ......... +b ........ +8 ........ 1 1.00 



1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = '-0.003q3 0.003q3 0.01180 0.02054 0.03023 0.040~~ 0.052q4 0.0&&20 0.080~2 0.OQ72& 0.1153~ 0.13552 
o J Y 

o 

21 0.0&312 
20 0.0&187 
1Q 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 1.45E 01 1.45E 01 1.45E 01 1.44E 01 1.44E 01 1 .44E 01 1 .4&E 01 1.5&E 01 
0.00 0.00 0.00 0.00 1.50E 01 1 .4~E 01 1 .4~E 01 1.S0E 01 1.50E 01 1.52E 01 1 .57E 01 1.&7E 01 
0.00 0.00 0.00 0.00 1.55E 01 1.51E 01 1.S0E 01 1.SlE 01 1.52E 01 1 .5&E 01 1.&4E 01 1 .73E 01 
0.00 0.00 0.00 1 .75E 01 1.&3E 01 1.S5E 01 1.53E 01 1.S3E 01 1.SSE 01 1 .&lE 01 1 .&~E 01 1 .77E 01 
0.00 0.00 0.00 1.82E 01 1.&SE 01 1.S&E 01 1.54E 01 1 .55E O~ 1.5~E 01 1 .&7E 01 1 .75E 01 1.aOE 01 
0.00 0.00 0.00 1.SQE 01 1.&7E 01 1.S&E 01 1.S4E 01 1.57E 01 1.&SE 01 1.74E 01 1 .SOE 01 1.B2E 01 
0.00 0.00 2.27E 01 1 .~QE 01 1 .&~E 01 1.55E 01 1.S4E 01 1.&lE 01 1 .72E 01 1 .SOE 01 1 .S3E 01 1 .83E 01 
0.00 0.00 2.3&E 01 2.00E 01 1.&7E 01 1.53E 01 1.S&E 01 1.&7E 01 1 .7~E 01 1.S4E 01 1.SSE 01 1.83E 01 
0.00 0.00 2.4&E 01 2.02E 01 1.&5E 01 1.52E 01 1 .SqE 01 1.74E 01 1.84E 01 1.S7E 01 1 .S&E 01 1.S2E 01 
0.00 3.12E 01 2.&3E 01 2.04E 01 1.&3E 01 1.S3E 01 1.&SE 01 1.S3E 01 1.SQE 01 1 .SSE 01 1.84E 01 1.77E 01 
0.00 3.2SE 01 2.71E 01 2.03E 01 1.5QE 01 1.S5E 01 1 .7SE 01 1.87E 01 1.~OE 01 1 .8&E 01 1 .80E 01 1 .72E 01 
0.00 3.47E 01 2.7&E 01 1 .q~E 01 1.5SE 01 1.S8E 01 1 .7~F. 01 1.88E 01 1.SSE 01 1 .S3E 01 1 .75E 01 1.&7E 01 

4.28E 01 3.&SE 01 2.77E 01 1 .~3E 01 1.S2E 01 1.&1E 01 1.S0E 01 1.S&E 01 1.S4E 01 1.7SE 01 1 .70E 01 1.&2E 01 
4.28E 01 3.&5E 01 2.&7E 01 1.83E 01 1 .4~E 01 1.&SE 01 1 .7SE 01 1.7~E O' 1 .7SE 01 1 .&8E 01 1 .S~E 01 1.S0E 01 
4.28E 01 3.S3E 01 2.45E 01 1.&SE 01 1.4&E 01 1 .S~E 01 1.&lE 01 1 .S~E 01 1.S4E 01 1 .4&E 01 1 .3SE 01 1 .2~E 01 
4 .28E 01 3. 31 E 01 2. 10E 01 1.41 E 01 1. 32E 01 1. 32E 01 1. 30E 01 1. 2&E 01 1.21 E 01 1. 1 SE 01 1. 08E 01 1.01 E 01 
4.2SE 01 2.Q7E 01 1.&OE 01 8.7SE 00 ~.S2E 00 ~.2~E 00 S.~&E 00 8.&4E 00 8.27E 00 7.83E 00 7.3SE 00 &.S&E 00 
4.2SE 01 2.41E 01 S.10E 00 5.58E 00 S.SSE 00 S.14E 00 4.~OE 00 4.71E 00 4.S1E 00 4.27E 00 4.00E 00 3.73E 00 
4.28E 01 &.70E 00 2.2SE 00 1.SSE 00 1.SSE 00 1.43E 00 1 .3&E 00 1 .31E 00 1.2SE 00 1 .1~E 00 1 .11E 00 1 .04E 00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 lS 1& 17 18 1~ 20 21 22 23 

0.1S7S& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3qS~0 0.437&Q 0.47~48 0.52127 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.&8E 01 1.80E 01 1.8qE 01 1 .~4E 01 1.~&E 01 1 .~&E 01 1 .~3E 01 1 .S~E 01 1 .84E 01 1 .SlE 01 0.00 
lq 0.OSq37 1.7SE 01 1.8SE 01 1.q&E 01 2.00E 01 2.03E 01 2.03E 01 2.02E 01 2.00E 01 1.~SE 01 1 .~SE 01 0.00 
180.0S5q4 1.S2E 01 ' o SqE 01 1.Q4E 01 1 .~8E 01 1 .Q~E 01 1 .~~E 01 1 .~8E 01 1.~&E 01 1 .~4E 01 1 .~lE 01 0.00 
17 0.05344 1.S3E 01 1.SSE 01 1.~2E 01 1 .~4E 01 1 .~SE 01 1 .~4E 01 1.~3E 01 1.Q1E 01 1.88E 01 1.S&E 01 0.00 
1& 0.0507S 1.83E 01 1.S&E 01 1.S8E 01 1 .8QE O~ 1 .S~E 01 1.8SE 01 1.S&E 01 1.S4E 01 1 .81E 01 1 .78E 01 0.00 
150.04S12 1.83E 01 1.84E 01 1.S4E 01 1.S4E 01 1.o3E 01 1.81E 01 1.78E 01 1.7&E 01 1.73E 01 1.70E 01 0.00 
14 0.045&2 1.S2E 01 1.S1E 01 1.S0E 01 1 .7SE 01 1 .7&E 01 1 .74E 01 1.71E 01 1.&8E 01 1.&SE 01 1 .&2E 01 0.00 
13 0.04328 1.S0E 01 1.77E 01 1 .7SE 01 1.72E 01 1 .70E 01 1.&7E 01 1.&4E 01 1.&lE 01 1.S8E 01 1 .SSE 01 0.00 
120.040Q4 1 .77E 01 1.73E 01 1 .70E 01 1.&&E 01 1.&3E 01 1.S«3E 01 1.S&E 01 1.S3E 01 1.S0E 01 1 .47E 01 0.00 
11 0.0371Q 1. 71E 01 1.&SE 01 1.&OE 01 1.S&E 01 1 .S1E 01 1.47E 01 1.44E 01 1 .40E 01 1 .37E 01 1 .34E 01 0.00 
10 0.03437 1.&SE 01 1.58E 01 1.S2E 01 1.47E 01 1.42E 01 1.38E 01 1 .34E 01 1 .31E 01 1.27E 01 1.24E 01 0.00 
~ 0.0321Q 1.SQE 01 1.S2E 01 1 .4SE 01 1.40E 01 1 .3SE 01 1 .30E 01 1.2&E 01 1.23E 01 1.20E 01 1 .17E 01 0.00 
S 0.03031 1.53E 01 1.4&E 01 1 .3QE 01 1 .33E 01 1.2SE 01 1.24E 01 1.20E 01 1 .1&E 01 1 .13E 01 1 .10E 01 0.00 
70.02&S7 1 .42E 01 1.34E 01 1.27E 01 1.21E 01 1 .1SE 01 1 .11E 01 1.07E 01 1.04E 01 1 .01E 01 ~.SlE 00 0.00 
& 0.02187 1.21E 01 1.14E 01 1.07E 01 1.01E 01 ~.&lE 00 ~.1~E 00 8.84E 00 8.S4E 00 8.27E 00 8.04E 00 0.00 
5 0.01&25 Q.43E 00 8.7~E 00 8.20E 00 7.70E 00 7.2~E 00 &.~4E 00 &.&SE 00 &.41E 00 &.20E 00 &.OlE 00 0.00 
4 0.010&2 &.38E 00 5.Q3E 00 S.S1E 00 S.lSE 00 4.8SE 00 4.&lE 00 4.40E 00 4.23E 00 4.0QE 00 3.~&E 00 0.00 
3 0.005&2 3.47E 00 3.21E 00 2.QSE 00 2.78E 00 2.&lE 00 2.48E 00 2.3&E 00 2.27E 00 2.1~E 00 2.12E 00 0.00 
2 0.0015& ~.&3E-Ol 8.~2E-Ol 8.27E-Ol 7.71E-Ol 7.2SE-01 &.SSE-Ol &.S&E-Ol &.30E-Ol &.OSE-01 S.8SE-Ol 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-t-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 S ~ 10 11 12 

o J 
X = -0.003~3 0.003Q3 0.011S0 0.02054 0.03023 0.040~~ 0.OS2~4 0.0&&20 0.OSO~2 0.0~72& 0.11S3~ 0.13552 
Y 

--- ---- -----~-----------------------------------------. 



o J Y 
21 0.Ob250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1c) 0.057&& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.054&C) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.05211 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1& 0.04C)45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.04&87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.04445 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
'3 0.04211 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.03c)0& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.03578 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.03328 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

C) 0.03125 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 0.00 
8 0.0285c) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.02437 0.:>0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
b 0.01c)0& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.01344 0.00 0.00 0.00 0.00 0.00 0.00 f).00 0.00 0.00 0.00 0.00 
4 0.00812 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.0035<3 0.00 0.00 0.00 0 .. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00000 0.00 0.00 0.00 0 .. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
0 I = 1 2 3 4 5 & 7 8 <3 10 1 1 12 

X = -0.003c)3 0.003C;3 0.01180 0.02054 0.03023 0.040<3<3 0.05.2<34 0.0&&20 0.080<32 0.0<3721:: 0.1153<:1 0.13552 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1<3 0.05<337 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.055<34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.05344 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1& 0.05078 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.04812 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.045&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.04328 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.040<34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.0371<3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.03437 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 0.00 

<3 0.0321<3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00· 
8 0.03031 0.00 0.00 0.('10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.02&87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& 0.02187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.01&25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.010&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.005&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 I = 13 14 15 1& 17 18 1<3 20 21 22 23 
X = O. 1578& 0.182&& 0.2101<3 0.24075 0.274&7 0.31232 0.35411 0.3<35<30 0.437&<3 0.47<348 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1<3 0.05<337 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.055<34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 
OR IF NSBR = 0 TO SWIRL VANE ANGLE = 0.000 

COMPUTED INLET SWIRL NUMBER = 0.0000 

COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0.000 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253q 0.035&1 0.04&q7 0.05q57 0.0735b 0.08qOq 0.10b32 0.12545 
o J Y 

o 

21 0.Ob312 
20 0.Ob187 
1<3 0.05<337 
18 0.055<34 
17 0.05344 
lb 0.05078 
15 0.04812 
14 0.045b2 
13 0.043~8 
12 0.040<34 
11 0.0371<3 
10 0.03437 

<3 0.0321<3 
8 0.03031 
7 0.02b87 
b 0.02187 
5 0.01b25 
4 0.010b2 
3 0.005b2 
2 0.0015b 
1-0.0015b 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00-2.13E 00-3.42E 00-4.17E 00-4.&&E 00-4.q5E 00-5.00E 00-4.75E 00 
0.00 0.00 0.00 0.00 0.00-2.14E 00-3.20E 00-3.85E 00-4.2bE 00-4.47E 00-4.45E 00-4.14E 00 
0.00 0.00 0.00 0.00 0.00-2.0&E 00-2.78E 00-3.2bE 00-3.55E 00-3.b5E 00-3.54E 00-3.17E 00 
0.00 0.00 0.00 0.00-2.28E 00-1 .q7E 00-2.3qE 00-2.71E 00-2.87E 00-2.87E 00-2.&qE 00-2.27E 00 
0.00 0.00 0.00 0.00-2.07E 00-1 .74E 00-1.87E 00-1.q7E 00-1.q&E 00-1.83E 00-1.55E 00-1 .08E 00 
0.00 0.00 0.00 0.00-1.q1E 00-1 .3qE 00-1 .1qE 00-1.03E 00-8.15E-01-5.3bE-Ol-l .55E-Ol 3.5qE-Ol 
0.00 0.00 0.OO-2.b4E 00-1.82E 00-q.lbE-01-3.24E-Ol 1.25E-01 5.41E-Ol q.&3E-Ol 1.43E 00 1.q7E 00 
0.00 0.00 0.00-2.51E 00-1.bOE 00-1.&7E-01 8.07E-Ol 1.52E 00 2.12E 00 2.&&E 00 3.1qE 00 3.72E 00 
O.CO 0.00 0.00-2.45E 00-q.37E-Ol 1 .15E 00 2.41E 00 3.33E 00 4.0&E 00 4.&8E 00 5.24E 00 5.71E 00 
0.00 0.00-4.QqE 00-2.3QE-Ol 2.bQE 00 4.74E 00 b.20E 00 7.2QE 00 8.10E 00 8.72E 00 Q.20E 00 Q.47E 00 
0.00 0.00 1.8QE 00 5.74E 00 7.Q1E 00 Q.53E 00 1.08E 01 1 .1&E 01 1.22E 01 1.2&E 01 1.28E 01 1.28E 01 
0.00 0.00 1.0<3E 01 1 .2QE 01 1 .41E 01 1 .51E 01 1.57E 01 1.&OE 01 1.&2E 01 1.&2E 01 1 .&lE 01 1.5&E 01 
0.00 3.00E 01 2.73E 01 2.53E 01 2.37E 01 2.22E 01 2.11E 01 2.03E 01 1.QQE 01 1.Q&E 01 1 .Q1E 01 1 .82E 01 
0.00 3.00E 01 2.Q8E 01 2.Q7E 01 2.Q5E 01 2.Q3E 01 2.QOE 01 2.84E 01 2.74E 01 2.&lE 01 2.45E 01 2.28E 01 
0.00 3.00E 01 2.QQE 01 2.Q8E 01 2.Q7E 01 2.Q7E 01 2.Q7E 01 2.Q&E 01 2.Q4E 01 2.Q1E 01 2.83E 01 2.71E 01 
0.00 3.00E 01 2.Q<3E 01 2.Q8E 01 2.Q8E 01 2.Q7E 01 2.Q7E 01 2.QbE 01 2.Q5E 01 2.Q3E 01 2.8QE 01 2.83E 01 
0.00 3.00E 01 2.Q<3E 01 2.QQE O~ 2.Q8E 01 2.Q8E 01 2.Q7E 01 2.Q7E 01 2.Q5E 01 2.Q3E 01 2.8QE 01 2.84E 01 
0.00 3.00E 01 3.00E 01 2.QQE 01 2.~8E 01 2.Q8E 01 2.Q7E 01 2.Q7E 01 2.Q5E 01 2.Q3E 01 2.8QE 01 2.84E 01 
0.00 3.00E 01 3.00E 01 2.QQE 01 2.Q8E 01 2.Q8E 01 2.Q8E 01 2.Q7E 01 2.Q5E 01 2.Q3E 01 2.8QE 01 2.84E 01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oe 0.00 0.00 0.00 0.00 

13 14 15 lb 17 18 1Q 20 21 22 23 
0.14b&<3 0.1702& 0.lQb43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187-4.13E 00-3.1bE 00-1.<34E 00-5.7bE-Ol 8.54E-Ol 2.12E 00 3.28E 00 4.21E 00 4.<32E 00 5.40E 00 5.40E 00 
1<3 0.05<337 -3.4<3E 00-2.51E 00-1.2<3E 00 4.47E-02 1 .3<3E 00 2.b2E 00 3.73E 00 4.b3E 00 5.31E 00 5.77E 00 5.77E 00 
18 0.055<34 -2.4<3E 00-1.53E 00-3.80E-Ol 8.4<3E-Ol 2.07E 00 3.20E 00 4.22E 00 5.04E 00 5.bbE 00 b.07E 00 b.07E 00 
17 0.05344 -1.5<3E 00-&.b8E-Ol 3.<38E-Ol 1.52E 00 2.b2E 00 3.&&E 00 4.5<3E 00 5.34E 00 5.<30E 00 &.27E 00 b.27E 00 
lb 0.05078 -4.10E-Ol 4.31E-Ol 1.38E 00 2.3bE 00 3.31E 00 4.21E 00 5.03E 00 5.&<3E 00 &.18E 00 &.50E 00 &.50E 00 
15 0.04812 <3.<38E-Ol 1.73E 00 2.52E 00 3.32E 00 4.0<3E 00 4.84E 00 5.53E 00 b.07E 00 &.48E 00 &.74E 00 b.74E 00 
140.04Sb2 2.55E 00 3.15E 00 3.75E 00 4.35E 00 4.<33E 00 5.51E 00 &.04E 00 &.47E 00 &.7<3E 00 &.<3<3E 00 b.<3<3E 00 
130.04328 4.21E 00 4.b4E 00 5.04E 00 5.43E 00 5.80E 00 &.l<3E 00 &.57E 00 &.87E 00 7.0<3E 00 7.23E 00 7.23E 00 
12 0.040<34 b.07E 00 &.31E 00 b.47E 00 &.&lE 00 b.75E 00 b.<34E 00 7.13E 00 7.30E 00 7.41E 00 7.48E 00 7.48E 00 
11 0.0371<3 <3.50E 00 <3.32E 00 <3.02E 00 8.70E 00 8.43E 00 8.24E 00 8.12E 00 8.04E 00 7.<3bE 00 7.<31E 00 7.<31E 00 
10 0.03437 1.24E 01 1.18E 01 1.11E 01 1.04E 01 <3.7<3E 00 <3.31E 00 8.q2E 00 8.&2E 00 8.40E 00 8.24E 00 8.24E 00 

<3 0.0321<3 1.4qE 01 1.3qE 01 1.28E 01 1.18E 01 .1.0qE 01 1.02E 01 q.57E 00 q.10E 00 8.74E 00 8.50E 00 8.50E 00 



30.005b2 0.00 3.24E-02 3.24E-02 3.23E-02 3.22E-02 3.22E-02 3.21E-02 3.20E-02 3.1qE-02 3.1&E-02 3.13E-02 3.07E-02 
2 0.0015b 0.00 2.50E-03 2.50E-03 2.4qE-03 2.4qE-03 2.48E-03 2.48E-03 2.47E-03 2.4&E-03 2.44E-03 2.41E-03 2.37E-03 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 lq 20 21 22 23 
X = 0.14b&q 0.1702& 0.lq&43 0.22547 0.25771 0.2q34q 0.33321 0.37500 0.41&7q 0.45858 0.50037 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.01E 00 1.00E 00 1.00E 00 q.q8E-Ol q.q5E-Ol q.q2E-01 q.8qE-01 q.87E-Ol q.8&E-Ol q.85E-Ol q.85E-Ol 
lq 0.05q37 1.05E 00 1.03E 00 1.02E 00 1.00E 00 q.83E-Ol q.&7E-Ol q.53E-Ol q.42E-Ol q.33E-01 q.27E-Ol q.27E-Ol 
180.055q4 1.0qE 00 1.0&E 00 1.03E 00 q.q5E-Ol q.&OE-01 q.28E-Ol q.OOE-Ol 8.77E-Ol 8.5qE-Ol 8.47E-Ol 8.47E-Ol 
17 0.05344 1.11E 00 1.07E 00 1.03E 00 q.84E-01 q.38E-01 8.q&E-Ol 8.58E-Ol 8.28E-01 8.05E-Ol 7.qOE-Ol 7.qOE-Ol 
1& 0.05078 1 .12E 00 1.07E 00 1.02E 00 q.&&E-01 q.10E-01 8.5qE-01 8.13E-01 7.7&E-Ol 7.48E-01 7.2qE-01 7.2qE-Ol 
15 0.04812 1 .11E 00 1.0&E 00 1.00E 00 q.41E-01 8.77E-Ol 8.18E-01 7.&bE-01 7.23E-Ol &.q1E-01 &.70E-01 &.70E-Ol 
14 0.045&2 1 .10E 00 1 .04E 00 Q.7QE-01 Q.l0E-01 8.41E-01 7.77E-01 7.20E-Ol &.73E-Ol &.38E-Ol &.15E-01 &.15E-01 
13 0.04328 1 .08E 00 1.02E 00 Q.48E-01 8.75E-01 8.03E-01 7.3&E-01 &.75E-01 &.2&E-01 5.8QE-01 5.&5E-01 5.&5E-01 
120.040Q4 1.04E 00 Q.80E-01 Q.10E-01 8.35E-01 7.&lE-01 h.Q1E-01 &.2QE-01 5.78E-01 5.40E-01 5.15E-01 5.15E-01 
11 0.0371Q Q.&5E-01 Q.03E-01 8.33E-01 7.5QE-01 &.85E-01 &.l&E-Ol 5.53E-01 5.02E-Ol 4.&3E-Ol 4.38E-Ol 4.38E-01 
10 0.03437 8.QOE-01 8.31E-Ol 7.&4E-Ol &.Q3E-01 &.23E-Ol 5.5&E-Ol 4.Q4F.-Ol 4.44E-Ol 4.07E-Ol 3.83E-Ol 3.83E-Ol 
Q 0.0321Q 8.22E-Ol 7.&7E-01 7.04E-Ol &.38E-Ol 5.72E-Ol 5.07E-01 4.48E-01 4.00E-01 3.&4E-Ol 3.41E-Ol 3.41E-01 
8 0.03031 7.58E-Ol 7.08E-Ol &.50E-01 5.8QE-Ol 5.2&E-Ol 4.&5E-Ol 4.0QE-Ol 3.&3E-0~ 3.2QE-Ol 3.07E-Ol 3.07E-Ol 
7 0.02&87 &.31E-Ol 5.Q2E-Ol 5.45E-Ol 4.Q4E-Ol 4.40E-Ol 3.87E-Ol 3.38E-Ol 2.Q7E-Ol 2.&7E-01 2.47E-Ol 2.47E-Ol 
& 0.02187 4.41E-Ol 4.18E-Ol 3.88E-Ol 3.54E-Ol 3.1&E-Ol 2.77E-Ol 2.3qE-Ol 2.07E-Ol 1.84E-Ol 1.&qE-01 1.&QE-01 
5 0.01&25 2.4QE-Ol 2.3qE-01 2.2&E-Ol 2.0QE-Ol 1.87E-Ol 1.&4E-01 1.40E-01 1.20E-Ol 1.05E-Ol q.&OE-02 Q.&OE-02 
4 0.010&2 1.07E-Ol 1.04E-Ol Q.Q5E-02 q.31E-02 8.43E-02 7.3&E-02 &.2&E-02 5.33E-02 4.&4E-02 4.20E-02 4.20E-02 
3 0.005&2 3.00E-02 2.Q2E-02 2.82E-02 2.&7E-O?, 2.43E-02 2.12E-02 1.80E-02 1.53E-02 1.32E-02 1 .lQE-02 1.1QE-02 
2 0.0015& 2.32E-03 2.2&E-03 2.1QE-03 2.08E-03 1.qOE-03 1.&&E-03 1.41E-03 1.lQE-03 1 .n3E-03 Q.25E-04 Q.25E-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STREAMLINES -*-*-*-*-t.-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q 0.035&1 0.04&Q7 0.05Q57 0.0735& 0.08QOQ 0.10&32 0.12545 
o J Y 

11 1.00000 0.00 3.12E-02 3.21E-02 3.25E-02 3.28E-02 3.30E-02 3.32E-02 3.35E-02 3.3QE-02 3.44E-02 3.53E-02 3.&7E-02 
100.QOOOO 0.00 2.Q&E-02 2.Q8E-02 3.00E-02 3.01E-02 3.03E-02 3.04E-02 3.07E-02 3.10E-02 3.14E-02 3.21E-02 3.32E-02 
Q 0.80000 0.00 2.7QE-02 2.80E-02 2.81E-02 2.82E-02 2.83E-02 2.83E-02 2.85E-02 2.87E-02 2.QOE-02 2.Q5E-02 3.03E-02 
8 0.70000 0.00 2.&lE-02 2.&lE-02 2.&2E-02 2.&2E-02 2.&2E-02 2.&3E-02 2.&4E-02 2.&5E-02 2.&8E-02 2.72E-02 2.78E-02 
7 0.&0000 0.00 2.41E-02 2.41E-02 2.42E-02 2.42E-02 2.42E-02 2.42E-02 2.43E-02 2.44E-02 2.4&E-02 2.4QE-02 2.53E-02 
& 0.50000 0.00 2.21E-02 2.21E-02 2.21E-02 2.22E-02 2.22E-02 2.22E-02 2.22E-02 2.23E-02 2.24E-02 2.2&E-02 2.2QE-02 
5 0.40000 0.00 1.Q&E-02 1.Q&E-02 1.Q&E-02 1.Q&E-02 1.Q7E-02 1.Q7E-02 1.Q7E-02 1.Q7E-02 1 .QSE-02 2.00E-02 2.03E-02 
4 0.30000 0.00 1.70E-02 1.70E-02 1.70E-02 1.71E-02 1.71E-02 1.71E-02 1.71E-02 1.71E-02 1.72E-02 1.73E-02 1.75E-02 
3 0.20000 0.00 1.37E-02 1.37E-02 1.37E-02 1.37E-02 1.37E-02 1.38E-02 1.38E-02 1.38E-02 1.3QE-02 1.40E-02 1.41E-02 
2 0.10000 0.00 Q.bQE-03 Q.70E-03 Q.71E-03 Q.72E-03 Q.73E-03 Q.74E-03 Q.75E-03 Q.78E-03 Q.83E-03 Q.Q1E-03 1.00E-02 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 lQ 20 21 22 23 
X = 0.14&&Q 0.1702& 0.lQ&43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
11 1.00000 3.8QE-02 4.22E-02 4.77E-02 5.88E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25[-02 &.25E-02 
100.QOOOO 3.48E-02 3.71E-02 4.05E-02 4.50E~02 5.00E-02 5.37E-02 5.&OE-02 5.72E-02 5.78E-02 5.82E-02 5.82E-02 
Q 0.80000 3.15E-02 3.33E-02 3.5QE-02 3.Q2E-02 4.31E-02 4.70E-02 5.00E-02 5.20E-02 5.32E-02 5.3QE-02 5.3QE-02 
8 0.70000 2.87E-02 3.01E-02 3.20E-02 3.47E-02 3.7QE-02 4.14E-02 4.4&E-02 4.70E-02 4.85E-02 4.Q5E-02 4.Q5E-02 
7 0.&0000 2.&lE-02 2.71E-02 2.87E-02 3.07E-02 3.34E-02 3.&4E-02 3.Q5E-02 4.20E-02 4.38E-02 4.4QE-02 4.4QE-02 
& 0.50000 2.34E-02 2.42E-02 2.54E-02 2.71E-02 2.Q3E-02 3.1QE-02 3.47E-02 3.71E-02 3.QOE-02 4.02E-02 4.02E-02 
5 0.40000 2.07E-02 2.13E-02 2.22E-02 2.35E-02 2.53E-02 2.74E-02 2.QQE-02 3.22E-02 3.40E-02 3.53E-02 3.52E-02 
4 0.30000 1.77E-02 1.82E-02 1.88E-02 1 .Q8E-02 2.12E-02 2.2QE-02 2.50E-02 2.70E-02 2.87E-02 2.QQE-02 2.QQE-02 
3 0.20000 1.43E-02 1.4&E-02 1.51E-02 1.58E-02 1.&8E-02 1.81E-02 1 .Q7E-02 2.14E-02 2.2QE-02 2.3QE-02 2.3QE-02 



o t = 
X = 

o J Y 
21 0.50500 
20 0.4<)500 
1<) 0.47500 
18 0.44750 
17 0.42750 
lb 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2<)750 
10 0.27500 

C3 0.25750 
8 0.24250 
7 0.21500 
b O. 17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

01= 
X = 

o J Y 
21 0.50500 
20 0.4<)500 
1C3 0.47500 
18 0.44750 
17 0.42750 
1b 0.40b25 
15 0.38500 
14 0.3&500 
13 0.34b25 
12 0.32750 
11 0.2<)750 
10 0.27500 

q 0.25750 
8 0:24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

t 

1 2 3 4 5 b 7 8 C3' 10 11 12 
-0.03148 0.03148 0.0C3443 0.lb430 0.24187 0.327C30 0.42352 0.52C3bO 0.04735 0.77804 0.C32311 1.08415 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 4.30E 00 b.7bE 00 8.1C3E 00 C3.50E 00 1.08E 01 1.21E 01 1 .33E 01 1 .44E 01 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 7.35E 01 1.85E 02 2.37E 02 2.C31E 02 3.48E 02 4.07E 02 4.bC3E 02 5.28E 02 
1 .OOE 00 1.00E 00 1.00E 00 1.00E 00 8.30E 01 2.81E 02 3.bC3E 02 4.5QE 02 5.55E 02 o.blE 02 7.78E 02 8.C37E 02 
1.00E 00 1.00E 00 1.00E 00 1.20E 01 1.34E 02 3.13E 02 4.08E 02 5.0C3E 02 b.18E 02 7.41E 02 8.7C3E 02 1.02E 03 
1.00E 00 1.00E 00 1.00E 00 b.40E 01 1.77E 02 3.20E 02 4.23E 02 5.30E 02 b.4C3E 02 7.83E 02 C3.38E 02 1 .10E 03 
1 .OOE 00 1.00E 00 1.00E 00 b.7bE 01 2.03E 02 3.22E 02 4.17E 02 5.2C3E 02 b.54E 02 7.C37E 02 C3.b4E 02 1 .14E 03 
1.00E 00 1.00E 00 1.21E 01 C3.8C3E 01 2.1bE 02 3.04E 02 3.C3C3E 02 5.14E 02 b.44E 02 7.C33E 02 C3.b7E 02 1.lbE 03 
1.00E 00 1.00E 00 b.24E 01 1.4bE 02 2.14E 02 2.8bE 02 3.81E 02 4.C35E 02 b.2bE 02 7.77E 02 C3.55E 02 1 .15E 03 
1.00E 00 1.00E 00 7.70E 01 1.C37E 02 2.2bE 02 2.C30E 02 3.72E 02 4.7bE 02 b.01E 02 7.50E 02 C3.28E 02 1 .13E 03 
1.00E 00 4.54E 01 1.51E 02 2.54E 02 2.84E 02 3.14E 02 3.b4E 02 4.41E 02 5.45E 02 0.80E 02 8.53E 02 1.0bE 03 
1.00E 00 2.24E 02 3.48E 02 3.2C3E 02 3.13E 02 3.10E 02 3.4bE 02 4.03E 02 4.88E 02 b.OC3E 02 7.74E 02 C3.82E 02 
1.00E 00 5.21E 02 3.bbE 02 3.04E 02 2.74E 02 2.75E 02 3.0bF. 02 3.blE 02 4.35E 02 5.43E 02 7.02E 02 C3.0C3E 02 
1.00E 00 1.25E 01 2.53E 01 5.74E 01 1 .1bE 02 1.88E 02 2.5bE 02 3.14E 02 3.77E 02 4.77E 02 b.34E 02 8.38E 02 
1 .OOE 00 b.C34E 00 5.bbE 00 5.31E 00 b.21E 00 1 .13E 01 3.14f 01 1.02E 02 2.4bE 02 4.17E 02 5.58E 02 7.12E 02 
1.00E 00 b.C34E 00 5.bbE 00 5.17E 00 4.C38E 00 4.C35E 00 5.00E 00 5.51E 00 1.00E 01 4.53E 01 2.bbE 02 5.8bE 02 
1.00E 00 b.C34E 00 5.bbE 00 5.17E 00 4.C3C3E 00 4.C35E 00 4.C38E 00 5.04E 00 5.12E 00 5.21E 00 8.21E 00 7.11E 01 
1.00E 00 b.C34E 00 5.bbE 00 5.17E 00 4.C3C3E 00 4.C35E 00 4.C38E 00 5.04E 00 5.12E 00 5.21E 00 5.30E 00 5.40E 00 
1.00E 00 b.C34E 00 5.bbE 00 5.17E 00 4.C3C3E 00 4.C35E 00 4.C38E 00 5.04E 00 5.12E 00 5.21E 00 5.30E 00 5.40E 00 
1.00E 00 b.C34E 00 5.bbE 00 5.17E 00 4.C3C3E 00 4.C35E 00 4.C38E 00 5.04E 00 5.12E 00 5.21E 00 5.31E 00 5.40E 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1 .OOE 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 

13 14 15 lb 17 18 lC3 20 21 22 23 
1.2b28C3 1.4b130 1.b8153 1.C325C38 2.1C3733 2.4C3852 2.83285 3.1b718 3.sn150 3.83583 4.17015 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E"00 
1.52E 01 1.5bE 01 1.55E 01 1.50E 01 1.42E 01 1 .33E 01 1.23E 01 1 .14E 01 1.00E 01 C3.78E 00 1.00E 00 
5.77E 02 b.ObE 02 b.llE 02 5.C35E 02 5.b3E 02 5.21E 02 4.72E 02 4.24E 02 3.7C3E 02 3.3C3E 02 1.00E 00 
1 .01E 03 1.0C3E 03 1 .13E 03 1 .13E 03 1.10E 03 1.04E 03 C3.57E 02 8.72E 02 7.8C3E 02 7.12E 02 1 .OOE 00 
1 .1bE 03 1.28E 03 1.35E 03 1 .37E 03 1.35E 03 1.2C3E 03 1.21E 03 1.11E 03 1.01E 03 C3.24E 02 1 .OOE 00 
1 .2bE 03 1.40E 03 1.50E 03 1.54E 03 1.54E 03 1.4C3E 03 1.41E 03 1.31E 03 1.20E 03 1.11E 03 1 .OOE 00 
1 .32E 03 1.48E 03 1.5C3E 03 1.bbE 03 1.b7E 03 1.b3E 03 1.55E 03 1.4bE 03 1 .35E 03 1.25E 03 1.00E 00 
1 .35E 03 1.52E 03 1.b5E 03 1 .73E 03 1 .7bE 03 1 .73E 03 1.bbE 03 1.57E 03 1 .40E 03 1 .37E 03 1.00E 00 
1 .3bE 03 1.54E 03 1.bC3E 03 1.78E 03 1.02E 03 1 .81E 03 1 .75E 03 1.b5E 03 1.55E 03 1.45E 03 1 .OOE 00 
1 .34E 03 1.54E 03 1 .71E 03 1.82E 03 1.87E 03 1.87E 03 1 .81E 03 1 .72E 03 1.02E 03 1.53E 03 1 .OOE 00 
1.2C3E 03 1.51E 03 1.70E 03 1.84E 03 1.C32E 03 1.C34E 03 1.8C3E 03 1 .81E 03 1 .71E 03 1.b2E 03 1.00E 00 
1 .22E 03 1.4bE 03 1.b7E 03 1.84E 03 1.C34E 03 1.C38E 03 1.C34E 03 1.8bE 03 1 .77E 03 1.b8E 03 1.00E 00 
1 .15E 03 1.40E 03 1.b4E 03 1.82E 03 1.C34E 03 1.C3C3E 03 1.C37E 03 1.C30E 03 1.80E 03 1.72E 03 1 .OOE 00 
1.08E 03 1.34E 03 1.5C3E 03 1.80E 03 1.C34E 03 2.01E 03 1.C3C3E 03 1.Q2E 03 1.83E 03 1 .74E 03 1 .OOE 00 
<).42E 02 1.22E 03 1.50E 03 1 .74E 03 1.C32E 03 2.01E 03 2.02E 03 1.C3bE 03 1.87E 03 1 .78E 03 1.00E 00 
7.80E 02 1.03E 03 1 .33E 03 1.blE 03 1.85E 03 1.C3C3E 03 2.04E 03 2.00E 03 1.C32E 03 1.83E 03 1.00E 00 
4.obE 02 7.8C3E 02 1.0C3E 03 1.43E 03 1.73E 03 1.C35E 03 2.05E 03 2.04E 03 1.C3bE 03 1.8bE 03 1 .OOE 00 
2.82E 01 3.C30E 02 8.0C3E 02 1 .1C3E 03 1.57E 03 1.8C3E 03 2.05E 03 2.07E 03 1 .C3C3E 03 1.8C3E 03 1 .OOE 00 
5.50E 00 3.30E 01 4.b7E 02 C3.33E 02 1.44E 03 1.80E 03 2.08E 03 2.10E 03 2.02E 03 1.C31E 03 1 .OOE 00 
5.50E 00 5.C33E 00 2.2bE 02 C3.78E 02 1.58E 03 2.00E 03 2.17E 03 2.15E 03 2.05E 03 1.C32E 03 1 .OOE 00 
1 .OOE 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 

X/D S.S.COEFF. 

2 3.148E-02 2.807E-04 



100 O.llllE 00 0.42&2E-Ol 0.30qqE 00 0.8115E-Ol 0.7&5qE-02 0.2&31E 08 0.7240E 01-0.2&25E-Ol 0.128qE 01 0.q520E 03 0.371&E 03 
101 0.10&qE 00 0.425qE-01 0.3034E 00 0.7q53E-01 0.74&2E-02 0.237qE 08 0.71q3E 01-0.2&30E-0' 0.13&&E 01 0.q520E 03 0.3788E 03 
102 0.1028E 00 0.4182E-Ol 0.2q&7E 00 0.7780E-Ol 0.7283E-02 0.23&qE 08 0.7145E 01-0.2&27E-Ol 0.1445E 01 0.q520E 03 0.385qE 03 
103 0.qq22E-01 0.4183E-Ol 0.2q01E 00 0.7&11E-Ol 0.7133E-02 0.23&&E 08 0.70q7E 01-0.2&17E-Ol 0.1527E 01 0.q520E 03 0.3q2qE 03 
104 0.q573E-Ol 0.4101E-Ol 0.2834E 00 0.7427E-Ol 0.7017E-02 0.2328E 08 0.704qE 01-0.25qqE-01 0.1&12E 01 0.q521E 03 0.3qq7E 03 
105 0.q240E-01 0.4085E-Ol 0.27&7E 00 0.7238E-Ol 0.&q13E-02 0.2287E 08 0.7002E 01-0.2573E-01 O.l&qqE 01 0.q522E 03 O.40&4E 03 
10& 0.8Q05E-01 0.3QQQE-Ol 0.2700E 00 0.7045E-01 0.&832E-02 0.2211E 08 0.&Q54E 01-0.2541E-01 0.1788E 01 0.Q523E 03 O.412QE 03 
107 0.8&01E-Ol 0.3Q&7E-Ol 0.2&33E 00 0.&844E-01 0.&757E-02 0.21&OE 08 0.&Q07E 01-U.2501E-Ol 0.187QE 01 0.Q525E 03 0.41q3E 03 
108 0.8283E-01 0.3875E-Ol 0.25&7E 00 0.&&4&E-Ol 0.&&QOE-02 0.20&&E 08 0.&8&OE 01-0.2454E-Ol 0.lQ72E 01 0.Q527E 03 0.4254E 03 
10~ O.7Q82E-Ol 0.3831E-Ol 0.2502E 00 0.&453E-Ol 0.&&33E-02 0.lQ71E 08 0.&814E 01-0.2400E-Ol 0.20&7E 01 0.Q52QE 03 0.4314E 03 
110 0.7710E-Ol 0.373&E-01 0.2438E 00 0.&24QE-Ol 0.&582E-02 0.1880E 08 0.&7&QE 01-0.2340E-Ol 0.21&3E 01 0.Q532E 03 0.4372E 03 
111 0.7452E-Ol 0.3&81E-01 0.2374E 00 0.&057E-01 0.&540E-02 0.1788E 08 0.&725E 01-0.2275E-01 0.22&OE 01 0.Q535E 03 0.4428E 03 
112 0.7183E-01 0.3582E-Ol 0.2312E 00 0.58&4E-Ol 0.&50&E-02 0.172QE 08 0.&&82E 01-0.2204E-Ol 0.2358E 01 0.Q53QE 03 0.4482E 03 
113 O.&Q51E-Ol 0.3520E-01 0.2251E 00 0.5&82E-Ol 0.&471E-02 0.1&50E 08 0.&&40E 01-0.2128E-Ol 0.245&E 01 0.Q543E 03 0.4534E 03 
114 0.&724E-Ol 0.341QE-Ol 0.21Q2E 00 0.5485E-Ol 0.&438E-02 0.1587E 08 0.&5QQE 01-0.2048E-01 0.2555E 01 O.Q547E 03 0.4584E 03 
115 0.&4Q7E-01 0.3348E-01 0.2134E 00 0.5308E·-01 0.&401E-02 0.152&E 08 0.&5&OE 01-0.1Q&4E-01 0.2&54E 01 0.Q551E 03 0.4&33E 03 
11& 0.&210E-Ol 0.3245E-Ol 0.2078E 00 0.5125E-Ol 0.&3&&E-02 O.1454E 08 0.b523E 01-0.1877E-01 0.2753E 01 0.Q55&E 03 0.4&7QE 03 
117 0.&0&4E-Ol 0.31&8E-Ol 0.2023E 00 0.4Q&7E-Ol 0.&347E-02 0.1354E OR 0.&48&E 01-0.1787E-Ol 0.2852E 01 0.Q5&OE 03 0.4724E 03 
118 0.58&OE-Ol 0.30&3E-Ol 0.lQ70E 00 0.47Q2E-Ol 0.&323£-02 0.12&8E 08 0.&452E 01-0.1&Q5E-Ol 0.2Q50E 01 0.Q5&&E 03 0.47&7E 03 
l1Q 0.5&77E-Ol 0.2Q82E-Ol 0.lQ1QE 00 0.4&40E-Ol 0.&280E-02 0.1208E 08 0.&41QE 01-0.1&02E-Ol 0.3048E 01 0.Q571E 03 0.480qE 03 
120 0.5505E-Ol 0.287QE-Ol 0.18&qE 00 0.44QOE-Ol 0.&232E-02 0.1104E 08 0.&387E 01-0.1507E-Ol 0.314&E 01 0.q57&E 03 O.484qE 03 
121 0.5334E-Ol 0.27Q5E-Ol 0.1821E 00 0.434qE-Ol 0.&1&4E-02 0.1022E 08 0.&358E 01-0.1412E-01 0.3242E 01 0.q582E 03 0.4887E 03 
122 0.51&8E-01 0.2&~3E-Ol 0.1774E 00 0.4203E-Ol 0.&OqOE-02 0.q2&7E 07 0.b330E 01-0.1317E-Ol 0.3337E 01 0.q588E 03 0.4q24E 03 
123 0.5021E-Ol 0.2&OqE-Ol 0.172QE 00 0.4072E-Ol 0.b032E-02 0.82q3E 07 0.&303E 01-0.1223E-Ol 0.3431E 01 0.q5q4E 03 0.4q5qE 03 
124 0.487QE-Ol 0.2510E-Ol 0.1&85E 00 0.3q41E-Ol 0.&014E-02 0.7505E 07 0.b27qE 01-0.112qE-Ol 0.3524E 01 O.q&OOE 03 0.4Qq3E 03 
125 0.4734E-Ol 0.2430E-Ol 0.1&43E 00 0.3823E-Ol 0.5Q88E-02 0.70&&E 07 0.625&E 01-0.ln3&E-Ol 0.3&1&E 01 0.Q&07E 03 0.5025E 03 
12& 0.4&01E-Ol 0.2338E-Ol 0.1&03E 00 0.3710E-Ol 0.5Q4QE-02 0.78QQE 07 0.&235E 01-0.Q44&E-02 0.370bE 01 0.Q&13E 03 0.505bE 03 
127 0.447&E-Ol 0.22&OE-Ol 0.15&4E 00 0.35Q1E-Ol 0.5903E-02 0.8Q&4E 07 0.b215E 01-0.8552E-02 0.37Q5E 01 0.Q&20E 03 0.508&E 03 
128 0.43&7E-Ol 0.2173E-Ol 0.152&E 00 0.34Q&E-Ol 0.5851E-02 0.1008E 08 0.blQ7E 01-0.7&7QE-02 0.3882E 01 0.Q&2&E 03 0.5114E 03 
12Q 0.42&5E-Ol 0.20QQE-01 0.14QOE 00 0.33Q&E-Ol 0.57Q&E-02 0.10Q3E 08 0.&180E 01-0.&82QE-02 0.3Q&8E 01 0.Q&33E 03 0.5141E 03 
130 0.41&&E-Ol 0.201&E-Ol 0.1454E 00 0.32Q7E-01 0.5735E-02 0.1205E 08 0.&1&5E 01-0.&00&E-02 0.4052E 01 0.Q&40E 03 0.51&7E 03 
131 0.40&8E-Ol 0.lQ45E-Ol 0.1421E 00 0.3201E-01 0.5&77E-02 0.1305E 08 0.&152E 01-0.5211E-02 0.4134E 01 0.Q&47E 03 0.51Q2E 03 
132 0.3Q83E-Ol 0.18&7E-Ol 0.1388E 00 0.3124E-Ol 0.5&41E-02 0.13&&E 08 0.&13QE 01-0.4445E-02 0.4215E 01 0.Q&54E 03 0.521&E 03 
133 0.3Q03E-Ol 0.1800E-Ol 0.1357E 00 0.303&E-Ol 0.5&12E-02 0.1473E 08 O.&12QE 01-0.3710E-02 0.42Q4E 01 O.Q&&lE 03 0.5238E 03 
134 0.3824E-Ol 0.1727E-Ol 0.1327E 00 0.2Q&lE·-01 0.5574E-02 0.1540E 06 O.&llQE 01-0.3007E-02 0.4372E 01 0.Q&&8E 03 0.52&OE 03 
135 0.3754E-01 0.1&&3E-01 0.12Q8E 00 0.2881E-01 0.5531E-02 0.1&2QE 08 0.&111E 01-0.2337E-02 0.4447E 01 0.Q&75E 03 0.5280E 03 
13& 0.3&QOE-01 0.15Q&E-Ol 0.1270E 00 0.2814E-01 0.5480E-02 0.1734E 08 0.&104E 01-0.1&QQE-02 0.4521E 01 0.Q&82E 03 0.5300E 03 
137 0.3&38E-01 0.1537E-01 0.1243E 00 0.2750E-01 0.5430E-02 0.1820E 08 0.&OQ8E 01-0.10Q&E-02 0.45Q4E 01 0.Q&8QE 03 0.5318E 03 
138 0.35Q3E-01 0.1475E-01 0.1217E 00 0.2&85E-01 0.5380E-02 0.1878E 08 0.&OQ4E 01-0.52&8E-03 0.4&&5E 01 O.Q&Q&E 03 0.533&E 03 
13Q 0.3552E-Ol 0.1422E-01 0.11Q2E 00 0.2&21E-Ol 0.5334E-02 0.lQ40E 08 O.&OQOE 01 0.Q3QQE-05 0.4734E 01 0.Q703E 03 0.5353E 03 
140 0.3521E-01 0.13&5(-01 0.11&7E 00 0.2558E-Ol 0.5300E-02 0.201&E 08 0.c087E 01 0.5118E-03 0.4801E 01 0.Q711E 03 0.53&8E 03 
141 0.348QE-Ol 0.1317E-Ol 0.1144E 00 0.2505E-Ol 0.5273E-02 0.2073E 08 0.&08&E 01 0.Q811E-03 0.48&7E 01 0.Q718E 03 0.5383E 03 
142 0.345QE-Ol 0.12&5E-Ol 0.1121E 00 0.2452E-01 0.5241E-02 0.21&8E 08 0.&085E 01 0.1418E-02 0.4Q31E 01 0.Q725E 03 0.53Q7E 03 
143 0.3434E-01 0.1221E-Ol 0.1100E 00 0.2402E-01 0.520&E-02 0.2210E 08 0.&085E 01 0.1824E-02 0.4QQ4E 01 0.Q732E 03 0.5410E 03 
144 0.3415E-01 0.1175E-Ol 0.107QE 00 0.23&OE-01 0.51&8E-02 0.2281E 08 0.&08&E 01 0.21Q&E-02 0.505&E 01 0.Q73QE 03 0.5423E 03 
145 0.3401E-Ol 0.113&E-01 0.1058E 00 0.230QE-01 0.5133E-02 0.234QE 08 0.&087E 01 0.2540[-02 0.511&E 01 0.Q74&E 03 0.5434E 03 
14& 0.3388E-Ol 0.10Q5E-Ol 0.103QE 00 0.22&&E-Ol 0.5101E-02 0.2387E 08 O.&OQOE 01 0.2854E-02 0.5174E 01 0.Q753E 03 0.5445E 03 
147 0.3377E-01 0.10&lE-Ol 0.1020E 00 0.2225E-01 0.5073E-02 0.2445E 08 0.&OQ3E 01 O.313QE-02 0.5231E 01 0.Q7&OE 03 0.5455E 03 
148 0.33&2E-Ol 0.1024E-Ol O.1001E 00 0.2184E-Ol 0.505 7 E-02 0.2503E 08 O.&OQ&E 01 0.33Q7E-02 0.5287E 01 0.Q7&7E 03 0.54&4E 03 
14Q 0.3345E-Ol 0.QQ32E-02 0.Q835E-01 0.2150E-01 0.5040E-02 0.2544E 08 0.&100E 01 0.3&2QE-02 0.5342E 01 0.Q774E 03 0.5472E 03 
150 0.3327E-Ol 0.Q&07E-02 0.Q&&3E-Ol 0.2112E-01 0.5018E-02 0.2&0&( 08 0.&105E 01 0.383&E-02 0.53Q5E 01 0.Q781E 03 0.5480E 03 
151 0.330&E-Ol 0.Q335E-02 0.Q4Q7E-Ol 0.2083E-Ol 0.4Q~2E-02 0.2&33E 08 0.&110E 01 0.4018E-02 0.5447E 01 0.Q788E 03 0.5487E 03 
152 0.3283E-Ol 0.Q055E-02 0.q335E-Ol 0.2045E-Ol 0.4q&5E-02 0.2&75E 08 0.&115E 01 0.4177E-02 0.54Q8E 01 0.Q7Q5~ 03 0.54Q4E 03 
153 0.325&E-Ol 0.8830E-02 O.Q178E-Ol 0.202&E-01 0.4Q34E-02 0.2703E 08 0.&121E 01 0.4314E-02 0.5548E 01 0.Q802E 03 O.54QQE 03 



o 

120.040q4 0.00 0.00 1.31E 01 q.12E 00 S.8SE 00 4.41E 00 3.4qE 00 2.7qE 00 3.0&E 00 &.87E 00 1 .1SE 01 1.44E 01 
11 0.0371q 0.00 4.S3E 00 1 .70E 01 q.OOE 00 S.4SE 00 4.S&E 00 4.0&E 00 4.32E 00 8.0qE 00 1 .3SE 01 1.&8E 01 1.83E 01 
10 0.03437 0.00 3.1qE 01 1.87E 01 7.&SE 00 4.qOE 00 S.28E 00 &.10E 00 q.3qE 00 1.4SE 01 1.82E 01 2.01E 01 2.0SE 01 
q 0.0321q 0.00 S.28E 01 1.54E 01 4.qSE 00 4.70E 00 &.83E 00 q.88E 00 1.4SE 01 1.88E 01 2.12E 01 2.22E 01 2.1qE 01 
8 0.03031 2.70E 01 8.q7E 00 3.77E 00 2.S0E 00 S.44E 00 q.22E 00 1 .3&E 01 1.8&E 01 2.17E 01 2.33E 01 2.3&E 01 2.2QE 01 
7 0.02&87 2.70E 01 8.Q2E 00 3.8&E 00 3.03E 00 8.12E 00 1 .41E 01 2.12E 01 2.43E 01 2.SSE 01 2.SQE 01 2.S4E 01 2.41E 01 
& 0.02187 2.70E 01 8.Q2E 00 3.QQE 00 4.S&E 00 1 .SlE 01 2.82E 01 2.87E 01 2.7QE 01 2.80E 01 2.77E 01 2.&&E 01 2.48E 01 
5 0.01&25 2.70E 01 8.Q4E 00 4.3&E 00 Q.14E 00 3.32E 01 2.88E 01 2.83E 01 2.78E 01 2.7QE 01 2.7SE 01 2.&3E 01 2.43E 01 
4 0.010&2 2.70E 01 8.Q8E 00 &.O&E 00 2.24E 01 2.&2E 01 2.S3E 01 2.&3E 01 2.&3E 01 2.&7E 01 2.&3E 01 2.S1E 01 2.33E 01 
3 0.005&2 2.70E 01 Q.04E 00 1 .3&E 01 3.S0E 01 2.34E 01 2.3QE 01 2.4QE 01 2.S1E 01 2.SSE 01 2.S2E 01 2.41E 01 2.24E 01 
2 0.0015& 2.70E 01 Q.1SE 00 2.8&E 01 3.0&E 01 2.2QE 01 2.3SE 01 2.4&E 01 2.48E O~ 2.S1E 01 2.4QE 01 2.38E 01 2.22E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 1& 17 18 lQ 20 21 . 22 23 
X = 0.1578& 0.1820& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 O.3QSQO 0.437&Q 0.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 8.48E-Ol 1.05£ 00 1 .17E 00 1.20E 00 1.1&E 00 1 .10E 00 1.04E 00 Q.77E-Ol Q.27E-Ol Q.07E-Ol 2.70E 01 
lQ 0.OSQ37 3.2&E 00 4.S&E 00 S.17E 00 5.11E 00 4.&5E 00 4.03E 00 3.43E 00 2.Q1E 00 2.50E 00 2.4&E 00 2.70E 01 
180.055Q4 4.Q5E 00 &.7&E 00 7.48E 00 7.30E 00 &.5QE 00 5.70E 00 4.85E 00 4.14E 00 3.5QE 00 3.&&E 00 2.70E 01 
17 0.05344 &.35E 00 8.20E 00 8.81E 00 8.47E 00 7.&OE 00 &.5&E 00 5.58E 00 4.80E 00 4.1QE 00 4.32E 00 2.70E 01 
1& 0.05078 8.07E 00 Q.78E 00 1 .01E 01 ~.58E 00 8.52E 00 7.33E 00 &.24E 00 5.38E 00 4.72E 00 4.QOE 00 2.70E 01 
15 0.04812 1.00E 01 1 .14E 01 1 .14E 01 1.0&E 01 Q.34E 00 7.QQE 00 &.81E 00 5.87E 00 5.17E 00 5.38E 00 2.70E 01 
14 0.045&2 1 .20E 01 1.2QE 01 1.2&E 01 1.15E 01 1.00E 01 8.S4E 00 7.27E 00 &.28E 00 S.54E 00 5.75E 00 2.70E 01 
13 0.04328 1 .3qE 01 1.43E 01 1 .3&E 01 1.22E 01 1.0&E 01 q.OOE 00 7.&5E 00 &.&1E 00 5.83E 00 &.04E 00 2.70E 01 
120.040Q4 1.57E 01 1.55E 01 1 .45E 01 1.2qE 01 1.11E 01 q.3qE 00 7.q7E 00 &.88E 00 &.08E 00 &.27E 00 2.70E 01 
110.0371q 1.83E 01 1 .73E 01 1.57E 01 1.38E 01 1 .17E 01 q.qOE 00 8.3qE 00 7.24E 00 &.~qE 00 &.54E 00 2.70E 01 
10 0.03437 1.QQE 01 1.84E 01 1.&4E 01 1.43E 01 1.21E 01 1.02E 01 8.&2E 00 7.44E 00 &.57E 00 &.&7E 00 2.70E 01 
Q 0.0321Q 2.08E 01 1.QOE 01 1.&8E 01 1 .45E 01 1.23E 01 1.04E 01 8.7&E 00 7.5&E 00 &.&7E 00 &.73E 00 2.70E 01 
8 0.03031 2.14E 01 1.Q4E 01 1 .71E 01 1.47E 01 1.25E 01 1.04E 01 8.83E 00 7.&2E 00 &.72E 00 &.75E 00 2.70E 01 
7 0.02&87 2.22E 01 1.QQE 01 1.74E 01 1.4QE 01 1.2&E 01 1.05E 01 8.Q1E 00 7.&8E 00 &.7&E 00 &.73E 00 2.70E 01 
& 0.02187 2.25E 01 2.00E 01 1.74E 01 1.4QE 01 1 .25E 01 1.05E 01 8.Q1E 00 7.&8E 00 &.7&E 00 &.&3E 00 2.70E 01 
5 0.01&25 2.20E 01 1.Q5E 01 1.70E 01 1.4&E 01 1.23E 01 1.04E 01 8.82E 00 7.&lE 00 &.70E 00 &.48E 00 2.70E 01 
40.010b2 2.11E 01 1.88E 01 1.&5E 01 1.42E 01 1.21E 01 1.02E 01 8.71E 00 7.53E 00 &.&3E 00 &.33E 00 2.70E 01 
3 0.005&2 2.05E 01 1.84E 01 1.&lE 01 1 .3QE 01 1 .1QE 01 1.01E 01 8.&4E 00 7.48E 00 &.5QE 00 &.25E 00 2.70E 01 
2 0.0015& 2.03E 01 1.82E 01 1.&OE 01 1 .3QE O~ 1 .1QE 01 1 .01E 01 8.&3E 00 7.48E 00 &.5QE 00 &.24E 00 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O*-*-*-*-*-*-*-*-*-*-*-t-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080q2 0.Oq72& O.1153q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lQ O.05q37 
18 0.055q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040q4 
11 0.0371q 
10 0.03437 
Q 0.0321q 
8 0.03031 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 7.58E 02 5.q2E 02 5.22E 02 4.&8E 02 4.25E 02 3.Q2E 02 3.71E 02 3.81E 02 
0.00 0.00 0.00 0.00 5.31E 02 8.54E 02 &.QQE 02 5.41E 02 4.28E 02 3.51E 02 3.05E 02 3.12E 02 
0.00 0.00 0.00 0.00 Q.58E 02 1.07E 03 8.55E 02 &.42E 02 4.82E 02 3.71E 02 3.03E 02 3.22E 02 
0.00 0.00 0.00 &.7&E 02 1.43E 03 1 .30E 03 Q.73E 02 7.0QE 02 5.22E 02 3.Q4E 02 3.27E 02 3.84E 02 
0.00 0.00 0.00 1.28E 03 1 .G1E 03 1.50E 03 1.07E 03 7.4QE 02 5.37E 02 4.01E 02 3.&4E 02 4.Q1E 02 
0.00 0.00 0.00 1.84E 03 2.2QE 03 1 .72E 03 1 .15E 03 7.71E 02 5.32E 02 3.QSE 02 4.47E 02 &.55E 02 
0.00 0.00Q.Q5E 02 3.&8E 03 2.87E 03 1.Q3E 03 1 .23E 03 7.8QE 02 5.2&E 02 4.28E 02 &.21E 02 8.71E 02 
0.00 0.00 2.4&E 03 4.50E 03 3.2&E O~ 2.l0E 03 1.31E 03 8.l5E 02 5.4&E 02 5.88E 02 8.Q8E 02 1 .12E 03 
0.00 0.00 4.74E 03 5.&3E 03 3.&2E 03 2.27E 03 1.41E 03 8.84E 02 &.87E 02 Q.41E 02 1.27E 03 1 .40E 03 
0.00 2.02E 03 1 .35E 04 7.41E 03 4.0&E 03 2.54E 03 1.&5E 03 1.22E 03 1.45E 03 1 .85E03 1.Q&E 03 1.85E 03 
0.00 1.80E 04 1.&QE 04 7.Q1E 03 4.25E 03 2.Q5E 03 2.23E 03 2.20E 03 2.50E 03 2.57E 03 2.41E 03 2.12E 03 
0.00 3.83E 04 1.Q&E 04 7.40E 03 4.41E 03 3.5QE 03 3.1QE 03 3.21E 03 3.23E 03 3.01E 03 2.&&E 03 2.2&E.03 

4.4QE 05 8.l2E 04 1.QOE 04 b.53E 03 4.Q2E 03 4~52E 03 4.0QE 03 3.Q&E 03 3.&8E 03 3.27E 03 2.81E 03 2.35E 03 



.., 

10 0.27500 3.3qE OS 3.3QE OS 3.40E 05 3.40E 05 3.40E 05 3.41E 05 3.41E 05 3.41E 05 3.42E 05 3.42E 05 0.00 
Q 0.25750 3.34E 05 3.3SE 05 3.3&E 05 3.37E 05 3.37E 05 3.38E 05 3.3QE 05 3.3qE 05 3.40E 05 3.40£ 05 0.00 
8 0.24250 3.30E 05 3.31E 05 3.33E 05 3.34E 05 3.35E 05 3.3&E 05 3.37E 05 3.37E 05 3.38E 05 3.3qE 05 0.00 
7 0.21500 3.22E 05 3.25E 05 3.27E 05 3.2qE 05 3.31E 05 3.32E 05 3.33E 05 3.34E 05 3.35E 05 3.37E 05 0.00 
& 0.17500 3.12E 05 3.1&E 05 3.1qE 05 3.22E 05 3.25E 05 3.27E 05 3.2qE 05 3.30E 05 3.32E 05 3.34E 05 0.00 
5 0.13000 3.01E 05 3.07£ 05 3.12E 05 3.1&E 05 3.20E 05 3.22E 05 3.25E 05 3.27E 05 3.2qE 05 3.31E 05 0.00 
4 0.08500 2.Q3E 05 3.01E 05 3.07E 05 3.12E 05 3.1&E OS 3.1qE 05 3.22E 05 3.24E 05 3.27E OS 3.2qE 05 0.00 
3 0.04500 2.8qE 05 2.Q7E 05 3.04E OS 3.0qE 05 3.13E 05 3.17E 05 3.20E 05 3.23E 05 3.25E 05 3.28E 05 0.00 
2 0.01250 2.87E 05 2.q5E 05 3.02E 05 3.08E 05 3.13E 05 3.1&E 05 3.20£ 05 3.22E 05 3.25E 05 3.27E 05 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = -0.03148 0.03148 0.Oq443 0.1&430 0.24187 0.327qb 0.42352 0.52qbO 0.&4735 0.77804 0.q2311 1.08415 
o J Y 

o 

21 0.50500 
20 0.4qSOO 
1Q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
Q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4q500 
lQ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 

0.00 ~ 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 1.2&E-03 1 .07E-03 q.83E-04 q.13E-04 8.5&E-04 8.11E-04 7.82E-04 7.q&E-04 
0.00 O.Ou 0.00 0.00 3.8qE-03 5.12E-03 4.38E-03 3.57E-03 2.q5E-03 2.51E-03 2.23E-03 2.40E-03 
0.00 0.00 0.00 0.00 5.77E-03 5.44E-03 4.70F.-03 3.q7E-03 3.37E-03 2.qOE-03 2.&3E-03 3.2qE-03 
0.00 0.00 0.00 1 .85E-03 5.30E-03 5.11E-03 4.3qE-03 3.78E-03 3.28E-03 2.88E-03 2.77E-03 4.2&E-03 
0.00 0.00 0.00 &.54E-03 &.34E-03 5.2qE-03 4.27E-03 3.55E-OJ 3.05E-03 2.&qE-03 3.0&E-03 5.78E-03 
0.00 0.00 0.00 8.30E-03 &.&&E-03 5.17E-03 4.04E-03 3.25E-03 2.73E-03 2.47E-03 4.07E-03 7.q5E-03 
0.00 0.00 2.40E-03 8.57E-03 b.&&E-03 5.03E-03 3.85E-03 3.02E-03 2.48E-03 2.&QE-03 &.20E-03 1.05E-02 
0.00 0.00 Q.41E-03 Q.58E-03 &.70E-03 4.Q5E-03 3.78E-03 2.Q3E-03 2.47E-03 4.31E-03 Q.20E-03 1.33E-02 
0.00 0.00 1.4&E-02 1 .01E-02 &.4QE-03 4.QOE-03 3.88E-03 3.10E-03 3.40E-03 7.&4E-03 1.28E-02 1.&OE-02 
0.00 5.04E-03 1.8QE-02 1 .00E-02 &.0&E-03 5.07E-03 4.52E-03 4.7QE-03 8.QQE-03 1.50E-02 1 .87E-02 2.03E-02 
0.00 3.55E-02 2.08E-02 8.50E-03 5.44E-03 5.87E-03 b.77E-03 1.04E-02 1 .~lE-02 2.03E-02 2.24E-02 2.28E-02 
0.00 5.87E-02 1 .71E-02 5.50E-03 5.22E-03 7.5QE-03 1.10E-02 1.&2E-02 2.0QE-02 2.3&E-02 2.47E-02 2.44E-02 

3.00E-02 Q.Q7E-03 4.1QE-03 2.78E-03 &.04E-03 1.02E-02 1 .52E-02 2.0&E-02 2.41E-02 2.58E-02 2.&2E-02 2.54E-02 
3.00E-02 Q.Q1E-03 4.2QE-03 3.37E-03 Q.03E-03 1 .5&E-02 2.35E-02 2.70E-02 2.84E--02 2.88E-02 2.82E-02 2.&8E-02 
3.00E-02 Q.Q1E-03 4.44E-03 5.07E-03 1.&8E-02 3.13E-02 3.1QE-02 3.10E-02 3.11E-02 3.07E-02 2.Q5E-02 2.75E-02 
3.00E-02 Q.Q3E-03 4.85E-03 1.02E-02 3.&QE-02 3.20E-02 3.15E-02 3.08E-02 3.11E-02 3.0&E-02 2.Q2E-02 2.70E-02 
3.00E-02 Q.Q7E-03 &.73E-03 2.4QE-02 2.Q1E-02 2.82E-02 2.Q2E-02 2.Q3E-02 2.Q&E-02 2.Q3E-02 2.7QE-02 2.58E-02 
3.00E-02 1.00E-02 1.51E-02 3.8QE-02 2.&OE-02 2.&5E-02 2.iiE-02 2.7QE-02 2.83E-02 2.80E-02 2.&8E-02 2.4QE-02 
3.00E-02 1.02E-02 3.18E-02 3.40E-02 2.55E-02 2.&lE-02 2.73E-02 2.7&E-02 2.7QE-02 2.7&E-02 2.&4E-02 2.4&E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 1J 18 lQ 20 21 22 23 

1.2&28Q 1.4&130 1.&8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q.42E-04 1.17E-03 1.31E-03 1.33E-03 1.2QE-03 1.22E-03 1 .15E-03 1.0QE-03 1.03E-03 1.01E-03 
3.&2E-03 5.0&E-03 5.74E-03 5.&7E-03 5.1&E-03 4.48E-03 3.81E-03 3.24E-03 2.78E-03 2.74E-03 
5.4QE-03 7.51E-03 8.31E-03 8.11E-03 7.33E-03 &.33E-03 5.38E-03 4.&OE-03 3.QQE-03 4.0&E-03 
7.05E-03 Q.l1E-03 Q.7QE-03 Q.41E-03 8.45E-03 7.2QE-03 &.20E-03 5.33E-03 4.&5E-03 4.80E-03 
8.Q7E-03 1.0QE-02 1.13E-02 1.0&E-02 Q.47E-03 8.14E-03 &.Q3E-03 5.Q7E-03 5.24E-03 5.44E-03 
1.11E-02 1.27E-02 1.27E-02 1.18E-02 1.04E-02 8.88E-03 7.5&E-03 &.53E-03 5.74E-03 5.Q7E-03 
1.33E-02 1.43E-02 1.40E-02 1.27E-02 1 .11E-02 Q.4QE-03 8.08E-03 &.Q8E-03 &.15E-03 &.3QE-03 
1.54E-02 1.58E-02 1.51E-02 1.3&E-02 1 .18E-02 1.00E-02 8.4QE-03 7.34E-03 &.48E-03 &.71E-03 
1.74E-02 1.73E--02 1.&lE-02 1.43E-02 1.23E-02 1 .04E-02 8.85E-03 7.&5E-03 &.75E-03 &.Q7E-03 
2.03E-02 1.Q3E-02 1 .75E~02 1.53E-02 1.31E-02 1 .10E-02 Q.32E-03 8.04E-03 7.10E-03 7.27E-03 
2.21E-02 2.04E-02 1.83E-02 1.58E-02 1.35E-02 1 .13E-02 Q.58E-03 8.27E-03 7.30E-03 7.42E-03 
2.31E-02 2.11E-02 1.87E-02 1.&2E--02 1.37E-02 1 .15E-02 Q.73E-03 8.40E-03 7.41E-03 7.48E-03 
2.38E-02 2.1&E-02 1.QOE-02 1.&4E-02 1.38E-02 1 .1&E-02 Q.82E-03 8.47E-03 7.47E-03 7.50E-03 
2.4&E-02 2.21E-02 1.Q3E-02 1.&5E-02 1.40E-02 1 .17E-02 Q.QOE-03 8.53E-03 7.52E-03 7.47E-03 
2.50E-02 2.22E-02 l.Q3E-02 1.&5E-02 1.3QE-02 1 .17E-02 Q.QOE-03 8.53E-03 7.51E-03 7.3&E-03 

0.00 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 



OITER 
NO 

0.0 

1--
UHON 

O. 1 0.2 0.3 0.4 0.5 0.0 0.7 0.8 1 .0 

DIMENSIONLESS STREAMLINE PLOT 
ABSOLUTE RESIDUAL SOURCE SUMS ---I 1--- FIELD VALUES AT MONITORING LOCATIONI22, 8) ---I 

VHON WHON MASS TKIN DISP U V W P D 

1 0.1858E-01 0.5481E-02 0.3203E 00 0.4200E-02 0.8002E-02 0.8003E 10 0.044qE 01 0.2087E-02 0.7142E 01 0.1008E 04 0.5421E 03 
2 0.1834E-01 0.2110E 00 0.2q14E 00 0.3070E-01 0.10qOE-01 0.108qE 11 0.0454E 01 0.lq57E-02 0.715qE 01 0.1285E 04 0.5410E 03 
3 0.q087E-Ol 0.2qboE 00 0.2058E 00 0.5350E-Ol 0.1144E-Ol 0.1032E 11 0.0455E 01 0.8270E-03 0.7175E 01 0.1017E 04 0.5412E 03 
4 0.2&01E 00 0.2040E 00 0.2451E 00 0.4110E-Ol 0.1072E-Ol 0.0243E 10 0.0450E 01 0.5204E-03 0.71q2E 01 0.1044E 04 0.540QE 03 
5 0.27&4E 00 0.280qE 00 0.2308E 00 0.5134E-Ol 0.1281E-Ol 0.0140E 10 0.0457E 01 0.5040E-03 0.7208E 01 0.1020E 04 0.5400E 03 
o 0.3025E 00 0.2q40E 00 0.222qE 00 0.5qOoE-Ol 0.1424E-Ol 0.7208E 10 0.045qE 01 0.5150E-03 0.7225E 01 0.1572E 04 0.5403E 03 
7 0.3253E 00 0.3002E 00 0.21q5E 00 0.033qE-Ol 0.1522E-01 0.7277E 10 0.0400E 01 0.530qE-03 0.7241E 01 0.1515E 04 0.5401E 03 
8 0.3415E 00 0.3003E 00 0.2182E 00 0.0554E·-Ol 0.1504E-Ol 0.7277E 10 0.0401E 01 0.5003E-03 0.7258E 01 0.1458E 04 0.53qqE 03 
q 0.3517E 00 0.2q84E 00 0.2175E 00 0.oq08E-Ol 0.1583E-Ol 0.0482E 10 0.0403E 01 0.5848E-03 0.7275E 01 0.1403E 04 0.53q7E 03 

10 0.3582E 00 0.3014E 00 0.2100E 00 0.7202E-Ol 0.1002E-Ol 0.54qlE 10 0.0404£ 01 0.00q1E-03 0.72qlE 01 0.1353E 04 O.53q5E 03 
11 0.3&40E 00 0.3080E 00 0.2157E 00 0.7300E-Ol 0.1023E-01 0.4025E 10 0.04~5E 01 0.0342E-03 0.7308E 01 0.130qE 04 0.53q3E 03 
12 0.3&87E 00 0.3137E 00 0.2155E 00 0.7520E-Ol 0.105qE-Ol 0.3qqlE 10 0.0~?7E 01 0.0010E-03 0.7325E 01 0.1272E 04 0.53q2E 03 
13 0.3722E 00 0.3185E 00 0.2154E 00 0.7038E-Ol 0.1702E-01 0.35q2E 10 0.0408E 01 0.08Q3E-03 0.7342E 01 0.1241E 04 0.53Q1E 03 
14 0.3757E 00 0.3221E 00 0.2151E 00 0.770QE-Ol 0.1752E-Ol 0.33Q5E 10 0.0470E 01 0.71Q3E-03 0.7358E 01 0.1210E 04 0.538QE 03 
15 0.3803E 00 0.3241E 00 0.2151E 00 0.7Q27E-Ol 0.1817E-Ol 0.3240E 10 0.0471E 01 0.7510E-03 0.7375E 01 0.11Q7E 04 0.5388E 03 
10 0.3800E 00 0.3253E 00 0.2151E 00 0.8044E-Ol 0.1880E-Ol 0.3120E 10 0.0473E 01 0.7840E-03 0.73Q2E 01 0.1182E 04 0.5387E 03 
17 0.3Ql0E 00 0.3250E 00 0.2148E 00 0.8144E-Ol 0.lQ74E-Ol 0.3000E 10 0.0475E 01 0.8177E-03 0.74CQE 01 0.1171E 04 0.5387E 03 
18 0.3Q43E 00 0.3241E 00 0.2145E 00 0.8353E-Ol 0.2151E-Ol 0.2Q01E 10 0.6477E 01 0.8~15E-03 0.7420E 01 0.1102E 04 0.5380E 03 
lQ 0.3Q54E 00 0.3210E 00 0.2141E 00 0.8013E-01 0.2340E-Ol 0.2823E 10 0.047QE 01 0.885QE-03 0.7442E 01 0.1150E 04 0.5385E 03 
20 0.3Q50E 00 0.3188E 00 0.2141E 00 0.8800E-Ol 0.2514E-Ol 0.2744E 10 0.0481E 01 0.Q1QQE-03 0.745QE 01 0.1150E 04 0.5385E 03 
21 0.3Q43E 00 0.3142E 00 0.2138E 00 0.88Q1E-Ol 0.2000E-Ol 0.2004E 10 0.b483E 01 0.Q52QE-03 0.7470E 01 0.1140E 04 0.5385E 03 
22 0.3Q20E 00 0.3087E 00 0.2132E 00 0.88QQE-01 0.2783E-Ol 0.2583E 10 0.0485E 01 0.Q851E-03 0.74Q2E 01 0.1143E 04 0.5385E 03 
23 0.3885E 00 0.302QE 00 0.2121E 00 0.88QOE-Ol 0.2880E-Ol 0.2502E 10 0.0487E 01 0.1010E-02 0.750QE 01 0.1140E 04 0.5385E 03 
24 0.3840E 00 0.2Q75E 00 0.2110E 00 0.88Q3E-Ol 0.2Q55E-01 0.2421E 10 0.048QE 01 0.1045E-02 0.7520E 01 0.1138E 04 0.5385E 03 
25 0.3801E 00 0.2Q23E 00 0.20QQE 00 0.808QE-Ol 0.3002E-Ol 0.233QE 10 0.04Q1E 01 0.1070E-02 0.7542E 01 0.1130E 04 0.5380E 03 
20 0.3757E 00 0.2874E 00 0.2084E 00 0.8440E··01 0.3022E-Ol 0.2250E 10 0.04Q4E 01 0.10Q2E-02 0.755QE 01 0.1135E 04 0.5387E 03 
27 0.3712E 00 0.2814E 00 0.2000E 00 0.8235E'-01 0.3054E-Ol 0.2171E 10 0.04QoE 01 0.1110E-02 0.7575E 01 0.1134E 04 0.5388E 03 
28 0.3&08E 00 0.2757E 00 0.2054E 00 0.7Q82E-Ol U.3007E-Ol 0.2088E 10 0.04QQE 01 0.1122E-02 0.75Q2E 01 0.1133E 04 0.53QOE 03 
2Q 0.3&21E 00 0.2700E 00 0.2042E 00 0.7810E-Ol 0.3070E-Ol 0.2007E 10 0.0501E 0, 0.1127E-02 0.7008E 01 0.1132E 04 0.53Q2E 03 
30 0.3570E 00 0.2057E 00 0.2027E 00 0.7073E-01 0.3070E-01 0.lQ28E 10 0.0504E 01 0.1122E-02 0.7025E 01 0.1132E 04 0.53Q5E 03 
31 0.3520E 00 0.2008E 00 0.2014E 00 0.7555E-Ol 0.3077E-Ol 0.1850E 10 0.0500E 01 0.1100E-02 0.7041E 01 0.1131E 04 0.53QQE 03 
32 0.3480E 00 0.2552E 00 0.2000E 00 0.7512E-Ol 0.3102E-Ol 0.1774E 10 0.050QE 01 0.1078E-02 0.7058E 01 0.1131E 04 0.5404E 03 
33 0.3451E 00 0.24Q4E 00 O.lQSoE 00 0.7500E-Ol 0.3118E-Ol 0.10QQE 10 0.0511E 01 0.1032E-02 0.7074E 01 0.1130E 04 0.540QE 03 
34 0.3400E 00 0.2440E 00 0.lQ75E 00 0.7544E-Ol 0.3137E-Ol 0.1025E 10 0.0514E 01 0.Q085E-03 0.70QOE 01 0.112QE 04 0.5410E 03 
35 0.3358E 00 0.2380E 00 O.lQoJE 00 0.7014E-Ol 0.3105E-01 0.1551E 10 0.0510E 01 0.8828E-03 0.7700E 01 0.1128E 04 0.5424E 03 
30 0.3311E 00 0.2331E 00 0.lQ48E 00 0.7718E-Ol 0.3201E-01 0.1477E 10 0.051QE 01 0.7733E-03 0.7723E 01 0.1128E 04 0.5433E 03 
37 0.3204E 00 0.2278E 00 0.lQ31E 00 0.7822E-01 0.3235E-Ol 0.1404E 10 0.0521E 01 0.0300E-03 0.773QE 01 0.1127E 04 0.5444E 03 
38 0.3215E 00 0.2225E 00 O.lQloE 00 0.7Q5QE-Ol 0.3207E-Ol 0.1330E 10 0.0523E 01 0.40Q&E-03 0.7755E 01 0.1120E 04 0.5457E 03 
3Q 0.31&2E 00 0.2177E 00 0.lQ03E 00 0.8120E-Ol 0.3300E-Ol 0.1271E 10 0.0525E 01 0.2702E-03 0.7772E 01 0.1120E 04 0.5472E 03 
40 0.3110E 00 0.2120E 00 0.1887E 00 0.8317E-01 0.333QE-Ol 0.1205E 10 0.0527E 01 0.3428E-04 0.7788E 01 0.1125E 04 0.548QE 03 
41 0.3058E 00 0.2072E 00 0.1808E 00 0.8401E-Ol0.3358E-01 0.1133E 10 0.0528E 01-0.2240E-03 0.7805E 01 0.1125E 04 0.5508E 03 
42 0.3010E 00 0.200QE 00 0.184QE 00 0.8547E-Ol 0.3370E-Ol 0.1057E 10 0.0530E 01-0.5077E-03 0.7821E 01 0.1125E 04 0.5530E 03 
43 0.2Q71E 00 0.lQ5QE 00 0.1831E 00 0.8070E-Ol 0.337QE-Ol 0.Q820E O~ 0.0530E 01-0.8153E-03 0.7838E 01 0.1125E 04 0.5554E 03 
44 0.2Q23E 00 0.lQ13E 00 0.1820E 00 0.8785E-Ol 0.337QE-Ol 0.Ql13E OQ 0.0531E 01-0.1140E-02 0.7855E 01 0.1125E 04 0.5580E 03 
45 0.2877E 00 0.1868E 00 0.1807E 00 0.88Q2E-Ol 0.3370E-Ol 0.8448E OQ 0.0531E 01-0.1501E-02 0.7872E 01 0.1125E 04 0.5010E 03 
40 0.2832E 00 0.1822E 00 O.17QOE 00 0.8QQ7E-Ol 0.3355E-Ol 0.7828E OQ 0.0530E 01-0.1877E-02 0.788QE 01 0.1120E 04 0.5043E 03 



21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 1.20E 03 1.22E 03 1 .17E 03 1 .15E 03 1 .15E 03 1 .1&E 03 1.17E 03 1 .18E 03 
1~ 0.05~37 0.00 0.00 0.00 0.00 1 .18E 03 1.20E 03 1.15E 03 1 .14E 03 1 .14E 03 1 .15E 03 1 .1&E 03 1 .17E 03 
18 0.055~4 0.00 0.00 0.00 0.00 1.13E 03 1 .17E 03 1.13E 03 1 .12E 03 1 .12E 03 1 .14E 03 1 .14E 03 1.15E 03 
17 0.05344 0.00 0.00 0.00 1.18E 03 1 .12E 03 1 .14E 03 1.11E 03 1 .10E 03 1 .11E 03 1 .12E 03 1 .13E 03 1 .13E 03 
1& 0.05078 0.00 0.00 0.00 1.12E 03 1 .12E 03 1 .11E 03 1.08E 03 1.08E 03 1 .O~E 03 1 .10E 03 1 .11E 03 1 .11E 03 
15 0.04812 0.00 0.00 0.00 1.05E 03 1 .O~E 03 1.07E 03 1 .O&E 03 1.0&E 03 1.08E 03 1 .O~E 03 1 .O~E 03 1.0~E 03 
14 0.045&2 0.00 0.00 1 .13E 03 1.03E 03 1.0&E 03 1.04E 03 1.03E 03 1.04E 03 1.0&E 03 1 .07E 03 1.07E 03 1.07E 03 
13 0.04328 0.00 0.00 1.0&E 03 1.03E 03 1.02E 03 1.01E 03 1.01E 03 1.02E 03 1 .04E 03 1.04E 03 1.05E 03 1 .05E 03 
12 0.040~4 0.00 0.00 ~.47E 02 ~.~7E 02 ~.8&E 02 ~.7&E 02 ~.81E 02 1.00E 03 1.01E 03 1 .02E 03 1.02E 03 1.02E 03 
11 0.0371~ 0.00 7.80E 02 8.43E 02 ~.2~E 02 ~.28E 02 ~.23E 02 ~.38E 02 ~.5~E 02 ~.72E 02 ~.7~E 02 ~.83E 02 ~.8&E 02 
10 0.03437 0.00 &.20E 02 8.03E 02 8.77E 02 8.81E 02 8.83E 02 ~.04E 02 ~.24E 02 ~.37E 02 ~.45E 02 ~.51E 02 ~.57E 02 
~ 0.0321~ 0.00 4.38E 02 7.&lE 02 8.37E 02 8.45E 02 8.53E 02 8.7bE 02 8.~5E 02 ~.08E 02 ~.18E 02 ~.2&E 02 q.34E 02 
8 0.03031 0.00 3.80E 02 7.13E 02 8.0&E 02 8.1qE 02 8.28E 02 8.51E 02 8.&qE 02 8.83E 02 8.q4E 02 q.04E 02 q.14E 02 
7 0.02&87 0.00 4.41E 02 &.55E 02 7.51E 02 7.bqE 02 7.84E 02 8.03E 02 8.20E 02 8.35E 02 8.50E 02 8.&4E 02 8.78E 02 
b 0.02187 0.00 4.5&E 02 5.q4E 02 b.74E 02 b.q3E 02 7.13E 02 7.30E 02 7.48E 02 7.b7E 02 7.88E 02 8.0qE 02 8.2qE 02 
5 0.01&25 0.00 4.0qE 02 5.25E 02 5.8&E 02 b.lqE 02 b.35E 02 b.53E 02 b.75E 02 b.qqE 02 7.2&E 02 7.54E 02 7.81E 02 
4 0.010&2 0.00 2.qqE 02 4.54E 02 5.22E 02 5.4bE 02 5.bqE 02 5.q2f. 02 b.17E 02 b.4bE 02 b.7qE 02 7.12E 02 7.44E 02 
3 0.00'5&2 0.00 1.18E 02 3.q4E 02 4.43E 02 4.qbE 02 5.28E 02 5.55E 02 5.84E 02 b.lbE 02 b.51E 02 b.88E 02 7.23E 02 
20.0015b 0.00 0.00 3.b7E C2 4.24E 02 4.77E 02 5.12E 02 5.42E 02 5.71E 02 b.04E 02 b.41E 02 b.7qE 02 7.15E 02 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1b 17 18 lq 20 21 22 23 
X = 0.1578b 0.1820b 0.2101q 0.24075 0.274b7 0.31232 0.35411 0.3q5qO 0.437bq 0.47q48 0.52127 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1 .1qE 03 1.lqE 03 1 .1qE 03 1 .1qE 03 1 .1qE 03 1 .1qE 03 1 .18E 03 1 .18E 03 1 .17E 03 1 .17E 03 0.00 
1 q O. 05q37 1. 17E 03 1. 17E 03 1. 17E 03 1. 17E 03 1. 1 7E 03 1. 1 7E 03 1. 1 bE 03 1. 1 bE 03 1. 15E 03 1. 15E 03 0 . 00 
180.055q4 1 .15E 03 1.15E 03 1 .15E 03 1 .14E 03 1 .14E 03 1 .14E 03 1 .13E 03 1 .13E 03 1 .13E 03 1 .12E 03 0.00 
17 0.05344 1 .13E 03 1.13E 03 1 .13E 03 1 .12E 03 1.12E 03 1 .12E 03 1.11E 03 1 .11E 03 1 .10E 03 1 .10E 03 0.00 
1b 0.05078 1 .11E 03 1.11E 03 1.10E 03 1.10E 03 1 .10E 03 1.0qE 03 1 .0qE 03 1 .OQE 03 1.08E 03 1 .08E 03 0.00 
15 0.04812 1.0QE 03 1.08E 03 1.08E 03 1.08E 03 1.07E 03 '.07E 03 1 .07E 03 1.07E 03 1.0bE 03 1 .06E 03 0.00 
140.045b2 1.07E 03 1.0bE 03 1.0bE 03 1.0bE 03 1.05E 03 1.05E 03 1.05E 03 1.05E 03 1 .05E 03 1.04E 03 0.00 
13 0.04328 1.05E 03 1.04E 03 1.04E 03 1.04E 03 1.04E 03 1.03E 03 1 .03E 03 1.03E 03 1.03E 03 1 .03E 03 0.00 
120.040Q4 1.02E 03 1.02E 03 1.02E 03 1.02E 03 1.02E 03 1.02E 03 1.01E 03 1.01E 03 1.01E 03 1 .01E 03 0.00 
11 0.0371Q Q.88E 02 Q.8QE 02 Q.8QE 02 Q.88E 02 Q.88E 02 Q.88E 02 Q.88E 02 Q.88E 02 Q.8QE 02 Q.8QE 02 0.00 
10 0.03437 Q.blE 02 Q.b4E 02 Q.bbE 02 Q.b7E 02 Q.b8E 02 Q.bQE 02 Q.70E 02 Q.71E 02 Q.72E 02 Q.73E 02 0.00 
Q 0.0321Q Q.40E 02 Q.45E 02 Q.48E 02 Q.51E 02 Q.52E 02 Q.54E 02 Q.5bE 02 Q.58E 02 ~.bOE 02 Q.b2E 02 0.00 
8 0.03031 Q.22E 02 Q.2QE 02 Q.34E 02 Q.37E 02 Q.40E 02 Q.43E 02 Q.45E 02 ~.48E 02 Q.50E 02 Q.52E 02 0.00 
70.02b87 8.Q1E 02 Q.OOE 02 Q.08E 02 Q.14E 02 Q.18E 02 Q.23E 02 Q.27E 02 Q.30E 02 Q.33E 02 Q.37E 02 0.00 
b 0.02187 8.47E 02 8.b2E 02 8.74E 02 8.83E 02 8.Q1E 02 8.Q7E 02 Q.03E 02 Q.08E 02 Q.13E 02 Q.17E 02 0.00 
5 0.01&25 8.05E 02 8.2bE 02 8.42E 02 8.55E 02 8.b5E 02 8.74E 02 8.82E 02 8.88E 02 8.Q4E 02 Q.OOE 02 0.00 
4 0.010&2 7.73E 02 7.Q8E 02 8.18E 02 8.34E 02 8.47E 02 8.57E 02 8.bbE 02 8.74E 02 8.80E 02 8.87E 02 0.00 
30.005b2 7.55E 02 7.82E 02 8.05E 02 8.22E 02 8.3bE 02 8.48E 02 8.58E 02 8.bbE 02 8.73E 02 8.80E 02 0.00 
2 0.0015& 7.48E 02 7.77E 02 8.00E 02 8.18E 02 8.32E 02 8.44E 02 8.55E 02 8.b3E 02 8.70E 02 8.78E 02 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.Obb20 0.080Q2 0.OQ72b 0.1153Q 0.13552 
o J Y 

21 0.Ob312 
20 0.0&187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 
0.00 0.00-1.38E-03-2.87E-038.58E-05 
0.00 0.00-1.03E-03-2.77E-03-8.45E-05 
0.00 0.00-2.03E-04-2.70E-037.bQE-05 
0.00-8.41E-03-1 .78E-03-2.00E-03 2.77E-04 

0.00 0.00 0.00 0.00 
1.85E-03 3.4QE-03 5.45E-03 Q.37E-03 
1.54E-03 3.30E-03 5.17E-03 Q.4bE-03 
1 .41E-03 3.13E-03 4.84E~03 Q.24E-03 
1 .28E-03 2.72E-03 4.57E-03 Q.08E-03 

0.00 
1.53E-02 
1 .57E-02 
1 .'54E-02 
1.50E-02 



17 0.05344 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1b 0.05078 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.04812 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.045b2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.04328 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.040q4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.0371q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.03437 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
q 0.0321Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.03031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.02b87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
b 0.02187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.01b25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.010b2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.005&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = -0.003q3 0.003q3 0.01180 0.02054 0.03023· 0.040qq 0.052q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J Y 

o 

21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
lQ 0.OSQ37 0.00 0.00 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
18 0.055Q4 0.00 0.00 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
17 0.05344 0.00 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.7CE 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
1& 0.05078 0.00 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
15 0.04812 0.00 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
14 0.045&2 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
13 0.04328 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
120.040Q4 0.00 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
11 0.0371Q 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
10 0.03437 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
Q 0.0321Q 0.00 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
8 0.03031 2.70E 01 2.70E 01 2.70E 01 2.70E O~ 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
7 0.02&87 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.JOE 01 2.70E 01 2.70£ 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
& 0.02187 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
5 0.01&25 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
4 0.010&2 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
3 0.005&2 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2 0.0015& 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 1& 17 18 1Q 20 21 22 23 
X = 0.15786 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q48 0.52127 

o J Y 
21 0.0&312 
20 0.0&187 
1Q 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 

0.00 0.00 0.00 0.00 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2.70E 01 2.70E 01 2.70E 01 2.70~ 01 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2.70E 01 2.70E 01 2.70E 01 2.70E 01 

0.00 0.00 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 

0.00 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2 .. 70E 01 
2.70E 01 
2.70E 01 
2.70E 01 

0.00 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 

0.00 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 
2.70E 01 

0.00 0.00 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 
2.70E 01 2.70E 01 



8 0.03031 1.70E 01 1.57E 01 1.43E 01 1.30E 01 1.lqE 01 1.0qE 01 1.01E 01 q.51E 00 q.04E 00 8.72E 00 8.73E 00 
7 0.02&87 2.10E 01 1.q1E 01 1.71E 01 1.53E 01 1 .37E 01 1.24E 01 1 .12E 01 1.03E 01 q.5qE 00 q.13E 00 q.13E 00 
& 0.02187 2.53E 01 2.32E 01 2.0qE 01 1.8&E 01 1.&4E 01 1.45E 01 1.28E 01 1 .14E 01 1.04E 01 q.70E 00 q.70E 00 
5 0.01&25 2.73E 01 2.58E 01 2.3qE 01 2.1&E 01 1 .qlE 01 1.&7E 01 1.44E 01 1.2&E 01 1.12E 01 1.03E 01 1.03E 01 
4 0.010&2 2.78E 01 2.&8E 01 2.55E 01 2.3&E 01 2.12E 01 1.85E 01 1.58E 01 1.35E 01 1 .18E 01 1.07E 01 1.07E 01 
3 0.005&2 2.78E 01 2.71E 01 2.&lE 01 2.4&E 01 2.24E 01 1.qbE 01 1.&&E 01 1.41E 01 1.22E 01 1.10E 01 1.10E 01 
2 0.0015& 2.78E 01 2.71E 01 2.&3E 01 2.50E 01 2.28E 01 1.qqE 01 1.&QE 01 1.43E 01 1.23E 01 1 .11E 01 1 .11E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 Q 10 11 12 
X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 

o J Y 
21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 0.00 0.00 0.00 0.00-3.Q&E-01-2.17E-Ol-l . 12E-Ol-&.75E-02-3.48E-02-5.5QE-03 2.47E-02 5.51E-02 
lq 0.057&& 0.00 0.00 0.00 0.00-1.05E 00-5.13E-01-2.74E-Ol-l .&lE-01-7.75E-02-2.47E-03 7.51E-02 1.52E-Ol 
180.054&q 0.00 0.00 0.00 0.00-1 .72E 00-~.35E-01-4.05E-01-2.33E-Ol-l.02E-Ol 1.&4E-02 1.38E-Ol 2.57E-Ol 
17 0.05211 0.00 0.00 0.00-&.54E-01-1 .73E 00-8.&QE-01-4.Q2E-01-2.75E-Ol-l.07E-Ol 4.55E-02 2.03E-Ol 3.55E-Ol 
1& 0.04945 0.00 0.00 0.00-1 .30E 00-1.73E 00-Q.4&E-01-5.41F.-01-2.88E-01-8.QQE-02 Q.22E-02 2.81E-Ol 4.&OE-Ol 
15 0.04&87 0.00 0.00 0.00-1.Q2E 00-1.&QE 00-Q.50E-01-5.37E-01-2.&4E-01-4.73E-02 1 .5~E-Ol 3.&8E-Ol 5.&5E-01 
14 0.04445 0.00 0.OO-7.q2E-Ol-1.81E 00-1 .57E 00-8.72E-01-4.77E-01-2.04E-0~ 1 .78E-02 2.32E-Ol 4.58E-01 &.&4E-Ol 
13 0.04211 0.00 0.00-1.57E 00-1.&7E 00-1 .32E 00-7.14E-01-3.&7E"';01-1.13E-Ol 1.02E-01 3.1qE-Ol 5.4QE-Ol 7.57E-Ol 
120.03qO& 0.00 0.00-2.&2E 00-1.28E 00-7.74E-01-4.1QE-Ol-l .&4E-Ol 4.40E-02 2.3&E-Ol 4.4&E-Ol &.71E-Ol 8.&qE-Ol 
110.03578 0.00-2.17E 00-q.00E-01-3.0&E-Ol-l.57E-Ol-1 .&qE-02 1.18E-Ol 2.48E-Ol 3.q5E-01 5.81E-01 7.83E-Ol q.54E-Ol 
10 0.03328 0.00-1.72E 00 2.38E-Ol 2.81E-Ol 2.43E-Ol 2.&lE-Ol 3.08E-Ol 3.77E-Ol 4.q2E-Ol &.58E-Ol 8.34E-Ol Q.81E-Ol 
q 0.03125 0.00 1.0qE 00 7.4&E-Ol 5.7&E-Ol 4.53E-Ol 3.q3E-Ol 3.81E-Ol 4.24E-Ol 5.32E-Ol &.8&E-Ol 8.40E-Ol q.&qE-01 
80.0285Q 0.002.23E-Ol 1.&QE-Ol 1.23E-01 1.04E-Ol 1.4QE-Ol 2.47E-Ol 3.82E-01 5.~lE-Ol &.&&E-Ol 7.QOE-01 Q.07E-Ol 
7 0.02437 0.00 1.35E-Ol 1.2&E-Ol 8.04E-02 3.&qE-02 3.2&E-02 &.72E-02 1.31E-01 2.27E-Ol 3.&2E-01 5.24E-Ol &.73E-Ol 
& O.OlQO& 0.00 7.&5E-02 8.55E-02 &.21E-02 3.50E-02 3.07E-02 5.33E-02 Q.3qE-02 1.4&E-Ol 2.04E-Ol 2.72E-Ol 3.&&E-01 
5 0.01344 0.00 4.24E-02 5.34E-02 4.28E-02 2.74E-02 2.45E-02 3.qlE-02 &.&7E-02 1.03E-Ol 1.42E-Ol 1.7&E-Ol 2.04E-01 
4 0.00812 0.00 2.23E-02 3.00E-02 2.54E-02 1.74E-02 1.58E-02 2.42E-02 4.0&E-02 &.21E-02 8.55E-02 1.0&E-Ol 1.21E-01 
30.0035Q 0.00 Q.31E-03 1.28E-02 1 .12E-02 7.8&E-03 7.17E-03 1.08E-02 1 .80E-02 2.74E-02 3.78E-02 4.70E-02 5.33E-02 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 lq 20 21 22 23 
X = 0.1578& 0.182&& 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q48 0.52127 

o J Y 
21 0.0&250 
20 0.0&0&2 
1Q 0.057&& 
18 0.054&Q 
17 0.05211 
1& 0.04Q45 
15 0.04&87 
14 0.04445 
13 0.04211 
12 0.03QO& 
11 0.03578 
10 0.03328 
Q 0.03125 
8 0.0285Q 
7 0.02437 
& O.OlQO& 
5 0.01344 
4 0.00812 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7.82E-02 8.Q2E-02 8.Q3E-02 8.45E-02 &.7&E-02 5.53E-02 4.24E-02 
2.0QE-Ol 2.35E-Ol 2.34E-Ol 2.1&E-01 1.7&E-Ol 1.43E-Ol 1.10E-Ol 
3.45E-Ol 3.82E-Ol 3.7&E-Ol 3.43E-Ol 2.81E-Ol 2.2QE-Ol 1.7&E-Ol 
4.&5E-Ol 5.0QE-Ol 4.Q7E-01 4.50E-Ol 3.72E-Ol 3.03E-01 2.32E-Ol 
5.87E-Ol &.35E-Ol &.15E-Ol 5.55E-Ol 4.&lE-Ol 3.75E-Ol 2.87E-Ol 
7.02E-Ol 7.4QE-01 7.22E-01 &.49E-01 5.42E-Ol 4.41E-Ol 3.38E-Ol 
8.03E-Ol 8.48E-Ol 8.13E-Ol 7.2QE-Ol &.11E-Ol 4.QQE-Ol 3.82E-Ol 
8.Q3E-Ol Q.32E-Ol 8.8QE-Ol 7.Q8E-Ol &.72E-Ol 5.4QE-Ol 4.20E-Ol 
Q.Q4E-Ol 1.02E 00 Q.74E-Ol 8.74E-Ol 7.41E-Ol &.08E-Ol 4.&&E-Ol 
1.0&E 00 1.08E 00 1.03E 00 Q.25E-Ol 7.Q1E-Ol &.53E-Ol 5.01E-Ol 
1.07E 00 1.0QE 00 1.04E 00 Q.44E-Ol 8.1&E-Ol &.77E-Ol 5.20E-Ol 
1.05E 00 1.07E 00 1.03E 00 Q.47E-Ol 8.25E-01 &.8QE-Oi 5.31E-Ol 
Q.Q5E-Ol 1.03E 00 1.00E 00 Q.35E-Ol 8.28E-Ol &.Q7E-Ol 5.3QE-Ol 
7.Q1E-Ol 8.&QE-Ol 8.Q5E-Ol 8.70E-Ol 7.Q&E-Ol &~83E-Ol 5.31E-Ol 
4.73E-Ol 5.7&E-Ol &.&lE-Ol 7.05E-Ol &.8QE-Ol &.llE-Ol 4.81E-Ol 
2.44E-Ol 3.12E-Ol 4.00E-Ol 4.82E-Ol 5.15E-Ol 4.77E-Ol 3.80E-Ol 
1.2&E-Ol 1.47E-01 2.04E-Ol 2.77E-01 3.21E-01 3.07E-Ol 2.4&E-Ol 

0.00 0.00 0.00 
3.25E-022.17E-02-&.18E-05 
8.41E-02 5.&lE-02-1 .84E-04 
1.34E-01 8.QOE-02-3.25E-04 
1.7&E-Ol 1.17E-01-4.53E-04 
2.18E-01 1.44E-01-5.81E-04 
2.5&E-01 1.&8E-Ol-&.Q2E-04 
2.8QE-Ol 1.8QE-01-7.78E-04 
3.18E-Ol 2.08E-01-8.37E-04 
3.51E-01 2.2QE-01-8.80E-04 
3.78E-01 2.45E-01-8.58E-04 
3.Q2E-Ol 2.54E-01-8.03E-04 
4.00E-Ol 2.5QE-01-7.40E-04 
4.05E-01 2.&2E-Ol-&.4QE-04 
3.QQE-01 2.57E-01-5.14E-04 
3.&lE-Ol 2.31E-01-3.7QE-04 
2.85E-Ol 1.82E-01-2.&&E-04 
1.84E-01 1 .17E-01-1 .&7E-04 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



2 0.10000 1.02E-02 1.04E-02 1.06E-02 1.10E-02 1.15E-02 1.23E-02 1.33E-02 1.46E-02 1.57E-02 1.66E-02 1.66E-02 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 6 7 8 q 10 11 12 
X = 0.00000 0.00000 0.062q5 0.12q37 0.20308 0.284ql 0.37574 0.47656 0.58847 0.7126q 0.85058 1.00363 

o J Y 

o 

21 0.50500 
20 0.4q500 
1q 0.4,1500 
18 0.44750 
17 0.42750 
1b 0.40625 
15 0.38500 
14 0.36500 
13 0.34625 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
6 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00-7.10E-02-1 .14E-Ol-l .3QE-Ol-l .55E-Ol-l .65E-Ol-l.67E-Ol-1 .58E-Ol 
0.00 0.00 0.00 0.00 0.00-7.13E-02-1.07E-01-1.28E-Ol-l .42E-Ol-l.4QE-Ol-l .48E-01-1 .38E-Ol 
0.00 0.00 0.00 0.00 0.00-6.86E-02-Q.26E-02-1 .OQE-Ol-l .18E-Ol-l .22E-Ol-1 .18E-Ol-1 .06E-Ol 
0.00 0.00 0.00 0.00-7.60E-02-6.56E-02-7.Q7E-02-Q.03E-02-Q.57E-02-Q.58E-02-8.Q6E-02-7.56E-02 
0.00 0.00 0.00 0.00-6.Q1E-02-5.80E-02-6.22E-02-6.57E-02-6.55E-02-6.11E-02-5.18E-02-3.61E-02 
0.00 0.00 0.00 0.00-6.38E-02-4.65E-02-3.QbE-02-3.42E-02-2.72E-02-1 .7QE-02-5.17E-03 1.20E-02 
0.00 0.00 0.00-8.81E-02-6.08E-02-3.05E-02-1.08E-02 4.15E-03 1.80E-02 3.21E-02 4.78E-02 6.56E-02 
0.00 0.00 0.00-8.37E-02-5.33E-02-5.56E-03 2.6QE-02 5.08E-02 7.06E-02 8.86E-02 1.06E-Ol 1.24E-Ol 
0.00 0.00 0.00-8.17E-02-3.12E-02 1.83E-02 8.02E-02 1.11E-Ol 1.35E-Ol 1.56E-Ol 1.75E-Ol 1.QOE-Ol 
0.00 0.00-1 .66E-01-7.Q6E-03 8.Q7E-02 1.58E-Ol 2.07E-Ol 2.43E-Ol 2.70E-Ol 2.Q1E-Ol 3.07E-Ol 3.16E-Ol 
0.00 0.00 6.28E-02 1.Q1E-Ol 2.64E-Ol 3.18E-Ol 3.58E-Ol 3.88E-Ol 4.08E-Ol 4.21E-Ol 4.28E-Ol 4.27E-01 
0.00 0.00 3.65E-Ol 4.30E-Ol 4.70E-Ol 5.02E-Ol 5.23E-Ol 5.34E-Ol 5.38E-Ol 5.40E-Ol 5.3&E-Ol 5.22E-Ol 
0.00 1.00E 00 Q.OQE-Ol 8.44E-Ol 7.88E-Ol 7.40E-Ol 1.02E-Ol 6.77E-Oi 6.63E-Ol 6.53E-Ol 6.36E-Ol &.07E-Ol 
0.00 1.00E 00 Q.Q3E-Ol Q.88E-Ol Q.84E-Ol Q.78E-Ol Q.66E-Ol Q.4&E-Ol Q.13E-Ol 8.bQE-Ol 8.16E-Ol 7.60E-Ol 
0.00 1.00E 00 Q.Q6E-Ol Q.Q2E-Ol Q.QOE-Ol Q.QOE-Ol Q.8QE-Ol Q.87E-Ol Q.81E-Ol Q.6QE-Ol Q.44E-Ol Q.02E-Ol 
0.00 1.00E 00 Q.Q7E-Ol Q.Q5E-Ol Q.Q3E-Ol Q.Q2E-Ol Q.QOE-Ol Q.88E-Ol Q.84E-Ol Q.76E-Ol Q.63E-Ol Q.44E-Ol 
0.00 1.00E 00 Q"Q8E-Ol Q.Q6E-Ol Q.Q4E-Ol Q.Q3E-Ol Q.Q1E-Ol Q.8QE-Ol Q.84E-Ol Q.76E-Ol Q.64E-Ol q.47E-Ol 
0.00 1.00E 00 q.QQE-Ol q.q&E-Ol q.Q5E-Ol Q.Q3E-Ol q.q2E-Ol q.8qE-Ol q.84E-Ol q.77E-Ol q.64E-Ol q.48E-Ol 
0.00 1.00E 00 Q.QqE-Ol Q.Q7E-Ol Q.Q5E-Ol Q.Q3E-Ol Q.Q2E-Ol Q.8QE-Ol Q.A5E-Ol Q.77E-Ol Q.65E-Ol Q.48E-Ol 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 16 17 18 lQ 20 21 22 23 
1.17352 1.3620Q 1.57141 1.80376 2.06166 2.347Q3 2.665&Q 1.00001 3.33434 3.66866 4.002QQ 

o J Y 
21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4q500 -1.38E-Ol-l .05E-01-6.46E-02-1.q2E-02 2.85E-02 7.08E-02 1.0qE-Ol 1.40E-Ol 1.64E-Ol 1.80E-Ol 1.80E-Ol 
lq 0.47500 -1.16E-01-8.35E-02-4.30E-02 1 .4qE-03 4.64E-02 8.74E-02 1.24E-Ol 1.54E-Ol 1.77E-Ol 1.q2E-Ol 1.q2E-Ol 
18 0.44750 -8.31E-02-5.11E-02-1 .27E-02 2.83E-02 6.8qE-02 1.07E-Ol 1.41E-Ol 1.68E-01 1.8qE-Ol 2.02E-Ol 2.02E-Ol 
17 0.42750 -5.2qE-02-2.23E-02 1.33E-02 5.07E-02 8.75E-02 1.22E-Ol 1.53E-Ol 1.78E-Ol 1.q7E-Ol 2.0qE-Ol 2.0qE-Ol 
16 0.40&25 -1.37E-02 1.44E-02 4.5qE-02 7.85E-02 1. 10E-Ol 1.40E-Ol 1.68E-Ol 1.qOE-Ol 2.06E-Ol 2.17E-Ol 2.17E-Ol 
15 0.38500 3.33E-02 5.77E-02 8.40E-02 1.11E-Ol 1.36E-Ol 1.61E-Ol 1.84E-Ol 2.02E-Ol 2.16E-Ol 2.25E-Ol 2.25E-Ol 
14 0.36500 8.4QE-02 1.05E-Ol 1.25E-Ol 1.45E-Ol 1.64E-Ol 1.84E-Ol 2.01E-Ol 2.16E-Ol 2.26E-Ol 2.33E-Ol 2.33E-Ol 
13 0.34&25 1.40E-Ol 1.55E-Ol 1.68E-Ol 1.81E-Ol 1.q3E-Ol 2.06E-Ol 2.1qE-Ol 2.2qE-01 2.3&E-Ol 2.41E-Ol 2.41E-Ol 
12 0.32750 2.02E-Ol 2.10E-Ol 2.16E-Ol 2.20E-Ol 2.25E-Ol 2.31E-Ol 2.38E-01 2.43E-Ol 2.47E-Ol 2.4qE-Ol 2.4qE-Ol 
11 0.2q750 3.17E-Ol 3.11E-Ol 3.01E-Ol 2.qOE-Ol 2.81E-Ol 2.75E-Ol 2.71E-Ol 2.68E-Ol 2.65E-Ol 2.64E-Ol 2.64E-Ol 
10 0.27500 4.14E-Ol 3.q4E-Ol 3.71E-Ol 3.47E-Ol 3.26E-Ol 3.10E-Ol 2.q7E-Ol 2.87E-Ol 2.80E-Ol 2.75E-Ol 2.75E-Ol 
q 0.25750 4.q&E-Ol 4.&3E-Ol 4.28E-Ol 3.q4E-Ol 3.64E-Ol 3.3qE-Ol 3.1qE-Ol 3.03E-Ol 2.qlE-Ol 2.83E-Ol 2.83E-Ol 
8 0.24250 5.&8E-Ol 5.24E-Ol 4.78E-Ol 4.35E-Ol 3.Q6E-Ol 3.64E-Ol 3.38E-Ol 3.17E-Ol 3.01E-Ol 2.Q1E-Ol 2.Q1E-Ol 
7 0.21500 7.00E-Ol 6.35E-Ol 5.71E-Ol 5.11E-Ol 4.58E-Ol 4.12E-Ol 3.73E-Ol 3.43E-Ol 3.20E-Ol 3.04E-Ol 3.04E-Ol 
6 0.17500 8.44E-Ol 7.74E-Ol 6.Q7E-Ol 6.20E-Ol 5.48E-Ol 4.83E-Ol 4.26E-Ol 3.80E-Ol 3.46E-Ol 3.23E-Ol 3.23E-Ol 
5 0.13000 Q.l1E-Ol 8.&2E-Ol 7.Q7E-Ol 7.20E-Ol 6.38E-Ol 5.57E-Ol 4.81E-Ol 4.1QE-Ol 3.73E-Ol 3.43E-Ol 3.43E-Ol 
4 0.08500 Q.26E-Ol 8.Q5E-Ol 8.4QE-Ol 7.86E-Ol 7.07E-01 6.17E-Ol 5.26E-Ol 4.51E-Ol 3.Q4E-Ol 3.58E-Ol 3.58E-Ol 
3 0.04500 Q.27E-Ol Q.02E-Ol 8.70E-Ol 8.20E-Ol 7.46E-01 6.52E-Ol 5.53E-Ol 4.6QE-Ol 4.07E-Ol 3.67E-Ol 3.67E-Ol 
2 0.01250 Q.27E-Ol Q.03E-Ol 8.76E-01 8.32E-Ol 7.60E-Ol 6.65E-Ol 5.63E-01 4.76E-Ol 4.11E-Ol 3.70E-Ol 3.70E-Ol 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O*-*~*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS V VELOCITY -*-*-*-*-*-t-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 6 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.16430 0.24187 0.327Q6 0.42352 0.52QSO 0.64735 0.77804 0.Q2311 1.08415 



3 

4 

S 

E> 

7 

8 

C) 

10 

1 1 

12 

13 

14 

lS 

lE> 

17 

18 

lc) 

20 

21 

22 

cL443E-02 

1.E>43E-01 

2.41c)E-01 

3.280E-01 

4.23SE-01 

S.2c)E>E-01 

E>.473E-01 

7.780E-Ol 

C).231E-Ol 

1.084E 00 

1 .2E>3E 00 

1 .4E> 1 E 00 

1 . E>82E 00 

1 . C)2&E 00 

2. 1 c)7E 00 

2.4c)c)E 00 

2.833E 00 

3.1&7E 00 

3.502E 00 

3.83&E 00 

E>.&27E-05 

5.E>71E-05 

5.335E-05 

1.702E-04 

2.800E-04 

3.737E-04 

4.S&&E-04 

5.230E-04 

5.E>07E-04 

5.500E-04 

4.7&3E-04 

3.423E-04 

1.704E-04 

1.2c)c)E-05 

1.775E-04 

3.070E-04 

4.021E-04 

4.577£-04 

4.831E-04 

4.715E-04 
0- - -
lX-AXIS IS XI 
Y-AXES ARE 
SYMBOL 

00 02 04 0& 08 10 
o 2 4 & 8 1 

o 

MAXIMUM VALUES 0.100E-2c) O.lc)lE 00 0.282E 00 0.35c)E 00 0.431E 00 0.500E 00 

X 0.00 
X 0.02 
X 0.04 
X 0.0& 

RADIAL POSITION RID 

0.0 0.1 0.2 0.3 0.4 0.5 O.E> 0.7 0.8 O.C) 1.0 
O ••••••••• +2 •••• 4 •• E>+ .8 •• 1 •••• + •.••••••• + ••.•.•.•• + .•••.•••• + •••.••••• + ••...•••• + •.•..•••• + .•••.•.••• 
o 2 4 E> 8 1 
o 2 4 E> 8 1 
o 2 4 E> 8 1 

0.00 
0.02 
0.04 
O.OE> 



154 0.3228E-Ol 0.858qF-02 0.q02&E-Ol O.lq88E-Ol 0.4q02E-02 0.2751E 08 0.&127E 01 0.4431E-02 0.55q&E 01 0.q80qE 03 0.5504E 03 
155 0.31qqE-01 0.83q3~-02 0.8877E-01 0.lq5qE-01 0.4870E-02 0.2782E 08 0.&133E 01 0.4528E-02 0.5b44E 01 0.q815E 03 0.550qE 03 
15& 0.31&qE-01 0.81qJE-02 0.8733E-01 0.lq42E-01 0.4S41E-02 0.2830E 08 0.&140E 01 0.4&07E-02 0.5&q1E 01 0.q822E 03 0.5513E 03 
157 0.3137E-01 0.80~~E-02 0.85q3E-01 0.lqD5E-01 0.4817E-02 0.2S44E 08 0.&147E 01 0.4&&8E-02 0.573&E 01 0.qS2qE 03 0.5517E 03 
158 0.3104E-01 0.7853E-02 0.845&E-Ol 0.188qE-Ol 0.4801E-02 0.2S8qE OS 0.&154E 01 0.4714E-02 0.5781E 01 0.q835E 03 0.551qE 03 
15q 0.3070E-Ol 0.770&E-02 0.8323E-Ol 0.18&OE-Ol 0.4780E-02 0.2q21E 08 O.&l&lE 01 0.4744E-02 O.S824E 01 0.q842E 03 0.5522E 03 
1&0 0.3034E-Ol 0.75&4E-02 0.'31q3E-Ol 0.1844E-Ol 0.475&E-02 0.2q&3E 08 O.&l&qE 01 0.47&OE-02 0.58&7E 01 0.QS4QE 03 0.5524E 03 
1&1 0.2qq8E-Ol 0.7445E-02 0.~30&&E-Ol 0.1813E-Ol 0.472QE-02 0.2QSQE OS 0.&i77E 01 U.47&3E-02 0.5QOQE 01 0.QS55E 03 0.5525E 03 
1&2 0.2Q&lE-01 0.7324E-02 0.7Q41E-Q1 0.17QSE-Ol 0.4&Q7E-02 0.2~82E 08 0.&lS4E 01 0.4755E-02 0.5Q50E 01 0.Q8&2E 03 0.5527E 03 
1&3 0.2Q23E-01 0.7228E-02 0.7820E-01 0.1772E-01 0.4&&2E-02 0.3003E 08 0.&lQ2E 01 0.4735E-02 0.5Q~lE 01 0.~S&8E 03 0.5527E 03 
1&4 0.2885E-01 0.712QE-02 0.7701E-Ol 0.175QE-Ol 0.4&24E-02 0.303QE OS 0.&200E 01 0.4705E-02 O.&030E 01 0.~874E 03 0.5527E 03 
1&5 0.2847E-Ol 0.7051E-02 0.7584E-Ol 0.1734E-01 0.4583E-02 0.30&4E 08 0.&208E 01 0.4&&7E-02 O.&O&~E 01 0.QS81E 03 0.5527E 03 
1&& 0.280QE-01 0.&Q80E-02 0.7470E-Ol 0.1710E-01 0.453QE-02 0.30&SE 08 0.&2'&E 01 0.4&lQE-02 0.&107E 01 0.QS87E 03 0.5527E 03 
1&7 0.2771E-Ol 0.&~13E-02 0.7358E-01 0.1&Q8E-01 0.44~2E-02 0.3085E OS 0.&224E 01 0.45&&E-02 0.&145E 01 0.QSQ3E 03 0.552&E 03 
1bS 0.2734E-01 0.&853E-02 0.7248E-01 0.1&85E-01 0.4443E-02 0.3102E OS 0.&232E 01 0.4505E-02 0.&182E 01 O.QQOOE 03 0.5525E 03 
l&Q 0.2&Q&E-01 0.&805E-02 0.713QE-Ol 0.1&&lE-·01 0.43Q1E-02 0.313QE OS 0.&240E 01 0.4440E-02 0.&218E 01 O.~QO&E 03 0.5524E 03 
170 0.2&5QE-01 0.&754E-02 0.7033E-01 0.1&47E-01 0.4337E-02 0.3145E OS 0.&248E 01 0.43&SE-02 0.&254E 01 0.~Q12E 03 0.5522E 03 
171 0.2&22E-01 0.&707E-02 0.&Q28E-01 0.1&32E-Ol 0.42S1E-02 0.3151E 08 0.&25&E 01 0.42~3E-02 0.&28~E 01 0.~Q1SE 03 0.5520E 03 
172 0.2585E-01 0.&&&OE-02 0.&825E-01 0.1&04E-Ol 0.4224E-02 0.31&~E OS 0.&2&3E 01 0.4214E-02 0.&323E 01 0.~~24E 03 0.551SE 03 
173 0.254QE-Ol 0.&&24E-02 0.&724E-Ol 0.15Q&E-Ol 0.41&5E-02 0.3184E OS 0.&271E 01 0.4133E-02 0.&357E 01 0.~Q30E 03 0.551&E 03 
174 0.2514E-Ol 0.&575E-02 0.&&23E-Ol 0.1580E-Ol 0.4104E-02 0.31S&E 08 0.&27~E 01 0.404QE-02 0.&3~lE 01 0.Q~3&E 03 0.5514E 03 
175 O.247~E-01 0.&54&E-02 0.&525E-01 0.15&OE-Ol 0.4042E-02 0.31~2E OS 0.&28&E 01 0.3Q&3E-02 0.&424E 01 0.~Q42E 03 0.5511E 03 
17& 0.244&E-Ol 0.&501E-02 0.&427E-Ol 0.1545E-Ol 0.3Q7QE-02 0.3210E OS 0.&2~4E 01 0.387&E-02 0.&45&E 01 O.~~4SE 03 0.550SE 03 
177 0.2412E-Ol 0.&4&4E-02 0.&331E-Ol 0.1533E-Ol 0.3Q15E-02 0.3205E OS 0.&301E 01 0.37~OE-02 0.&4SSE 01 0.~~54E 03 0.5505E 03 
178 0.2380E-Ol 0.&434E-02 0.&237E-Ol 0.1522E-Ol 0.3S4~E-02 0.320SE 08 0.&30QE 01 0.3703E-02 0.&520E 01 O.~~&OE 03 0.5502E 03 
17Q 0.234QE-Ol 0.&3QOE-02 0.&143E-Ol 0.14Q~E-Ol 0.3784E-02 0.3241E OS 0.631&E 01 0.3~17E-02 0.&551E 01 0.~~&5E 03 0.54QQE 03 
180 0.2318E-Ol 0.&3&OE-02 0.&051E-Ol 0.148~E-Ol 0.371SE-02 0.3235E 08 0.&323E 01 0.3532E-02 0.&582E 01 0.~~71E 03 0.54Q&E 03 
181 0.2288E-Ol 0.&321E-02 0.5Q&OE-Ol 0.1475E-Ol 0.3&51E-02 0.321QE OS 0.&330E 01 0.344&E-02 0.&&12E 01 0.QQ77E 03 0.54~3E 03 
182 0.225QE-Ol 0.&2Q2E-02 0.5870E-01 0.145SE-Ol 0.35S4E-02 0.323SE 08 0.~337E 01 0.33&4E-02 0.&&42E 01 O.QQS2E 03 0.54S~E 03 
183 0.2231E-Ol 0.&24QE-02 0.5781E-01 0.144~E-01 0.3517E-02 0.3235E 08 0.&344E 01 0.3284E-02 0.&&72E 01 0.QQS8E 03 0.548&E 03 
184 0.2204E-Ol 0.&224E-02 0.5&Q3E-Ol 0.142&E-01 0.3450E-02 0.3221E OS 0.&350E 01 0.320&E-02 0.&701E 01 0.QQ~4E 03 0.5482E 03 
185 0.2178E-Ol 0.&180E-02 0.5&0&E-01 0.141~E-Ol 0.3382E-02 0.3225E 08 0.&357E 01 0.3130E-02 O.&730E 01 O.~~~~E 03 0.547~E 03 
18& 0.2153E-01 0.&14QE-02 0.5520E-Ol 0.1405E-Ol 0.3315E-02 0.3230E 08 0.&3&3E 01 0.305&E-02 0.&75QE 01 0.1000E 04 0.5475E 03 
187 0.2128E-Ol 0.&104E-02 0.5435E-Ol 0.1387E-Ol 0.324~E-02 0.3228E 08 0.&370E 01 0.2~8&E-02 0.&787E 01 0.1001E 04 0.5471E 03 
1880.2104E-Ol 0.&077E-02 0.5352E-Ol 0.1374E-Ol 0.3182E-02 0.3224E 08 0.&37&E 01 0.2Q20E-02 0.&815E 01 0.1002E 04 0.54&8E 03 
18Q 0.2082E-01 0.&030E-02 0.52&QE-Ol 0.1357E-Ol 0.311&E-02 0.3231E 08 0.&382E 01 0.285&E-02 0.&843E 01 0.1002E 04 0.54&4E 03 
lQO 0.20&OE-Ol 0.5~Q&E-02 0.5187E-Ol 0.1344E-01 0.3051E-02 0.3220E 08 0.&388E 01 0.27~5E-02 0.&870E 01 0.1003E 04 0.54&lE 03 
lQl 0.203QE-01 0.5~51E-02 0.5107E-Ol 0.1331E-01 0.2~8bE-02 0.323&E 08 0.&3~4E 01 0.2737E-02 0.&8~7E 01 0.1003E 04 0.5457E 03 
lQ2 0.2018E-01 0.5~13E-02 0.5027E-Ol 0.131&E-Ol 0.2Q21E-02 0.3212E 08 0.&400E 01 0.2&83E-02 0.&Q23E 01 0.1004E 04 0.5453E 03 
1~3 0.lQQ8E-Ol 0.58&7E-02 0.4Q48E-Ol 0.130~E-Ol 0.2858E-02 0.3218E 08 0.&40&E 01 0.2&33E-02 0.&~50E 01 0.1004E 04 0.5450E 03 
1Q4 0.lQ7QE-01 0.5827E-02 0.4871E-Ol 0.12Q2E-01 0.27~5E-02 0.320&£ 08 0.&412E 01 0.258&E-02 0.&~7&E 01 0.1005E 04 0.544&E 03 
lQ5 0.lQ&OE-01 0.5782E-02 0.47Q4E-Ol 0.127~E-Ol 0.2733E-02 0.3204E: 08 0.&418E 01 0.2543E-02 0.7002E 01 0.1005E 04 0.5443E 03 
1Q& 0.lQ42E-Ol 0.573&E-02 0.4718E-Ol 0.12&5E-Ol 0.2&72E-02 0.31~2E 08 0.&423E 01 0.2502E-02 0.7027E 01 0.100&E 04 0.543QE 03 
lQ7 0.lQ24E-Ol 0.5&8QE-02 0.4&44E-Ol 0.1247E-Ol 0.2&11E-02 0.31~7E 08 0.&42~E 01 0.24&&E-02 0.7052E 01 0.100&E 04 0.543&E 03 
lQ8 0.lQ07E-Ol 0.5&40E-02 0.4571E-Ol 0.1247E-Ol 0.2552E-02 0.3177E 08 0.&434E 01 0.2432E-02 0.7077E 01 0.1007E 04 0.5432E 03 
lQQ 0.18Q1E-01 0.55~OE-02 0.44~8E-01 0.1232E-Ol 0.24~4E-02 0.31&~E 08 0.&440E 01 0.2401E-02 0.7102E 01 0.1007E 04 0.542QE 03 
200 0.1874E-01 0.5541E-02 0.4427E-Ol 0.121&E-Ol 0.243&E-02 0.31&~E 08 0.&445E 01 0.2373E-02 0.712&E 01 0.1008E 04 0.542&E 03 

0- - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SWIRL CASE WITH LFS = 2 
AND NSBR = 0 

CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUM8ER = 0.500 



70.02b87 4.4qE OS 8.08E 04 1.qbE 04 7.3SE 03 b.44E 03 b.38E 03 S.b8E 03 4.78E 03 4.10E 03 3.S1E 03 2.qSE 03 2.42E 03 
b 0.02187 4.4qE OS 8.0qE 04 2.02E 04 q.07E 03 1.01E 04 1.14E 04 5.q5E 03 4.72E 03 4.04E 03 3.4bE 03 2.8qE 03 2.35E 03 
S 0.01b2S 4.4qE OS 8.10E 04 2.10E 04 1.27E 04 1.qlE 04 7.00E 03 4.bqE 03 3.q5E 03 3.52E 03 3.0qE 03 2.blE 03 2.13E 03 
40.010b2 4.4qE OS 8.13E 04 2.38E 04 2.08f. 04 7.11E 03 4.25E 03 3.55E 03 3.1qE 03 2.q5E 03 2.b4E 03 2.2bE 03 1.87E 03 
30.00Sb2 4.4qE OS 8.17E 04 3.14E 04 1.10£ 04 4.1qE 03 3.17E 03 2.qOE 03 2.70E 03 2.54E 03 2.32E 03 2.01E 03 1.&qE 03 
20.0015b 4.4qE OS 8.25E 04 3.11E 04 &.44E 03 3.17E 03 2.71E 03 2.5qE 03 2.44E 03 2.32E 03 2.14E 03 1 .87E 03 1.58E 03 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 1q 20 21 22 23 
X = 0.1578& 0.182bb 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 4.qOE 02 b.7&E 02 8.00E 02 8.2&E 02 7.qOE 02 7.2&E 02 &.&2E 02 &.07E 02 5.&lE 02 5.43E 02 4.4qE 05 
lq 0.05q37 4.25E 02 5.73E 02 b.57E 02 b.5qE 02 &.08E 02 5.34E 02 4.&OE 02 3.q8E 02 3.4&E 02 3.37E 02 4.4qE 05 
180.055q4 4.4qE 02 5.73E 02 &.23E 02 b.02E 02 5.3&E 02 4.55E 02 3.78E 02 3.1&E 02 2.&7E 02 2.&8E 02 4.4qE 05 
17 0.05344 5.23E 02 &.24E 02 b.45E 02 &.OlE 02 5.22E 02 4.34E 02 3.55E 02 2.q2E 02 2.45E 02 2.51E 02 4.4qE 05 
1b 0.05078 &.44E 02 7.15E 02 &.q8E 02 b.25E 02 5.27E 02 4.2qE 02 3.4&E 02 2.82E 02 2.35E 02 2.45E 02 4.4qE 05 
lS 0.04812 8.03E 02 8.30E 02 7.b8E 02 b.blE 02 5.43E 02 4.34E 02 3.45E 02 2.80E 02 2.32E 02 2.43E 02 4.4qE 05 
140.045b2 q.81E 02 q.51E 02 8.41E 02 7.01E 02 5.b2E 02 4.42E 02 3.48F. 02 2.80E 02 2.32E 02 2.43E 02 4.4qE 05 
13 0.04328 1 .1&E 03 1.07E 03 Q.l0E 02 7.3qE 02 5.82E 02 4.~:E 02 3.52E 02 2.82E 02 2.33E 02 2.43E 02 4.4qE 05 
120.040Q4 1.35E 03 1 .18E 03 q.7&E 02 7.74E 02 &.OOE 02 4.5qE 02 3.5&E 02 2.84E O~ 2.34E 02 2.43E 02 4.4qE 05 
110.0371Q 1 .~2E 03 1 .34E 03 1.0&E 03 8.21E 02 &.23E 02 4.70E 02 3.&lE 02 2.8&E 02 2.35E 02 2.40E 02 4.4qE 05 
10 0.03437 1 .J7E 03 1.43E 03 1.11E 03 8.44E 02 &.34E 02 4.75E 02 3.&2E 02 2.8&E 02 2.34E 02 2.37E 02 4.4qE 05 
Q 0.0321q 1.85E 03 1.47E 03 1.13E 03 8.54E 02 &.37E 02 4.75E 02 J.&lE 02 2.85E 02 2.33E 02 2.33E 02 4.4qE 05 
8 0.03031 1.qOE 03 1.4qE 03 1.14E 03 8.57E 02 &.37E 02 4.74E 02 3.5qE 02 2.82E 02 2.30E 02 2.2qE 02 4.4qE 05 
70.02b87 1.q2E 03 1.4qE 03 1.14E 03 8.4qE 02 &.30E 02 4.&7E 02 3.53E 02 2.77E 02 2.25E 02 2.20E 02 4.4qE 05 
& 0.02187 1.8&E 03 1.44E 03 1.0qE 03 8.1&E 02 &.O&E 02 4.50E 02 3.40E 02 2.&&E 02 2.1&E 02 2.0&E 02 4.4qE 05 
5 0.01&25 1.&qE 03 1.32E 03 1.01E 03 7.&lE 02 5.70E 02 4.2&E 02 3.24E 02 2.54E 02 2.05E 02 1.qlE 02 4.4qE 05 
40.010b2 1.51E ·03 1 .1qE 03 q.22E 02 7.05E 02 5.34E 02 4.03E 02 3.08E 02 2.43E 02 1.q7E 02 1.7qE 02 4.4qE 05 
3 0.005&2 1 .38E 03 1 .11E 03 8.&4E 02 &.&8E 02 5.11E 02 3.8qE 02 2.qqE 02 2.3~£ 02 1.qlE 02 1 .72E 02 4.4qE 05 
2 0.0015& 1.31E 03 1.0&E 03 8.34E 02 &.50E 02 5.00E 02 3.82E 02 2.q5E 02 2.33E 02 1 .8qE 02 1.&qE 02 4.4qE 05 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAM FUNCTION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 O.0253q 0.035&1 0.04&q7 0.OSq57 0.0735& 0.08qOq 0.10&32 0.12545 
o J Y 

21 0.0&312 
20 0.0&187 
lq 0.05Q37 
18 0.055q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040q4 
11 0.0371q 
10 0.03437 
q 0.0321q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 q.qqE-Ol q.8qE-Ol q.84E-01 q.82E-Ol q.82E-Ol q.83E-Ol q.83E-01 
0.00 0.00 0.00 0.00 0.00 q.&qE-Ol q.27E-Ol q.05E-Ol 8.qqE-Ol q.00E-01 q.02E-Ol q.02E-01 
0.00 0.00 0.00 0.00 0.00 q.08E-Ol 8.30E-Ol 7.QOE-Ol 7.7QE-Ol 7.81E-01 7.85E-Ol 7.85E-01 
0.00 0.00 0.00 0.00 Q.87E-Ol 8.52£-01 7.53E-01 7.01E-01 &.88E-Ol &.Q2E-Ol &.Q7E-Ol &.Q7E-Ol 
0.00 0.00 0.00 0.00 Q.41E-Ol 7.8&E-Ol &.&3E-Ol &.03E-Ol 5.8QE-01 5.Q&E-01 &.03E-Ol &.02E-01 
0.00 0.00 0.00 0.00 8.87E-Ol 7.08E-Ol 5.&8E-Ol 5.01E-Ol ~.8QE-Ol 4.Q8E-Ol 5.08E-Ol 5.0QE-Ol 
0.00 0.00 0.00 Q.Q4E-Ol 8.30E-Ol &.28E-Ol 4.75E-01 4.05E-Ol 2.Q5E-Ol 4.08E-Ol 4.20E-Ol 4.25£-01 
0.00 0.00 0.00 Q.&2E-Ol 7.&8E-Ol 5.47E-Ol 3.87E-Ol 3.1&E-Ol 3.0QE-Ol 3.2&E-Ol 3.43E-Ol 3.52E-Ol 
0.00 0.00 0.00 Q.14E-Ol b.Q5E-Ol 4.&2E-Ol 2.QQE-Ol 2.31E-Ol 2.2~E-Ol 2.51E-01 2.72E-01 2.8&E-01 
0.00 0.00 q.88E-Ol 8.18E-Ol 5.&7E-Ol 3.25E-Ol 1.&7E-Ol 1.10E-Ol 1.lqE-Ol 1.50E-Ol 1.77E-01 1.q5E-01 
0.00 0.00 q.37E-Ol 7.27E-Ol 4.&3E-Ol 2.25E-Ol 7.q5E-02 3.&8E-02 5.&4E-02 q.17E-02 1.21E-01 1.41E-01 
0.00 0.00 8.5qE-01 &.3QE-01 3.7QE-Ol 1.53E-Ol 2.22E-02-5.87E-03 2.05E-02 5.&7E-02 8.51E-02 1.05E-01 
0.00 Q.41E-Ol 7.75E-Ol 5.5QE-Ol 3.0QE-01 Q.77E-02-1 .&8E-02-3.22E-02-2.25E-03 3.28E-02 &.00E-02 8.00E-02 
0.00 7.40E-Ol &.OQE-Ol 4.1&E-01 1.Q3E-Ol 1.51E-02-&.41E-02-5.Q4E-02-2.87E-02 1 .70E-03 2.55E-02 4.3QE-02 
0.00 4.QOE-C1 3.Q3E-01 2.37E-Ol &.24E-02-&. 13E-02-8.2QE-02-&.53E-02-4. 18E-02-2.04E-02-2.72E-03 1.20E-02 
0.00 2.70E-01 2.02E-01 8.Q2E-02-2.4&E-02-7.05E-02-&.11E-02-4.80E-02-3.50E-02-2.2QE-02-1 .21E-02-2.52E-03 
0.00 1.1&E-Ol 7.37E-02 &.84E-03-3.SQE-02-3.47E-02-3.01E-02-2.43E-02-1 .QOE-02-1 .37E-02-8.72E-03-4.10E-03 
0.00 3.24E-02 1 .54E-02-Q.04E-03-1 .21E-02-1 .04E-02-Q.03E-03-7.45E-03-5.Q7E-03-4.4QE-03-3.03E-03-1 .&4E-03 



S 0.13000 2.44E-02 2.17E-02 1.8~E-02 1.&2E-02 1.37E-02 1 .1&E-02 ~.80E-03 8.40E-03 7.44E-03 7.20E-03 3.00E-02 
40.08S00 2.3SE-02 2.0~E-02 1.83E-02 1.S8E-02 1.34E-02 1 .14E-02 ~.07E-03 8.37E-03 7.37E-03 7.04E-03 3.00E-02 
30.04S00 2.28E-02 2.04E-02 1 .7~E-02 1.S5E-02 1.32E-02 1 .12E-02 ~.5~E-03 8.31E-03 7.32E-03 0.q4E-03 3.00E-02 
20.012S0 2.2SE-02 2.02E-02 1.78E-02 1.54E-02 1.32E-02 1 .12E-02 q.5qE-03 8.31E-03 7.32E-03 0.q3E-03 3.00E-02 
1-0.012S0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE -*-*-*-*-*-*-*-*-*-*-*-*-*-:~-*-*-* 
o I = 2 3 4 5 0 7 8 ~ 10 11 12 13 

X = 0.003q3 0.01180 0.02054 0.03023 0.040S~ 0.052q4 0.00020 0.080~2 U.0~720 0.1153Q 0.13552 0.15780 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
lQ 0.OS~37 0.00 0.00 0.00 1.Q8E-Ol 1 .85E-Ol 1.7~E-Ol 1.71E-Ol 1.02E-Ol 1.54E-Ol 1.50E-Ol 1.02E-Ol 2.22E-Ol 
18 0.OS5~4 0.00 0.00 0.00 1 .~8E-Ol 1.02E-Ol 1.03E-Ol 1.08E-Ol 1.75E-Ol 1 .82E-Ol 1.~2E-Ol 2.52E-Ol 3.Q1E-Ol 
17 0.05344 0.00 0.00 5.0~E-02 1.17E-Ol 1.22E-Ol 1.2QE-Ol 1.42E-Ol 1.55E-Ol 1.oQE-Ol 1.Q3E-Ol 3.13E-Ol 4.8QE-Ol 
1& 0.OS078 0.00 0.00 1.78E-Ol 1.20E-Ol 1.11E-Ol 1.13E-Ol 1.22E-Ol 1.35E-Ol 1.51E-Ol 2.01E-Ol 3.80E-Ol 5.70E-Ol 
15 0.04812 0.00 0.00 1.78E-Ol 1.02E-01 ~.37E-02 Q.oOE-02 1.04E-Ol 1.10E-Ol 1.34E-Ol 2.51E-Ol 4.08E-Ol 0.33E-Ol 
14 0.045&2 0.00 5.0~E-02 ~.31E-02 8.18E-02 7.Q8E-02 8.30E-02 Q.08E-02 1.02E-Ol 1.41E-Ol 3.40E-Ol 5.37E-Ol 0.78E-Ol 
13 0.04328 0.00 1.00E-Ol ~.00E-02 7.28E-02 7.17E-02 7.0~E-02 8.41F.-02 Q.o~E-02 2.07E-Ol 4.25E-Ol 5.88E-Ol 7.11E-Ol 
12 0.040~4 0.00 1.&OE-Ol 7.84E-02 0.24E-02 0.52E-02 7.42E-02 8.42E-02 1.25E-Ol 3.00[-01 4.~OE-Ol 0.27E-Ol 7.37E-Ol 
11 0.0371~ 7.&4E-02 8.31E-02 5.83E-02 5.01E-02 0.13E-02 7.~5E-02 1.17E-Ol 2.55E-Oi 4.28E-Ol 5.02E-Ol 0.74E-Ol 7.74E-Ol 
10 0.03437 1.&OE-Ol 7.&4E-02 4.28E-02 4.08E-02 0.5~E-02 1.08E-Ol 2.0SE-Ol 3.54E-Ol 4.85E-Ol o.OOE-Ol 7.04E-Ol 7.~~E-Ol 
~ 0.0321~ 1.&OE-Ol 4.~2E-02 2.38E-02 3.70E-02 7.~oE-02 1.50E-Ol 2.70E-Ol 4.04E-Ol 5.20E-Ol 0.28E-Ol 7.27E-Ol 8.1~E-Ol 
8 0.03031 5.2~E-03 b.18E-03 ~.0~E-03 4.12E-02 ~.~lE-02 1.~7E-Ol 3.23E-Ol 4.40E-Ol 5.4~E-01 b.51E-Ol 7.40E-Ol 8.30E-Ol 
7 0.02&87 5.27E-03 0.1~E-03 1.15E-02 5.75E-02 1.32E-Ol 2.74E-Ol 4.01E-01 5.03E-Ol o.OlE-Ol 0.~4E-Ol 7.83E-Ol 8.08E-Ol 
& 0.02187 5.27E-03 0.32E-03 1.72E-02 ~.31E-02 2.10E-Ol 4.14E-Ol 4.~~E-Ol 5.80E-Ol 0.73E-Ol 7.58E-Ol 8.3~E-Ol ~.18E-Ol 
5 0.01&25 5.28E-03 0.~4E-03 3.47E-02 1.00E-Ol 3.53E-Ol 5.14E-Ol 5.~2E-Ol 0.71E-Ol 7.48E-Ol 8.25E-Ol Q.OOE-Ol ~.70E-Ol 
4 0.010&2 5.30E-03 1.00E-02 8.10E-02 3.01E-Ol 4.80E-Ol 0.08E-Ol 0.78E-Ol 7.48E-Ol 8.18E-Ol 8.8~E-Ol ~.5~E-Ol 1.03E 00 
3 0.005&2 5.32E-03 2.50E-02 3.00E-Ol 4.32E-Ol 5.87E-Ol 0.80E-Ol 7.48E-Ol 8.11E-Ol 8.75E-Ol Q.42E-Ol 1.01E 00 1.07E 00 
2 0.0015& 5.3bE-03 7.87E-02 4.21E-01 5.53E-Ol 0.73E-Ol 7.52E-Ol 8.0~E-Ol 8.08E-Ol ~.2~E-Ol ~.~lE-Ol 1.05E 00 1 .11E 00 

o I = 1 4 1 5 1 & 1 7 1 8 1 ~ 20 21 22 23 
X = 0.18200 0.2101q 0.24075 0.27407 0.31232 0.35411 0.3q5qO 0.4370q 0.47q48 0.52127 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 5.00E-03 
1~ 0.05~37 2.72E-Ol 2.8&E-01 2.80E-01 2.04E-0~ 2.42E-Ol 2.20E-Ol 2.00E-01 1.83E-01 1.83E-Ol 5.00E-03 
18 0.055~4 4.qOE-Ol 5.25E-Ol 5.24E-01 5.05E-Ol 4.1qE-01 4.51E-Ol 4.27E-Ol 4.08E-01 4.17E-01 5.00E-03 
17 0.05344 0.02E-01 b.4~E-01 0.50E-Ol 0.42E-Ol 0.lqE-01 5.q5E-Ol 5.75E-Ol 5.00E-01 5.71E-01 5.00E-03 
10 0.05078 b.84E-01 7.41E-01 7.5QE-01 7.55E-Ol 7.3QE-Ol 7.22E-01 7.07E-01 0.QoE-01 7.08E-01 5.00E-03 
15 0.04812 7.41E-01 8.05E-Ol 8.34E-01 8.41E-01 8.34E-01 8.24E-Ol 8.15E-Ol 8.10E-01 8.20E-Ol 5.00E-03 
14 0.04502 7.7~E-Ol 8.48E-Ol 8.80E-01 Q.02E-01 Q.05E-01 Q.01E-Ol 8.~8E-Ol 8.Q7E-01 Q.07E-01 5.00E-03 
13 0.04328 8.07E-Ol 8.78E-Ol Q.24E-Ol Q.48E-Ol Q.58E-01 Q.olE-01 Q.03E-01 Q.ooE-Ol Q.70E-01 5.00E-03 
12 0.040~4 8.30E-Ol Q.03E-Ol Q.54E-Ol Q.85E-Ol 1.00E 00 1.01E 00 1 .02E 00 1.02E 00 1.03E 00 5.00E-03 
11 0.0371Q 8.b2E-01 Q.37E-Ol Q.Q4E-Ol 1 .03E 00 1.00E 00 1.08E 00 1.0QE 00 1 .10E 00 1 .11E 00 5.00E-03 
10 0.03437 8.85E-Ol Q.oOE-Ol 1.02E 00 1.0bE 00 1.10E 00 1.12E 00 1 .14E 00 1 .15E 00 1 .10E 00 5.00E-03 
Q 0.0321Q Q.03E-Ol Q.77E-Ol 1.04E 00 1 .O~E 00 1 .12E 00 1 .15E 00 1 .17E 00 1 .18E 00 1.20E 00 5.00E-03 
8 0.03031 ~.18E-Ol ~.Q2E-Ol 1.05E 00 1 .10E 00 1 .14E 00 1 .17E 00 1 .1QE 00 1 .21E 00 1.23E 00 5.00E-03 
7 0.02b87 ~.48E-Ol 1.02E 00 1.08E 00 1 .13E 00 1 .17E 00 1 .20E 00 1.2~E 00 1.25E 00 1.27E 00 5.00E-03 
b 0.02187 Q.~3E-Ol 1.0bE 00 1.12E 00 1.17E 00 1.22E 00 1.25E 00 1.28E 00 1 .30E 00 1 .33E 00 5.00E-03 
50.01b25 1.05E 00 1.11E 00 1.17E 00 1.22E 00 1.20E 00 1 .30E 00 1 .32E 00 1 .35E 00 1 .38E 00 5.00E-03 
4 0.01002 1.10E 00 1.10E 00 1.21E 00 1.20E 00 1 .30E 00 1 .33E 00 1 .30E 00 1 .3QE 00 1 .42E 00 5.00E-03 
30.005b2 1.14E 00 1.20E 00 1.24E 00 1.2QE 00 1.33E 00 1.30E 00 1.3QE 00 1 .42E 00 1 .45E 00 5.00E-03 
2 0.00150 1.17E 00 1.23E 00 1.27E 00 1 .31E 00 1 .34E 00 1.38E 00 1 .40E 00 1 .43E 00 1.48E 00 5.00E-03 

O*-*-*-~-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS EFF. VISCOSITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o 1 = 1 2 3 4 5 0 7 8 Q 10 11 12 



47 0.27~lE 00 0.1785E 00 0.17&~E 00 0.~07&E-Ol 0.3335E-Ol 0.7250E O~ 0.&52~E 01-0.2277E-02 0.7~0&E 01 0.112&E 04 0.5&78E 03 
48 0.2750E 00 0.1752E 00 0.174~E 00 0.~134E-01 0.3307E-Ol 0.&710E Oq 0.&528E 01-0.2&~7E-02 0.7~24E 01 0.1127E 04 0.5718E 03 
4~ 0.2712E 00 0.1722E 00 0.1731E 00 0.~1&7E-Ol 0.3271E-01 0.&202E O~ 0.&525E 01-0.3137E-02 0.7~42E 01 0.1127E 04 0.57&OE 03 
50 O.2&78E 00 O.l&~lE 00 0.171&E 00 0.~175E-01 0.3232E-Ol 0.5727E O~ 0.&523E 01-0.35~&E-02 0.7Q&1E 01 0.1128E 04 0.580&E 03 
51 0.2&45E 00 0.1&&2E 00 0.1702E 00 0.~1&OE-01 0.318&E-01 0.5283E O~ 0.&51~E 01-0.4072E-02 O.7~80E 01 0.112~E 04 0.585&E 03 
52 0.2&14E 00 0.1&3&E 00 0.1&85E 00 0.~113E-01 0.3137E-Ol 0.4~00E O~ 0.&515E 01-0.45&3E-02 0.8000E 01 0.112~E 04 0.5~0~E 03 
53 0.2580E 00 0.1&12E 00 0.1&&4E 00 0.~043E-Ol 0.3084E-Ol 0.4558E O~ 0.&510E 01-0.50&&E-02 0.8020E 01 0.1130E 04 0.5~&&E 03 
54 0.2543E 00 0.15~5E 00 0.1&3~E 00 0.8~53E-Ol 0.302~E-Ol 0.4230E O~ 0.&505E 01-U.5578E-02 0.8042E 01 0.1131E 04 0.b027E 03 
55 0.2505E 00 0.157~E 00 0.1&13E 00 0.8851E-Ol 0.2~72E-Ol 0.3~28E O~ 0.&4~~E 01-0.&0~7E-02 0.80&4E 01 0.1132E 04 O.&O~lE 03 
5& 0.2471E 00 0.15&4E 00 0.158&E 00 0.872&E-Ol 0.2~14E-Ol 0.3&40E O~ 0.&4~2E 01-0.&&22E-02 0.8087E 01 0.1133E 04 0.&15~E 03 
57 0.2441E 00 0.154~E 00 0.15&lE 00 0.8580E-01 0.285&E-Ol 0.3370E O~ 0.&484E 01··0.714&E-02 0.8111E 01 0.1134E 04 0.&230E 03 
58 0.2414E 00 0.1534E 00 0.1540E 00 0.842~E-Ol 0.27~7E-Ol 0.311~E O~ 0.&475E 01-0.7&&8E-02 0.813&E 01 0.1134E 04 0.&305E 03 
5~ 0.2383E 00 0.1520E 00 0.1517E 00 0.82&OE-Ol 0.2737E-Ol 0.287~E O~ 0.&4&&E 01-0.8185E-02 0.81&2E 01 0.1135E 04 0.&382E 03 
&0 0.234&E 00 0.150~E 00 0.14~lE 00 0.8078E-Ol 0.2&75E-Ol 0.2&&OE O~ 0.&45&E 01-0.8&~1E-02 0.818~E 01 0.113&E 04 0.&4&3E 03 
&1 0.230~E 00 0.14~8E 00 0.14&3E 00 0.7881E-Ol 0.2&12E-Ol 0.2453E O~ 0.&445E 01-0.~182E-02 0.8217E 01 0.1137E 04 0.&54&E 03 
&2 0.2274E 00 0.148~E 00 0.1432E 00 0.7&84E--Ol 0.2550E-Ol 0.2270E O~ 0.&433E 01-0.~&5&E-02 0.8247E 01 0.1138E 04 0.&&32E 03 
&3 0.223~E 00 0.147~E 00 0.1400E 00 0.7473E-Ol 0.2487E-Ol 0.2112E O~ 0.&421E 01-0.1011E-01 0.8277E 01 0.1138E 04 0.6720E 03 
&4 0.220&E 00 0.14&7E 00 0.13&5E 00 0.72&3E-Ol 0.2423E-01 O.l~&OE Oq 0.&408E 01-0.1053E-Ol 0.830~E 01 0.113~E 04 0.&80~E 03 
&5 0.2172E 00 0.1453E 00 0.1331E 00 0.7045E-Ol 0.23&OE-Ol 0.181~E Oq 0.&3~4E 01-0.10q3E-Ol 0.8343E 01 0.1140E 04 O.&~OlE 03 
&& 0.2137E 00 0.1438E 00 0.12~8E 00 0.&828E-Ol 0.22~&E-Ol O.l&qOE Oq 0.&37~E 01-0.112qE-Ol 0.8377E 01 0.1140E 04 0.&q~4E 03 
&7 0.2100E 00 0.1422E 00 0.12&8E 00 0.&&08E-Ol 0.2233E-01 0.15&~E Oq 0.&3&4E 01-0.11&2E-Ol 0.8413E 01 0.1141E 04 0.7087E 03 
&8 0.20&5E 00 0.1405E 00 0.123&E 00 0.&3q3E-Ol 0.2171E-Ol 0.145~E Oq 0.&348E 01-0.11qOE-01 0.8451E 01 0.1142E 04 0.7182E 03 
&~ 0.2035E 00 0.13eqE 00 0.1203E 00 0.&17&E-Ol 0.2108E-Ol 0.1355E O~ 0.&331E 01-0.1214E-Ol 0.848~E 01 0.1142E 04 0.7277E 03 
70 0.200&E 00 0.1372E 00 0.11&8E 00 0.5q54E-Ol 0.2047E-Ol 0.12&lE Oq 0.&315E 01-0.1233E-Ol 0.852~E 01 0.1143E 04 0.7373E 03 
71 0.1~73E 00 0.135&E 00 0.1133E 00 0.5733E-Ol 0.lq8&E-Ol 0.1173E Oq 0.&2q7E 01-0.1248E-Ol 0.8570E 01 0.1143E 04 0.74&8E 03 
72 0.1~40E 00 0.1338E 00 0.10q8E 00 0.5512E-Ol 0.1~25E-Ol 0.10q3E Oq 0.627qE 01-0.1?57E-Ol 0.8&12E 01 0.1144E 04 0.75&3E 03 
73 0.1~10E 00 0.131&E 00 0.10&2E 00 0.52q4E-Ol 0.18&&E-Ol 0.101~E Oq 0.&2&1E 01-0.12&1E-Ol 0.8&55E 01 0.1144E 04 0.7&58E 03 
74 0.187&E 00 0.12q2E 00 0.102&E 00 0.5087E-Ol 0.1807E-Ol 0.q501E 08 0.&243E 01-0.12&OE-Ol 0.86~~E 01 0.1144E 04 0.7751E 03 
75 0.1843E 00 0.12&7E 00 0.~8q4E-Ol 0.487&E-Ol 0.1748E-Ol 0.8ql0E 08 0.b225E 01-0.1253E-01 0.8744E 01 0.1145E 04 0.7844E 03 
7& 0.1813E 00 0.1241E 00 0.~547E-Ol 0.4&78E-01 O.l&qOE-Ol 0.8415E 08 0.&20&E 01-0.1241E-Ol 0.878qE 01 0.1145E 04 0.7q35E 03 
77 0.1783E 00 0.1215E 00 0.q217E-Ol 0.4482E-01 0.1&33E-Ol 0.8031E 08 0.&187E 01-0.1224E-Ol 0.883&E 01 0.114&E 04 0.8025E 03 
78 0.1754E 00 0.118~E 00 0.8885E-Ol 0.4288E-Ol 0.1577E-01 0.7&q3E 08 O.&l&qE 01-0.1202E-Ol 0.8882E 01 0.114&E 04 0.8113E 03 
7~ 0.1723E 00 0.11&2E 00 0.855qE-01 0.4100E-01 0.1521E-01 0.7415E 08 0.&150E 01-0.1174E-01 0.8q30E 01 0.114&E 04 0.8200E 03 
80 0.1&~4E 00 0.1135E 00 0.8234E-01 0.3q20E-Ol 0.14&&E-Ol 0.718&E 08 0.&132E 01-0.1142E-01 0.8~78E 01 0.114&E 04 0.8285E 03 
81 0.1&&5E 00 0.110~E 00 0.7~10E-01 0.3743E··01 0.1412E-01 O.&qqOE 08 0.&114E 01-0.110&E-01 0.q025E 01 0.1147E 04 0.83&7E 03 
82 0.1&35E 00 0.1084E 00 0.75Q5E-01 0.3575E-01 U.135QE-01 0.&822E 08 O.&OQ&E 01-0.10&5E-Ol 0.~073E 01 0.1147E 04 0.8448E 03 
83 0.1&05E 00 0.1057E 00 0.7285E-01 0.3411E-Ol 0.130&E-01 0.&&3&E 08 0.&07QE 01-0.1021E-01 0.Q121E 01 0.1147E 04 0.8527E 03 
84 0.157~E 00 0.1030E 00 0.&~82E-01 0.3257E-01 0.1255E-01 0.&51&E 08 0.&0&2E 01-0.Q725E-02 O.Ql&QE 01 0.1147E 04 0.8&03E 03 
85 0.1553E 00 0.1001E 00 0.&&82E-Ol 0.3107E-Ol 0.1204E-Ol 0.&37&E 08 0.&04&E 01-0.Q215E-02 0.Q217E 01 0.1148E 04 0.8&7&E 03 
8& 0.152&E 00 0.Q718E-Ol 0.&3Q3E-Q1 0.2Q&2E-01 0.1155E-01 0.&338E 08 O.&030E 01-0.8&78E-02 0.Q2&4E 01 0.1148E 04 0.8748E 03 
87 0.14Q8E 00 0.~423E-01 0.&11&E-01 0.2828E-Ol 0.1107E-Ol 0.&28&E 08 0.&014E 01-0.8118E-02 0.Q310E 01 0.1148E 04 0.8817E 03 
88 0.1471E 00 0.Q127E-01 0.5853E-Ol 0.2&Q2E-Ol 0.10&1E-Ol 0.&273E 08 O.&OOOE 01-0.753QE-02 0.Q35&E 01 0.1148E 04 0.8884E 03 
8Q 0.1445E 00 0.8831E-Ol 0.5&0;E-01 0.25&4E-01 0.101&E-01 0.&2&4E 08 0.5Q8&E 01-0.&Q4&E-02 0.Q402E 01 0.1148E 04 0.8Q48E 03 
~O 0.1420E 00 0.8537E-01 0.53&7E-01 0.2441E-01 0.Q728E-02 0.&237E 08 0.5Q72E 01-0.&342E-02 0.Q44&E 01 0.1148E 04 0.Q010E 03 
~1 0.13~&E 00 0.8245E-01 0.5131E-01 0.2332E-Ol 0.Q325E-02 O.&lQQE 08 0.5~&OE 01-0.5731E-02 0.Q4QOE 01 0.114~E 04 0.Q074E 03 
~2 0.1374E 00 0.7~5QE-01 0.4Q08E-01 0.221QE-01 0.8847E-02 0.5803E 08 0.5Q48E 01-0.514QE-02 0.~533E 01 0.114QE 04 O.Q133E 03 
~3 0.1352E 00 0.7&~2E-Ol 0.4&~7E-01 0.20Q5E-01 0.8411E-02 0.5&43E 08 0.5~37E 01-0.4575E-02 0.Q575E 01 0.114QE 04 0.~187E 03 
~4 0.1330E 00 0.7444E-Ol 0.44Q&E-Ol 0.lQQ2E-Ol 0.8015E-02 O.557QE 08 0.5Q2&E 01-0.4002E-02 O.Q&l&E 01 0.114QE 04 0.Q23QE 03 
~5 0.130~E 00 0.71~5E-Ol 0.4300E-01 O.l~OlE-Ol 0.7&55E-02 0.5575E 08 0.5Q17E 01-0.342&E-02 0.Q&57E 01 0.114~E 04 0.Q287E 03 
~& 0.1287E 00 0.&Q45E-Ol 0.4110E-Ol 0.1808E-01 0.732&E-02 0.555QE 08 0.5Q08E 01-0.2851E-02 O.Q&Q&E 01 0.114~E 04 0.Q333E 03 
Q7 0.12&&E 00 0.&&Q4E-Ol 0.3Q28E-Ol 0.1724E-Ol 0.704QE-02 0.5547E 08 0.5QOOE 01-0.227QE-02 0.Q734E 01 0.1150E 04 0.~377E 03 
Q8 0.1247E 00 0.&445E-Ol 0.3757E-Ol 0.1&4&E-Ol 0.&814E-02 0.550QE 08 0.58Q2E 01-0.1712E-02 0.Q771E 01 0.1150E 04 0.~418E 03 
~Q 0.1228E 00 0.&1~7E-Ol 0.3&00E-Ol 0.1570E-Ol 0.&5~&E-02 0.547&E 08 0.588&E 01-0.1155E-02 0.~807E 01 0.1150E 04 0.Q458E 03 

100 0.1210E 00 0.5Q55E-Ol 0.345&E-Ol 0.14Q8E-01 0.&381E-02 0.5457E 08 0.5880E 01-0.&085E-03 0.~842E 01 0.1150E 04 O.Q4Q5E 03 



1& 0.05078 0.00 0.00 0.00-&.1~E-03-3.21E-03-1.1~E-03 5.&3E-04 ~.58E-04 2.24E-03 4.1~E-03 ~.01E-03 1.44E-02 
15 0.04812 0.00 0.00 0.00-3.04E-03-3.72E-03-5.77E-04 ~.51E-04 7.&OE-04 1.53E-03 3.81E-03 8.4~E-03 1.30E-02 
14 0.045&2 0.00 0.00-1.88E-02-5.08E-03-3.5&E-03 3.~lE-05 1 .13E-03 3.7&E-04 1.07E-03 3.28E-03 7.42E-03 1.10E-02 
13 0.04328 0.00 0.00-1 .&4E-02-8.04E-03-3.88E-03 2.74E-04 1 .03E-03 &.08E-05 &.8&E-04 2.70E-03 &.22E-03 8.68E-03 
12 0.040~4 0.00 0.00-1.2~E-02-~.11E-03-4.02E-03 4.~5E-04 5.52E-04-&.~4E-04-1.21E-04 1 .42E-03 4.12E-03 5.45E-03 
11 0.0371~ 0.00-2.30E-02-1 .45E-02-~.&2E-03-4.1~E-03 4.&4E-05-7.38E-04-2.40E-03-2.3~E-03-2.00E-03-1 .3&E-03-2.15E-03 
10 0.03437 0.00-2.1&E-02-1.~4E-02-1.13E-02-4.82E-03-1.45E-03-2.41E-03-4.26E-03-4.~~E-03-5.&8E-03-&.48E-03-~.41E-03 
~ 0.0321~ 0.00-2.18E-02-2.2&E-02-1.30E-02-&.41E-03-3.24E-03-4.43E-03-&.38E-03-7.54E-03-~.13E-03-1 .11E-02-1 .57E-02 
8 0.03031 0.00-2.52E-02-2.&2E-02-1.73E-02-8.&&E-03-5.&5E-03-&.37E-03-8.41E-03-1 .02E-02-1 .24E-02-1 .57E-02-2.1&E-02 
7 0.02&87 0.00-3.58E-02-3.2~E··02-2.53E-02-1 .28E-02-1 .18E-02-1 .17E-02-1 .42E-02-1 .70E-02-2.10E-02-2.&4E-02-3.45E-02 
& 0.02187 0.00-4.54E-02-4.3~E-02-3.55E-02-2.55E-02-2.32E-02-2.35E-02-2.&2E-02-3.07E-02-3.&8E-02-4.4~E-02-5.55E-02 
5 0.01&25 0.00-5.&3E-02-5.57E-02-5.14E-02-3.85E-02-4.01E-02-4.05E-02-4.35E-02-4.88E-02-5.&&E-02-&.&7E-02-7.8~E-02 
4 0.010b2 0.00-&.&8E-02-&.7~E-02-&.5bE-02-5.8&E-02-5.78E-02-5.7qE-02-&.03E-02-&.57E-02-7.44E-02-8.5&E-02-~.87E-02 
3 0.005&2 0.00-7.~2E-02-7.~OE-02-7.~7E-02-7.32E-02-7.04E-02-&.~4E-02-7.1&E-02-7.&7E-02-8.57E-02-~.75E-02-1.11E-Ol 
2 0.0015& 0.00-8.&2E-02-8.40E-02-8.3~E-02-7.~2E-02-7.53E-02-7.3~E-02-7.&OE-02-8.10E-02-~.00E-02-1 .02E-Ol-l .1&E-Ol 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 ~ 20 21 22 23 
X = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~5~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C.OO 0.00 0.00 
20 0.0&187 2.40E-02 3.&OE-02 4.~OE-02 &.22E-02 7.&OE-02 ~.01E-02 1.04E-Ol 1.1&E-Ol 1.27E-01 1 .3~E-Ol 0.00 
1~ 0.05~37 2.43E-02 3.53E-02 4.&8E-02 5.87E-02 7.10E-02 8.38E-02 ~.&7E-02 1.08E-Ol 1 .18E-0~ ~ .2~E-Ol 0.00 
18 0.055~4 2.37E-02 3.33E-02 4.2&E-02 5.1~E-02 &.1&E-02 7.21E-02 8.2&E-02 ~.20E-02 1.01E-Ol 1.10E-Ol 0.00 
17 0.05344 2.2~E-02 3.10E-02 3.8&E-02 4.58E-02 5.3&E-02 &.20E-02 7.05E-02 7.80E-02 8.50[-02 ~.20E-02 0.00 
1& 0.05078 2.13E-02 2.78E-02 3.34E-02 3.82E-02 4.41E-02 5.00E-02 5.&3E-02 &.1&E-02 &.&~E-02 7.17E-02 0.00 
15 0.04812 1.88E-02 2.35E-02 2.70E-02 2.~2E-02 3.31E-02 3.&8E-02 4.11E-02 4.42E-02 4.7&E-02 5.01E-02 0.00 
14 0.045&2 1 .57E-02 1.84E-021.~7E-02 2.00E-02 2.18E-02 2.33E-02 2.58E-02 2.70E-02 2.88E-02 2.~2E-02 0.00 
13 0.04328 1.17E-02 1.2&E-02 1.21E-02 1.03E-02 1.05E-02 1.02E-02 1.0~E-02 1.05E-02 1.05E-02 ~.3&E-03 0.00 
12 0.040~4 &.7~E-03 5.5~E-03 3.3&E-03-8.24E-05-1 .&2E-03-3.&lE-03-4.35E-03-&.3~E-03-7.73E-03-1 .0&E-02 0.00 
11 0.0371~ -3.&lE-03-7.77E-03-1.25E-02-1.81E-02-2.21E-02-2.&3E-02-2.~2E-02-3.35E-02-3.&&E-02-4.1~E-02 0.00 
10 0.03437 -1 .30E-02-1,,~2E-02-2.5~E-02-3.28E-02-3.82E-02-4.38E-02-4.81E-02-5.3&E-02-5.81E-02-&.4~E-02 0.00 
~ 0.0321~ -2.13E-02-2.~OE-02-3.70E-02-4.48E-02-5.08E-02-5.74E-02-&.27E-02-&.~lE-02-7.47E-02-8.21E-02 0,00 
8 0.03031 -2.87E-02-3.7~E-02-4.&8E-02-5.52E-02-&.17E-02-&.~OE-02-7.51E-02-8.20E-02-8.8&E-02-~.&7E-02 0.00 
7 0.02&87 -4.38E-02-5.4&E-02-&.4&E-02-7.3~E-02·8.11E-02-8.~3E-02-~.&4E-02-1 .04E-Ol-1.12E-Ol-l .21E-Ol 0.00 
& 0.02187 -&.&~E-02-7.8&E-02-8.~3E-02-~.~OE-02-1.07E-Ol-l.1&E-01-1 .24E-Ol-1.33E-01-1 .41E-Ol-1 .51E-Ol 0.00 
5 0.01&25 -~.14E-02-1.03E-Ol-l.14E-01-1.23E-Ol-l .J1E-Ol-l.41E-Ol-1 .4~E-Ol-1.58E-Ol-l.&7E-Ol-1 .7SE-Ol 0.00 
4 0.010&2 -1.11E-Ol-l.23E-Ol-l.33E-Ol-l .42E-Ol-1.50E-Ol-l.5~E-Ol-1 .&8E-Ol-l.77E-Ol-1 .8&E-Ol-1 .~8E-Ol 0.00 
3 0.005&2 -1 .23E-Ol-l.35E-Ol-1.44E-Ol-1.52E-Ol-1 .&OE-01-1 .&~E-Ol-1 .7~E-Ol-1.87E-Ol-l .~&E-0~-2.0~E-Ol 0.00 
2 0.0015& -1 .28E-Ol-1 .39E-01-1.48E-01-1.5&E-01-1 .&4E-01-1.73E-01-1 .82E-Ol-l.~lE-01-2.00E-01-2.12E-Ol 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-* .. *-*-*-*-*- TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-t-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
1~ 0.05~37 
18 0.055~4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045f:,2 
13 0.04328 
12 0.040~4 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 2.&8E 00 2.24E 00 1 .8&E 00 1.&lE 00 1.43E 00 1 .32E 00 1 .3~E 00 1 .7&E 00 
0.00 0.00 0.00 1 .3&E 01 1 .2~E 01 ~.~5E 00 7.&4E 00 5.~7E 00 5.01E 00 5.83E 00 8.&lE 00 
0.00 0.00 0.00 ;.7~E 01 1.33E 01 1.03E 01 8.24E 00 &.77E 00 &.57E 00 ~.&OE 00 1.38E 01 
0.00 0.00 &.32E 00 1 .05E 0 1 8.85E 00 7.73E 00 &.~7E 00 &.5&E 00 8.4&E 00 1 .33E 01 1 .75E 01 
0.00 0.00 2.04E 01 1.24E 01 8.~5E 00 7.21E 00 &.4~E 00 7.40E 00 1 .22E 01 1 .78E 01 2.14E 01 
0.00 0.00 1 .75E 01 1.04E 01 7.82E 00 &.54E 00 &.&SE 00 1.0&E 01 1 .73E 01 2.25E 01 2.51E 01 
0.00 7.~lE 00 1.05E 01 8.&8E 00 7.51E 00 &.~3E 00 ~.10E 00 1.58E 01 2.24E 01 2.&&E 01 2.82E 01 
0.00 2.31E 01 1.20E 01 ~.OOE 00 8.3~E 00 8.~4E 00 1.38E 01 2.12E 01 2.&~E 01 3.00E 01 3.07E 01 
0.00 1.88E 01 ~.~OE 00 ~.05E 00 ~.85E 00 1.2&E 01 1 .~5E 01 2.&3E 01 3.07E 01 3.28E 01 3.28E 01 



12 0.04.0<34 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
11 0.0371Q 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
10 0.03437 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 

<3 0.0321<3 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
8 0.03031 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
7 0.02&87 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
& 0.02187 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E .01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
5 0.01&25 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E·01 2.70E 01 2.70E 01 2.70E 01 
4 0.010&2 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70£01 
3 0.005&2 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 
2 0.0015& 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E 01 2.70E O~ 2.70E 012.70E 01 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 

O*-*-*-*-*-*-*-*-*-*~*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 <3 10 11 12 

X = -0.003<33 0.003<33 0.01180 0.02054 0.03023 0.040<3<3 0.052<34 0.Obb20 0.080<32 0.0<372b 0.1153<3 0.13552 
o J Y 

o 

21 0.0&312 
20 0.0&181 
1<3 0.05<337 
18 0.055'34 
17 0.05344 
lb 0.05078 
15 0.04812 
14 0.045b2 
13 0.04328 
12 0.040<34 . 
11 0.0371<3 
10 0.03437 

<3 0.0321<3 
8 0.03031 
7 0.02b87 
b 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005b2 
2 0.0015b 
1-0.0015& 

I = 
X = 

o J Y 
21 0 .. Ob312 
20 0.Ob187 
1<3 0.05<337 
18 0.055<34 
17 0.05344 
1b 0.05078 
15 0.04812 
14 0.045b2 
13 0.04328 
12 0.040<34 
11 0.0371<3 
10 0.03437 

<3 0.0321<3 
8 0.03031 

0.00 0.00 0.00 0.00 0.00 0.00 O~OO 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3F. 05 4.4<3E 05 4.4<3E OS 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 0.00 0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3E 054.4<3E 05 4.4<3E 05 4.4QE OS 4.4<3E 05 4.4<3E 05 
0.00 0.00 0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4~E 05 4.4QE 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 0.00 0.00 4.4<3E 054.4<3E05 4.4<3E05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3r 05 4.4QE 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 0.00 4.4<3E 05 4.4<3E 05 ~.4~E 05 4.4<3E 05 4.4~E 05 4.4<3E 05 4.4<3E 054.4<3E 05 4.4<3E 05 4.4<3E as 
0.00 0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.~<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
0.00 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 

4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4 4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4~E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1b 17 18 1<3 20 21 22 23 

0.1578b 0.182bb 0.2101<3 0.24075 0.274b7 0.31232 0.35411 0.3<35<30 0.437b<3 0.47<348 0.52127 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4.4QE 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.49E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4QE 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 
4.4<3E 05 4.4<3E as 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 4.4<3E 05 



3 0.003SQ 5.4qE-02 5.&2E-02 8.12E-02 1.20E-01 1.44E-01 1.3qE-01 1.12E-01 8.35E-025.30E-02-7.75E-05 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOC I TY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
0 I = 1 2 3 4 5 & 7 8 q 10 1 1 12 

X = -0.003q3 0.003q3 0.01180 0.02054 0.03023 0.040qq 0.052q4 0.0&&20 0.080Q2 0.0<372& 0.1153Q 0.13552 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 o.od 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1q 0.OSQ37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.OSSQ4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.05344 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1& 0.05078 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.04812 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.045&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.04328 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.040Q4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.0371Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.03437 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q 0.0321Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.03031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.02&87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& 0.02187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00· 
5 0.01&25 . 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.010&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.005&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 I = 13 14 15 1& 17 18 1Q 20 21 22 23 
X = 0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&<3 0.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1Q 0.05Q37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.055Q4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.05344 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1& 0.05078 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.04812 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 
14 0.045&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.04328 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.040Q4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 1 0.0371Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.03437 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Q 0.0321Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.03031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.02&87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& 0.02187 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.01&25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.010&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.005&2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
0 I = 1 2 3 4 5 & 7 8 Q 10 11 12 



o J Y 

o 

21 0.50000 
20 0.48500 
1<3 0.4&125 
18 0.43750 
17 0.41&87 
1& 0.3<35&2 
15 0.37500 
14 0.355&2 
13 0.33&87 
12 0.31250 
11 0.28&25 
10 0.2&&25 

<3 0.25000 
8 0.228.15 
7 0.1<3500 
& 0.15250 
5 O. 10750 
4 0.0&500 
3 0.02875 
2 0.00000 
1 0.00000 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00-1.32E-02-7.22E-03-3.74E-03-2.2SE-03-1.1&E-03-1.8&E-04 8.2SE-04 1.84E-03 
0.00 0.00 0.00 0.00-3.S1E-02-1.71E-02-q.14E-03-S.37E-03-2.58E-03-8.24E-OS 2.S0E-03 S.0&E-03 
0.00 0.00 0.00 0.00-S.75E-02-2.4SE-02-1.35E-02-7.75E-03-3.3QE-03 S.4&E-04 4.&lE-03 8.S8E-03 
0.00 0.00 0.00-2.18E-02-5.7&E-02-2.<30E-02-1.&4E-02-Q.1SE-03-3.S&E-03 1.S2E-03 &.77E-03 1.18E-02 
0.00 0.00 0.00-4.34E-02-5.78E-02-3.1SE-02-1.80E-02-q.&OE-03-3.00E-03 3.07E-03 Q.38E-03 1.S3E-02 
0.00 0.00 0.00-&.41E-02-S.&SE-02-3.17E-02-1 .7<3E-02-8.7<3E-03-1 .S8E-03 S.'<3E-03 1.23E-02 1.88E-02 
0.00 0.00-2.&4E-02-&.02E-02-S.22E-02-2.q1E-02-1 .S<3E-02-&.80E-03 5.<32E-04 7.74E-03 1.S3E-02 2.21E-02 
0.00 0.00-5.22E-02-5.5&E-02-4.3qE-02-2.38E-02-1.22E-02-3.77E-03 3.41E-03 1.0&E-02 1 .83E-02 2.52E-02 
0.00 0.00-8.74E-02-4.2&E-02-2.S8E-02-1.40E-02-S.4SE-03 1.47E-03 7.88E-03 1.4QE-02 2.24E-02 2.<30E-02 
0.00-7.25E-02-3.00E-02-1 .02E-02-S.23E-03-5.&2E-04 3.Q4E-03 8.27E-03 1.32E-02 1.Q4E-02 2.&lE-02 3. 18E-02 
0.00-S.72E-02 7.Q2E-03 Q.3&E-03 8.10E-03 8.&QE-03 1.03E-02 1.2&E-02 1.&4E-02 2.1QE-02 2.78E-02 3.27E-02 
0.00 3.&3E-02 2.4QE-02 1.<32E-02 1.51E-02 1.31E-02 1.27E-02 1.41E-02 1 .77E-02 2.2QE-02 2.80E-02 3.23E~02 
0.00 7.42E-03 S.&3E-03 4.10E-03 3.4&E-03 4.Q7E-03 8.23E-03 1.27E-02 1 .77E-02 2.22E-02 2.&3£-02 3.02E-02 
0.00 4.50E-03 4.1QE-03 2.&8E-03 1.23E-03 '.OQE-03 2.24E-03 4.38E-03 7.5&E-03 1.21E-02 1.7SE-02 2.24E-02 
0.00 2.55E-03 2.85E-03 2.07E-03 1.17E-03 1.C2E-03 1.78E-03 3.13E-03 4.8&E-03 &.80E-03 Q.0&E-03 1.22E-02 
0.00 1 .41E-031 .78E-03 1 .43E-03 Q.13E-04 8.1&E-04 1 .30E-03 2.22E-03 3.42E-03 4.73E-03 5.88E-03 &.81E-03 
0.00 7.4SE-04 Q.QQE-04 8.48E-04 5.81E-04 5.27E-04 8.0&E-04 1 .35E-03 2.07E-03 2.85E-03 3.SSE-03 4.02E-03 
0.00 3.10E-04 4.28E-04 3.72E-04 2.&2E-04 2.3QE-04 3.&OE-04 5.QQE-0~ Q.15E-04 1.2&E-03 1.57E-03 1.78E-03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 1q 20 2122 23 
1.2&28Q 1.4&130 1 .~8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

o J Y 
21 0.50000· 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 2.&1E-03 2.<37E-03 2.<38E-03 2.82E-03 2~25E-03 1.84E-03 1.41E-03 1.08E-03 7.25E-04-2.0&E-0& 0.00 
1<3 0.4&125 &.<37E-03 7.84E-03 7.80E-03 7.21E-03 5~85E-03 4.77E-03 3.&&E-03 2.80E-03 1.87E-03-&.13E-0& 0.00 
18 0.43750 1.15E-02 1.27E-02 1.25E-02 1 .14E-02 q.38E-03 7.&4E-03 5.85E-03 4.47E-03 2.q7E-03-1 .08E-05 0.00 
17 0.41&87 1.55E-02 1.70E-02 1.&&E-02 1.50E-02 1.24E-02 1.01E-02 7.72E-03 5.88E-03 3.8qE-03-1 .51E-05 0.00 
1& 0.3<35&2 1.<3&E-02 2.12E-02 2.05E-02 1.85E-02 1.54E-02 1.25E-02 q.57E-03 7.27E-03 4.7qE-03-1.q4E-05 0.00 
15 0.37500 2.34E-02 2.50E-02 2.41E-02 2.1&E-02 1.81E-02 1.47E-02 1 .13E-02 8.53E-03 5.&OE-03-2.31E-05 0.00 
14 0.355&2 2.&8E-02 2.83E-02 2.71E-02 2.43E-02 2.04E-02 1.&&E-02 1.27E-02 q.&3E-03 &.31E-03-2.5qE-05 0.00 
13 0.33&87 2.<38E-02 3.11E-02 2.<3&E-02 2.&&E-02 2.24E-02 1.83E-02 1.40E-02 1 .0&E-02 &.q2E-03-2.7qE-05 0.00 
12 0.31250 3.31E-02 3.41E-02 3.25E-02 2.q1E-02 2.47E-02 2.03E-02 1.55E-02 1 .17E-02 7.&3E-03-2.q3E-05 0.00 
11 0.28&25 3.53E-02 3.5<3E-02 3.42E-02 3.08E-02 2.b4E-02 2.18E-02 1.&7E-02 1.2&E-02 8.18E-03-2.8&E-05 0.00 
10 0.2&&25 3.57E-02 3.&3E-02 3.4&E-02 3.15E-02 2.72E-02 2.2&E-02 1.73E-02 1 .31E-02 8.47E-03-2.&8E-05 0.00 
q 0.25000 3.51E-02 3.58E-02 3.44E-02 3.1&E-02 2.75E-02 2.30E-02 1.77E-02 1.33E-02 8.&2E-03-2.47E-05 0.00 
8 0.22875 3.32E-02 3.43E-02 3.35E-02 3.12E-02 2.7&E-02 2.32E-02 1.80E-02 1 .35E-02 8.73E-03-2.1&E-05 0.00 
70.1q500 2.&4E-02 2.QOE-02 ~.Q8E-02 2.QOE-02 2.&5E-02 2.28E-02 1.77E-02 1 .33E-02 8.57E-03-1 .71E-05 0.00 
b 0.15250 1.58E-02 1.Q2E-02 2.20E-02 2.35E-02 2.30E-02 2.04E-02 1.&OE-02 1.20E-02 7.71E-03-1.2&E-05 0.00 
5 0.10750 8.14E-03 1.04E-02 1.33E-02 1.&lE-02 1.72E-02 1.5QE-02 1 .27E-02 Q.4QE-03 &.05E-03-8.8&E-0& 0.00 
4 0.0&500. 4.21E-03 4.8QE-03 &.80E-03 Q.24E-03 1.07E-02 1.02E-02 8.1QE-03 &.13E-03 3.QOE-03-5.57E-0& 0.00 
3 0.02875 1.83E-03 1 .87E-03 2.71E-03 4.00E-03 4.78E-03 4.&3E-03 3.72E-03 2.78E-03 1.77E-03-2.58E-0& 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50500 
20 0.4Q500 
1q 0.47500 
18 0.44750 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 



x 0.08 0 2 4 e, 8 1 
X O. 10 0 2 4 e, 8 1 + 
X O. 12 0 2 4 e, 8 1 
X O. 14 0 2 4 e, 8 1 
X 0.1& · X O. 18 0 2 4 e, 8 1 
X 0.20 + + 
X 0.22 0 2 4 e, 8 
X 0.24 · X 0.2& 0 2 4 e, 8 
X 0.28 · X 0.30 0 2 4 &. 8 1 + 
X 0.32 · X 0.34 o· 2 4 e, 8 
X 0.3& 
X 0.38 · X 0.40 0 2 4 8 + 
X 0.42 
X 0.44 · X 0.4& 0 2 4 8 
X 0.48 
X 0.50 + + 
X 0.52 0 2 4 8 
X 0.54 
X 0.5& · X 0.58 0 2 4 8 
X 0.&0 + + 
X 0.&2 
X 0.&4 · X 0.&& 0 2 4 8 
X 0.e,8 
X 0.70 + + 
X 0.72 · X 0.74 0 2 4 8 
X 0.7& 
X 0.78 
X 0.80 + + 
X 0.82 · X 0.84 0 2 4 8 
X 0.8& 
X 0.88 
X 0.<30 + + 
X 0.<32 0 2 4 8 
X 0.<34 
X 0.<3& 
X 0.<38 · X 1.00 O ......... + ..••.•.. 2+ ....... 4 . + ..... & ... + .. 8 ...... 1 ......... + ......... + ......... + ......... + ......... + 

0.0 

lX-AXIS IS XI 
V-AXES ARE 

0.1 

00 

0.2 0.3 

02 

0.4 0.5 0.& 0.7 0.8 O.q 1 .0 

DIMENSIONLESS STREAMLINE PLOT 

04 0& 08 10 

0.08 
0.10 
O. 12 
0.14 
0.1 e, 
0.18 
0.20 
0.22 
0.24 
0.2& 
0.28 
0.30 
0.32 
0.34 
0.3& 
0.38 
0.40 
0.42 
0.44 
0.4& 
0.48 
0.50 
0.52 
0.54 
0.5& 
0.58 
0.&0 
0.&2 
0.&4 
0.&& 
0.&8 
0.70 
0.72 
0.74 
0.7& 
0.78 
0.80 
0.82 
0.84 
0.8& 
0.88 
0.<30 
0.<32 
0.<34 
0.<3& 
0.<38 
1.00 



OR IF NSBR = 0 TO SWIRL VANE ANGLE = 4S.000 

COMPUTED INLET SWIRL NUMBER = 0.bb78 

COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VElOCITt -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o 1= 1 2 3 4 5 b 7 8 q 10 11 12 
X = 0.00000 0.00000 0.00787 0.Oib17 0.0253q 0.035bl 0.04&q7 O.05q57 0.0735& 0.08QOq 0.10&32 0.12545 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 0.00 0.00 0.00 0.00 0.00 2.0qr 00 5.53F. 00 7.1qE 00 7.&3E 00 7.52E 00 7.32E 00 7.2&E 00 
lq 0.OSq37 0.00 0.00 0.00 0.00 0.00 3.77E 00 &.51E 00 8.03E 00 8.48E 00 8.41E 00 8.28E 00 8.2qE 00 
180.0SSQ4 0.00 0.00 0.00 0.00 0.00 5.34E 00 7.7&E 00 q.03E 00 q.33E 00 q.21E 00 q.07E 00 q.13E 00 
17 0.05344 0.00 0.00 0.00 0.00 4.2qE 00 &.42E 00 8.8qE 00 q.q5E 00 1.01E 01 q.8&E 00 q.&8E 00 q.71E 00 
lb 0.OS078 0.00 0.00 0.00 0.00 5.40E 00 7.93E 00 1.01E 01 1.0qE 01 1.0qE 01 1.0&E 01 1 .03E 01 1 .02E 01 
lS 0.04812 0.00 0.00 0.00 0.00 &.58E 00 q.37E 00 1.12E 01 1 .18E 01 1 .1&E 01 1.12E 01 1.0qE 01 1 .05E 01 
140.04S&2 0.00 0.00 0.00 3.1&E 00 7.80E 00 1.07E 01 1.21E 01 1.24E 01 1.20E 01 1.15E 01 1.10E 01 1 .05E 01 
13 0.04328 0.00 0.00 0.00 &.03E 00 q.85E 00 1.21E 01 1 .2SE 01 1.2&E 01 1.21E 01 1 .15E 01 1.08E·Ol 1 .01E 01 
120.040Q4 0.00 0.00 0.00 8.33E 00 1.17E 01 1.32E 01 1 .32E 01 1.25E 01 1 .17E 01 1.0qE 01 1 .02E 01 q.58E 00 
110.0371Q 0.00 0.00 2.8qE 00 1.0qE 01 1.40E 01 1.43E 01 1 .32E 01 1 .17E 01 1 .01E 01 q.lqE 00 8.77E 00 8.45E 00 
10 0.03437 0.00 0.00 1.25E 01 1.5qE 01 1.&4E 01 1 .48E 01 1 .23E 01 q.&lE 00 8.03E 00 7.&3E 00 7.&OE 00 7.48E 00 

Q 0.0321Q 0.00 0.00 1.87E 01 1.q3E 01 1.75E 01 1 .43E 01 1.07E 01 7.4qE 00 &.35E 00 &.44E 00 &.&&E 00 &.&8E 00 
8 0.03031 0.00 3.00E 01 2.3qE 01 2.10E 01 1 .75E 01 1.32E 01 8.73E 00 5.&OE 00 5.00E 00 5.45E 00 5.85E 00 5.q8E 00 
70.02b87 0.00 3.00E 01 2.55E 01 2.1&E 01 1.&8E 01 1 .13E 01 5.1&E 00 2.31E 00 2.7&E 00 3.71E 00 4.35E 00 4.&8E 00 
b 0.02187 0.00 3.00E 01 2.b4E 01 2.13E 01 1.44E 01 &.&3E 00-1 .31E 00-1.25E 00 1.20E-Ol 1.3&E 00 2.21E 00 2.80E 00 
5 0.01&25 0.00 3.00E 01 2.5qE 01 1.87E 01 8.43E 00-5.q7E 00-5.21E 00-3.85E 00-2.34E 00-1.02E 00 2.78E-02 8.q4E-Ol 
4 0.010&2 0.00 3.00E 01 2.31E 01 1.18E 01 -7.34E 00-8.3qE 00-7.24E 00-5.72E 00-4.2qE 00-2.q4E 00-1 .70E 00-5.q3E-Ol 
30.005b2 0.00 3.00E 01 1.71E 01-5.82E 00-1.0qE 01-q.51E 00-8.2&E 00-&.7qE 00-5.41E 00-4.05E 00-2.71E 00-1 .44E 00 
20.0015b 0.00 3.00E 01 &.81E 00-1.50E 01-1 .,qE 01-q.q2E 00-8.&2E 00-7.18E 00-5.82E 00-4.45E 00-3.07E 00-1 .74E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 lq 20 21 22 23 
X = 0.14&&q 0.1702& 0.lq&43 0.22547 0.25771 0.2q34q 0.33321 0.37500 0.41&7q 0.45858 0.50037 

o J Y 
21 0.0&312 
20 0.0&187 
lq 0.05q37 
18 0.055Q4 
17 0.05344 
lb 0.05078 
15 0.04812 
14 0.045b2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 

Q 0.0321Q 
8 0.03031 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7.45E 00 7.8QE 00 8.28E 00 8.47E 00 8.53E 00 8.51E 00 8.48E 00 8.4&E 00 8.4&E 00 8.50E 00 8.51E 00 
8.53E 008.83E 00 Q.OOE 00 Q.02E 00 8.Q7E 00 8.Q1E 00 8.87E 00 8.8&E 00 8.8QE 00 8.Q4E 00 8.Q5E 00 
Q.33E 00 Q.41E 00 Q.34E 00 Q.18E 00 Q.03E 00 8.Q1E 00 8.82E 00 8.7QE 00 8.78E 00 8.80E 00 8.81E 00 
Q.7bE 00 Q.&2E 00 Q.40E 00 Q.l&E 00 8.Q&E 00 8.80E 00 8.70E 00 8.&4E 00 8.&2E 00 8.&2E 00 8.&3E 00 
1.00E 01 Q.&QE 00 Q.34E 00 Q.04E 00 8.81E 00 8.&4E 00 8.52E 00 8.45E 00 8.41E 00 8.40E 00 8.40E 00 
1.01E 01 Q.58E 00 Q.17E 00 8.85E 00 8.&OE 00 8.43E 00 8.30E 00 8.22E 00 8.18E 00 8.1&E 00 8.1&E 00 
Q.87E 00 Q.34E 00 8.Q2E 00 8.5QE 00 8.3&E 00 8.1QE 00 8.07E 00 8.00E 00 7.Q5E 00 7.Q3E 00 7.Q3E 00 
Q.53E 00 Q.01E 00 8.&lE 00 8.31E 00 8.10E 00 7.Q5E 00 7.84E 00 7.77E 00 7.73E 00 7.70E 00 7.70E 00 
Q.O&E 00 8.5QE 00 8.23E 00 7.Q8E 00 7.81E 00 7.&QE 00 7.&OE 00 7.54E 00 7.50E 00 7.47E 00 7.47E 00 
8.0QE 00 7.7&E 00 7.53E 00 7.38E 00 7.2QE 00 7.23E 00 7.1QE 00 7.15E 00 7.12E 00 7.0QE 00 7.0QE 00 
7.2&E 00 7.0&E 00 &.Q4E 00 &.8QE 00 &.88E 00 &.88E 00 &.87E 00 &.8&E 00 &.84E 00&.82E 00 &.81E 00 
&.58E 00 &.4QE 00 &.4&E 00 &.50E 00 &.55E 00 &.&OE 00 &.&3E 00 &.&4E 00 &.&3E 00 &.&lE 00 &.&lE 00 
5.Q8E 00 5.Q8E 00 &.05E 00 &.l&E 00 &.27E 00 &.3&E 00 &.43E 00 &.4&E 00 &.4&E 00 &.44E 00 &.44E 00 



2 0.0015& 0.00 2.50E-03 5.&7E-04-1.25E-03-~.q2E-04-8.27E-04-7.18E-04-S.~8E-04-4.8SE-04-3.71E-04-2.S&E-04-1.4SE-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o 1 = 13 14 15 1 & 17 18 1 ~ 20 21 22 23 
X = 0.14&&~ 0.1702& 0.1~&43 0.22547 0.25771 0.2~34~ 0.33321 0.37500 0.41&7~ 0.45858 0.50037 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 q.82E-01 q.80E-01 ~.7qE-01 ~.78E-01 ~.78E-01 ~.78E-01 ~.78E-01 ~.76E-01 ~.78E-01 ~.78E-01 ~.78E-01 
1q 0.05~37 8.q~E-01 8.~4E-01 8.QOE-01 S.88E-01 8.88E-01 8.88E-01 8.88E-01 8.88E-01 8.88E-01 8.88E-01 8.88E-01 
18 0.055~4 7.7qE-Ol 7.71E-01 7.&&E-01 7.&SE-01 7.&&E-01 7.&7E-01 7.&~E-01 7.&~E-01 7.&~E-01 7.&8E-01 7.&8E-01 
17 0.05344 &.~OE-01 &.82E-01 &.78E-01 &.7~E-01 &.82E-01 &.8SE-01 &.87E-01 &.88E-01 &.88E-01 &.8&E-01 &.8&E-01 
1& 0.05078 5.q&E-01 5.~1E-01 5.qOE-01 S.~3E-01 S.Q8E-01 &.02E-01 &.0&E-01 &.07E-01 &.07E-01 &.O&E-Ol &.0&E-01 
15 0.04812 5.0&E-01 5.04E-Ol 5.07E-Ol 5.13E-Ol 5.20E-01 S.2&E-01 5.30E-01 5.32E-01 S.33E-01 S.32E-01 5.31E-01 
14 0.045&2 4.2&E-Ol 4.28E-01 4.35E-Ol 4.43E-01 4.52E-01 4.5~E-Ol 4.&5E-01 4.&7E-Ol 4.&8E-01 4.&7E-Ol 4.&7E-01 
13 0.04328 3.57E-01 3.&3E-Ol 3.72E-01 3.83E-01 3.~4E-Ol 4.02E-Ol 4.08E-01 4.11E-Ol 4.12E-01 4.12E-01 4.11E-Ol 
120.040Q4 2.QSE-01 3.04E-Ol 3.15E-01 3.28E-Ol 3.40E-01 3.4~E-01 3.5&E-Ol 3.&OE-01 3.&lE-01 3.&1E-01 3.&OE-01 
11 0.0371Q 2.0QE-Ol 2.2?E-01 2.3&E-Ol 2.51E-Ol 2.&4E-Ol ~.74~-01 2.82E-01 2.8&E-01 2.88E-01 2.88£-01 2.87E-01 
10 0.03437 1.5&E-Ol 1.71E-01 1.87E-Ol 2.02E-01 2.1&E-Ol 2.2&E-Ol 2.34E-01 2.38E-Ol 2.40E-Ol 2.40E-01 2.40E-01 
Q 0.0321Q 1.21E-Ol 1.37E-01 1.53E-01 1.&~E-Ol 1.82E-Ol 1 .~2E-01 2.00f.~01 2.04E-Ol 2.0&E-01 2.0&E-Ol 2.0&E-01 
80.03031 Q.&3E-02 1.12E-Ol 1.28E-Ol 1.44E-Ol 1.5&E-01 1.&7E-01 1.74E-Ol 1.78E-Ol 1.80E-Ol 1.80E-Ol 1.80E-Ol 
7 0.02&87 5.~7E-02 7.50E-02 ~.01E-02 1.04E-Ol 1.1&E-Ol 1.25E-01 1.32E-01 1.3&E-0. 1.38E-Ol 1.38E-01 1.38E-01 
& 0.02187 2.52E-02 3.78E-02 5.01E-02 &.13E-02 7.0&E-02 7.78E-02 8.31E-02 8.&2E-02 8.78E-02 8.81E-02 8.80E-02 
5 0.01&25 &.24E-03 1 .4&E-02 2.2&E-02 2.~8E-02 3.57E-02 4.03E-02 4.3&E-02 4.S&E-02 4.&7E-02 4.&~E-02 4.&~E-02 
4 0.010&2 1 .5~E-04 4.18E-03 7.Q~E-03 1 .14E-02 1.42E-02 1.&3E-02 1 .7~E-02 1.8~E-02 1 .~4E-02 1 .~SE-02 1 .~SE-02 
3 0.005&2 -3.&5E-04 8.37E-04 1.~7E-03 2.~8E-03 3.80E-03 4.43E-03 4.~OE-03 S.18E-03 S.34E-03 S.38E-03 S.37E-03 
2 0.0015& -4.34E-05 5.21E-05 1.42E-04 2.21E-04 2.8&E-04 3.37E-04 3.74E-04 3.~&E-04 4.08E-04 4.12E-04 4.11E-04 
1-0.0015& 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STREAMLINES -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.02S3~ 0.035&1 0.04&~7 O.OS~S7 0.0735& 0.08~0~ 0.10&32 0.12545 
o J Y 

11 1.00000 0.00 3.12E-02 3.~lE-02 4.&~E-02 S.47E-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 
10 O.~OOOO 0.00 2.~&E-02 3.33E-02 4.04E-02 4.87E-02 S.S&E-02 S.84E-02 S.~2E-02 S.~4E-02 S.~4E-02 S.~3E-02 S.~3E-02 
Q 0.80000 0.00 2.7~E-02 3.0~E-02 3.&&E-02 4.4SE-02 5.14E-02 S.SOE-02 S.&2E-02 S.&SE-02 S.&SE-02 S.&4E-02 S.&4E-02 
8 0.70000 0.00 2.&1E-02 2.88E-02 3.37E-02 4.11E-02 4.7~E-02 S.1~E-02 S.34E-02 S.38E-02 S.37E-02 S.3SE-02 S.3SE-02 
7 0.&0000 0.00 2.41E-02 2.b7E-02 3.13E-02 3.82E-02 4.48E-02 4.~OE-02 S.07E-02 S.11E-02 S.0~E-02 S.07E-02 S.07E-02 
b 0.50000 0.00 2.21E-02 2.43E-02 2.8~E-02 3.~4E-02 4.20E-02 4.b3E-02 4.81E-02 4.84E-02 4.82E-02 4.7~E-02 4.78E-02 
5 0.40000 0.00 1.~bE-02 2.20E-02 2.b4E-02 3.27E-02 3.~2E-02 4.3&E-02 4.SSE-02 4.S8E-02 4.S4E-02 4.S0E-02 4.48E-02 
4 0.30000 0.00 1.70(-02 1.~1E-02 2.3&E-02 3.01E-02 3.&SE-02 4.10E-02 4.28E-02 4.30E-02 4.2SE-02 4.1~E-02 4.14E-02 
3 0.20000 0.00 1.37E-02 1 .b2E-02 2.0SE-02 2.71E-02 3.3bE-02 3.81E-02 4.00E-02 4.00E-02 3.~1E-02 3.81E-02 3.74E-02 
2 0.10000 0.00 ~.b~E-03 1 .18E-02 1.&7E-02 2.33E-02 3.04E-02 3.S0E-02 3.&8E-02 3.&3E-02 3.48E-02 3.31E-02 3.18E-02 
1 0.00000 0.00 0.00 0.00 8.47E-03 1 .78E-02 2.S~E-02 3.11E-02 3.2SE-02 3.0SE-02 2.&SE-02 2.24E-02 1.72E-02 

o I = 13 14 15 1 b 17 18 1 ~ 20 21 22 23 
X = 0.14b&~ 0.1702& 0.1~~43 0.22547 0.25771 0.2~34~ 0.33321 0.37500 0.41&7~ 0.45858 0.50037 

o J Y 
11 1.00000 b.25E-02 b.2SE-02 b.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 &.2SE-02 
10 O.~OOOO S.Q4E-02 S.~SE-02 5.~7E-02 S.~7E-02 S.~7E-02 S.~7E-02 S.~7E-02 S.~7E-02 S.~7E-02 S.~7E-02 S.~7E-02 
q 0.80000 5.&5£-02 5.&8E-02 S.b~E-02 S.&~E-02 S.b~E-02 S.&~E-02 S.&8E-02 S.&8E-02 S.&8E-02 S.&~E-02 S.&~E-02 
8 0.70000 5.37E-02 S.3QE-02 S.41E-02 S.40E-02 S.40E-02 S.3~E-02 S.38E-02 S.38E-02 S.38E-02 S.3~E-02 S.3~E-02 
7 0.&0000 S.0~E-02 5.11E-02 5.11E-02 S.10E-02 S.08E-0? S.07E-02 S.0&E-02 S.05E-02 S.OSE-02 S.0&E-02 S.ObE-02 
b 0.50000 4.7~E-02 4.80E-02 4.7~E-02 4.77E-02 4.74E-02 4.72E-02 4.70E-02 4.&~E-02 4.&~E-02 4.b~E-02 4.&~E-02 
5 0.40000 4.47E-02 4.4&E-02 4.43E-02 4.3~E-02 4.3SE-02 4.32E-02 4.2~E-02 4.28E-02 4.27E-02 4.27E-02 4.28E-02 
4 0.30000 4.11E-02 4.08E-02 4.02E-02 3.~bE-02 3.~OE-02 3.8SE-02 3.81E-02 3.7~E-02 3.78E-02 3.78E-02 3.78E-02 
3 0.20000 3.&7E-02 3.&OE-02 3.51E-02 3.42E-02 3.34E-02 3.27E-02 3.22E-02 3.1~E-02 3.17E-02 3.17E-02 3.17E-02 
2 0.10000 3.0bE-02 2.~2E-02 2.78E-02 2.&4E-02 2.~1E-02 2.42E-02 2.3&E-02 2.33E-02 2.31E-02 2.31E-02 2.31E-02 



x = -0.03148 0.03148 0.013443 0.1&430 0.24187 0.32713& 0.423~d 0.5213&0 0.&4735 0.77804 0.132311 1 .08415 
o J Y 

o 

21 0.50500 
20 0.4Q500 
113 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.413500 
lq 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.13E 01 1.05E 01 1.01E 01 q.74E 00 q.4&E 00 q.24E 00 q.OqE 00 q.l&E 00 
1.00E 00 1.00E 00 1.00L 00 1.00E 00 1.41E 02 1 .51E 02 1.35E 02 1.17E 02 1.01E 02 8.87E 01 8.13E 01 q.12E 01 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .71E 02 1 .3&E 02 1 .27E 02 1.21E 02 1.1&E 02 1.12E 02 1.13E 02 1.&5E 02 
1.00E 00 1.00E 00 1.00E 00 2.5qE 01 q.74E 01 q.qqE 01 q.81E 01 q.qSE 01 1.02E 02 1.04E 02 1.17E 02 2.33E 02 
1.00E 00 1.00E 00 1.00E 00 1.&4E 02 1 .10E 02 q.22E 01 8.48E 01 8.37E 01 8.58E 01 8.q8E 01 1.28E 02 3.35E 02 
1.00E 00 1.00E 00 1.00E 00 1.85E 02 q.58E 01 7.75E 01 7.03E 01 &.84E 01 &.q8E 01 7.&7E 01 1.83E 02 4.75E 02 
1.00E 00 1.00E 00 2.q3E 01 q.8qE 01 7.&8E 01 &.52E 01 5.qqE 01 5.77E 01 5.84E 01 8.40E 01 3.05E 02 &.28E 02 
1.00E 00 1.00E 00 1.78E 02 1 .01E 02 &.87E 01 5.83E 01 5.47E 01 5.27E 01 5.57E 01 1.5&E 02 4.&4E 02 7.70E 02 
1.00E 00 1.00E 00 2.21E 02 q.O&E 01 5.81E 01 5.2qE 01 5.35E 01 5.42E 01 8.35E 01 3.05E 02 &.2QE 02 Q.03~ 02 
1.00E 00 &.2&E 01 1 .31E 02 &.71E 01 4.53E 01 5.05E 01 &.11E 01 Q.32E 01 2.7&E 02 5.q5E 02 8.74E 02 1.0Q( 03 
1.00E 00 3.44E 02 1.2&E 02 4.58E 01 3.52E 01 5.83E 01 1.02E 02 2.44E 02 5.11E 02 7.85E 02 1.02E 03 1 .21E 03 
1.00E' 00 4.42E 02 7.3qE 01 2.11E 01 3.13E 01 7.Q8E 01 1.87E 02 4.00E 02 &.&4E 02 q.OQE 02 1.12E 03 1.2qE 03 
1.00E 00 7.00E 00 5.54E 00 &.80E 00 3.74E 01 , .15E 02 2.7&E 02 5.27E 02 7.78E 02 1.00E 03 1.20E 03 1 .35E 03 
1.00E 00 &.q&E 00 5.&OE 00 8.5qE 00 &.31E 01 1.8qE 02 4.7qE 02 7.4qE 02 Q.04E 02 1 .10E03 1 .33E 03 1.4&E 03 
1.00E 00 o.q&E 00 5.78E 00 1.4qE 01 1 .38E 02 4.24E 02 8.3qf. 02 q.qqE 02 1 .17E 03 1 .34E 03 1 .48E 03 1.58E 03 
1.00E 00 &.q7E 00 &.4QE 00 4.07E 01 3.51E 02 7.17E 02 1.04E 03 1.18E 03 1 .34E 03 1.4qE 03 1.00E 03 1.&8E 03 
1.00E 00 7.01E 00 1.03E 01 1.47E 02 5.84E 02 q.15E 02 1 .18E 03 1 .32E OJ 1 .4&E 03 1.5QE 03 1.oqE 03 1.75E 03 
1.00E 00 7.0&E 00 3.07E 01 0.73E 02 7.qlE 02 1.0qE 03 1.30E 03 1.42E 03 1 .55E 03 1.&&E 03 1.75E 03 1.81E 03 
1.00E 00 7.14E 00 1.00E 02 8.83E 02 1.00E 03 1.24E 03 1 .41E 03 1.53E 03 1 .05E 03 1.75E 03 1.83E 03 1.88E 03 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 1.00E 00 1.00E 00 

13 14 15 1& 17 18 113 20 21 22 23 
1.2&28Q 1.4&130 1.08153 1.1325138 2.113733 2.413852 2.83285 3.10718 3.50150 3.83583 4.17015 

1.00E 00 1.00E 00 1.00E 
Q.88E 00 1.0QE 01 1.15E 
1.53E 02 2.21E 02 2.47E 
3.31E 02 4.83E 02 5.45E 
4.&8E 02 &.54E 02 7.30E 
&.14E 02 8.11E 02 8.q5E 
7.5QE 02 q.48E 02 1.03E 
8.8QE 02 1.0&E 03 1.14E 
1.00E 03 1 .15E 03 1.23E 
1 .11E 03 1.24E 03 1.30E 
1.25E 03 1.3&E 03 1.41E 
1.35E 03 1.44E 03 1.47E 
1.41E 03 1.4QE 03 1.52E 
1 .4&E 03 1.53E 03 1.55E 
1.55E 03 1.bOE 03 1.01E 
1.&5E 03 1.&8E 03 1.08E 
1.73E 03 1 .75E 03 1.73E 
1 .7qE 03 1.80E 03 1.78E 
1.84E 03 1.8SE 03 1.82E 
1.QOE 03 1.QOE 03 1.80E 
1.00E 00 1.00E 00 1.00E 

X/D S.S.COEFF. 

00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.0CE 
01 1. 10E 01 1. 14E 01 1. 11 E 01 1. 08E 01 1. 05E 
02 2.40E 02 2.1&E 02 1 .85E 02 1.55E 02 1.31E 
02 5.37E 02 4.q2E 02 4.34E 02 3.77E 02 3.31E 
02 7.24E 02 0.71E 02 0.02E 02 5.34E 02 4.78E 
02 8.qlE 02 8.30E 02 7.5qE 02 &.84E 02 0.22E 
03 1.03E 03 q.74E 02 8.q4E 02 8.15E C2 7.4QE 
03 1 .14E 03 1.08E 03 1 .OOE 03 q.22E 02 8.54E 
03 1.22E 03 1 .17E 03 1.0qE 03 1 .01E 03 q.3qE 
03 1 .30E 03 1 .~4E 03 1 .10E 03 1.08E 03 1.01E 
03 1.40E 03 1 .34E 03 1 .20E 03 1 .18E 03 1.11E 
03 1.4&E 03 1.40E 03 1.33E 03 1.25E 03 1.18E 
03 1.50E 03 1.45E 03 1.37E 03 1.2qE 03 1.22E 
03 1 .53E 03 1.48E 03 1 .40E 03 1 .32E 03 1.25E 
03 1.S8E 03 1.52E 03 1 .44E 03 1 .30E 03 1.2qE 
03 1.04E 03 1.58E 03 1.50E 03 1.41E 03 1.34E 
03 1.&qE 03 1.02E 03 1.54E 03 1.40E 03 1.3qE 
03 1 .73E 03 1.&oE 03 1 .57E 03 1 .4qE 03 1.42E 
03 1 .70E 03 1.08E 03 1.00E 03 1 .51E 03 1.44E 
03 1 .7qE 03 1.71E 03 1.02E 03 1 .53E 03 1.40E 
00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 

00 1.00E 
01 1.03E 
02 1. 11 E 
02 2.q4E 
02 4.35E 
025.75E 
02 o.qqE 
02 8.02E 
02 8.8&E 
03 q.SqE 
03 1.00E 
03 1. 12E 
03 1.1 &E 
03 1.1 qE 
03 1.23E 
03 1.28E 
03 1.33E 
03 1.30E 
03 1.38E 
03 1.3qE 
00 1.00E 

00 1.00E 
01 1.02E 
02 1.1 OE 
02 3.03E 
02 4.51E 
02 5.q5E 
027.22E 
02 8.20E 
02 13.1 OE 
02 q.83E 
03 1.08E 
03 1. 14E 
03 1. 18E 
03 1.21E 
03 1.25E 
03 1.2qE 
03 1.33E 
03 1.30E 
031.38E 
03 1.40E 
00 1.00E 

00 1.00E 00 
01 1. OOE 00 
02 1.00E 00 
02 1.00E 00 
02 1.00E 00 
02 1.00E 00 
02 1.00E 00 
02 1.00E 00 
02 1.00E 00 
02 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
03 1.00E 00 
00 1.00E 00 

2 3.148E-02 3.545E-03 



101 0.11q2E 00 0.5718E-Ol 0.3320E-Ol 0.142~E-Ol 0.&170E-02 0.5412E 08 0.5875E 01-0.7744E-04 0.~875E 01 0.1150E 04 0.~531E 03 
102 0.117&E 00 0.5487E-Ol 0.31~OE-Ol 0.13&7E-Ol 0.5~&5E-02 0.535~E 08 0.5871E 01 0.437&E-03 0.~~08E 01 0.1150E 04 O.~5&5E 03 
103 O.ll&OE 00 0.52&2E-Ol 0.30&7E-Ol 0.1307E-Ol 0.57~3E-02 0.530~E 08 0.58&7E 01 0.~351E-03 0.~~3~E 01 0.1150E 04 0.~5~7E 03 
104 0.1144E 00 0.5047E-Ol 0.2~51E-Ol 0.1248E-Ol 0.5&47E-02 0.525&E 08 0.58&5E 01 0.1413E-02 O.~~&~E 01 0.1150E 04 0.~&28E 03 
105 0.112QE 00 0.4838E-Ol 0.2842E-Ol 0.11~2E-Ol 0.5523E-02 0.518&E 08 0.58&2E 01 0.18&~E-02 0.~~~8E 01 0.1150E 04 0.~&57E 03 
10& 0.1114E 00 0.4&45E-Ol 0.2741E-Ol 0.1144E-Ol 0.53~4E-02 0.5145E 08 0.58&lE 01 0.2304E-02 0.1003E 02 0.1151E 04 0.~&84E 03 
.07 0.1101E 00 0.44&OE-Ol 0.2&52E-Ol 0.10~3E-Ol 0.52&OE-02 0.508~E 08 0.58&OE O~ 0.271&E-02 0.1005E 02 0.1151E 04 0.~70~E 03 
108 0.1087E 00 0.4278E-Ol 0.25&7E-Ol 0.1044E-Ol 0.5122E-02 0.5007E 08 0.58&OE 01 U.3105E-02 0.1008E 02 0.1151E 04 0.~734E 03 
10~ 0.1074E 00 0.4100E-Ol 0.2484E-Ol 0.1000E-Ol 0.4~~lE-02 0.4~47E 08 O.58&lE 01 0.3471E-02 0.1010E 02 0.1151E 04 0.~757E 03 
110 0.10&lE 00 0.3~2&E-Ol 0.2407E-01 0.~578E-02 0.4874E-02 0.4870£ 08 O.58&2E 01 0.3814E-02 0.1013E 02 0.1151E 04 0.~778E 03 
111 0.1048E 00 0.3757E-01 0.2334E-Ol 0.~157E-02 0.4775E-02 0.4804E 08 0.58&4E 01 0.4134E-02 0.1015E 02 0.1151E 04 0.~7~8E 03 
112 0.103&E 00 0.35~3E-Ol 0.22&7E-Ol 0.881&E-02 0.4&~2E-02 0.4714E 08 0.58&&E 01 0.4430E-02 0.1017E 02 0.1151E 04 0.~817E 03 
113 0.1024E 00 0.3434E-Ol 0.2207E-01 0.844&E-02 0.4&11E-02 0.4&32E 08 0.58&~E 01 0.4704E-02 0.10'~E 02 0.1151E 04 0.~834E 03 
114 0.1011E 00 O.327~E-01 0.215&E-01 0.8085E-02 0.4524E-02 0.4532E 08 0.5873E 01 0.4~5&E-02 0.1021E 02 0.1151E 04 0.~851E 03 
115 0.~Q75E-01 0.3131E-Ol 0.2108E-01 0.778&E-02 0.443&E-02 0.4452E 08 0.5877E 01 0.518&E-02 0.1023E 02 0.1151E 04 0.~8&&E 03 
11& 0.Q837E-01 0.2~~7E-01 0.20&2E-01 0.7&~2E·-02 0.4437E-02 0.4&02E 08 0.5882E 01 0.&2&8E-02 0.1025E 02 0.1151E 04 0.~87~E 03 
117 0.Q503E-01 0.3&&2E-01 0.2024E-01 0.7238E-02 0.4422E-02 0.4&71E 08 0.5888E 01 0.&710E-02 0.1027E 02 0.1151E 04 0.~8~lE 03 
118 0.Q3Q8E-Ol 0.31&4E-01 0.1~~1E-Ol 0.&~70E-02 0.4413E-02 0.4&14E OR 0.58~4E 01 0.&~7&E-02 0.1028E 02 0.1152E 04 O.~~01E 03 
11~ 0.Q214E-01 0.3045E-01 0.1~&2E-01 0.&705E-02 0.4407E-02 0.44~5E 08 0.5~01E 01 0.7133E-02 0.1030E 02 0.1152E 04 0.~~10E 03 
120 0.Q041E-01 0.2880E-01 0.1~42E-Ol 0.&4&OE-02 0.43~lE-02 0.4353E 08 0.5~0~E 01 0.7255E-02 0.1031E 02 0.1152E 04 0.~~18E 03 
121 0.8853E-01 0.2755E-01 0.1~2&E-Ol 0.&2&8E-02 0.4370E-02 0.4205E 08 0.5~17E 01 0.7347E-02 0.1033E 02 0.1152E 04 0.~~2&E 03 
122 0.8&7&E-01 0.2&22E-01 0.1~11E-01 0.&073E-02 0.434&E-02 0.4040E 08 0.5~25E 01 0.7421E-02 0.1034E 02 0.1152E 04 0.~~32E 03 
123 0.84~~E-01 0.24~~E-01 0.1~01E-01 0.58&5E-02 0.432~E-02 0.3~05E 08 0.5~34E 01 0.747&E-02 0.1035E 02 0.1152E 04 0.~~37E 03 
124 0.8322E-01 0.2384E-01 0.18~4E-01 0.571&E-02 0.4324E-02 0.3774E 08 0.5~43E 01 0.751&E-02 0.1037E02 0.1152E 04 0.~~42E 03 
125 0.8143E-Ol 0.2284E-01 0.18~4E-01 0.5544E-02 0.4322E-02 0.3&48E 08 0.5~52E 01 0.7540E-02 0.1038E 02 0.1152E 04 0.~~4&E 03 
12& 0.7Q&4E-01 0.21~4E-01 0.18Q7E-01 0.535&E-02 0.431&E-02 0.34~OE 08 0.5~&1E 01 0.7~4~E-02 0.103~E 02 0.1152E 04 0.~~4~E 03 
127 0.778&E-01 0.2120E-Ol O.l~OlE-Ol 0.5507E-02 0.4401E-02 0.3570E 08 0.5~72E 01 0.85~4E-02 0.1040E 02 0.1152E 04 0.~~51E 03 
128 0.7423E-Ol 0.2712E-01 0.1~13E-Ol 0.515&E-02 0.447~E-02 0.3538E 08 0.5~84E 01 0.8843E-02 0.1041E 02 0.1153E 04 0.~~51E 03 
12~ 0.72Q7E-Ol 0.2322E-Ol 0.1~28E-01 0.5044E-02 0.4542E-02 0.342&E 08 0.5~~&E 01 0.8~2~E-02 0.1042E 02 0.1153E 04 0.~~51E 03 
130 0.7071E-01 0.2288E-01 0.1~44E-Ol 0.4~22E-02 0.458~E-02 0.32&3E 08 0.&008E 01 0.8852E-02 0.1043E 02 0.1153E 04 0.~~50E 03 
131 0.&875E-01 0.2171E-Ol 0.1~&OE-Ol 0.48&5E-02 0.4&23E-02 0.3142E 08 0.&021E 01 0.8751E-02 0.1044E 02 0.1153E 04 0.~~48E 03 
132 0.&&5~E-Ol 0.2122E-Ol 0.1~78E-01 0.47&7E-02 0.4&44E-02 0.3003E 08 0.&033E 01 0.S&13E-02 0.1045E 02 0.1153E 04 0.~~4&E 03 
133 0.&458E-01 0.203&E-Ol 0.1~~5E-Ol 0.4&7~E-02 0.4&53E-02 0.2S30E OS 0.&045E 01 0.S4&7E-02 0.104&E 02 0.1153E 04 0.~~43E 03 
134 0.&25&E-01 0.1~70E-Ol 0.2012E-Ol 0.45S~E-02 0.4&&3E-02 0.2&~&E OS 0.&05SE 01 0.S311E-02 0.1047E 02 0.1153E 04 0.~~40E 03 
135 0.&058E-01 0.18~~E-01 0.2030£-01 0.453SE--02 0.4&~5E-02 0.2573E 08 0.&070E 01 0.S14SE-02 0.104SE 02 0.1153E 04 0.~~3&E 03 
13& 0.58&3E-01 0.1834E-01 0.2047E-01 0.443&E-02 U.471SE-02 0.2449E OS 0.&OS2E 01 0.7~79E-02 0.104~E 02 0.1154E 04 0.~~32E 03 
137 0.5&73E-Ol 0.17&&E-Ol 0.20&3E-01 0.4~02E-02 0.4733E-02 0.2333E OS 0.&0~5E 01 0.7805E-02 0.104~E 02 0.1154E 04 0.~~27E 03 
13S 0.5485E-Ol 0.1702E-Ol 0.207~E-01 0.4315E-02 0.4740E-02 0.222&E OS 0.&107E 01 0.7&25E-02 0.1050E 02 0.1154E 04 0.9922E 03 
13~ 0.5302E-01 0.1&39E-Ol 0.20~4E-01 0.42S3E-02 0.4738E-02 0.214SE OS 0.&119E 01 0.7441E-02 0.1051E 02 0.1154E 04 0.9917E 03 
140 0.5122E-01 0.1577E-Ol 0.2109E-01 0.4224E-02 0.4731E-02 0.20&lE OS 0.&130E 01 0.7252E-02 0.1052E 02 0.1154E 04 0.9911E 03 
141 0.4~4&E-01 0.1517(-01 0.2123E-01 0.4171E-02 0.4717E-02 0.1970E OS 0.b142E 01 0.70&lE-02 0.1052E 02 0.1154E 04 0.9905E 03 
142 0.4774E-01 0.1459E-Ol 0.2135E-01 0.41&1E-02 0.4&99E-02 0.1902E OS 0.&153E 01 0.&S&5E-02 0.1053E 02 0.1154E 04 0.98~9E 03 
143 0.400&E-Ol 0.1404E-01 0.2148E-Ol 0.4124E-02 0.4&74E-02 0.lS39E OS 0.&1&5E 01 0.&0&7E-02 0.1054E 02 0.1154E 04 0.~893E 03 
144 0.4443E-Ol 0.1351E-01 0.215~E-Ol 0.4113E-02 0.4&43E-02 0.1737E OS 0.&17&E 01 0.&4&7E-02 0.1055E 02 0.1155E 04 0.~S8&E 03 
145 0.4284E-Ol 0.1302E-Ol 0.21&~E-Ol 0.4052E-02 0.4&09E-02 0.1702E OS 0.&lS7E 01 0.02&5E-02 0.1055E 02 0.1155E 04 0.987~E 03 
14& 0.4130E-Ol 0.1254E-Ol 0.2177E-Ol 0.4052E-02 0.4570E-02 0.1&2SE OS 0.&197E 01 0.&0&3E-02 0.105&E 02 0.1155E 04 0.9872E 03 
147 0.3~81E-Ol 0.120~E-Ol 0.21S5E-Ol 0.39S2E-02 0.452&E-02 0.154SE OS 0.&20SE 01 0.5S&OE-02 0.1057E 02 0.1155E 04 0.~8&5E 03 
148 0.3838E-Ol O.ll&SE-Ol 0.21~2E-Ol 0.397&E-02 0.447SE-02 0.148&E 08 0.&21SE 01 0.5&57E-02 0.105SE 02 0.1155E 04 0.9858E 03 
149 0.30~9E-Ol 0.1127E-Ol 0.21~7E-Ol 0.3975E-02 0.4427E-02 0.1442E OS 0.&22SE 01 0.5454E-02 0.105SE 02 0.1155E 04 0.9S51E 03 
150 0.35&5E-Ol 0.1088E-Ol 0.2202E-Ol 0.3940E-02 0.4372E-02 0.1377E OS 0.&238E 01 0.5253E-02 0.1059E 02 0.1155E 04 0.~S44E 03 
151 0.3435E-Ol 0.1055E-Ol 0.2205E-Ol 0.39&4E-02 0.4314E-02 0.1311E OS 0.&247E 01 0.5052E-02 0.10&OE 02 0.115&E 04 0.983&E 03 
152 0.330~E-01 0.1024E-Ol 0.2207E-Ol 0.3955E-02 0.4253E-02 0.124&E 08 0.&25&E 01 0.4S54E-02 0.10&lE 02 0.115&E 04 0.~82~E 03 
153 0.318~E-Ol 0.~~35E-02 0.2208E-Ol 0.3914E-02 0.41S9E-02 0.1197E OS 0.&2&5E 01 0.4&5SE-02 0.10&1E 02 0.115&E 04 0.~822E 03 
154 0.3073E-Ol 0.~&4&E-02 0.220SE-Ol 0.3S99E-02 0.4124E-02 0.1143E OS 0.&274E 01 0.44&4E-02 0.10&2E 02 0.115&E 04 0.9S15E 03 



o 

11 0.0371~ 0.00 1.13E 01 1.27E 01 8.34E 00 1.01E 01 1.35E 01 2.10E 01 
100.03437 0.00 3.84E 01 1.47E 01 8.2~E 00 1.28E 01 2.0&E 01 2.7&E 01 
~ 0.0321~ 0.00 4.08E 01 1.02E 01 7.77E 00 1.&2E 01 2.53E 01 3.10E 01 
8 0.03031 2.70E 01 8.~8E 00 4.32E 00 8.35E 00 2.02E 01 2.85E 01 3.2&E 01 
7 0.02&87 2.70E 01 8.~5E 00 4.~2E 00 1.15E 01 2.73E 01 3.21E 01 3.41E 01 
& 0.02187 2.70E 01 8.~7E 00 &.5~E 00 1.~2E 01 4.1&E 01 3.27E 01 3.45E 01 
5 0.01&25 2.70E 01 ~.03E 00 1.17E 01 3.74E 01 3.2~E 01 3.22E 01 3.37E 01 
4 0.010&2 2.70E 01 ~.28E 00 2.&~E 01 5.82E 01 3.11E 01 3.15E 01 3.27E 01 
3 0.005&2 2.70E 01 1.04E 01 &.47E 01 4.48E 01 3.11E 01 3.10E 01 3.20E 01 
2 0.0015& 2.70E 01 1.78E 01 4.80E 01 4.0~E 01 3.10E 01 3.0~E 01 3.1~E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 1& 17 18 1~ 
X = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 

2.85E 01 3.31E 01 3.5&E 01 3.&4E 01 3.54E 01 
3.30E 01 3.&3E 01 3.7~E 01 3.81E 01 3.&7E 01 
3.51E 01 3.78E 01 3.~1E 01 3.8qE O' 3.73E 01 
3.&lE 01 3.85E 01 3.~7E 01 3.~4E 01 3.7&E 01 
3.70E 01 3.~lE 01 4.01E 01 3.~&E 01 3.77E 01 
3.&~E 01 3.88E 01 3.~7E 01 3.~lE 01 3.72E 01 
3.56E 01 3.75E 01 3.82E 01 3.7&E 01 3.58E 01 
3.44E 01 3.5qE 01 3.&&E 01 3.&0F. 01 3.44E 01 
3.35E 01 3.4QE 01 3.55E 01 3.50E 01 3.34E 01 
3.33E 01 3.4&E 01 3.52E 01 3.47E 01 3.32E 01 

0.00 0.00 0.00 0.00 0.00 
20 21 22 23 

0.3Q5QO 0.437&Q 0.47Q48 0.52127 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.0~E 00 2.1~E 00 2.12E 00 1.~&E 00 1.80E 00 , .&5E 00 1.53E 00 1 .43E 00 1.35E 00 1 .33E 00 2.70E 01 
1~ 0.05~37 1.0&E 01 1.0~E 01 ~.~5E 00 8.4~E 00 &.~7E 00 5.&OE 00 4.52E 00 3.71E 00 3.11E 00 3.17E 00 2.70E 01 
18 0.055~4 1.£'1E 01 1.5~E 01 1.42E 01 1.20E 01 ~.75E 00 7.78E 00 &.22F. 00 5.05E 00 4.17E 00 4.40E 00 2.70E 01 
17 0.05344 1.~2E 01 1.85E 01 1.&4E 01 1.37E 01 1 .11E O~ 8.85E 00 7.07E 00 5.74E 00 4.75E 00 5.11E 00 2.70E 01 
1& 0.05078 2.23E 01 2.0~E 01 1.83E 01 1.52E 01 1.23E 01 ~.78E 00 7.81E 00 &.3&E 00 5.28E 00 5.75E 00 2.70E 01 
15 0.04812 2.51E 01 2.30E 01 1.~~E 01 1.&4E 01 1.33E 01 1.05E 01 8.43E 00 &.88E 00 5.72E 00 &.28E 00 2.70E 01 
14 0.045&2 2.74E 01 2.48E 01 2.12E 01 1.74E 01 1.40E 01 1.12E 01 8.~3E 00 7.2~E 00 &.08E 00 &.&8E 00 2.70E 01 
13 0.04328 2.~2E 01 2.&1E 01 2.22E 01 1.82E 01 1.4&E 01 1.1&E 01 ~.32E 00 7.&2E 00 &.37E 00 &.~8E 00 2.70E 01 
12 0.040~4 3.08E 01 2.73E 01 2.31E 01 1.8~E 01 1.52E 01 1.20E 01 ~.&5E 00 7.~OE 00 &.&lE 00 7.21E 00 2.70E 01 
11 0.0371~ 3.27E 01 2.87E 01 2.41E 01 1.~7E 01 1.58E 01 1.25E 01 1 .01E 01 8.25E 00 &.~1E 00 7.47E 00 2.70E 01 
10 0.03437 3.3&E 01 2.~4E 01 2.47E 01 2.01E 01 1.&1E 01 1.28E 01 1.03E 01 8.44E 00 7.n8E 00 7.58E 00 2.70E 01 
~ 0.0321~ 3.41E 01 2.~7E 01 2.4~E 01 2.03E 01 1.&3E 01 1 .30E 01 1.04E 01 8.55E 00 7.18E 00 7.&1E 00 2.70E 01 
8 0.03031 3.43E 01 2.~~E 01 2.50E 01 2.04E 01 1.&4E 01 1.30E 01 1.05E 01 8.&1E 00 7.23E 00 7.&2E 00 2~70E 01 
7 0.02&87 3.44E 01 2.~qE 01 2.51E 01 2.04E 01 1.&4E 01 1.31E 01 1.0&E 01 8.&8E 00 7.2~E 00 7.5&E 00 2.70E 01 
& 0.02187 3.3~E 01 2.~5E 01 2.48E 01 2.03E 01 1.&3E 01 1 .31E 01 1.0&E 01 8.70E 00 7.31E 00 7.3~E 00 2.70E 01 
5 0.01&25 3.28E 01 2.87E 01 2.41E 01 1.~8E 01 1.&1E 01 1.2~E 01 1.05E 01 8.&3E 00 7.2&E 00 7.1&E 00 2.70E 01 
4 0.010&2 3.1&E 01 2.7~E 01 2.35E 01 1 .~4E 01 1.58E 01 1.27E 01 1.03E 01 8.55E 00 7.20E 00 &.~4E 00 2.70E 01 
3 0.005&2 3.0~E 01 2.73E 01 2.31E 01 1.~1E 01 1.5&E 01 1.2&E 01 1.03E 01 8.51E 00 7.1&E 00 &.82E 00 2.70E 01 
2 0.0015& 3.07E 01 2.72E 01 2.30E 01 1.qlE 01 1.5&E 01 1.2&E 01 1.03E 01 8.54E 00 7.1qE 00 &.81E 00 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = -0.003q3 0.003Q3 0.01180 0.02054 0.03023 0.040qq 0.052q4 0.0&&20 0.080q2 0.Oq72& 0.1153q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lq 0.05q37 
18 0.055q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040~4 
11 0.0371~ 
10 0.03437 
q 0.0321q 
8 0.03031 
7 0.02&87 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 2.75E 03 2.10E 03 1.&OE 03 1.2QE 03 1.08E 03 Q.52E 02 1 .03E 03 1 .4&E 03 
0.00 0.00 0.00 0.00 4.0&E 03 3.71E 03 2.&lE 03 1.84E 03 1 .33E 03 1.03E 03 1 .03E 03 1 .38E 03 
0.00 0.00 0.00 0.00 &.14E 03 4.28E 03 2.Q1E 03 2.03E 03 1.4&E 03 1 .18E 03 1 .33E 03 1.&&E 03 
0.00 0.00 0.00 4.QQE 03 4.&8E 03 3.20E 03 2.28E 03 1 .73E 03 1 .3QE 03 1 .41E 03 1 .73E 03 2.01E 03 
0.00 0.00 0.00 8.28E 03 4.83E 03 3.10E 03 2.13E 03 1.&3E 03 1.52E 03 1.8QE 03 2.30E 03 2.44E 03 
0.00 0.00 0.00 &.5QE 03 4.40E 03 2.Q2E 03 2.03E 03 1.&QE 03 2.01E 03 2.&2E 03 2.Q3E 03 2.88E 03 
0.00 0.00 &.Q8E 03 &.20E 03 4.43E 03 3.04E 03 2.1QE 03 2.15E 03 2.82E 03 3.38E 03 3.4QE 03 3.25E 03 
0.00 0.00 1.11E 04 &.78E 03 4.80E 03 3.41E 03 2.&8E 03 2.Q8E 03 3.70E 03 4.05E 03 3.Q5F 03 3.55E 03 
0.00 0.00 8.11E 03 &.&8E 03 5.25E 03 3.QQE 03 3.4&E 03 3.Q8E 03 4.50E 03 4.5QE 03 4.30E 03 3.78E 03 
0.00 7.Q1E 03 1 .14E 04 7.80E 03 &.33E 03 5.20E 03 5.1&E 03 5.52E 03 5.51E 03 5.20E 03 4.&8E 03 4.01E 03 
0.00 2.38E 04 1.55E 04 Q.30E 03 8.00E 03 7.14E 03 &.27E 03 &.10E 03 5.83E 03 5.3QE 03 4.7QE 03 4.07E 03 
0.00 2.&OE 04 1.70E 04 1.05E 04 Q.77E 03 8.0&E 03 &.5&E 03 &.1QE 03 5.8&E 03 5.3QE 03 4.7QE 03 4.0&E 03 

4.4QE 05 8.13E 04 2.02E 04 1.21E 04 1.1&E 04 8.2&E 03 &.45E 03 &.08E 03 5.77E 03 5.32E 03 4.73E 03 4.02E 03 
4.4QE 05 8.10E 04 2.20E 04 1.47E 04 1.42E 04 7.44E 03 5.Q2E 03 5.&QE 03 5.4&E 03 5.0QE 03 4.55E 03 3.88E 03 



70.02b87 4.4QE 05 4.49E·05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 
b 0.02187 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.4~E 05 4.49E 05 4.49E 05 4.49E 05 4.4QE 05 4.49E 05 
50.01b25 4.49E 05 4.49E 05 4.4QE 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 
4 0.010b2 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 
30.005b2 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 
2 0.0015& 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 4>~~E 05 4.49E 05 4.49E 05 4.49E 05 4.49E 05 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 O.GO 0.00 0.00 0.00 0.00 

OITER 1--- ABSOLUTE RESIDUAL SOURCE SUMS ---I 1-··- FIELD VALUES AT MONITORING LOCATION(22, 81 ---I 
NO UMON VHON WMON MASS TKIN DISP U V W P 0 

1 0.&787E 00 0.1181E-02 0.5000E-02 0.2&42E 010.8179E 02 0.8238E 13 0.7S21E 01 0.774gE-02 
2 0.157bE 01 0.1801E 01 0.5000E-02 0.3124E 01 0.11&OE 02 0.2599~ 13 0.7589E 01 0.2470E-Ol 
3 0.494&E 00 0.1098E 01 0.5000E-02 O.2938E 01 0.1955E 01 0.8020E 12 0.7&41E 01 0.20Q2E-Ol 
4 0.b271E 00 0.758bE 00 0.5000E-02 0.&430E 01 0.3193E 00 0.2445E 12 0.7&81E 01 0.1782E-01 
5 O.b817E 00 0.b851E 00 0.5000E-02 0.5212E 01 0.5459E-Ol 0.7195E 11 0.7720E 01 0.1843E-Ol 
& 0.b710E 00 0.73&5E 00 0.5000E-02 0.4380E 01 0.234&E-Ol 0.3958E 11 0.77&5E 01 O.241&E-Ol 
7 0.&3&8E 00 0.&548E 00 0.5000E-02 0.4840E 01 0.4553E-Ol 0.9424E 11 0.7821E 01 0.317&E-01 
8 0.&9&2E 00 0.5374E 00 0.5000E-02 0.5425E 01 0.4709E-Ol 0.933&E 11 0.7895E 01 0.451&E-Ol 
9 0.&922E 00 0.5&29E 00 0.5000E-02 0.59&5E 01 0.2722E-Ol 0.5048E 11 0.7990E 01 0.&081E-01 

10 0.7249E 00 0.4238E 00 0.5000E-02 0.581&E 01 0.233&E-Ol 0.9570E 10 0.8114E 01 0.7937E~01 
11 0.7290E 00 0.4058E 00 0.5000E-02 0.5851E 01 0.2378E-Ol 0.1&12£ 11 0.8272E 01 0.99&&E-01 
12 0.7453E 00 0.3284E 00 0.5000E-02 0.5480E 01 0.2254E-01 0.204&E 11 0.84&9E 01 0.1195E 00 
13 0.7535E 00 0.3102E 00 0.5000E-02 0.4813E 01 0.2072E-01 0.1941E 11 0.8709E 01 0.13Q9E 00 
14 0.7479E 00 0.2389E 00 0.5000E-02 0.3&&OE 01 0.1811E-Ol 0.1493E 11 0.8988E 01 0.1570E 00 
15 0.7437E 00 0.2318E 00 0.5000E-02 0.2&11E 01 0.1&02E-Ol 0.10&8E 11 0.9308E 01 0.1721E 00 
1& 0.73&5E 00 0.18&&E 00 0.5000E-02 0.1&55E 01 0.1495E-Ol 0.&581E 10 0.~&&4E 01 0.lR41E 00 
17 0.7250E 00 0.1844E 00 0.5000E-02 0.12&OE 01 0.13&9E-Ol 0.294&E 10 0.1005E 02 0.1919E 00 
18 0.723&E 00 0.1&27E 00 0.5000E-02 0.9442E 00 0.1381E-Ol 0.4492E 09 0.1047E 02 0.19&OE 00 
19 O.7005E 00 0.1710E 00 0.5000E-02 0.735&E 00 0.1389E-Ol 0.2009E 10 0.1091E 02 0.19&7E 00 
20 0 .. &9blE 00 0.1499E 00 0.5000E-02 0.7537E 00 0.1390E-Ol 0.23&&E 10 0.113&E 02 0.1940E 00 
21 0.&714E 00 0.1581E 00 0.5000E-02 O.&270E 00 0.1355E-Ol 0.205&E 10 O.1183E 02 0.1894E 00 
22 O.&&O&E 00 0.1409E 00 0.5000E-02 0.4&31E 00 0.1344E-Ol 0.1484E 10 0.1230E 02 0.1831E 00 
23 0.&439E 00 0.1473E 00 0.5000E-02 0.4194E 00 0.1329E-Ol 0.7987E 09 0.1277E 02 0.1758E 00 
24 0.&332E 00 0.1295E 00 0.5000E-02 0.3250E 00 0.1354E-Ol 0.2177E 09 0.1325E 02 0.1&91E 00 
25 0.&121E 00 0.1345E 00 0.5000E-02 0.3301E 00 0.141&f-Ol 0.5195E 09 0.1372E 02 0.1&21E 00 
2& 0.&023E 00 0.115&E 00 0.5000E-02 0.2&&&E 00 U.14&9E-Ol 0.7&14E 09 0.1419E 02 0.1574E 00 
27 0.5787E 00 0.1192E 00 0.5000E-02 0.2520E 00 0.1527E-Ol 0.89&9E 09 0.14&&E 02 0.1540E CO 
28 0.5&82E 00 0.1022E 00 0.5000E-02 0.2470E 00 0.1598E-Ol 0.8871E 09 0.1513E 02 0.1527E 00 
29 0.5483E 00 0.1042E 00 0.5000E-02 0.2225E 00 0.1&48E-Ol 0.8141E 09 0.15&OE 02 0.1534E 00 
30 0.5349E 00 0.908&E-Ol 0.5000E-02 0.2181E 00 0.1740E-Ol 0.&9b8E 09 0.1&07E 02 0.15&4E 00 
31 0.520&E 00 0.9214(-01 0.5000E-02 0.2059E 00 0.1834E-Ol 0.5370E 09 0.1&54E 02 0.1&15E 00 
32 0.5053E 00 0.8251E-Ol 0.5000E-02 0.19&5E 00 0.194&E-Ol 0.3829E 09 0.1702E 02 0.1&85E 00 
33 0.4970E 00 0.82&2E-Ol 0.5000E-02 0.1899E 00 0.20&7E-Ol 0.2335E 09 0.1750E 02 0.17&9E 00 
34 0.4848E 00 0.7495E-Ol 0.5000E-02 0.1832E 00 0.2202E-01 0.17&7E 09 0.1800E 02 0.1871E 00 
35 0.479&E 00 0.7543E-Ol 0.5000E-02 0.1743E 00 0.2354E-Ol 0.237&E 09 0.1850E 02 0.1981E 00 
3& 0.4731E 00 0.&942E-Ol 0.5000E-02 0.1&39E 00 0.2513E-Ol 0.2&87E 09 0.1902E 02 0.2099E 00 
37 0.4&73E 00 0.&959E-Ol 0.5000E-02 0.1532E 00 0.2&8&E-Ol 0.2731E 09 0.1955E 02 0.2221E 00 
38 0.4&32E 00 0.&54&E-Ol 0.5000E-02 0.1428E 00 0.2857E-Ol 0.247&E 09 0.2009E 02 0.2345E 00 
39 0.4571E 00 0.&&39E-Ol 0.5000E-02 0.1319E 00 0.304bE-Ol 0.21&8E 09 0.20&3E 02 0.2459E 00 
40 0.4528E 00 0.02&OE-Ol 0.5000E-02 0.1219E 00 0.3240E-Ol 0.1799E 09 0.2117E 02 0.25&8E 00 
41 0.4459E 00 0.&435E-Ol 0.5000E-02 0.1121E 00 0.3444E-Ol 0.139&E 09 0.2170E 02 0.2&&OE 00 
42 0.4392E 00 0.&141E-Ol 0.5000E-02 0.1033E 00 0.3&5&E-Ol 0.1119E 09 0.2221E 02 0.2728E 00 
43 0.4297E 00 0.&357E-Ol 0.5000E-02 0.942&E-Ol 0.3875E-Ol 0.8820E 08 0.22&9E 02 0.2759E 00 
44 0.4203E 00 0.&214E-Ol 0.5000E-02 0.8&42E-Ol 0.4098E-Ol 0.7321E 08 0.2310E 02 0.2738E 00 

0.0000-0.7551E 03 0.1457E 0& 
0.0000 0.2324E 03 0.4591E 05 
0.0000 0.43&5E 03 0.1437E 05 
0.0000 0.8011E 02 0.45&7E 04 
0.0000 0.1078E 03 0.1517E 04 
0.0000 0.1&&4E 03 0.5447E 03 
0.0000 0.10&5E 03 0.21&5E 03 
0.0000 0.11&9E 03 0.9&39E 02 
0.0000 0.1390E 03 0.5829E 02 
0.0000 0.1271E 03 0.3893E 02 
0.0000 0.1248E 03 0.3188E 02 
0.0000 0.1345E 03 0.2&77E 02 
0.0000 0.1333E 03 0.2418E 02 
0.0000 0.1437E 03 0.2148E 02 
0.0000 0.1459E 03 0.1918E 02 
0.0000 0.1438E 03 0.1&59E 02 
0.0000 0.1427E 03 0.139&E 02 
0.0000 0.1429E 03 0.1129E 02 
0.0000 0.1408E 03 0.8881E 01 
0.0000 0.1383E 03 0.7128E 01 
0.0000 0.138&E 03 0.&852E 01 
0.0000 0.1355E 03 0.8707E 01 
0.0000 0.1325E 03 0.112&E 02 
0.0000 0.1308E 03 0.1435E 02 
0.0000 0.1279E 03 0.17&5E 02 
0.0000 0.1239E 03 0.2110E 02 
0.0000 0.1204E 03 0.24&5E 02 
0.0000 0.1155E 03 0.2833£ 02 
0.0000 0.1101E 03 0.3225E 02 
0.0000 0.104&E 03 0.3&42E 02 
0.0000 0.9832E 02 0.4088E 02 
0.0000 0.g18&E 02 0.45&5E 02 
0.0000 0.8482E 02 0.5081E 02 
0.0000 0.77&9E 02 0.5&3&E 02 
0.0000 0.7029E 02 0.&235E 02 
0.0000 0.&241E 02 0.&87&E 02 
0.0000 0.5387E 02 0.75&2E 02 
0.0000 0.4485E 02 0.8288E 02 
0.0000 0.3537E 02 0.9901E 02 
0.0000 0.2531E 02 0.1151E 03 
0.0000 0.1472E 02 0.1322E 03 
0.0000 0.3&52E 01 0.150&E 03 
0.0000-0.7829E 01 0.1&97E 03 
0.0000-0.1941E 02 0.1890E 03 



x = -0.003q3 O.003q3 0.01180 0.02054 0.03023 0.040qq 0.052q4 0.0&&20 0.080q2 0.Oq72& 0.1153q 0.13552 o J Y . 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 8.qOE 00 4.85E 00 3.12E 00 3.78E 00 7.48E 00 1.52E 01 2.80E 01 4.&5E 01 
lq 0.05Q37 0.00 0.00 0.00 0.00 q.12E 00 5.38E 00 3.54E 00 4.0qE 00 7.&5E 00 1.52E 01 2.77E 01 4.5qE 01 
18 0.055Q4 0.00 0.00 0.00 0.00 8.07E 00 5.15E 00 3.5&E 00 4.14E 00 7.&7E 00 1.51E 01 2.75E 01 4.55E 01 
17 0.05344 0.000.00 0.00 5.02E 00 &.lqE 00 4.7&E 00 3.43E 00 4.07E 00 7.&2E 00 1.50E 01 2.74E 01 4.54E 01 
1& 0.05078 0.00 0.00 0.00 &.OqE 00 5.73E 00 4.3&E 00 3.23E 00 3.q8E 00 7.5qf 00 1.50E 01 2.74E 01 4.54E 01 
15 0.04812 0.00 0.00 0.00 5.&2E 00 5.37E 00 4.0&E 00 3.08E 00 3.q4E 00 7.&2E 00 1.51E 01 2.75E 01 4.55E 01 
14 0.045&2 0.00 0.00 1.4&E 00 4.08E 00 5.18E 00 3.q3E 00 3.05E 00 4.01E 00 7.75E 00 1~53E 01 2.77E 01 4.57E 01 
13 0.04328 0.00 0.00 2.&&E 00 4.20E 00 5.27E 00 4.02E 00 3.20E 00 4.21E 00 8.00E 00 1.5&E 01 2.81E 01 4.&lE 01 
12 0.040Q4 0.00 0.00 1.&qE 00 4.14E 00 5.54E 00 4.31E 00 3.53E 00 4.5SE 00 8.40E 00 1.&OE 01 2.8&E 01 4.&&E 01 
11 0.0371q 0.00~2.32E 01-2.31E 00 4.37E 00 &.2&E 00 5.0&E 00 4.3~E 00 5.48E 00q.3qE 00 1 .72E 01 2.QqE 01 4.7qE 01 
10 0.03437 0.00-2.25E 01-1 .q4E 00 5.33E 00 &.7qE 00 5.&qE 00 5.13E 00 &.37E 00 1.04E 01 1.83E 01 3.11E 01 4.qlE 01 

Q 0.0321Q 0.00-3.78E 01 2.85E 00 5.70E 00 7.04E 00 &.23E 00 5.84E 00 7.15E 00 1.13E 01 1.q4E 01 3.23E 01 5.02E 01 
8 0.03031 0.00-1.05E 01 1.&&E 00 5.82E 00 7.&4E 00 7.0&E 00 &.&OE 00 7.84E 00 1 .21E 01 2.04E 01 3.33E 01 5.12E 01 
7 0.02&87 O.OO-&.qOE 00 q.52E-Ol 5.37E 00 7.4qE 00 7.53E 00 7.&7E 00 q.58E 00 1.43E 01 2.2&E 01 3.52E 01 5.28E 01 
& 0.02187 0.00-3.78E 00 7.55E-Ol 4.4qE 00 &.73E 00 7.47E 00 8.18F. 00 1.04E 01 1.52E 01 2.3&E 01 3.&8E 01 5;4&E 01 
5 0.01&25 0.00-1.7qE 00 q.78E-Ol 3.q7E 00 &.lqE 00 7.3qE 00 8.54E 00" 1 .10E 01 1.5QE 01 2.43E 01 3.73E 01 5.4qE 01 
4 0.010&2 O.OO-&.qlE-Ol 1.25E 00 3.74E 00 5.88E 00 7.34E 00 8.78E 00 1 .14E O~ 1.&3E 01 2.48E 01 3.7&E 01 5.51E 01 
3 0.005&2 0.00-1.75E-Ol 1.42E 00 3.&5E 00 5.74E 00 7.32E 00 8.qOE 00 1 .1&E 011 .&&E 01 2.50E 01 3.78E 01 5.53E"01 
2 0.0015& 0.06 0.00 1.48E 00 3.&2E 00 5.&qE 00 7.31E 00 8.q4E 00 1.17E 01 1.&7E 01 2.51E 01 3.7qE 01 5.53E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O~OO 0.00 0.00 

o I = 13 14 151& 17 18 lq 20 21 22 23 
X = 0.1578& 0.182&& 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q4e 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 7.00E 01 Q.&OE 01 1.22E 02 1 .45E 02 1.&5E 02 1 .80E 02 1 .QOE 02 1.Q&E 02 1.QQE 02 2.01E 02 0.00 
1~ 0.05Q37 &.Q1E 01 Q.50E 01 1.21E 02 1.44E 02 1.&4E 02 1 .7QE 02 1.QOE 02 1.Q&E 02 1.QQE 02 2.01E 02 0.00 
180.055Q4 &.84E 01 Q.41E 01 1.20E 02 1 .43E 02 1.&4E 02 1 .7QE 02 1.QOE 02 1.Q&E 02 1.QQE 02 2.01E 02 0.00 
17 0.05344 0.82E 01 Q.3QE 01 1.20E 02 1 .43E 02 1.&3E 02 1.7QE 02 1.8QE 02 1.Q&E 02 1.QQE 02 2.01E 02 0.00 
1& 0.05078 &.82E 01 Q.38E 01 1.lQE 02 1.43E 02 1.&3E 02 1 .78E 02 1 .8QE 02 1.Q5E 02 1.QQE 02 2.01E 02 0.00 
15 0.04812 &.83E 01 Q.38E 01 1 .1QE 02 1.43E 02 1.&3E 02 1 .78E 02 1.8QE 02 1.Q5E 02 1.QQE 02 2.01E 02 0.00 
14 0.045&2 &.85E 01 Q.40E 01 1.1QE 02 1.43E 02 1.&3E 02 1 .78E 02 1.8QE 02 1.Q5E 02 1.QQE 02 2.00E 02 0.00 
13 0.04328 &.8QE 01 Q.43E 01 1.20E 02 1 .43E 02 1.&3E 02 1 .78E 02 1.8QE 02 1.Q5E 02 1.QQE 02 2.00E 02 0.00 
120.040Q4 &.Q3E 01 Q.4&E 01 1.20E 02 1 .43E 02 1.b3E 02 1.78E 02 1.8QE 02 1.Q5E 02 1.QQE 02 2.00E 02 0.00 
110.0371Q 7.05E 01 Q.55E 01 1.20E 02 1 .43E 02 1.&3E 02 1 .78E 02 1.8QE 02 1.Q5E 02 1 .Q8E 02 2.00E 02 0.00 
10 0.03437 7.15E 01 Q.&2E 01 1.21E 02 1.44E 02 1.&3E 02 1 .78E 02 1.8QE 02 1.Q5E 02 1.Q8E 02 1 .QQE 02 0.00 

Q 0.0321Q 7.24E 01 Q.&~E 01 1.21E 02 1.44E 02 1.&3E 02 1 .78E 02 1.8QE 02 1.Q5E 02 1.Q8E 02 1.QQE 02 0.00 
8 0.03031 7.32E 01 Q.75E 01 1.22E 02 1.44E 02 1.&4E 02 1.7QE 02 1 .8QE 02 1.QSE 02 1 .Q8E 02 1.QQE 02 0.00 
7 0.02&87 7.4&E 01 Q.e&E 01 1.23E 02 1 .4SE 02 1.&4E 02 1 .7QE 02 1.8QE 02 1 .QSE 02 1.Q8E 02 1.QQE 02 0.00 
& 0.02187 7.&1E 01 1.00E 02 1.24E 02 1.4&E 02 1.&SE 02 1 .7QE 02 1.8QE 02 1 .QSE 02 1.Q8E 02 1.Q8E 02 0.00 
S 0.01&25 7.&8E 01 1.01E 02 1.25E 02 1.47E 02 1.&SE 02 1.80E 02 1.QOE 02 1.QSE 02 1.Q8E 02 1 .Q7E 02 0.00 
4 0.010&2 7.&7E 01 1.01E 02 1.2SE 02 1.47E 02 1.&&E 02 1.80E 02 1.QOE 02 1.Q&E 02 1.Q8E 02 1.Q7E 02 0.00 
3 0.005&2 7.&8E 01 1.01E 02 1.2SE 02 1 .47E 02 1.0&E 02 1.80E 02 1.QOE 02 j .Q&E 02 1.Q8E 02 1 .Q7E 02 0.00 
20.001S& 7.&8E 01 1.01E 02 1.2SE 02 1.48E 02 1.&7E 02 1 .81E 02 1.QOE 02 1.Q&E 02 1.Q8E 02 1 .Q&E 02 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 S & 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.020S4 0.03023 0.040QQ 0.OS2Q4 0.0&&20 0.080Q2 0.OQ72& 0.11S3Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lQ 0.OSQ37 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00-2.35E-04-1 .13E-04 8.10E-OS 3.21E-04 4.&2E-04 S.5&E-04 7.2SE-04 1.10E-03 
0.00-2.3&E-04-1 .18E-04 7.3SE-OS 3.14E-04 4.S3E-04 5.5QE-04 7.2QE-04 1.07E-03 



17 0.42750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.40025 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.38500 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.30500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.34&25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.32750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.2~750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.27500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
~ 0.25750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.24250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.21500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
o 0.17500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.13000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.08500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.04500 0.00 0.00 0.00 0.00 0.00 0.00 '0.00 0.00 0.00 0.00 0.00 0.00 
2 0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1-0.01250 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 I = 13 14 15 1& 17 18 1q 20 21 22 23 
X = 1 .2&28~ 1 .4& 130 1.&8153 1 . q25q8 2.1 q733 2.4q852 2.83285 3.1&718 3.50150 3.83583 4. 17015 

o J y 
21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4~500 0.00· 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1~ 0.47500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
18 0.44750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
17 0.42750 0.00 0.00 0.00 , 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1& 0.40&25 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.38500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.3&500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.34&25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.32750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.2~750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10 0.27500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
~ 0.25750 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.24250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.21500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& O. 17500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.13000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.08500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 
3 0.04500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAMLINE caORDS -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
0 I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.0&2q5 0.12q37 0.20308 0.284ql 0.37574 0.47&5& 0.58847 0.712&q 0.85058 1 .00303 
o J y 

1 1 1 .00000 0.00 2.50E-01 2.57E-01 2.&OE-Ol 2.&2E-Ol 2.&4E-01 2.&&E-Ol 2.&8E-Ol 2.71E-Ol 2.75E-Ol 2.83E-01 2.q3E-Ol 
10 0.~0000 0.00 2.37E-01 2.3qE-Ol 2.40E-01 2.41E-01 2.42E-01 2.43E-Ol 2.45E-01 2.48E-01 2.51E-Ol 2.57E-Ol 2.&&E-Ol 
~ 0.80000 0.00 2.23E-01 2.24E-Ol 2.25E-Ol 2.25E-Ol 2.2&E-Ol 2.27E-01 2.28E-Ol 2.2QE-01 2.32E-Ol 2.3&E-Ol 2.42E-Ol 
8 0.70000 0.00 2.0QE-Ol 2.0QE-01 2.0QE-01 2.10E-0' 2.10E-Ol 2. 10E-01 2.11E-Ol 2.12E-Ol 2.14E-Ol 2.17E-Ol 2.22E-Ol 
7 0.&0000 0.001.Q3E-Ol 1 . Q3E-01 1.Q3E-01 1.''33E-Ol 1.Q4E-Ol 1 . Q4E-Ol 1.Q4E-Ol 1 . Q5E-Ol 1 . Q7E-Ol 1 . QQE-Ol 2.03E-01 
& 0.50000 0.001.77E-Ol 1.77E-Ol 1.77E-Ol 1 . j'7E-Ol 1.77E-Ol 1.77E-Ol 1.78E-01 1.78E-Ol 1.7QE-Ol 1.81E-Ol 1 .83E-Ol 
5 0.40000 0.00 1.57E-01 1.57E-Ol 1.57E-Ol 1.57E-Ol 1.57E-Ol 1.57E-Ol 1 .58E-Ol 1.58E-Ol 1.5QE-Ol 1.00E-Ol 1.&2E-Ol 
4 0.30000 0.001.3&E-Ol 1 .3&E-01 1.3&E-Ol 1.3&E-01 1.37E-Ol 1.37E-Ol 1.37E-01 1.37E-Ol 1 .38E-Ol 1 .38E-01 1.40E-01 
3 0.20000 o . 00 1. 1 OE -0 1 1 . 1 OE -01 1.10E-Ol 1 . 1 OE -01 1.10E-01 1.10E-Ol 1.10E-Ol 1.10E-Ol 1.11E-Ol 1.12E-Ol 1.13E-Ol 



0 

SYMBOL 0 2 4 & 8 1 
MAXIMUM VALUES 0.100E-2Q 0.1Q1E 02 0.282E 02 0.3SQE 02 0.431E 02 O.SOOE 02 

RADIAL POSITION 2R/D 

0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 1.0 

X 0.00 O ......... + ......... + .2 .. ~ .... +4 ....... &+ .... 8 .... 1 ......... + ......... + ......... + ......... +.. . . . . . . . .. 0 .00 

X 0.02 

X 0.04 

X 0.0& 

X 0.08 

X 0.10 

X O. 12 

X 0.14 

X 0.1& 

X O. 18 

X 0.20 

X 0.22 

X 0.24 

X 0.2& 

X 0.28 

X 0.30 

X 0.32 

X 0.34 

X 0.3& 

X 0.38 

X 0.40 

X 0.42 

X 0.44 

o 

o 
o 
o 
o 

o 

o 

o 
+ 

o 

o 

o 

o 

o 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

& 

& 

& 

& 

& 

& 

& 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 1 

8 

0.02 

0.04 

0.0& 

0.08 

+ 0.10 

0.12 

0.14 

0.1& 

0.18 

+ 0.20 

0.22 

0.24 

0.2& 

0.28 

+ 0.30 

0.32 

0.34 

0.3& 

0.38 

+ 0.40 

0.42 

0.44 



7 0.02087 4.87E 00 5.05E 00 5.2~E 00 5.54E 00 5.77E 00 5.~5E 00 &.08E 00 &.14E 00 &.17E 00 &.1&E 00 &.15E 00 
o 0.02187 3.27E 00 3.73E 00 4.21E 00 4.&7E 00 5.07E 00 5.37E 00 5.5~E 00 5.72EOO 5.78E 00 5.78E 00 5.77E 00 
5 0.01025 1.07E 00 2.42E 00 3.15E 00 3.82E 00 4.38E 00 4.81E 00 5.12E 00 5.31E 00 5.40E 00 5.42E 00 5.41E 00 
4 0.01002 4.31E-01 1.40£ 00 2.33E 00 3.1&E 00 3.85E 00 4.37E 00 4.7&E 00 4.~~E 00 5.12E 00 5.15E 00 5.14E 00 
3 0.00502 -2.&8E-01 8.33E-01 1.87E 00 2.7~E 00 3.55E 00 4.13E 00 4.50E 00 4.82E 00 4.~&E 00 5.00E 00 4.~~E 00 
2 0.00150 -5.21E-01 0.25E-01 1.70E 00 2.&&E 00 3.44E 00 4.04E 00 4.48E 00 4.75E 00 4.~OE 00 4.~4E 00 4.~3E 00 
1-0.00150 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&20 0.080~2 0.0~72& 0.1153~ 0.13552 
o J Y 

21 0.00250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.00002 0.00 0.00 0.00 0.00 3.~OE-01 5.75E-01 2.51E-01 0.04E-02-1 .41E-02-2.15E-02-&.73E-03 1.7&E-02 
1~ 0.0570& 0.00 0.00 0.00 0.00 1.53E 00 1.34E 00 &.32E-01 1.&OE-01-2.74E-02-4.57E-02-5.32E-03 5.2&E-02 
18 0.0540~ 0.00 0.00 0.00 0.00 3.20E 00 2.0&E 00 ~.75E-01 2.35E-01-5.2~E-02-7.27E-02 3.14E-03 8.4&E-02 
17 0.05211 0.00 0.00 0.00 1.23E 00 3.~1E 00 ~.74E 00 1.25E 00 2.71E-01-~.40E-02-1.04E-01 8.3~E-03 ~.38E-02 
10 0.04~45 0.00 0.00 0.00 2.8~E 00 4.80E 00 3.40E 00 1.50E 00 2.80E-01-1 .55E-01-1 .44E-01-4.51E-03 7.01E-02 
15 0.04&87 0.00 0.00 0.00 4.~5E 00 5.78E 00 4.00E 00 1.70f. 00 2.58E-01-2.30E-01-1 .~7E-01-5.33E-02 1 .55E~02 
14 0.04445 0.00 0.00 ~.45E-01 &.47E 00 &.82E 00 4.52E 00 1.84E 00 2.0&E-01-3.1&E-01-2.77E-01-1 .32E-01-5.23E-02 
13 0.04211 0.00 0.00 2.75E 00 7.83E 00 7.72E 00 4.~3E 00 1 .~1E 00 1.21E-Oi-4.2~E-01-3.8~E-01-2.22E-01-1 .22E-01 
12 0.03~0& 0.00 0.00 &.14E 00 ~.&OE 00 8.78E 00 5.32E 00 1.8~E 00-5.12E-02~&.33E-01-5.52E-01-3.3&E-01-2.11E-01 
110.03578 0.00 1.2&E 00 1.00E 01 1 .1&E 01 ~.&7E 00 5.48E 00 1.~5E 00-4.2~E-01-~.01E-01-&.87E-01-4.25E-01-2.88E-01 
10 0.03328 0.00 5.48E 00 1.18E 01 1.2&E 01 ~.~~E 00 5.33E 00 1.22E 00-7.54E-01-1 .03E 00-7.44E-01-4.73E-01-3.3&E-01 
~ 0.03125 0.00 1.08E 01 1.27E 011 .31E 01 ~.~8E 00 5.01E 00 7.&2E-01-~.73E-01-1 .O~E 00-7.&7E-01-5.01E-01-3.&7E-01 
8 0.0285~ 0.00 ~.&8E 00 1.30E 01 1 .32E 01 ~.74E 00 4.38E 00 1 .43E-01-1 .18E 00-1 .11E 00-7.74E-01-5.28E-01-4.01E-01 
7 0.02437 0.00 8.74E 00 1.31E 01 1 .31E 01 8.~3E 00 2.&7E 00-8.&&E-01-1 .24E 00-1 .n2E 00-7.3~E-01-5.42E-01-4.30E-01 
& 0.01~0& 0.00 8.44E 00 1.30E 01 1.22E 01 &.80E 00-8.1&E-01-1 .08E 00-~.~5E-01-8.21E-01-&.44E-01-5.07E-01-4.1&E-01 
5 0.01344 0.00 8.3~E 00 1.25E 01 ~.81E 00 &.73E-02-7.04E-01-7.~~E-01-&.77E-01-5.87E-01-4.~~E-01-4.12E-01-3.42E-01 
4 0.00812 0.00 7.70E 00 1.11E 01 1 .55E 00-&.12E-01-4.51E-01-4.73E-01-3.~~E-01-3.57E-01-3.1~E-01-2.72E-01-2.2&E-01 
3 0.0035~ 0.00 5.30E 00 4.72E 00-&.03E-01-3.4~E-01-2.0&E-01-2.0&E-01-1 .74E-01-1 .58E-01-1 .44E-01-1 .25E-01-1 .03E-01 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 1~ 20 21 22 23 
X = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3q5~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 3.53E-02 2.82E-02 1.28E-02 3.14E-03-&.&7E-04-1.54E-03-8.&7E-04 5.37E-05 1 .&3E-03 5.25E-04 
1~ 0.057&& 7.&&E-02 4.~1E-02 1.57E-02-1.44E-03-5.82E-03-4.88E-03-1.35E-03 1.~4E-03 5.2&E-03 1.13E-03 
18 0.054&~ ~.13E~02 4.28E-02 7.&~E-04-1 .&1E-02-1.&&E-02-1 .1&E-02-4.18E-03 1.82E-03 7.02E-03 1.57E-03 
17 0.05211 8.11E-02 2.20E-02-2.08E-02-3.35E-02-2.87E-02-1 .~3E-02-7.~&E-03 5.5~E-04 7.&OE-03 1.88E-03 
1& 0.04~45 4.&4E-02-1.28E-02-4.~~E-02-5.51E-02-4.33E-02-2.8&E-02-1 .2~E-02-1 .72E-03 7.40E-03 2.15E-03 
15 0.04&87 -4.37E-03-5.51E-02-8.24E-02-7.82E-02-5.87E-02-3.85E-02-1.85E-02-4.58E-03 &.&3E-03 2.35E-03 
14 0.04445 -5.~~E-02-~.87E-02-1.15E-01-1 .01E-01-7.3&E-02-4.80E-02-2.40E-02-7.&3E-03 5.55E-03 2.4~E-03 
13 0.04211 -1.1&E-01-1 .42E-01-1.4&E-01-1 .22E-01-8.77E-02-5.71E-02-2.~4E-02-1 .07E-02 4.2&E-03 2.58E-03 
12 0.03~0& -1.87E-01-1.~&E-01-1.85E-01-1 .48E-01-1.05E-01-&.85E-02-3~&2E-02-1 .48E-02 2.38E-03 2.&&E-03 
11 0.03578 -2.52E-01-2.45E-01-2.1~E-01-1 .71E-01-1.20E-01-7.8&E-02-4.24E-02-1 .88E-02 2.&4E-04 2.&4E-03 
10 0.03328 -2.~3E-01-2.75E-01-2.3~E-01-1 .85E-01-1.30E-01-8.4&E-02-4.&2E-02-2.14E-02-1 .2~E-03 2.57E-03 
~ 0.03125 -3.20E-01-2.q5E-01-2.53E-01-1.~4E-01-1.35E-01-8.84E-02-4.87E-02-2.31E-02-2.48E-03 2.50E-03 
8 0.0285~ -3.50E-01-3.1&E-01-2.&5E-01-2.02E-01-1.41E-01-~.21E-02-5.13E-02-2.50E-02-3.~1E-03 2.37E-03 
7 0.02437 -3.74E-01-3.2~E-01-2.72E-01-2.04E-01-1.42E-01-~.33E-02-5.2&E-02-2.&&E-02-5.&2E-03 2.12E-03 
& 0.01~0& -3.5~E-01-3.10E-01-2.51E-01-1 .87E-01-i.31E-01-8.5~E-02-4.8~E-02-2.54E-02-&.45E-03 1.73E-03 
5 0.01344 -2.~2E-01-2.4~E-01-2.00E-01-1 .48E-01-1.03E-01-&.82E-02-3.~1E-02-2.07E-02-5.78E-03 1.2&E-03 
4 0.00812 -1.~1E-01-1 .&2E-01-1.30E-01-~.57E-02-&.&7E-02-4.41E-02-2.54E-02-1 .3&E-02-3.~5E-03 7.80E-04 
3 0.0035~ -8.73E-02-7.37E-02-5.~3E-02-4.35E-02-3.03E-02-2.00E-02-1 .1&E-02-&.20E-03-1 .83E-03 3.4~E-04 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



1 0.00000 q.11E-03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.0&2q5 0.12Q37 0.20308 0.284q1 0.37574 0.47&5& 0.58847 0.712&q 0.85058 1.003&3 
o J Y 

21 0.50500 
20 0.4Q500 
lq 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 

.13 0.34&25 
12 0.32750 

.11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
·'-0.01250 

o I = 
X = 

o J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 &.Q8E-02 1.84E-Ol 2.40E-01 2.54E-01 2.51E-01 2.44E-01 2.42E-01 
O~OO 0.00 0.00 0.00 0.00 1.2&E-01 2.17E-01 2.&8E-01 2.83E-Ol 2.80E-Ol 2.7&E-Ol 2.7&E-Ol 
Q.OO 0.00 0.00 0.00 0.00 1.78E-Ol 2.5QE-01 3.01E-Ol 3.11E-01 3.07E-01 3.02E-Ol 3.04E-Ol 
0.00 0.00 0.00 0.00 1.43E-Ol 2.14E-Ol 2.Q&E-01 3.32E-Ol j.3&E-Ol 3.2QE-Ol 3.23E-01 3.24E-Ol 
0.00 0.00 0.00 0.00 1.80E-01 2.&4E-Ol 3.35E-Ol 3.&4E-Ot 3.&3E-Ol 3.52E-Ol 3.45E-01 3.42E-01 
0.00 0.00 0.00 0.00 2.1QE-Ol 3.12E-01 3.72E-Ol 3.Q2E-Ol 3.85E-Ol 3.72E-Ol 3.&3E-01 3.51E-Ol 
0.00 0.00 0.00 1.05E-Ol 2.&OE-Ol 3.58E-01 4.04E-01 4.12E-01 3.QQE~01 3.84E-Ol 3.&8E-01 3.48E-01 
0.00 0.00 0.00 2.01E-Ol 3.28E-01 4.03E-01 4.28E-Ol 4.21E-Ol 4.03E-Ol 3.82E-01 3.5QE-Ol 3.37E-01 
0.00 0.00 0.00 2.78E-Ol 3.Q1E-01 4.3QE-01 4.40E-Ol 4.18E-Ol 3.Q1E-Ol 3.&3E-Ol 3.3QE-01 3.1QE-Ol 
0.00 0.00 Q.&4E-02 3.&3E-01 4.&7E-Ol 4.7&E-Ol 4.3QE-01 3.8QE-01 3.38E-Ol 3.0&E-01 2.Q2E-01 2.82E-01 
0.00 0.00 4.17E-Ol 5.31E-01 5.47E-Ol 4.Q3E-01 4.11E-01 3.20E-Ol 2~&8E-01 2.54E-Ol 2.53E-Ol 2.4QE-01 
0.000.00 &.24E-01 &.43E-01 5.82E-01 4.7&E-01 3.5&F.-01 2.50E-01 2.12E-01 2.15E-01 2.22E-01 2.23E-01 
0.00 1.00E 00 7.Q7E-01 7.01E-01 5.85E-014.41E-01 2.Q1E-01 1.87E-Ol 1.&7E-Ol 1.82E-Ol 1.Q5E-01 1.QQE-01 
0.00 1.00E 00 8.51E-01 7.20E-Ol 5.&OE-01 3.75E-01 1.72E-01 7.71E-02 Q.1QE-02 1.24E-01 1.45E-Ol 1.5&E-01 
0.00 1.00E 00 8.81E-01 7.11E-Ol 4.81E-01 2.21E-01-4.3&E~02-4.18E-02 3.QQE-03 4.52E-02 7.38E-02 Q.33E-02 
0.00 1.00E 00 8.&2E-01 &.22E-01 2.81E-01-1.QQE-01-1 .74E-01~1 .28E-01-7.80E-02-3.41E-02 Q.2&E-04 2.Q8E-02 
0.00 1.00E 00 7.70E-01 3.Q5E-01-2.45E-01-2.80E-01-2.41E-01-1.Q1E-01-1.43E-Ol-Q.81E-02-5.&8E-02-1 .Q8E-02 
0.00 1.00E 00 5.70E-01-1.Q4E-01-3 &5E-01-3.17E-01-2.75E-01-2.2&E-01-1.80E-01-1 .35E-01-Q.02E-02-4.7QE-02 
0.00 1.00E 00 2.27E-01-5.00E-01-3.Q7E-01-3.31E~01-2.87~-01-2.3QE-01-1 .Q4E-01-1 .48E-01-1 .02E-01-5.81E-02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 lQ 20 21 22 23 
1.17352 1.3&20Q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.&&5&Q 3.00001 3.33434 3.&&8&& 4.002QQ 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.4q500 2.48E-Ol 2.&3E-01 2.7&E-01 2.82E-01 2.84E-01 2.84E-01 2.83E-01 2.82E-01 2.82E-01 2.83E-01 2.84E-01 
lq 0.47500 2.84E-Ol 2.q4E-01 3.00E-Ol 3.01E-01 2.qqE-01 2.q7E-01 2.q&E-01 2.q5E-01 2.q&E-01 2.qSE-01 2.q8E-01 
18 0.44750 3.11E-01 3.14E-01 3.11E-01 3.0&E-Ol 3.01E-01 2.q7E-01 2.q4E-01 2.q3E-01 2.q3E-01 2.q3E-01 2.q4E-01 
17 0.42750 3.25E-01 3.21E-01 3.13E-Ol 3.05E-01 2.qqE-01 2.q3E-·01 2.qOE-01 2.88E-Ol 2.87E-01 2.87E-01 2.88E-01 
1b 0.40&25 3.34E-01 3.23E-01 3.11E-01 3.01E-O~ 2.q4E-01 2.88E-01 2.84E-01 2.82E-01 2.80E-01 2.80E-01 2.80E--01 
15 0.38500 3.35E-Ol 3.1qE-01 3.0&E-01 2.q5E-01 2.ij7E-01 2.81E-01 2.77E-01 2.74E-01 2.73E-01 2.72E-Ol 2.72E-01 
14 0.3&500 :.2qE-01 3.11E-Ol 2.q7E-01 2.8&E-01 2.7qE-01 2.73E-Ol 2.&QE-01 2.&7E-01 2.&5E-01 2.&4E·01 2.&4E-01 
13 0.34&25 3.18E-Ol 3.00E-01 2.87E-Ol 2.77E-01 2.70E-01 2.&5E-Ol 2.&lE-01 2.5QE-01 2.58E-01 2.57E-01 2.57E-01 
12 0.32750 3.02E-01 2.8&E-01 2.74E-Ol 2.&&E-01 2.&OE-01 2.5&E-Ol 2.53E-01 2.51E-Ol 2.50E-01 2.4QE-01 2.4QE-Ol 
11 0.2Q750 2.70E-01 2.5QE-Ol 2.51E-01 2.4&E-01 2.43E-Ol 2.41E-01 2.40E-Ol 2.38E-Ol 2.37E-01 2.3&E-Ol 2.3&E-Ol 
10 0.27500 2.42E-01 2.35E-01 2.31E-Ol 2.30E-Ol 2.2QE-Ol 2.2QE-Ol 2.2QE-Ol 2.2QE-01 2.28E-01 2.27E-01 2.27E-Ol 
q 0.25750 2.1QE-01 2.1&E-01 2.15E-01 2.17E-01 2.18E-01 2.20E-Ol 2.21E-01 2.21E-Ol 2.21E-01 2.20E-01 2.20E-Ol 
8 0.24250 1.QQE-Ol 1.QQE-Ol 2.02E-01 2.05E-01 2.0QE-01 2.12E-01 2.14E-Ol 2.15E-Ol 2.15E-Ol 2.15E-Ol 2.15E-01 
7 0.21500 1.&2E-Ol 1.&8E-01 1.7&E-01 1.85E-Ol 1 .~2E-Ol 1.~8E-Ol 2.03E-Ol 2.05E-01 2.0&E-01 2.05E-01 2.05E-01 
& 0.17500 1.0QE-01 1.24E-Ol 1.40E-Ol 1.5&E-Ol 1.&QE-Ol , .7~E-Ol 1.8&E-Ol 1.Q1E-01 1.Q3E-01 1.Q3E-01 1.Q2E-Ol 
5 0.13000 5.5&E-02 8.07E-02 1.05E-Ol 1.27E-01 1.4&E-01 1.&OE-Ol 1.71E-Ol 1.77E-Ol 1.80E-Ol 1.81E-Ol 1.80E-01 
4 0.08500 1.44E-02 4.&8E-02 7.78E-02 1.05E-01 1.28E-Ol 1.4&E-01 1.5QE-Ol 1.&&E-01 1.71E-01 1.72E-01 1.71E-01 
3 0.04500 -8.Q3E-03 2.78E-02 &.23E-02 Q.31E-02 1.18E-Ol 1.38E-Ol 1.52E-Ol 1.&lE-Ol 1.&5E-Ol 1.&7E-Ol 1.&&E-01 
2 0.01250 -1.74E-02 2.08E-02 5.&&E-02 8.8&E-02 1.15E-01 1.35E-Ol 1.4QE-01 1.58E-Ol 1.&3E-Ol 1.&5E-Ol 1.&4E-Ol 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

o J 
X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
Y 



"'\ 
,J 

4 

5 

& 

7 

8 

<3 

10 

1 1 

12 

13 

14 

15 

1& 

17 

18 

1<3 

20 

21 

22 

<3.443E-02 

1.&43E-01 

2.41<3E-01 

3.280E-01 

4.235E-01 

5.2<3&E-01 

&.473E-01 

7.780E-01 

<3.231E-01 

1 .084E 00 

1 .2&3E 00 

1 .4&lE 00 

1 . &82E 00 

1 . <32&E 00 

2. 1 <37E 00 

2.4<3<3E 00 

2.833E 00 

3. 1 &7E 00 

3.502E 00 

3.83&E 00 

2.0&<3E-03 

1.474E-03 

1 . 141 E -03 

1.120E-03 

1.170E-03 

1.178E-03 

1.150E-03 

1 . 111 E ~03 

1.081E-03 

1.0<31E-03 

1.211E-03 

1 .3<37E-03 

1 .53&E-03 

1.&01E-03 

1.&0<3E-03 

1.580E-03 

1 .534E-03 

1.482E-03 

1.430E-03 

1 . 3'37E -03 
0- - - - - - -
lX-AXIS IS XI 

Y-AXES ARE 
SYMBOL 
MAXIMUM VALUES 

00 02 04 0& 08 10 
o 2 4 & 8 1 

0.2&OE 00 0.320E 00 0.3&&E 00 0.40'3E 00 0.455E 00 0.500E 00 

RADIAL POSITION RID 

o 0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 0.'3 1.0 
X 0.00 
X 0.02 
X 0.04 
X 0.0& 
X 0.08 

O ......... +2 .... 4 .. &+ .8 .. 1 .... + ......... + ......... + ......... + ......... + ......... + ......... + . . . . . . . . .. 0 .00 
o 2 4 & 8 1 0.02 

o 2 4 & 8 1 0.04 
o 2 4 & 8 1 0.0& 

o 2 4 & 8 1 0.08 



155 0.2~&2E-01 0.~37~E-02 0.220&E-01 0.3~30E-02 0.4058E-02 0.10~2E 08 0.&282E 01 0.4274E-02 0.10&3E 02 0.115&E 04 0.~807E 03 
15& 0.2855E-01 0.~137E-02 0.2204E-01 0.3~2&E-02 0.3~~OE~02 0.103~E 08 0.&2~OE 01 0.408&E-02 0.10&4E 02 0.115&E 04 0.~800E 03 
157 0.2751E-Ol 0.8~20E-02 0.2200E-01 0.38&8E-02 0.3~20E-02 0.~~44E 07 0.&2~8E 01 0.3~02E-02 0.10&4E 02 0.115&E 04 0.~7~3E 03 
158 0.2&57E-Ol 0.872&E-02 0.21~5E-01 0.38&8E-02 0.3818E-02 0.878~E 07 0.&30&E 01 0.3731E-02 0.10&5E 02 0.1157E 04 0.~788E 03 
15~ 0.2551E-01 0.854~E-02 0.21~lE-Ol 0.3~18E-02 0.3808E-02 0.1100E 08 0.&313E 01 0.3543E-02 O.tO&&E 02 0.1157E 04 0.~783E 03 
1&0 0.244~E-Ol 0.835&E-02 0.218&E-01 0.3827E-02 0.3804E-02 0.1182E 08 0.&320E 01 0.3351E-02 0.10&7E 02 0.1157E 04 0.~773E 03 
1&1 0.23&&E-Ol 0.8182E-02 0.2177E-01 0.37~3E-02 0.3&80E-02 0.7~37E 07 0.&327E 01 0.3183E-02 0.10&7E 02 0.1157E 04 0.~7&&E 03 
1&2 0.2287E-Ol 0.8027E-02 0.21&7E-Ol 0.3824E-02 0.35&1E-02 0.&325E 07 0.&333E 01 U.3032E-02 0.10&8E 02 0.1157E 04 0.~7&1E 03 
1&3 0.21~~E-Ol 0.788~E-02 0.215~E-01 0.38&3E-02 0.3531E-02 0.7883E 07 0.&340E 01 0.28&&E-02 0.10&~E 02 0.1157E 04 0.~755E 03 
1&4 0.2117E-Ol 0.7743E-02 0.2151E-01 0.382&E-02 0.3514E-02 0.8728E 07 0.&34&E 01 0.2&~&E-02 0.1070E 02 0.1158E 04 0.~750E 03 
1&5 0.2037E-Ol 0.7&34E-02 0.2141E-Ol 0.3745E-02 0.3488E-02 0.8828E 07 0.&351E 01 0.2527E-02 0.1071E 02 0.1158E 04 0.~743E 03 
1&& 0.1~&lE-01 0.75&3E-02 0.2131E-01 0.3723E-02 0.3452E-02 0.8442E 07 0.&357E 01 0.23&1E-02 0.1071E 02 0.1158E 04 0.~73&E 03 
1&7 O.18~OE-01 0.7511E-02 0.211~E-01 0.3722E-02 0.340~E-02 0.7~37E 07 0.&3&2E 01 0.2203E-02 0.1072E 02 0.1158E 04 0.~72~E 03 
1&8 0.1823E-01 0.7487E-02 0.2107E-01 0.370&E-02 0.3357E-02 0.7281E 07 0.&3&7E 01 0.2050E-02 0.1073E 02 0.1158E 04 0.~722E 03 
1&9 0.17&OE-Ol 0.74&7E-02 0.20~3E-01 0.3&~4E-02 0.3301E-02 0.&52&E 07 0.&372E 01 0.1~05E-02 0.1074E 02 0.115~E 04 0.~715E 03 
170 0.1701E-Ol 0.7442E-02 0.207~E-01 0.3&~1E·-02 0.3240E-02 0.&002E 07 0.&377E01 0.17&8E-02 0.1075E 02 0.115~E 04 0.~708E03 
171 0.1&4&E-Ol 0.7427E-02 0.20&4E-01 0.3&70E-02 0.317&E-020.5771E 07 0.&381E 01 0.1&38E-02 0.107&E 02 0.115~E 04 0.~700E ()3 
172 O.15~4E-Ol 0.7418E-02 0.204~E-01 0.3&53E-02 0.310~E-02 0.5424E 07 0.&385E 01 0.1517E-02 0.1077E 02 0.115~E 04 0.~&~3E 03 
173 0.154&E-01 0.7414E-02 0.2033E-01 0.3&70E-02 0.3041E-02 0.5443E 07 0.&38~E 01 0.1403E-02 0.1077E 02 0.115~E 04 0.~&8&E 03 
174 0.1502E-01 0.7425E-02 0.201&E~01 0.3&&5E-02 0.2~71E-02 0.5377E 07 0.&3~3E 01 0.12~7E-02 0.1078E 02 0.11&OE 04 0.~&80E G3 
175 0.14&OE-01 0~7435E-02 0.2000E-01 0.3&85E-02 0.2~02E-02 0.5478E 07 0.&3~&E 01 0.11~8E-02 0.107~E 02 0.11&OE 04 0.~&73E 03 
17& 0.1422E-01 0.7443E-02 0.1~83E-01 0.3&47E-02 0.2832E-02 0.553~E 07 0.&400E 01 0.1108E-02 0.1080E 02 0.11&OE 04 O.~&&7E 03 
177 0.138&E-01 0.7454E-02 0.1~&5E-01 0.3&78E-02 0.27&2E-02 0.5&0~E 07 0.&403E 01 0.1024E-02 0.1081E O~ 0.11&OE 04 0.~&&1E 0,3 
178 0.1352E-Ol 0.7445E-02 0.1~48E-Ol 0.3&43E-02 0.2&~1E-02 0.57&7E 07 0.&40&E 01 0.~487E-03 0.1082E 02 O.ll&OE 04 0.~&55E OJ 
17~ 0.1321E-01 0.7444E-02 0.1~30E-01 0.3&3~E-02 0.2&22E-02 0.58&5E 07 0.&40~E 01 0.87~5E-03 0.1083E 02 0.11&1E 04 0.~&50E 03 
180 0.12~3E-01 0.7423E-02 0.1~12E-01 0.3&35E-02 0.2552E-02 0.&02qE 07 0.&412E 01 0.8 1 7&E-03 0.1084E 02 0.11&1E 04 0.q&45E 0:1 
181 0.12&&E-01 0.7412E-02 0.18q4E-01 0.3&&&E-02 0.2483E-02 0.&238E 07 0.&415E 01 0.7&21E-03 0.1085E 02 0.11&1E 04 0.~&40E O~l 
182 0.1243E-Ol 0.7378E-02 0.187&E-01 0.3&&2E-02 0.2415E-02 0.&53&E 07 0.&417E 01 0.7125E-03 0.108&E 02 O.ll&lE 04 0.~&35E 03 
183 0.1221E-Ol 0.734qE-02 0.1857E-01 0.3&42E-02 0.2348E-02 0.&882E 07 0.b420E 01 0.&&~lE-03 0.1087E 02 0.11&1E 04 0.q&31E 03 
184 0.1200E-Ol 0.7317E-02 0.183qE-Ol 0.3&32E-02 0.2281E-02 0.7141E 07 0.&422E 01 0.&3i&E-03 0.1087E 02 0.11&2E 04 0.q&27E 03 
185 0.1182E-Ol 0.7271E-02 0.1820E-Ol 0.3&81E-02 0.2215E-02 0.72qqE 07 0.&425E 01 0.5qqOE-03 0.1088E 02 0.11&2E 04 0.q&23E 03 
18& 0.11&4E-Ol 0.7223E-02 0.1801E-Ol 0.3&45E-02 0.2150E-02 0.7&4&E 07 0.&427E 01 0.5717E-03 0.108QE 02 0.11&2E 04 O.~&lqE 03 
187 0.114~E-Ol 0.71&7E-02 0.1782E-Ol 0.3&12E-02 0.208&E-02 0.8058E 07 0.&42qE 01 0.548&E-03 0.10qOE 02 0.11&2E 04 0.~&1&E 03 
188 0.1135E-Ol 0.7105E-02 0.17&3E-Ol 0.3&47E-02 0.2023E-02 0.834qE 07 0.&431E 01 0.530&E-03 0.10q1E 02 0.11&3E 04 0.q&13E 03 
18~ 0.1122E-Ol 0.7045E-02 0.1744E-01 0.3&08E··02 0.lq&1E-02 0.8&45E 07 0.&433E 01 0.5157E-03 0.10q2l 02 0.11&3E 04 0.q&10E 03 
1~0 0.1110E-01 0.&~74E-02 0.1725E-01 0.35&4E-02 O.1q01E-02 0.8Q27E 07 0.&435E 01 0.504QE-03 0.10Q3E 02 0.11&3E 04 0.Q&08E 03 
1Q1 0.10Q8E-01 0.&~11E-02 0.170&E-01 0.3&18E-02 0.1842E-02 0.Q175E 07 0.&437E 01 0.4Q70E-03 0.10Q4E 02 0.11&3E 04 O.Q&O&E 03 
1Q2 0.1088E-01 0.&834E-02 0.1&87E-01 0.3573E-02 0.1785E-02 0.Q&45E 07 0.&43QE 01 0.4Q21E-03 0.10Q5E 02 0.11&3E 04 0.Q&04E 03 
1Q3 0.1078E-01 0.&758E-02 0.1&&QE-01 0.35Q2E-02 0.172QE-02 0.Q855E 07 0.&440E 01 0.48Q8E-03 0.10Q&E 02 0.11&4E 04 0.Q&02E 03 
1~4 0.10&~E-01 0.&&81E-02 0.1&50E-01 0.35Q7E-02 0.1&75E-02 0.1028E 08 0.&442E 01 0.4QOQE-03 0.10Q7E 02 0.11&4E 04 O.Q&OOE 03 
1Q5 0.10&OE-01 0.&&01(-02 0.1&32E-01 0.3551E-02 0.1&22E-02 0.1043E 08 0.&444E 01 0.4Q28E-03 0.10Q7E 02 0.11&4E 04 0.q5Q8E 03 
1~& 0.1058E-01 0.&522E-02 0.1&11E-01 0.3543E-02 0.14QQE-02 0.&884E 07 0.&44&E 01 0.525&E-03 0.10Q8E 02 0.11&4E 04 0.Q5Q7E 03 
1Q7 0.1054E-01 0.&41&E-02 0.15Q2E-01 0.3&03E-02 0.13Q2E-02 0.&37&E 07 0.&447E 01 0.5&55E-03 0.10QQE 02 0.11&5E 04 0.Q5Q7E 03 
lQ8 0.1048E-01 0.&285E-02 0.1574E-01 0.3&OQE-02 0.1348E-02 0.Q024E 07 0.&44QE 01 0.5888E-03 0.1100E 02 0.11&5E 04 0.Q5Q7E 03 
lQQ 0.1042E-01 0.&171E-02 0.155&E-01 0.3&47E-02 0.1317E-02 0.1103E 08 0.&451E 01 0.&012E-03 0.1101E 02 0.11&5E 04 0.Q5Q7E 03 
200 0.1035E-Ol 0.&0&5E-02 0.1540E-01 0.3&42E-02 0.1287E-02 0.1224E 08 0.&453E 01 0.&083E-03 0.1102E 02 0.11&5E 04 0.Q5Q7E 03 

0- - - - - - - - - -

SWIRL CASE WITH LFS = 3 
AND NSBR = 0 

CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 1 .000 



& 0.02187 4.4~E 05 8.12E 04 2.57E 04 2.01E 04 1.71E 04 5.75E 03 5.0bE 03 4.~~E 03 4.8~E 03 4.b1E 03 4.17E 03 3.58E 03 
5 0.01&25 4.4~E 05 8.1&E 04 3.34E 04 2.~7E 04 7.b3E03 4.4~E 03 4.22E 03 4.23E 03 4.21E 03 4.03E 03 3.b8E 03 3.20E 03 
4 0.010&2 4.4~E 05 8.30E 04 4.83E 04 1.83E 04 4.~OE 03 3.72E 03 3.5~E 03 3.b3E 03 3.b4E 03 3.52E 03 3.24E 03 2.8&E 03 
3 0.005&2 4.4~E 05 8.88E 04 b.44E 04 1.02E 04 3.~8E 03 3.2~E 03 3.22E 03 3.2bE 03 3.28E 03 3.1qE 03 2.~7E 03 2.&4E 03 
2 0.0015& 4 . 4~E 05 1. 11 E 05 1. b~E 04. b. 8~E 03 3. 53E 03 3. 08E 03 3. 04E 03 3. O~E 03 3. 11 E 03 3. 03E 03 2. 83E 03 2. 53E 03 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 1~ 20 21 22 23 
X = 0.1578& 0.182~& 0.:.01~ 0.24075 O.274b7 0.31232 0.35411 0.3~5~0 U.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 1.~OE 03 2.04E 03 1.~3E 03 1.73E 03 1.51E 03 1.33E 03 1.1~E 03 1.08E 03 ~.88E 02 ~.bOE 02 4.4~E 05 
1~ 0.05~37 1.72E 03 1.7~E 03 1.&4E 03 1.41E 03 1.17E 03 ~.58E 02 7.~4E 02 b.73E 02 5.82E 02 5.~1E 02 4.4~E 05 
18 0.055~4 1.8&E 03 1.80E 03 1.57E 03 1 .2~E 03 1.02E 03 7.~7E 02 &.27E 02 5.04E 02 4.14E 02 4.41E 02 4.4~E 05 
17 0.05344 2.0&E 03 1.8~E 03 1 .5~E 03 1.27E 03. ~.7~E 02 7.45E 02 5.72E 02 4.4~E 02 3.b1E 02 3.~7E 02 4.4~E 05 
1& 0.05078 2.32E 03 2.02E 03 1.b4E 03 1.28E 03 ~.&5E 02 7.21E 02 5.43E 02 4.20E 02 3.33E 02 3.75E 02 4.4~E 05 
15 0.04812 2.58E 03 2.1&E 03 1 .71E 03 1.30E 03 ~.b5E 02 1.10E 02 5.2~E 02 4.05E 02 3.18E 02 3.b4E 02 4.4~E 05 
14 0.045&2 2.81E 03 2.28E 03 1.77E 03 1 .32E 03 ~.70E 02 7.07E 02 5.22E 02 3.~7E 02 3.10E 02 3.58E 02 4.4~E 05 
13 0.'04328 2.~~E 03 2.38E 03 1.81E 03 1.34E 03 ~.75E 02 7.05E 02 5.17F. 02 3.~2E 02 3.0&E·02 3.52E 02 4.4~E 05 
12 0.040~4 3.12E 03 2.45E 03 1.85E 03 1.3&E 03 ~.7~E 02 7.04E 02 5.14E 02 3.88E 02 3.02E 02 3.4&E 02 4.4~E 05 
11 0.0371~ 3.2bE 03 2.53E 03 1.88E 03 1 .37E 03 ~.78E 02 b.~~E 02 5.08E 02 3.82E 022.~7E 02 3.35E 02 4.4~E 05 
10 0.03437 3.30E 03 2.54E 03 1.88E 03 1.3bE 03 ~.71E 02 b.~2E ~2 5.02E 02 3.77E 02 2.~3E 02 3.2&E 02 4.4~E 05 
~ 0.0321~ 3.28E 03 2.52E 03 1.87E 03 1.35E 03 ~.b1E 02 b.84E 02 4.~&E 02 3.72E 02 2.8~E 02 3.17E 02 4.4~E 05 
8 0.03031 3.25E 03 2.50E 03 1.85E 03 1 .33E 03 ~.50E 02 b.7&E 02 4.~OE 02 3.&7E 02 2.85E 02 3.0~E 02 4.4~E 05 
7 0,.02&87 3.14E 03 2.42E 03 1.7~E 03 1 .2~E 03 ~.23E 02 &.58E 02 4.77E 02 3.57E 02 2.7&E 02 2.~2E 02 4.4~E 05 
& 0.02187 2.~2E 03 2.2&E 03 1.b8E 03 1.22E 03 8.7bE 02 & .. 2&E 02 4.55E 02 3.41E 02 2.b4E 02 2.&8E 02, 4.4~E 05 
5 0.01&25 2.&5E 03 2.07E 03 1.55E 03 1 .13E 03 8.20E 02 5.~OE 02 4.30E 02 3.23E 02 2.~OE 02 2.43E 02 4.4~E 05 
4 0.010&2 2.40E 03 1.~OE 03 1.43E 03 1.0bE 03 7.71E 02 5.5~E 02 4.10E 02 3.0~E 02 2.3~E 02 2.24E 02 4.4~E 05 
3 0.005&2 2.23E 03 1.7~E 03 1.3bE 03 1.01E 03 7.42E 02 5.41E 02 3.~8E 02 3.01E 02 2.33E 02 2.13E 02 4.4~E 05 
2 0.0015& 2.15E 03 1.74E 03 1 .33E 03 ~.~OE 02 7.31E 02 5.3&E 02 3.~&E 02 3.00E 02 2.33E 02 2.10E 02 4.4~E 05 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-,*-*-*- DIMENSIONLESS STREAM FUNCTION -,-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253~ 0.035&1 0.04&~7 0.05~57 0.0735& 0.08~0~ 0.10&32 0.12545 
o J Y 

21 0.Ob312 
20 0.0&187 
1~ 0.05~37 
18 0.055~4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040~4 
11 0.0371~ 
10 0.03437 
~ O.0321~ 
8 0.03031 
7 0.02b87 
& 0.02187 
5 0.01&25 
4 0.010.,2 
3 0.005&2 
2 0.0015& 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 ~.84E-01 ~.70E-01 ~.&7E-01 ~.&8E-01 ~.70E-01 ~.72E-Ol ~.73E-01 
0.00 0.00 0.00 0.00 0.00 8.~7E-Ol 8.38E-Ol 8.23E-01 8.28E-01 8.38E-01 8.47E-01 8.55E-01 
0.00 0.00 0.00 0.00 0.00 7.5&E-01 &.4~E-01 &.24E-01 &.35E-01 &.5&E-01 &.7&E-01 &.9&E-Ol 
0.00 0.00 0.00 0.00 ~.3bE-0~ &.3~E-Ol 5.11E-01 4.82E-01 5.00E-01 5.2~E-01 5.5~E-01 5.07E-01 
0.00 0.00 0.00 0.00 8.03E-01 5.11E-Ol 3.71E-01 3.43E-01 3.&&E-01 4.05E-01 4.45E-01 4.82E-01 
0.00 0.00 0.00 0.00 &.87E-01 3.8~E-01 2.44E-Ol 2.18E-Ol 2.50E-Ol 2.~8E-Ol 3.45E-Ol 3.87E-Ol 
0.00 0.00 0.00 ~.44E-01 5.80E-01 2.82E-01 1.38E-01 1 .1~E-01 1.58E-01 2.12E-01 2.&4E-01 3.0~E-01 
0.00 0.00 0.00 8.3~E-01 4.82E-01 1.8~E-01 5.27E-02 4.25E-02 8.83E-02 1.45E-01 1 .~8E-01 2.44E-01 
0.00 0.00 0.00 7.51E-01 3.~OE-01 1.0&E-01-1 .77E-02-1 .&&E-02 3.38E-02 ~.10E-02 1.43E-01 1 .8~E-01 
0.00 0.00 ~.45E-01 &.17E-01 2.54E-01-7.07E-03-~.81E-02-7.98E-02-2.74E-02 2.53E-02 7.30E-02 1.1&E-01 
0.00 0.00 8.51E-01 5.14E-01 1.b1E-01-7.30E-02-1 .32E-01-1.03E-Oi-5.57E-02-8.&2E-03 3.45E-02 7.47E-02 
0.00 0.00 7.&~E-01 4.31E-01 ~.57E-02-1.0~E-01-1 .44E-01-1 .12E-01-&.~5E-02-2.74E-02 1 .1~E-02 4.~1E-02 
0.00 ~.41E-01 &.87E-01 3.&OE-01 4.&7E-02-1.2~E-01-1 .4&E-01-1 .15E-01-7.&&E-02-3.88E-02-2.~&E-03 3.15E-02 
0.00 7.40E-01 5.31E-01 2.3~E-01-2.4~E-02-1.43E-01-1 .37E-01-1 .10E ~1-8.05E-02-5.04E-02-2.10E-02 8.05E-03 
0.00 4.~OE-01 3.28E-01 ~.72E-02-8.58E-02-1.23E-01-1 .08E-01-~.02E-02-7.0~E-02-5.0~E-02-3.03E-02-~.37E-03 
0.00 2.70E-01 1.52E-01-5.53E-03-8.42E-02-7.82E-02-&.83E-02-5.8&E-02-4.83E-02-3.72E-02-2.53E-02-1 .2~E-02 
0.00 1.1&E-01 4.18E-02-3.55E-02-4.30E-02-3.&~E-02-3.21E-02-2.7~E-02-2.3&E-02-1.8~E-02-1.3bE-02-7.~~E-03 
0.00 3.24E-02 1 .&3E-03-1.&bE-02-1.32E-02-1.10E-02-~.50E-03-8.2~E-03-7.10E-03-5.77E-03-4.2b[~03-2.b4E-03 
0.00 2.50E-03-1 .03E-03-1.2~E-03-1.05E-03-8.&~E-04-7.51E-04-&.57E-04-5.&5E-04-4.&3E-04-3.45E-04-2.1~E-04 



45 0.40~OE 00 0.&431E-Ol 0.5000E-02 0.8085E-01 0.4330E-Ol 0.7444E 08 0.2342E 02 0.2&48E 00 
4& 0.4005E 00 0.&418E-Ol 0.5000E-02 0.7514E-Ol 0.45&&E-Ol 0.7323E 08 0.235~E 02 O'.24&~E 00 
47 0.3~4&E 00 0.&550E-Ol 0.5000E-02 0.71~8E-Ol 0.4808E-Ol 0.743~E 08 0.23&lt 02 0.2185E 00 
48 0.3887E 000.&530E-Ol 0.5000E-02 0.&847E-Ol 0.5050E-Ol 0.7821E 08 0.2352E 02 0.17&7E 00 
4~ 0.38&5E 00 0.&47&E-Ol 0.5000E-02 0.&&8&E-Ol 0.528~E-Ol 0.7&&OE 08 0.233&E 02 0.1245E 00 
SO 0.3880E 00 0.&3&7E-Ol 0.5000E-02 0.&508E-Ol 0.552l!E-Ol 0.81&4E oe 0.2313E 02 0.&845E-Ol 
51 0.3~32E 00 0.&127E-Ol 0.5000E-02 0.&2~4E-Ol 0.57&3E-Ol 0.83&8E 08 0.2284E 02 0.1274E-Ol 
52 0.4003E' 000.5~31E-Ol 0.5000E-02 0.&117E-Ol 0.5~~~E-Ol 0.~3&&E 08 0.2251E 02-U.3884E-Ol 
53 0.40&OE 00 0.5553E-Ol 0.5000E-02 0.5703E-Ol 0.&230E-Ol 0.1137E O~ 0.2214E 02-0.83&7E-Ol 
54 0.4125E 00 0.5382E-Ol 0.5000E-02 0.5338E-Ol 0.&454E-Ol 0.13&8E O~ 0.2175E 02-0.1205E 00 
55 0.4172E 00 0.5011E-Ol 0.5000E-02 0.4725E-Ol 0.&&71E-Ol 0.1&5&E O~ 0.2134E 02--0. 1488E 00 
5& 0.4203E 00 0.4~20E-Ol 0.5000E-02 0.4330E-Ol 0.&878E-Ol 0.18&&E O~ 0.20~3E 02-0.1&~OE 00 
57 0.4217E 00 0.4&44E-Ol 0.5000E-02 0.383&E-Ol 0.7074E-Ol 0.2043E O~ 0.2052E 02-0.1820E 00 
58 0.421~E 00 0.4&&5E-Ol 0.5000E-02 0.3578E-Ol 0.7252E-Ol 0.215&E O~ 0.2011E 02-0.188~E 00 
5~ 0.4215E 00 0.4524E-Ol 0.5000E-02 0.2~72E-Ol 0.7410E-Ol 0.2213E O~ 0.1~71E 02-0.1~12E 00 
&0 0.4213E 00 0.4732E-Ol 0.5000E-02 0.2750E'-01 0.7555E-Ol 0.217&E O~ 0.1~32E 02-0.1~01E 00 
&1 0.4215E 00 0.4&25E-0' 0.5000E-02 0.2318E-01 0.7&8~E-Ol 0.212&E O~ 0.18~4E 02-0.18&8E 00 
&2 0.421~E 00 0.47~2E-Ol 0.5000E-02 0.2248E-01 0.7810E-Ol 0.2124E Oq 0.1857E 02-0.1821E 00 
&3 0.422~E 00 0.4&41E-Ol 0,5000E-02 0.1~45E-Ol 0.7~17E-Ol 0.2245E O~ 0.1823E 02-0.17&5E 00 
&4 0.4247E 00 0.4744E-Ol 0.5000E-02 0.1~72E-Ol 0.8008E-Ol 0.2325L O~ 0.178~E 02-0.1703E 00 
&5 0.42&5E 00 0.457CE-Ol 0.5000E-02 0.1804E-01 0.8082E-Ol 0.23&3E O~ 0.1757E 02-0.1&38E 00 
&& 0.4285E 00 0.4&53E-Ol 0.5000E-02 0.1842E-Ol 0.8135E-Ol 0.2355E O~ 0.1727E 02-0.1571E 00 
&7 0.4305E 00 0.44~2E~OI 0.5000E-02 0.1714E-Ol 0.81&7E-01 0.2350E O~ 0.1&~8E 02-0.150&E 00 

,&8 0.432&E 00 0.4554E-Ol 0.5000E-02 0.171&E-Ol 0.8175E-Ol 0.23&lE O~ 0.1&70E 02-0.1442E 00 
&~ 0.4345E 00 0.4405E-Ol 0.5000E-02 0.1574E-Ol 0.81S~E-Ol 0.2440E O~ 0.1&43E 02-0.1381E 00 
70 0.43&3E 00 0.44&IE-Ol 0.5000E-02 0.1537E-Ol 0.8117E-Ol 0.24~~E O~ 0.1&18E 02-0.1~24E 00 
71 0.4378E 00 0.4325E-Ol 0.5000E-02 0.1374E-Ol 0.8048E-Ol 0.2524E O~ 0.15~4E 02-0.1270E 00 
72 0.43Q2E 000.437&E-Ol 0.5000E-02 0.132~E-Ol 0.7~54E-Ol 0.2515E O~ 0.1571E 02-0.1220E 00 
73 0.4402E 00 0.4253E-Ol 0.5000E-02 0.117~E-Ol 0.7834E-Ol 0.24&8E O~ 0.154~E 02-0.1173E 00 
74 0.440SE 00 0.4300E-Ol 0.5000E-02 0.115UE-Ol 0.7&~OE-Ol 0.23~OE O~ 0.1528E 02-0.1128E 00 
75 0.4410E 00 0.4185E-Ol 0.5000E-02 0.1031E-Ol 0.7524E-Ol 0.22~8E O~ 0.1508E 02-0.1087E 00 
7& 0.440~E 00 0.4225E-Ol 0.5000E-02 0.1033E-Ol 0.7337E-Ol 0.21~4E O~ 0.148~E 02-0.104~E 00 
77 0.4403E 00 0.4117E-Ol 0.5000E-02 0.~532E-02 0.7133E-Ol 0.2130E O~ 0.1470E 02-0.1012E 00 
78 0~43~&E 00 0.4153E-'~1 0.5000E-02 0.~7~OE-02 0.&~12E-Ol 0.2087E O~ 0.1452E 02-0.~783E-Ol 
7~ 0.4384E 00 0.4052E-Ol 0.5000E-02 0.~238E--02 0.&&78E-Ol 0.2037E O~ 0.1435E 02-0.~4&3E-Ol 
80 0.4370E 00 0.4084E-Ol 0.5000E-02 0.~481E-02 0.&432E-Ol 0.1~&5E O~ 0.141~E 02-0.~1&2E-Ol 
81 0.4351E 00 0.3~~2E-Ol 0.5000E-02 0.8~28E-02 0.&175E-Ol 0.188~E O~ 0.1403E 02-0.8877E-Ol 
82 0.4330E 00 0.4021E-Ol 0.5000E-02 0.~011E-02 0.5~11E··Ol 0.1813E O~ 0.1387E 02-0.8&08E-Ol 
83 0.4305E 00 0.3~34E-Ol 0.5000E-02 0.8381E-02 0.5&41E-Ol 0.1775E O~ 0.1373E 02-0.8352E-Ol 
84 0.4278E 00 0.3~58E-Ol 0.5000E-02 0,82~7E-02 0.53&5E-Ol 0.1740E O~ 0.1358E 02-0.8107E-Ol 
85 0.4248E 00 0.3874(-01 0.5000E-02 0.7b24E-02 0.5087E-Ol 0.1&~4E O~ 0.1344E 02-0.7875E-Ol 
8& 0.4215E 00 0.3889E-Ol 0.5000E-02 0.7520E-02 0.480&E-Ol 0.1&31E O~ 0.1331E 02-0.7&53E-Ol 
87 0.4178E 00 0.380&E-Ol 0.5000E-02 0.&~0IE-02 0.4525E-Ol 0.15&lE O~ 0.1318E 02-0.7442E-Ol 
88 0.4140E 00 0.381&E-Ol 0.5000E-02 0.&857E-02 0.4248E-Ol 0.1488E O~ 0.1305E 02-0.7241E-Ol 
8~ 0.40~8E 00 0.3735E-Ol 0.5000E-02 0.&3&3E-02 0.3~78E-Ol 0.1404E O~ 0.12~3E 02-0.704~E-Ol 
~O 0.4054E 00 0.3740E-Ol 0.5000E-02 0.&41~E-02 0.3718[-01 0.132&E O~ 0.1281E 02-0.&8&4E-Ol 
ql 0.4008E 00 0.3&&lE-Ol 0.5000E-02 0.&03~E-02 0.3475E-Ol 0.1273E O~ 0.1270E 02-0.&&8&E-Ol 
~2 0.3~5qE 00 0.3&&2E-O" 0.5000E-02 0.&118E-02 0.3243E-Ol 0.1217E O~ 0.125~E 02-0.&514E-Ol 
~3 0.3~08E 00 0.3585E-Ol 0.5000E-02 0.5802E-02 0.3022E-Ol 0.11&2E O~ 0.1248E 02-0.&34~E-Ol 
~4 0.385&E 00 0 .. 3583E-Ol 0.5000E-02 0.5838E-02 0.2825£-01 0.1103E O~ 0.1237E 02-0.&18~E-Ol 
~5 0.3801E 00 0.3507E-Ol 0.5000E-02 0.551&E-02 0.2&47E-Ol 0.104~E O~ 0.1227E 02-0.&034E-Ol 
~b 0.3744E 00 0.3501E-Ol 0.5000E-02 0.5503E-02 0.2487E-Ol 0.1010E O~ 0.1217E 02-0.5884E-Ol 
~7 0.3&8&E 00 0.3427E-Ol 0.5000E-02 0.5147E-02 0.2343E-Ol 0.~&82E 08 0.1207E 02-0.5738E-Ol 
~8 0.3&27E 00 0.3418E-Ol 0.5000E-02 0.5104E-02 0.2231E-Ol 0.Q2blE 08 0.11~7E 02-0.55~7E-Ol 

0.0000-0.3070E 02 0.2075E 03 
0.0000-0.4102E 02 0.2243E 03 
0.0000-0.4~73E 02 0.2383E 03 
0.0000-0.55~IE 02 0.2487E 03 
0.0000-0.5~10E 02 0.2547E 03 
0.0000-0.5873E 02 0.25&IE 03 
0.0000-0.5485E 02 0.2532E 03 
0.0000-0.47&2E 02 0.24&7E 03 
0.0000-0.3770E 02 0.2375E 03 
0~0000-0.2581E 02 0.22&7E 03 
0.0000-0.128&E 02 0.2155E 03 
0.0000 0.4313E 00 0.2047E 03 
0.0000 0.1333E 02 0.1~50E 03 
0.0000 0.2543E 02 0.1870E 03 
0.0000 0.3&41E 02 0.1808E 03 
0.0000 0.4&27E 02 0.17&&E 03 
0.0000 0.550~E 02 0.1744E 03 
0.0000 0.&310E 02 0.173~E 03 
0.0000 0.7052£ 02 0.1750E 03 
0.0000 0.77&2E 02 0.1775E 03 
0.0000 0.8452E 02 0.1815E 03 
0.0000 0.~133E 02 0.18&7E 03 
0.0000 0.~7~8E 02 0.1~32E 03 
0.0000 0.1044E 03 0.2010E 03 
C.OOOO 0.110&E 03 0.2101E 03 
0.0000 0.11&2E 03 0.2205E 03 
0.0000 0.1213E 03 0.2324E 03 
0.0000 0.125~E 03 0.2458E 03 
0.0000 0.12~~E 03 0.2&07E 03 
0.0000 0.1333E 03 0.2771E 03 
0.0000 0.13&4E 03 0.2~50E 03 
0.0000 0.13~3E 03 0.3143E 03 
0.0000 0.1420E 03 0.3348E 03 
0.0000 0.144&E 03 0.35&&E 03 
0.0000 0.1473E 03 0.37~3E 03 
0.0000 0.1500E 03 0.4028E 03 
0.0000 0.1527E 03 0.42b~E 03 
0.0000 0.1553E 03 0.4515E 03 
0.0000 0.1578E 03 0,47&2E 03 
0.0000 O.l&OOE 03 0.5010E 03 
0.0000 0.1&21E 03 0.525&E 03 
0.0000 0.lb3~E 03 0.54~8E 03 
0.0000 0.1&55E 03 0.573&E 03 
0.0000 0.1&70E 03 0.5~o&E 03 
0.0000 0.1&83E 03 0.&1~OE 03 
0.0000 0.1&~7E 03 0.&404E 03 
0.0000 0.1710E 03 0.&&10E 03 
0.0000 0.1723E 03 0.&80&E 03 
0.0000 0.1737E 03 0.&~~2E 03 
0.0000 0.1750E 03 0.71&7E 03 
0.0000 0.17&4E 03 0.7332E 03 
0.0000 0.177&E 03 0.748&E 03 
0.0000 0.1788E 03 0.7&30E 03 
0.0000 0.17~~E 03 0.77&3E 03 



18 0.OSSq4 0.00 0.00 0.00 0.00-2.38E-04-1.24E-04 5.&3E-05 3.01E-04 4.32E-:04 5.&2E-04 7.57E-04 
170.0S344 0.00 0.00 0.00-2.8SE-04-2.40E-04-1.27E-04 3.&7E-OS 2.7qE-04 3.~8E-04 5.55E-04 7.~4E-04 
1& 0.OS078 0.00 0.00 0.00-3.0SE-04-2.41E-04-1.21E-04 2.25E-05 2.S0E-04 3.53E-04 5.27E-04 8.35E-04 
lS 0.04812 0.00 0.00 0.00-3.3&E-04-2.38E-04-1.0SE-04 1.~8E-05 2.1~E-04 3.07E-04 4.8~E-04 8.55E-04 
140.04S&2 0.00 0.00-3.8&E-04-3.&2E-04~2.38E-04-8.48E-05 3.75E-OS 1.~~E-04 2.5~E-04 4.35E-04 8.5&E-04 
13 0.04328 0.00 0.00-4.0QE-04-3.81E-04-2.3&E-04-&.&2E-05 7.~lE-05 2.00E-04 2.15E-04 3.&8E-04 8.38E-04 
120.040Q4 0.00 0.00-4.44E~04-3.80E-04-2.21E-04-3.&~E-05 1.45E-04 2.30E-04 2.05E-04 3.2&E-04 8.10E-04 
11 0.0371Q 0.00-3~4~E-04-4.3&E-04-3.&lE-04-1.75E-04 2.75E-05 2.&&E-04 3.27E-04 2.47E-04 2.~4E-04 7.&8E-04 
10 0.03437 0.00-3.1~E-04-3.7~E-04-2.&&E-04-5.20E-0& 1 .7&E-04 4.74E-04 5.08E-04 3.&8E-04 2.5&E-04 7.24E-04 
Q 0.0321~ 0.00 4.02E-05-1 .00E-04-5.80E-05 2.71E-04 4.1&E-04 7.35E-04 7.~OE-04 5.&&E-04 2.03E-04 &.71E-04 
8 0.03031 0.00 3.40E-04 3.22E-04 1.75E-04 5.53E~04 &.2&E-04 Q.&4E-04 1.0&E-03 7.47E-04 2.48E-04 b.48E-04 
7 0.02&87 0.00 3.34E-04 5.&~E-04 2.1~E-04 7.72E-04 7.77E-04 1 .13E-03 1 .34E-03 ~.78E-04 4.02E-04 &.&3E-04 
& 0.02187 0.00 2.22E-04 5.31E-04 &.1&E-05 4.25E-04 &.3&E-04 1 .lbE-03 1.33E-03 1 .05E-03 4.10E-04 &.33E-04 
S 0.01&25 0.00-1.28E-04-~.~7E-05-4.88E-04-1.13E-05 3.&4E-04 8.80E-04 1.07E-03 ~.32E-04 3.51E-04 5.81E-04 
4 0.010&2 0.00-4.71E-04-7.&3E-04-5.43E-04-2.40E-04 1 .34E-04 &.12E-04 8.&7E-04 g.14E-04 2.&gE-04 &.0&E-04 
3 0.005&2 0.00-5.4~E-04-8.77E-04-&.38E-04-5.78E-04-~.2&E-05 4.g7E-04 7.55E-04 8.35E-04 2.30E-04 5.77E-04 
2 0.0015& 0.00-5.51E-04-8.71E-04-7.34E-04-7.05E-04-1 .18E-04 4.58E-04 &.70E-04 8.58E-04 2.42E-04 5.8~E-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0:00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 19 20 21 22 23 
X = 0.1578& 0.182&& 0.2101g 0.24075 0.274&7 0.31232 0.3541'\ 0.3g5g0 O.437&g O.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.71E-03 2.32E-03 2.14E-03 2.23E-03 2.0gE-03 1 .1&E-03 4.5gE-04-7.&2E-04-1 .53E-03-4.8&E-03 0.00 
lQ 0.OSQ37 1.&&E-03 2.27E-03 2.10E-03 2.2&E-03 2.15E-03 1 .20E-03 5.00E-04-7.5~E-04-1.&4E-03-4.g1E-03 0.00 
18 0.05S~4 1.&lE-03 2.2&E-03 2.0&E-03 2.21E-03 2.18E-03 1 .1~E-03 5.11E-04-8.07E-04-1 .82E-03-4.~4E-03 0.00 
17 0.05344 1.5~E-03 2.31E-03 2.00E-03 2.12E-03 2.13E-03 1.0~E-03 4.18E-04-1.00E-03-2.n7E-03-4.8gE-03 0.00 
1& 0.05078 1 .5~E-03 2.40E-03 1.~&E-03 1.~~E-03 2.00E-03 8.81E-04 2.50E-04-1.30E-03-2.40E-03-4.7gE-03 0.00 
15 0.04812 1.&lE-03 2.48E-03 1.~2E-03 1.85E-03 1.7&E-03 &.21E-04-&.2&E-0&-1 .70E-03-2.80E-03-4.&3E-03 0.00 
14 0.045&2 1.&4E-03 2.5&E-03 1.85E-03 1.&3E-03 1.4&E-03 2.~lE-04-3.35E-04-2.22E-03-3.2~E-03-4.43E-03 0.00 
13 0.04328 1.72E-03 2.5~E-03 1.73E-03 1.38E-03 1 .07E-03-7.28E-05-7.38E-04-2.85E-03-3.84E-03-4.21E-03 0.00 
120.040Q4 1.80E-03 2.&3E-03 1.&OE-03 1 .13E-03 &.&lE-04-4.23E-04-1 .17E-03-3.52E-03-4.32E-03-4.00E-03 0.00 
11 0.0371Q 1.~2E-03 2.&7E-03 1.45E-03 8.34E-04 2.01E-04-8.03E-04-1.&5E-03-4.17E-03-4.75E-03-3.&3E-03 0.00 
10 0.03437 2.05E-03 2.70E-03 1.30E-03 4.&2E-04-2.g4E-04-1 .11E-03-2.1&E-03-4.~lE-03-5.24E-03-3.38E-03 0.00 
~ 0.0321~ 2.15E-03 2.&&E-03 1.1&E-03-7.~8E-05·8.5gE-04-1 .38E-03-2.7&E-03-5.e2E-03~5.88E-03-3.27E-03 0.00 
8 0.03031 2.17E-03 2.52E-03 1.10E-03-5.~3E-0~-1.3gE-03-1 .&~E-03-3.35E-03-&.&&E-03-b.53E-03-3.31E-03 0.00 
7 0.02&87 2.1&E-03 2.41E-03 1.14E-03-~.51E-04-1 .~2E-03-2.0~E-03-3.g7E-03-7.42E-03-7.08E-03-3.45E-03 0.00 
& 0.02187 2.21E-03 2.40E-03 1.0~E-03-1 .10E-03-2.47E-03-2.55E-03-4.55E-03-8.05£-03-7.5&E-03-3.&4E-03 0.00 
5 0.01&25 2.24E-03 2.4&£-03 1.05E-03-1.20E-03-2.g0E-03-2.q4E-03-5.00E-03-8.53E-0~-7.~5E-03~3.77E-03 0.00 
4 0.010&2 2.28E-03 2.54E-03 1.05E-03-1.28E-03-3.17E-03-3.22E-03-5.30E-03-8.85E-03-8.23E-03-3.82E-03 0.00 
3 0.005&2 2.30E-03 2.57E-03 1.04E-03-1 .2gE-03-3.35E-03-3.38E-03-5.47E-03-~.02E-03-8.44E-03-3.77E-03 0.00 
2 0.0015& 2.28E-03 2.54E-03 1.07E-03-).27E-03-3.51E-03-3.48E-03-5.51E-03-~.1&E-03-8.&4E-03-3.75E-03 0.00 
1-0.0015& 0.00 0.00 0.00' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1.03E-03 
1.01E-03 
1.02E-03 
1 .0&E-03 
1 .0&E-03 
1.05E-03 
1.03E-03 
1 .03E-03 
1 .07E-03 
1 .0~E-03 
1 .12E-03 
1 .21 E-03 
1.34E··03 
1.40E-03 
1.41E-03 
1 .42E-03 
1.3gE-03 

0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 g 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.02054 0.03023 0.040gg 0.052g4 0.0&&20 0.080g2 0.Og72& 0.1153~ 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
1~ 0.05Q37 
18 0.055~4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 1.17E-Ol 3.5&E-01 5.57E-Ol 7.78E-Ol 1.03E 00 1 .32E 00 1.&3E 00 1 .~4E 00 
0.00 0.00 ~.3~E-0' 2.55E 00 3.75E 00 5.1~E 00 &.87E 00 8.77E 00 1 .O~E 01 1 .2~E 01 

. 0.00 0.00 1.20E 00 3.&8E 00 5.5&E 00 7.82E 00 1.04E 01 1.34E 01 1.&&E 01 1 .~&E 01 
0.00 3.27E-01 1 .7&E 00 4.20E 00 &.54E 00 ~.3&E 00 1 .2&E 01 1.&3E 01 2.02E 01 2.38E 01 
0.00 8.74E-Ol 2.22E 00 4.&7E 00 7.4~E 00 1.0~E 01 1 .4~E 01 1.Q2E 01 2.3qE 01 2.81E 01 
0.00 ~.77E-Ol 2.57E 00 5.20E 00 8.57E 00 1.27E 01 1 .73E 01 2.23E 01 2.7&E 01 3.22E 01 

3.33E-01 1 .35E 00 3.0&E 00 &.12E 00 1.00E 01 1.4&E 01 1.q7E 01 2.52E 01 3.10~ 01 3.5~E 01 



2 0.10000 
1 0.00000 

I = 
X = 

o J Y 

o 
0.00 7.75E-02 7.7&E-02 7.77E-02 7.78E-02 7.78E-02 7.7~E-02 7.80E-02 7.83E-02 7.87E-02 7.~3E-02 8.02E-02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 1~ 20 21 22 23 
1.17352 1 .3&20~ 1.57141 1.8037& 2.0&1&& 2.347~3 2.&&5&~ 3.00001 3.33434 3.&&8&& 4.002~~ 

11 1.00000 .3.11E-01 3.38E-01 3.82E-01 4.71E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-0! 5.00E-Ol 5.00E-Ol 
100.qOOOO 2.78E-01 2.q7E-01 3.24E-01 3.&OE-Ol 4.00E-Ol 4.30E-Ol 4.48E-01 4.57E-Ol 4.&3E-Ol 4.&&E-Ol 4.&&E-Ol 
q 0.80000 2.52E-Ol 2.&7E-01 2.87E-Ol 3.14E-Ol 3.45E-Ol 3.7&E-01 4.00E-01 4.1&E-Ol 4.2&E-Ol 4r31E-Ol 4.31E-Ol 
8 0.70000 2.30E-01 2.41E-Ol 2.5&E-01 2.77E-Ol 3.03E-01 3.31E-01 3.57E-01 3.7&E-Ol 3.88E-Ol 3.~&E-Ol 3.~&E-Ol 
7 0.&0000 2.08E-01 2.17E-01 2.2QE-Ol 2.4&E-01 2.&7E-Ol 2.~2E-Ol 3.1&E-Ol 3.3&E-Ol 3.51E-Ol 3.5~E-Ol 3.5~E-Ol 
& 0.50000 1.87E-Ol 1.Q4E-Ol 2.03E-Ol 2.17E-Ol 2.34E-Ol 2.55E-01 2.77E-01 2.Q7E-0~ 3.12E-Ol 3.22E-Ol 3.22E-01 
5 0.40000 1.&5E-01 1 .71E~011 .78E-01 1.88E-Ol 2.02E-Ol 2.1~E-Ol 2.3~E-Ol 2.57E-Ol 2.72E-Ol 2.82E-Ol 2.82E-Ol 
4 0.30000 1.42E-01 1.45E-Ol 1.50E-Ol 1.58E-Ol 1.&~E-Ol 1.83E-Ol 2.00E-Ol 2.1&£-01 2.30E-Ol 2.3~E-Ol 2.3~E-Ol 
3 0.20000 1.14E-Ol 1.17E-Ol 1.21E-Ol 1.27E-Ol 1.34E-Ol 1.45E-Ol 1.57E-Ol 1.71E-Ol 1.83E-Ol 1 .~lE-Ol 1.~lE-Ol 
2 0.10000 8.13E-02 8.2~E-02 8.52E-02 8.77E-02 ~.1~E-02 ~.82E-02 1.07E-Ol 1.1&E-Ol 1.2&E-Ol 1.33E-Ol 1.32E-Ol 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00· 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327~& 0.42352 0.'52~&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 

o 

21 0.50500 
20 0.4~500 
1Q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
Q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4Q500 
lQ 0.47500 
18 0.44750 
17 0.42750 
'IS 0.40&25 
1~\ 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 3.31E 03 1.80E 03 1 .1bE 03 1 .40E 03 2.78E 03 5.&4E 03 1.04E 04 1 .73E 04 
0.00 0.00 0.00 0.00 3.3~E 03 2.00E 03 1.31E 03 1.52E 03 2.84E 03 5.&3E 03 1.03E 04 1 .71E 04 
0.00 0.00 0.00 0.00 3.00E 03 1 .~lE 03 1 .32E 03 1.54E 03 2.85E 03 5.&OE 03 1.02E 04 1 .&~E 04 
0.00 0.00 0.00 1.87E 03 2.30E 03 1 .77E 03 1.27E 03 1.51E 03 2.83E 03 5.5~E 03 1.02E 04 1 .&~E 04 
0.00 0.00 0.00 2.2&E 03 2.13E 03 1.62E 03 1.20E 03 1.48E 03 2.A2E 03 5.58E 03 1.02E 04 1 .&~E 04 
0.00 0.00 0.00 2.0~E 03 1.~~E 03 1.51E 03 1 .14E 03 1.4&E 03 2.83E 03 5.&lE 03 1.02E 04 1 .&~E 04 
0.00 0.00 5.43E 02 1.52E 03 1.~2E 03 1.4&E 03 1 .13E 03 1 .4~E 03 2.88E 03 5.b8E 03 1.03E 04 1 .70E 04 
0.00 0.00 ~.87E 02 1.5&E 03 1.~&E 03 1 .4~E 03 1 .1~E 03 1.57E 03 2.~7E 03 5.7~E 03 1.04E 04 1.71E 04 
0.00 0.00 &.27E 02 1.54E 03 2.0&E 03 1.&OE 03 1 .31E 03 1 .70E 03 3.12E 03 5.~&E 03 1.0&E 04 1 ,73E 04 
0.00-8.&2E 03-8.57E 02 1.&2E 03 2.33E 03 1.88E 03 1.&2E 03 2.04E 03 3.4~E 03 &.38E 03 1 .11E 04 1 .78E 04 
0.00-8.38E 03-7.20E 02 1 .~8E 03 2.52E 03 2.11E 03 1 .~lE 03 2.37E 03 3.8&E 03 &.81E 03 1 .1&E 04 1 .83E 04 
0.00-1.41E 04 1.0&E 03 2.12E 032.&lE 03 2.32E 03 2.17E 03 2.6&E 03 4.20E 03 7.21E 03 1.20E 04 1 .87E 04 
0.00-3.88E 03 &.'7E 02 2.1&E 03 2.84E 03 2.&2E 03 2.45E 03 2.~lE 03 4.50E 03 7.5~E 03 1.24E 04 1.~OE 04 
0.00-2.57E 03 3.54E 02 2.00E 03 2.78E 03 2.80E 03 2.85E 03 3.5&E 03 5.31E 03 8.38E 03 1 .31E 04 1 .~&E 04 
0.00-1.41E 03 2.80E 02 1.&7E 03 2.~OE 03 2.78E 03 3.04E 03 3.8&E 03 5.&5E 03 8.78E 03 1 .37E 04 2.03E 04 
O.OO-&.&&E 02 3.&3E 02 1 .48E 03 2.30E 03 2.75E 03 3.17E 03 4.08E 03 5.~OE 03 ~.04E 03 1 .3~E 04 2.04E 04 
0.00-2.57E 02 4.&4E 02 1.3~E 03 2.1~E 03 2.73E 03 3.2&E 03 4.23E 03 &.07E 03 ~.21E 03 1.40E 04 2.05E 04 
0.00-&.4QE 01 5.2&E 02 1.3&E 032.13E 03 2.72E 03 3.31E 03 4.31E 03 &.l&E 03 ~.31E 03 1.41E 04 2.05E 04 
0.00 0.00 5.4~E Q2 1 .35E 03 2.12E 03 2.72E 03 3.32E 03 4.33E 03 &.20E 03 ~.34E 03 1.41E 04 2.05E 04 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 1~ 20 21 22 23 
1.2&28~ 1.4b130 1.&8153 1 .~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 
2.&OE 04 
2.57E 04 
2.54E 04 
2.54E 04 
2.53E 04 
2.54E 04 
2.55E 04 
2.5&E 04 
2.58E 04 

0.00 0.00 0.00 0.00 C.OO 0.00 
3.57E 04 4.53E 04 5.40E 04 &.13E 04 &.&~E 04 7.07E 04 
3.53E 04 4.4~E 04 5.3&E 04 &.10E 04 &.&7E 04 7.0&E 04 
3.50E 04 4.45E 04 5.33E 04 &.08E 04 &.&5E 04 7.04E 04 
3.4~E 04 4.44E 04 5.32E 04 &.07E 04 &.&4E 04 7.04E 04 
3.48E 04 4.44E 04 5.31E 04 &.O&E 04 &.&3E 04 7.03E 04 
3.4~E 04 4.44E 04 5.31E 04 &.05E 04 &.&3E 04 7.03E 04 
3.4~E 04 4.44E 04 5.31E 04 &.OSE 04 &.&2E 04 7.02E 04 
3.50E 04 4.44E 04 5.31E 04 &.~jE 04 &.&2E 04 1.02E 04 
3.52E 04 4.45E 04 5.32E 04 &.05E 04 &.&2E 04 7.02E 04 

0.00 
7.2~E 04 
7.28E 04 
7.27E 04 
7.2&E 04 
7.2&E 04 
7.2&E 04 
7.2&E 04 
7.25E 04 
7.25E 04 

0.00 
7.40E 04 
7.40E 04 
7.3~E 04 
7.3~E 04 
7.38E 04 
7.38E 04 
7.38E 04 
7.38E 04 
7.38E 04 

0.00 
7.47E 04 
7.47E 04 
7.47E 04 
7.4&E 04 
7.4&E 04 
7.45E 04 
7.45E 04 
7.44E 04 
7.43E 04 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



x 0.4b 0 2 4 8 1 0.4& 

X 0.48 0.48 

X 0.50 + + 0.50 

X 0.52 0 2 4 8 ·0.52 

X 0.54 0.54 

X 0.5& 0.5& 

X 0.58 0 2 4 8 0.58 

X O.bO + + 0.&0 

X 0.&2 0.&2 

X 0.&4 0.&4 

X 0.&& 0 2 4 8 1 0.&& 

X 0.&8 0.&8 

X 0.70 + + 0.70 

X 0.72 0.72 

X 0.74 0 2 4 8 0.74 

X 0.7& 0.7& 

X 0.78 0.78 

X 0.80 + + 0.1'30 

X 0.82 0.82 

X 0.84 0 2 4 8 0.84 

X 0.8& 0.8& 

X 0.88 0.88 

X 0.C30 + + 0.C30 

X O.C32 0 2 4 0.C32 

X 0.C34 0.C34 

X 0.C3& 0.C3& 

X 0.C38 0.C38 



2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 C3 10 11 12 

X = -0.003C33 0.003C33 0.01180 0.02054 0.03023 0.040C3C3 O.052C34 0.Ob&20 0.080C32 0.0C372& 0.1153C3 0.13552 
·0 J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 1 .15E 01 1 .15E 01 1 .15E 01 1 .14E 01 1 .13E 01 1 .12E 01 1 .11E 01 1 .11E 01 
lC3 0.05C337 0.00 0.00 0.00 0.00 1.22E 01 1.20E 01 1 .1C3E 01 1 .1C3E 01 1 .1C3E 01 1 .1C3E 01 1.1C3E 01 1 .20E 01 
180.055C34 0.00 0.00 0.00 0.00 1.27E 01 1.23E 01 1.20E 01 1.20E 01 1.20E 01 1.20E 01 1 .20E 01 1 .23E 01 
17 0.05344 0.00 0.00 0.00 1.41E 01 1.33E 01 1 .2&E 01 1.22E 01 1.21E 01 1.21E 01 1.21E 01 1.22E 01 1 .25E 01 
1& 0.05078 0.00 0.00 0.00 1.48E 01 1 .37E 01 1.28E 01 1.24E 01 1.22E 01 1.22E 01 1.22E 01 1.24E 01 1 .2C3E 01 
15 0.04812 0.00 0.00 0.00 1.54E 01 1.40E 01 1.2C3E 01 1 .24E 01 1.23E 01 1.23E 01 1.24E 01 1.28E 01 1 .33E 01 
14 0.045&2 0.00 0.00 1 .7C3E 01 1 .&lE 01 1.43E 01 1 .30E 01 1.25E 01 1.24E 01 1.24E 01 1.27E 01 1 .33E 01 1 .3&E 01 
13 0.04328 0.00 0.00 1 .88E 01 1.&7E 01 1.45E 01 1.30E 01 1.24E 01 1.24E 01 1.25E 01 1 .31E 01 1 .37E 01 1 .38E 01 
120.040C34 0.00 0.00 1.C35E 01 1.72E 01 1.4&E 01 '.30E 01 1.23E 01 1.23E 01 1.28E 01 1.3&E 01 1.40E 01 1 .3C3E 01 
110.0371C3 0.00 2.37E 01 2.07E 01 1 .77E 01 1.47E 01 1.28E 01 1.22E 01 1.25E 01 1.35E 01 1 .43E 01 1 .44E 01 1 .3C3E 01 
10 0.03437 0.00 2.4&E 01 2.20E 01 1 .B2E 01 1.45E 01 1.24E 01 1 .20F. 01 1.2C3E 01 1.41E 01 1.4&E 01 1 .44E 01 1 .37E 01 

C3 0.0321C3 0.00 2.57E 01 2.27E 01 1.81E 01 1.41E 01 1.20E 01 1 .20E 01 1 .34E 01 1.45E 01 1.47E 01 1 .42E 01 1 .34E 01 
8 0.03031 3.00E 01 2.73E 01 2.30E 01 1.78E 01 1 .3&E 01 1 .17E 01 1 .22E 01 1 .38E O~ 1.47E 01 1.4&E 01 1 .40E 01 1 .31E 01 
7 0.02&87 3.00E 01 2.73E 01 2.25E 01 1.&C3E 01 1.28E 01 1 .15E 01 1.27E 01 1.43E 01 1.47E 01 1.42E 01 1 .33E 01 1.23E 01 
& 0.02187 3~00E 01 2.&C3E 01 2.13E 01 1.52E 01 1 .1&E 01 1 .15E 01 1 .34E 01 1.40E 01 1 .37E 01 1.28E 01 1 .1BE 01 1.07E 01 
5 0.01&25 3.00E 01 2.5C3E 01 1.C30E 01 1.27E 01 1.05E 01 1.1&E 01 1 .20E 01 1.1C3E 01 1 .13E 01 1.03E 01 C3.35E 00 8.45E 00 
4 0.010&2 3.00E 01 2.43E 01 1.53E 01 C3.7&E 00 8.53E 00 B.7BE 00 B.75E 00 B.42E 00 7.8SE 00 7.14E 00 &.41E 00 5.7&E 00 
3 0.005&23.00E 01 2.10E 01 1.02E 01 4.3&E 00 5.14E 00 5.00E 00 4.C30E 00 4.&&E 00 4.32E 00 3.C32E 00 3.51E 00 3.14E 00 
2 0.0015& 3.00E 01 S.84E 00 2.82E 00 1.21E 00 1.43E 00 1.3C3E 00 1 .3&E 00 1.2C3E 00 1.?OE 00 1 .0C3E 00 C3.73E-Ol B.72E-Ol 
1-0.0015& 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 lC3 20 21 22 23 
X = 0.1578& 0.lB2&& 0.2101C3 0.24075 0.274&7 0.31232 0.35411 O.3C35C30 0.437&q 0.47q4B 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 .1 .14E 01 1~21E 01 1 .28E 01 1 .33E 01 1.3&£ 01 1.37E 01 1 .37E 01 1 .35E 01· 1 .32E .01 1.2qE 01 0.00 
lC3 0.OSC337 1.24E 01 1~2C3E 01 1.35E 01 1.3C3E 01 1.42E 01 1.43E 01 1.42E 01 1.41E 01 1.3qE 01 1 .3&E 01 0.00 
180.0SSC34 1.28E 01 1.33E 01 1.3&E 01 1.3C3E 01 1.40E 01 1 .41E 01 1 .3qE 01 1 .37E 01 1 .35E 01 1 .31E 01 0.00 
170.0S344 1.30E 01 1.34E 01 1.3&E 01 1 .37E O~ 1.3BE 01 1 .37E 01 1 .35E 01 1 .33E 01 1 .30E 01 1.2&E 01 0.00 
1& 0.05078 1 .32E 01 1 .34E 01 1.35E 01 1 .35E 01 1 .J4E 01 1 .33E 01 1 .31E 01 1.2BE 01 1.24E 01 1.20E 01 0.00 
15 0.04812 1 .34E 01 1 .34E 01 1 .33E 01 1 .32E 01 1 .30E 01 1.2BE 01 1 .25E 01 1.22E 01 1 .1BE 01 1 .14E 01 0.00 
140.04S&2 1 .3&E 01 1 .33E 01 1 .31E 01 1.2qE 01 1.2&E 01 1.23E 01 1 .20E 01 1 .1bE 01 1.12E 01 1.0BE 01 0.00 
13 0.04328 1.3&E 01 1.32E 01 1.2qE 01 1.25E 01 1.22E 01 1 .1qE 01 1 .15E 01 1 .11E 01 1.07E 01 1.02E 01 0.00 
120.040C34 1.3SE 01 1 .31E 01 1.2&E 01 1.22E 01 1.1BE 01 1.14E 01 1.10E 01 1.05E 01 1.01E 01 q.&&E 00 0.00 
110.0371q 1 .33E 01 1.2&E 01 1 .20E 01 1 .15E 01 1.10E 01 1 .05E 01 1.01E 01 q.&5E 00 q.21E 00 B.7&E 00 0.00 
10 0.03437 1.2C3E 01 1.22E 01 1 .15E 01 1.0qE 01 1.04E 01 q.BBE 00 q.41E 00 B.q&E 00 B.52E 00 B.OBE 00 0.00 
q 0.0321Q 1.2&E 01 1 .18E 01 1 .10E 01 1.04E 01 q.B&E 00 C3.35E 00 B.87E 00 B.42E 00 7.qBE 00 7.5&E 00 0.00 
8 0.03031 1.22E 01 1.14E 01 1.0&E 01 q.q7E 00 q.40E 00 8.8qE 00 B.41E 00 7.q7E 00 7.54E 00 7.13E 00 0.00 
7 0.02&87 1.14E 01 1.05E 01 q.7&E 00 q.l0E 00 8.53E 00 B.02E 00 7.55E 00 7.13E 00 &.73E 00 &.35E 00 0.00 
& 0.02187 q.81E 00 q.OOE 00 8.30E 00 7.&C3E 00 7.15E 00 &.&BE 00 &.2&E 00 5.8QE 00 5.54E 00 5.22E 00 0.00 
S 0.01&25 7.&7E 00 7.00E 00 &.42E 00 5.QOE 00 5.4&E 00 5.07E 00 4.73E 00 4.43E 00 4.1&E 00 3.Q1E 00 0.00 
4 0.010&2 5.21E 00 4.74E 00 4.33E 00 3.C3&E 00 3.&5E 00 3.38E 00 3.14E 00 2.Q4E 00 2.75E 00 2.5BE 00 0.00 
30.00S&2 2.84E 00 2.5BE 00 2.35E 00 2.14E 00 1.Q7E 00 1.82E 00 1.&QE 00 1 .5BE 00 1.47E 00 1 .3BE 00 0.00 
2 0.0015& 7.87E-Ol 7.15E-Ol &.51E-Ol 5.Q5E-Ol 5.4&E-Ol 5.04E-Ol 4.&7E-Ol 4.3&E-Ol 4.07E-Ol 3.B1E-01 0.00 
1-0.0015& 0.00 0.00 OiOO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.003C33 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.OBOQ2 0.OQ72& O.1153Q 0.13552 



o 

21 0.5aOOO 
20 0.48500 
1<3 0.4b125 
18 0.43750 
17 0.41b87 
1b 0.3Q5b2 
15 0.37500 
14 0.355b2 
13 0.33b87 
12 0.31250 
11 0.28b25 
10 0.2bb25 

<3 0.25000 
8 0.22875 
7 0.1<3500 
b 0.15250 
5 0.10750 
4 0.Ob500 
3 0.02875 
2 0.00000 
1 0.00000 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 1 .30E-02 1.~2E-02 8.38E-03 2.01E-03-4.b~E-04-7.18E-04-2.24E-04 5.87E-04 
0.00 0.00 0.00 0.00 5.10E-02 4.47E-02 2.11E-02 5.33E-03-~.14E-04-1.52E-03-1 . 77E-04 1.75E-03 
0.00 0.00 0.00 0.00 1.07E-Ol b.88E-02 3.25E-02 7.83E-03-1 .7bE-03-2.42E-03 1.05E-04 2.82E-03 
0.00 0.00 0.00 4.10E-02 1 .30E-Ol ~.13E-02 4.15E-02 ~.04E-03-3.13E-03-3.45E-03 2.80E-04 3.13E-03 
0.00 0.00 0.00 ~.&5E-02 1.bOE-Ol 1.13E-Ol 4.~~E-02 ~.34E-03-5.17E-03-4.80E-03-1.50E-04 2.34E-03 
0.00 0.00 0.00 1 .b5E-Ol 1.~3E-Ol 1.33E-01 5.&8E-02 8~blE-03-7.b7E-03-b.55E-03-1 .78E-03 5.1bE-04 
0.00 0.00 3.15E-02 2.1&E-Ol 2.27E-Ol 1.51E-Ol b.14E-02 b.88E-03-1 .05E-02-~.22E-03-4.41E-03-1 . 74E-03 
0.00 0.00 ~.lbE-02 2.blE-Ol 2.57E-01 1.&4E-Ol b.3&E-02 4.05E-03-1 .43E-02-1 .30E-02-7.42E-03-4.07E-03 
0.00 0.00 2.05E-01 3.20E-Ol 2.~3E-Ol 1.77E-Ol &.30E-02-1 .71E-03-2.11E-02-1.84E-02-1 . 12E-02-7.02E-03 
0.00 4.20E-02 3.34E-01 3.88E-01 3.22E-Ol 1.83E-Ol 5.51E-02-1 .43E-02-3.00E-02-2.2~E-02-1 .42E-02-~.5~E-03 
0.00 1.83E-01 3.~5E-Ol 4.21E-Ol 3.33E-Ol 1.78E-Ol 4.0&E-02-2.51E-02-3.45E-02-2.48E-02-1 .58E-02-1 . 12E-02 
0.00 3.&1E-Ol 4.25E-Ol 4.35E-Ol 3.33E-Ol 1 .b7E-Ol 2.54E-02-3.24E-02-3.&3E-02-2.5&E-02-1.&7E-02-1.22E-02 
0.00 3.23E-01 4.32E-Ol 4.40E-Ol 3.25E-Ol 1.4&E-Ol 4.7bE-03-3.~4E-02-3.70E-02-2.58E-02-1.7&E-02-1 . 34E-02 
0.00 2.~lE-Ol 4.35E-01 4.37E-Ol 2.~8E~01 8.~lE-02-2.8~E-02-4.14E-02-3.40E-02-2.4&E-02-1 .81E-02-1 .43E-02 
0.00 2.81E-Ol 4.32E-Ol 4.08E-01 2.27E-01-~.72E-02-3.&OE-02-3.32E-02-2.74E-02-2.15E-02-1 .&~E-02-1 .3~E-02 
0.00 2.80E-Ol 4.17E-Ol 3.27E-Ol 2.24E-03-2.35E-02-2.&&E-02-2.2&E-02-1 .~&E-02-1.&&E-02-1 .37E-02-1 .14E-02 
0.00 2.57E-Ol 3.70E-Ol 5.17E-02-2.04E-02-1.50E-02-1 .58F.-02-1 .33E-02-1 .1~E-02-1 .0&E-02-~.ObE-03-7.52E-03 
0.00 1.77E-Ol 1 .57E-01-2.01E-02-1 .1&E-02-&.8&E-03-&.8&E-03-5.81E-03-5.28E-03-4.80E-03-4.1&E-03-3.45E-03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
O.OU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 1~ 20 21 22 23 
1.2b28~ 1.4b130 1.&8153 1.~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

o J Y 
21 0.50000 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 1.18E-03 <3.3~E-04 4.27E-04 1 .05E-04-2.22E-05-5.15E-05-2.8~E-05 1 .7~E-0& 5.a2E-05 1.75E-05 0.00 
1<30.4b125 2.55E-03 1 .&4E-03 5.23E-04-4.81E-05-1.~4E~04-1 .&3E-04-4.50E-05 &.47E-05 1 .75E-04 3.75E~05 0.00 
18 0.43750 3.04E-03 1 .43E-03 2.5&E-05-5.35E-04-5.53E-04-3.88E-04-1.3~E-04 &.08E-05 2.34E-04 5.22E-05 0.00 
17 0.41&87 2.70E-03 7.33E-04-&.~3E-04-1.12E-03~~.57E-04-&.43E-04-2.&5E-04 1.8&E-05 2.53E-04 &.27E-05 0.00 
1b 0.3~5b2 1 .55E-03-4.2bE-04-1.&&E-03-1.84E-03-1 .44E-03-~.53E-04-4.32E-04-5.72E-05 2.47E-04 7.15E-05 0.00 
15 0.37500 -1.4&E-04-1 .84E-03-2.75E-03-2.&1E-03-1.~&E-03-1 .28E-03-&.1&E-04-1 .53E-04 2.21E-04 7.82E-05 0.00 
14 0.355&2 -2.00E-03-3.2~E-03-3.82E-03-3.35E-03-2.45E-03-1.o0E-03-8.00E-04-2.54E-04 1.85E-04 8.30E-05 0.00 
13 0.33b87 -3.8&E-03-4.72E-03-4.8&E-03-4.0&E-03-2.~2E-03-1.~OE-03-~.7~E-04-3.58E-04 1.42E-04 8.&lE-05 0.00 
12 0.31250 -b.23E-03-&.53E~03-&.15E-03-4.~4E-03·3.51E-03-2.28E-03-1 .21E-03-4.94E-04 7.~2E-05 8.85E-05 0.00 
11 0.28&25 -8.3~E-03-8.1&E-03-7.2~E-03-5.71E-03-4.02E-03-2.&2E-03-1 .41E-03-&.25E-04 8.80E-0& 8.7~E-05 0.00 
10 0.2&b25 -~.7&E-03-~.18E-03-7.~8E-03-&.17E-03·-4.j2E-03-2.82E-03-1.54E-03-7.12E-04-4.31E-05 8.58E-05 0.00 

<3 0.25000 -1.07E-02-~.84E-03-8.42E-03-&.45E-03-4.51E-03-2.~5E-03~1 .&2E-03-7.71E-04-8.2&E-05 8.32E-05 0.00 
8 0.22875 -1 .17E-02-1.05E-02-8.8SE~03-&.73E-03-4.&~E~03-3.07E-03-1 .71E-03-8.34E-04-1 .30E-04 7.~lE-05 0.00 
7 0.1~500 -1.25E-02-1 .10E-02-~.05E-03-&.81E-03-4.74E-03-3.11E-03-1 .75E-03-8.8&E-04~1 .87E-04 7.07E-05 0.00 
b 0.15250 -1.20E-02-1.03E-02-8.38E-03-&.25E-03-4.35E-03-2.8&E-03-1.&3E-03-8.48E-04-2.15E-04 5.77E-05 0.00 
5 0.10750 -~.72E-03-8.31E-03-&.&8E-03-4.~4E-03-3.44E-03-2.27E-03-1 .30E-03-&.~OE-04-1 .~3E-04 4.21E-05 0.00 
4 0.0&500 -&.37E-03-5.40E-03-4.34E-03-3.1~E-03-2.22E-03-1 .47E-03-8.47E-04-4.52E-04-1 .32E-04 2.&OE-05 0.00 
3 0.02875 -2.~lE-03-2.4&E-03-1 .~8E-03-1 .45E-03-1.01E-03-&.&8E-04-3.8&E-04-2.07E-04-&.11E-05 1.1&E-05 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o j = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.0~443 0.1&430 0.24187 0.327~& 0.42352 0.52~&0 0.&4735 0.77804 0.~2311 1.08415 
o J Y 

21 0.50500 
20 0.4~500 
1<3 0.47500 
18 0.44750 
17 0.42750 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 
0.00 0.00 3.83E-01 3.84E-01 
0.00 0.00 4.05E-Ol 4.00E-01 
0.00 0.00 4.22E-Ol 4.08E-01 
0.00 4.70E-01 4.42E-Ol 4.1~E-01 

0.00 
3.82E-Ol 
3.~7E-01 
4.01E-01 
4.08E-Ol 

0.00 
3.7~E-Ol 
3.~&E-01 
3.~~E-01 
4.04E-Ol 

0.00 
3.7&E-Ol 
3.~bE-01 
4.00E-01 
4.03E-Ol 

0.00 
3.73E-Ol 
3.~&E-01 
4.00[-01 
4.03E-01 

0.00 
3.&~E-Ol 
3.~&E-01 
4.01E-01 
4.05E-Ol 

0.00 
3.b~E-Ol 
3.~~E-Ol 
4.0~E-Ol 
4.18E-01 



x O. 10 + 0 2 4 0 8 1 + 
X O. 12 0 2 4 0 8 1 
x 0.14 0 2 4 & 8 1 
X 0.1& 
X 0.18 0 2 4 0 8 
X 0.20 + + 
X 0.22 0 2 4 & 8 
X 0.24 
X 0.2E- 0 2 4 0 8 
X 0.2'3 
X 0.30 + 0 2 4 0 8 + 
X 0.32 · X 0.34 0 2 4 0 8 1 
X 0.3& 
X 0.38 · X 0.40 0 2 4 8 + 
X 0.42 
X 0.44 · X 0.4& 0 2 4 8 
X 0.48 
X 0.50 + + 
X 0.52 0 2 4 8 
X 0.54 
X 0.5& · X 0.58 0 2 4 & 8 
X 0.&0 + + 
X 0.&2 
X 0.&4 · X 0.&& 0 2 4 8 
X 0.&8 
X 0.70 + + 
X 0.72 · X 0.74 0 2 4 8 
X 0.7& 
X 0.78 
X 0.80 + + 
X 0.82 · X 0.84 0 2 4 8 1 
X 0.8& 
X 0.88 
X O.qO + + 
X 0.Q2 0 2 4 8 
X O.Q4 
X 0.13& 
X 0.Q8 · . 
X 1.00 0 ......... + •••••.••. + ••.• 2 .... + ... 4 ..... & .... 8 .... 1 ......... + ......... + ......... + ......... + ......... + 

0.0 

lX-AXIS IS XI 
Y-AXES ARE 
SYMBOL 

O. 1 

00 
o 

0.2 

02 
2 

0.3 0.4 0.5 0.& 

DIMENSIONLESS STREAMLINE PLOT 

04 
4 

00 
& 

08 
8 

0.7 

10 
1 

0.8 0.<3 1.0 

0.10 
0.12 
0.14 

. 0.1& 
0.18 
0.20 
0.22 
0.24 
0.20 
0.28 
0.30 
0.32 
0.34 
0.30 
0.38 
0.40 
0.42 
0.44 
0.4& 
0.48 
0.50 
0.52 
0.54 
0.5& 
0.58 
0.&0 
0.&2 
0.&4 
0.&& 
0.&8 
0.70 
0.72 
0.74 
0.7& 
0.78 
0.80 
0.82 
0.84 
0.8& 
0.88 
0.<30 
0.<32 
0.<34 
0.<3& 
0.<38 
1 .00 



OR IF NSBR = 0 TO SWIRL VANE ANGLE = SS.OOO 

COMPUTED INLET SWIRL NUMBER = 0.qS37 

COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VELOCITY -*~*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
01= 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q 0.035&1 0.04&q7 0.05q57 0.0735& 0.08qOq 0.10&32 0.12545 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 7.27E 00 1.22E 01 1 .34E 01 1 .30E 01 1.23E 01 1 .15E 01 1 .10E 01 
1q 0.OSq37 0.00 0.00 0.00 0.00 0.00 q.43E 00 1.34f. 01 1.44E 01 1 .40E 01 1.33E 01 1.25E 01 1.18E 01 
180.0SSq4 0.00 0.00 0.00 0.00 0.00 1 .1&E 01 1.4&E 01 1.51E 01 1.45E 01 1 .37E 01 1.27E 01 1.18E 01 
170.0S344 0.00 0.00 0.00 0.00 1.51E 01 1 .3&E 01 1.51E 01 1 .52E O~ 1.45E 01 1 .35E 01 1.24E 01 1 .14E 01 
1& 0.05078 0.00 0.00 0.00 0.00 1 .30E 01 1 .35E 01 1.45E 01 1 .44E 01 1 .37E 01 1.2&E 01 1 .17E 01 1 .0qE 01 
lS 0.04812 0.00 0.00 0.00 0.00 1.2qE 01 1 .35E 01 1.38E 01 1.32E 01 1.23E 01 1.14E 01 1.07E 01 1.02E 01 
14 0.045&2 0.00 0.00 0.00 1.&lE 01 1.3qE 01 1 .34E 01 1.27E 01 1 .1&E 01 1 .O&E 01 q.qqE 00 q.&7E 00 q.42E 00 
13 0.04328 0.00 0.00 0.00 1 .34E 01 1.3&E 01 1.27E 01 1.13E. 01q.75E 00 8.8qE 00 8.70E 00 8.70EOO. 8.&&E 00 
120.040q4 0.00 0.00 0.00 1.2qE 01 1.3&E 01 1 .1qE 01 Q.56E 00 7.73E 00 7.25E 00 7.45E 00 7.72E 00 7.87E 00 
110.0371Q 0.00 0.00 1 .2&E 01 1 .3QE 01 1.3&E 01 1.0&E 01 &.3&E 00 4.5&E 00 4.A7E 00 5.58E 00 &.15E 00 &.54E 00 
10 0.03437 0.00 0.00 1 .48E 01 1.&lE 01 1 .35E 01 8.4QE 00 3.43E 00 2.4QE 00 3.32E 00 4.2&E 00 4.QQE 00 5.53E 00 

Q 0.0321Q 0.00 0.00 1.84E 01 1.75E 01 1.28E 01 &.07E 00 1.2&E 00 1 .12E 00 2.20E 00 3.2&E 00 4.0QE 00 4.74E 00 
8 0.03031 0.00 3.00E 01 2.25E 01 1.81E 01 1.17E 01 3.8&E 00-3.31E-Ol 8.85E-02 1 .30E 00 2.42E 00 3.33E 00 4.07E 00 
7 0.02&87 0.00 3.00E 01 2.41E 01 1 .78E 01 Q.5&E 00-1 .25E-01-2.51E 00-1.54E 00-2.3QE-Ol Q.47E-01 1.Q&E 00 2.84E 00 
& 0.02187 0.00 3.00E 01 2.47E 01 1.&2E 01 4.55E 00-5.1&E 00-4.&4E 00-3.52E 00-2.2&E 00-1.05E 00 8.75E-02 1 .17E 00 
5 0.01&25 0.00 3.00E 01 2.32E 01 1.11E 01-&.&3E 00-7.3&E 00-&.45E 00-5.38E 00-4.21E 00-2.Q7E 00-1.72E 00-4.5bE-Ol 
4 d.Ol0&2 0.00 3.00E 01 1.85E 01-2.32E 00-1.01E 01~8.QQE 00-7.87E 00-&.80E 00-5.&8E 00-4.44E 00-3.0QE 00-1.&QE 00 
3 0.005&2 0.00 3.00E 01 &.85E 00-1.53E 01·1 .20E 01-1.00E 01-8.71E 00-7.&OE 00-&.4qE 00-5.2&E 00-3.87E 00-2.38E 00 
2 0.0015& 0.00 3.00E 01-1.24E 01-1.55E 0~-1 .2&E 01-1 .04E 01-q.02E 00-7.8qE 00-&.78E 00-5.55E 00-4.15E 00-2.&3E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ·0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 lq 20 21 22 23 
X = 0.14&&q 0.1702& 0.lQ&43 0.22547 0.25771 0.2q34q 0.33321 0.37500 0.41&7q 0.45858 0.50037 

o J Y 
21 0.0&312 
20 0.0&187 
lq 0.05Q37 
18 0.05SQ4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02&87 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.05E 01 q.Q5E 00 q.4&E 00 Q.08E 00 8.83EOO 8.&&E 00 8.54E 00 8.4&E 00 8.41E 00 8.40E 00·e.40E 00 
1 .10E 01 1.03E 01 q.77E 00 Q.3QE 00 Q.14E 00 Q.OOE 00 8.Q2E 00 8.QOE 00 8.Q1E 00 8.Q5E 00 8.Q&E 00 
1.0QE 01 1.02E 01 Q.71E 00 Q.34E 00 Q.OQE 00 8.Q3E 00 8.84E 00 8.81E 00 8.81E 00 8.83E 00 8.83E 00 
1.07E 01 1 .OO~ 01 Q.55E 00 Q.20E 00 8.Q&E 00 8.80E 00 8.70E 00 8.&5E 00 8.&4E 00 8.&5E 00 8.&5E 00 
1.03E 01 Q.73E 00 Q.30E 00 8.QQE 00 8.7&E 00 8.&lE 00 8.51E 00 8.45E 00 8.42E 00 8.42E 00 8.42E 00 
Q.73E 00 Q.33E 00 8.QQE 00 8.72E 00 8.52E 00 8.38E 00 8.28E 00 8.22E 00 8.1QE 00 8.18E 00 8.18E 00 
Q.15E 00 8.88E 00 8.&3E 00 8.42E 00 8.2&E 00 8.14E 00 8.05E 00 7.QQE 00 7.Q&E 00 7.Q4E 00 7.Q4E 00 
8.5&E 00 8.41E 00 8.25E 00 8.11E 00 7.QQE 00 7.8QE 00 7.82E 00 7.77E 00 7.73E 00 7.71E 00 7.71E 00 
7.Q2E 00 7.QOE 00 7.84E 00 7.77E 00 7.70E 00 7.&3E 00 7.58E 00 7.53E 00 7.50E 00 7.48E 00 7.48E 00 
&~82E 00 7.00E 00 7.12E 00 7.17E 00 7.1QE 00 7.18E 00 7.17E 00 7.1SE 00 7.13E 00 7.11E 00 7.11E 00 
5.Q&E 00 &.30E 00 &.54E 00 &.70E 00 &.7QE 00 &.84E 00 &.8&E 00 &.8&E 00 &.85E 00 &.83E 00 &.83E 00 
5.2QE 00 5.74E 00 &.OC)E 00 &.33E 00 &.48E 00 &.57E 00 &.b2E 00 &.&4E 00 &.&4E 00 &.&2E 00 &.&2E 00 
4.71E 00 5.27E 00 5.70E 00 &.OlE 00 &.21E 00 &.34E 00 &.42E 00 &.4&E 00 &.4&E 00 &.45E 00 &.45E 00 
3.&7E 00 4.40E 00 4.QQE 00 5.43E 00 5.73E 00 5.Q3E 00 &.O&E 00 &.13E 00 &.l&E 00 &.15E 00 &.15E 00 



·'-0.0015& ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o I = 13 14 15 1& 17 18 1~ 20 21 22 23 
X = 0.14&&~ 0.1702& 0.1~&43 0.22547 0.25771 0.2~34q 0.33321 0.37500 0.4107~ 0.45858 0.50037 o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 ~.74f.-01 ~.75E-01 ~.7&E-01 ~.77E-01 ~.77E-01 ~.78E-01 ~.78E-01 ~.78E-01 ~.78E-01 ~.78E-01 ~.78E-01 
1~ 0.05~37 8.&3E-01 8.70E-01 8.77E-01 8.81E-01 8.84E-01 8.8&E-01 8.88E-01 8.8SE-01 8.8~E-01 8.88E-01 8.88E-01 
18 0.055~4 7.14E-01 7.31E-01 7.45E-01 7.55E-01 7.&1E-01 7.&5E-01 7.&7E-01 7.&~E-01 7.&~E-01 7.&8E-01 7.&8E-01 
17 0.05344 &.13E-01 &.3&E-01 &.55E-01 &.&8E-01 &.77E-01 &.82E-01 &.8&E-01 &.87E-01 &.87E-01 &.87E-01 &.e&E-01 
1& 0.05078 5.15E-01 5.43E-01 5.&&E-01 5.82E-01 5.~3E-01 &.00E-01 &.04E-01 &.0&E-01 &.07E-01 &.0&E-01 &.0&E-01 
15 0.04812 4.25E-01 4.58E-01 4.84E-01 5.03E-01 5.1&E-01 5.24E-01 5.2~E-01 5.31E-Ot 5.32E-01 5.31E-01 5.31E-01 
14 0.045&2 3.4~E-01 3.85E-01 4.13E-01 4.34E-01 4.48E-01 4.58E-01 4.&4E-01 4.&7E-01 4.&7E-01 4.&7E-01 4.&7E-01 
13 0.04328 2.8&E-01 3.23E-01 3.53E-01 3.75E-01 3.~1E-01 4.01E-01 4.01E-01 4.10E-01 4.12E·-Ol 4.11E-01 4.11E-01 
12 0.040~4 2.31E-01 2.&8E-01 2.~~E-01 3~22E-Ol 3.38E-01 3.48E-01 3.55E-Ol 3.5~E-01 3.&OE-01 3.&OE-01 3.&OE-01 
11 0.0371~ 1.57E-01 1.~4E-01 2.24E-01 2.47E-01 2.&3E-01 2.74E-01 2.81E-01 2.85E-01 2.87E-01 2.87E-01 2.87E-01 
10 0.03437 1.13E-01 1.48E-01 1.77E-01 1 .~~E-01 2.15E-01 2.2&E-Ol 2.33E-01 2.37E-01 2.3~E-01 2.3~E-01 2.3~E-01 
~ 0.0321~ 8.4~E-02 1.18E-01 1.45£-01 1.&7E-01 1.82E-01 1 .~3E-01 2.00E-01 2.04E-01 2.05E-01 2.0&E-Ol 2.0&E-01 
8 0.03031 &.48E-02 ~.57E-02 1.22E-Ol 1.42E-01 1.57E-01 1.&7E-Ol 1.74F.-Ol 1 .77E-Ol 1.7~E-01 1.80E-Ol 1.7~E-Ol 
7 0.02&87 3.&5E-02 &.31E-02 8.5~E-02 1.04E-Ol 1.1&E-Ol 1.2&E-01 1.32E-Ol 1.35E-Ol 1.37E-01 1.37E-01 1.37E-Ol 
& 0.02187 1.14E-02 3.10E-02 4.80E-02 &.15E-02 7.13E-02 7.82E-02 8.30E-02 8.58E-02 8.71E-02 8.75E-02 8.74E-02 
5 0.01b25 -3.~4E-04 1.14E-02 2.18E-02 3.01E-02 3.&2E-02 4.0&E-02 4.3&E-02 4.54E-02 4.&3E-02 4.&5E-02 4.&5E-02 
4 0.010&2 -2.J5E-03 3.04E-03 7.7~E-03 1.1&E-02 1.45E-02 1.&5E-02 1 .7~E-02 1.88E-02 1.~2E-02 1 .~3E-02 1 .~3E-02 
3 0.005&2 -1.01E-03 5.4~E-04 1 .~3E-03 3.0&E-03 3.~OE-03 4.4~E-03 4.~lE-03 5.1&E-03 5.2~E-03 5.32E-03 5.32E-03 
2 0.0015& -~.13E-05 3.11E-05 1.40E-04 2.28E-04 2.~4E-04 3.42E-04 3.74E-04 3.~4E-04 4.04E-04 4.07E-04 4.07E-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STREAMLINES -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253~ 0.035&1 0.04&~7 0.05q57 0.0735& 0.08~0~ 0.10&32 0.12545 
o J Y 

11 1.00000 0.00 3.12E-02 3.~lE-02 4.&~E-02 5.47E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 0.25E-02 0.25E-02 
10 O.~OOOO 0.00 2.q&E-02 3.58E-02 4.40E-02 5.27E-02 5.~4E-02 0.05E-02 0.07E-02 0.07E-02 0.00E-02 0.04E-02 0.03E-02 
~ 0.80000 0.00 2.7~E-02 3.30E-02 4.22E-02 5.07E-02 5.70E-02 5.87E-02 5.~OE-02 5.8~E-02 5.87E-02 5.84E-02 5.82E-02 
8 0.70000 0.00 2.01E-02 3.0&E-02 3.~5E-02 4.84E-02 5.47E-02 5.&QE-02 5.73E-02 5.71E-02 5.08E-02 5.04E-02 5.00E-02 
7 0.00000 0.00 2.41E-02 2.84E-02 3.07E-02 4.&lE-02 5.20E-02 5.51E-02 5.55E-02 5.53E-02 5.48E-02 5.43E-02 5.37E-02 
& 0.50000 0.00 2.21E-02 2.&lE-02 3.40E-02 4.37E-02 5.05E-02 5.32E-02 5.37E-02 5.34E-02 5.28E-02 5.21E-02 5.12E-02 
5 0.40000 0.00 1 .~&E-02 2.3&E-02 3.14E-02 4.12E-02 4.84E-02 5.13E-02 5.1~E-02 5.15E-02 5.00E-02 4.~oE-02 4.85E-02 
4 0.30000 0.00 1.70E-02 2.10E-02 2.8&E-02 3.84E-02 4.00E-02 4.~3E-02 4.~~E-02 4.~3E-02 4.82E-02 4.07E-02 4.53E-02 
3 0.20000 0.00 1.37E-02 1.78E-02 2.55E-02 3.SoE-02 4.30E-02 4.71E-02 4.77E-02 4.08E-02 4.52E-02 4.33E-02 4.14E-02 
2 0.10000 0.00 ~.oqE-03 1.3&E-02 2.20E-02 3.23E·-02 4.07E-02 4.40E-02 4.50E-02 4.37E-02 4.13E~02 3.80E-02 3.01E-02 
1 0.00000 0.00 0.00 3.14E-03 1 .&oE-02 2.81E-02 3.74E-02 4.15E-02 4.10E-02 3.8~E-02 3.51E-02 3.07E-02 2.40E-02 

o I = 13 14 15 '0 17 18 1~ 20 21 22 23 
X = 0.14&0~ 0.17020 0.1~043 0.22547 0.25771 0.2~34~ 0.33321 0.37500 0.4107~ 0.45858 0.50037 

o J Y 
11 1 .00000 
10 O.QOOOO 
~ 0.80000 
8 0.70000 
7 0.&0000 
o 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 
1 0.00000 

0.25E-02 0.25E-02 &.25E-02 0.25E-02 0.25E-02 0.25E-02 &.25E-02 0.25E-02 0.25E-02 0.25E-02 0.25E-02 
0.02E-02 0.01E-02 0.00E-02 5.~~E-02 5.~8E-02 5.~7E-02 5.~7E-02 5.~7E-02 5.~7E-02 5.~7E-02 5.~7E-02 
5.7~E-02 5.7&E-02 5.74E-02 5.72E-02 5.70E-02 5.&~E-02 5.0~E-02 5.08E-02 5.08E-02 5.08E-02 5.08E-02 
5.50E-02 5.51E-02 5.47E-02 5.44E-02 5.41E-02 5.40E-02 5.3~E-02 5.38E-02 5.38E-02 5.3QE-02 5.3QE-02 
5.31E-02 5.24E-02 5.18E-02 5.13E-02 5.10E-02 5.08E-02 5.00E-02 5.00E-02 5.05E-02 5.00E-02 5.00E-02 
5.03E-02 4.Q4E-02 4.87E-02 4.80E-02 4.75E-02 4.72E-02 4.70E-02 4.0~E-02 4.0~E-02 4.0~E-02 4.0~E-02 
4.73E-02 4.&lE-02 4.51E-02 4.43E-02 4.37E-02 4.33E-02 4.30E-02 4.28E-02 4.27E-02 4.28E-02 4.28E-02 
4.38E-02 4.23E-02 4.10E-02 3.~8E-023.QOE-02 3.85E-02 3.81E-02 3.7~E-02 3.78E-02 3.7~E-02 3.7~E-02 
3.Q4E-02 3.75E-02 3.58E-02 3.44E-02 3.34E-02 3.27E-02 3.22E-02 3.1~E-02 3.18E-02 3.18E-02 3.18E-02 
3.34E-02 3.07E-02 2.82E-02 2.04E-02 2.51E-02 2.42E-02 2.3&E-02 2.33E-02 2.32E-02 2.31E~02 2.31E-02 
1.&4E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



x = -0.003q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153q 0.13552 
o J Y 

o 

21 0.0&312 
20 0.0&187 
1q 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

1= 
X = 

o J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 2.18E 01 2.20E 01 2.22E 01 2.24E 01 2.2qE 01 2.42E 01 2.&1E 01 2.82E 01 
0.00 0.00 0.00 0.00 2.2&E 01 2.2&E 01 2.2qE 01 2.33E 01 2.40E 01 2.54E 01 2.73E 01 2.q2E 01 
~.OO 0.00 0.00 0.00 2.33E 01 2.31E 01 2.33E 01 2.38E 01 2.4qE 01 2.&4E 01 2.80E 01 2.q4E 01 
0.00 0.00 0.00 2.5&E 01 2.44E 01 2.3qE 01 2.40E 01 2.4&E 01 2.58E 01 2.71E 01 2.83E 01 2.q4E 01 
0.00 0.00 0.00 2.&5E 01 2.4qE 01 2.44E 01 2.48E 01 2.57E 01 2.&qE 01 2.78E 01 2.8&E 01 2.93E 01 
0.00 0.00 0.00 2.75E 01 2.54E 01 2.4qE 01 2.5&E 01 2.&8E 01 2.7qE 01 2.85E 01 2.8qE 01 2.q1E 01 
0.00 0.00 3.28E 01 2.8qE 01 2.57E 01 2.53E 01 2.&5E 01 2.78E 01 2.87E 01 2.qOE 01 2.8qE 01 2.88E 01 
0.00 0.00 3.3qE 01 2.88E 01 2.53E 01 2.55E 01 2.72E 01 2.87E O~ 2.q3E 01 2.q2E 01 2.88E 01 2.84E 01 
0.00 0.00 3.54E 01 2.87E 01 2.50E 01 2.58E 01 2.80E 01 2.q3E 01 2.q&E 01 2.q3E 01 2.8&E 01 2.7qE 01 
0.00 4.74E 01 3.7qE 01 2.84E 01 2.4&E 01 2.&4E 01 2.88E 01 2.q7E 01 2.q&E 01 2.88E 01 2.78E 01 2.&8E 01 
0.00 4.qqE 01 3.70E 01 2.&7E 01 2.40E 01 2.&&E 01 2.88E 01 2.q5E 01 2.q1E 01 2.81E 01 2.70E 01 2.58E 01 
0.00 5.30E 01 3.&7E 01 2.57E 01 2.38E 01 2.&5E 01 2.84E 01 2.8QE 01 2.84E 01 2.74E 01 2.&1E 01 2.48E 01 

7.43E 01 5.&3E 01 3.&OE 01 2.48E 01 2.3&E 01 2.&2E 01 2.7QE 01 2.82E 01 2.7&E 01 2.&5E 01 2.52E 01 2.3QE 01 
7.43E 01 5.48E 01 3.40E 01 2.34E 01 2.31E 01 2.50E 01 2.&2E 01 2.&4E 01 2.58E 01 2.47E 01 2.34E 01 2.20E 01 
7.43E 01 5.17E 01 3.03E 01 2.0&E 01 2.13E 01 2.21E 01 2.2&F. 01 2.27E 01 2.22E 01 2.12E 01 2.00E 01 1.88E 01 
7.43E 01 4.71E 01 2.45E 01 1 .74E 01 1 .74E 01 1.74E 01 1.75E 01 1.7&E 01 1 .72E 01 1.&5E 01 1.5&E 01 1.45E 01 
7.43E 01 4.0QE 01 1.55E 01 1 .30E 01 1.22E 01 1.1QE 01 1.18E 01 1.18E O~ 1 .1&E 01 1 .12E 01 1.05E 01 Q.81E 00 
7.43E 01 3.0QE 01 7.&4E 00 7.2QE 00 0.7&E 00 &.47E 00 &.38E 00 &.37E 00 &.28E 00 &.O&E 00 5.72E 00 5.32E 00 
7.43E 01 8.5QE 00 2.12E 00 2.03E 00 1.88E 00 1.80E 00 1.77E 00 1 .77E 00 1.74E 00 1.&8E 00 1.5QE 00 1.48E 00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1q 20 21 22 23 

0.1'578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&q 0.47q4e 0.52127 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.QQE 01 3.11E 01 3.17E 01 3.17E 01 3.14E 01 3.08E 01 2.QQE 01 2.Q1E 01 2.82E 01 2.7QE 01 0.00 
1Q 0.05Q37 3.08E 01 3.18E 01 3.24E 01 3.2&E 01 3.25E 01 3.21E 01 3.17E 01 3.11E 01 3.0&E 01 3.00E 01 0.00 
180.055Q4 3.0&E 01 3.14E 01 3.17E 01 3.18E 01 3.17E 01 3.14E 01 3.10E 01 3.05E 01 3.00E 01 2.Q5E 01 0.00 
17 0.05344 3.03E 01 3.08E 01 3.10E 01 3.10E 01 3.08E 01 3.04E 01 3.00E 01 2.Q&E 01 2.Q1E 01 2.8&E 01 0.00 
1& 0.05078 2.Q8E 01 3.01E 01 3.01E 01 3.00E 01 2.Q7E 01 2.Q3E 01 2.8QE 01 2.84E 01 2.7QE 01 2.74E 01 0.00 
15 0.04812 2.Q3E 01 2.Q3E 01 2.Q1E 01 2.88E 01 2.85E 01 2.81E 01 2.7&E 01 2.71E 01 2.&7E 01 2.&2E 01 0.00 
14 0.045&2 2.87E 01 2.85E 01 2.81E 01 2.77E 01 2.73E 01 2.&8E 01 2.&3E 01 2.SQE 01 2.54E 01 2.4QE 01 0.00 
13 0.04328 2.80E 01 2.7&E 01 2.71E 01 2.&7E O~ 2.&2E 01 2.57E 01 2.51E 01 2.47E 01 2.42E 01 2.37E 01 0.00 
120.040Q4 2.73E 01 2.&7E 01 2.&1E 01 2.55E 01 2.~OE 01 2.44E 01 2.3QE 01 2.34E 01 2.30E 01 2.25E 01 0.00 
11 0.0371Q 2.5QE 01 2.51E 01 2.43E 01 2.3&E 01 2.30E 01 2.24E 01 2.1QE 01 2.14E 01 2.0QE 01 2.05E 01 0.00 
10 0.03437 2.47E 01 2.37E 01 2.2QE 01 2.21E 01 2.15E 01 2.0QE 01 2.03E 01 1.~QE 01 1.Q4E 01 1.QOE 01 0.00 
Q 0.0321Q 2.37E 01 2.26E 01 2.17E 01 2.0QE 01 2.03E 01 1.Q7E 01 1.Q1E 01 1.8&E 01 1.82E 01 1 .78E 01 0.00 
8 0.03031 2.27E 01 2.1&E 01 2.07E 01 1.QQE 01 1.Q2E 01 1.8&E 01 1.81E 01 1.7&E 01 1 .72E 01 1.&8E 01 0.00 
7 0.02&87 2.08E 01 1.QbE 01 1.87E 01 1 .7QE 01 1.72E 01 1.&&E 01 1.&1E 01 1.57E 01 1.53E 01 1.4QE 01 0.00 
& 0.02187 1.7&E 01 1.&5E 01 1.5&E 01 1.48E 01 1.42E 01 1.37E 01 1.32E 01 1.28E 01 1.25E 01 1.22E 01 0.00 
5 0.01&25 1.35E 01 1.2&E 01 1 .18E 01 1 .12E 01 1.07E 01 1.03E 01 Q.8QE 00 Q.5QE 00 Q.31E 00 Q.08E 00 0.00 
4 0.010&2 Q.OQE 00 8.44E 00 7.8QE 00 7.44:~ 00 7.08E 00 &.78E 00 &.53E 00 &.32E 00 &.13E 00 5.Q7E 00 0.00 
3 0.005&2 4.Q2E 00 4.5&E 00 4.25E 00 4.00E 00 3.80E 00 3.&4E 00 3.50E 00 3.38E 00 3.28E 00 3.1QE 00 0.00 
2 0.0015& 1.37E 00 1.27E 00 1 .18E 00 1 .11E 00 1.0&E 00 1.01E 00 Q.71E-01 Q.3QE-01 Q.11E-01 8.87E-01 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
1Q 0.05Q37 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0(1 
0.00 1.85E 03 1.QOE 03 1.85E 03 1.84E 03 1.87E 03 1.8QE 03 1.Q1E 03 1.Q2E OJ 
0.00 1.80E 03 1.87E 03 1.82E 03 1.82E 03 1.84E 03 1.8&E 03 1.87E 03 1.88E OJ 



o 

17 0.41087 
10 0.3q502 
15 0.37500 
14 0.35502 
13 0.33087 
12 0.31250 
11 0.28025 
10 0.20025 
q 0.25000 
8 0.22875 
7 0.1q500 
o 0.15250 
5 0.10750 
4 0.00500 
3 0.02875 
2 0.00000 
1 0.00000 

I = 
X = 

0.00 0.00 0.00 2.25E-Ol 3.45E-01 1.03E-Ol-1 .45E-02-4.3QE-02-3.Q4E-02-2.87E-02-2.01E-02-1.35E-02 
0.00 0.00 0.00 4.45E-01 3.00E-Ol 1.00E-01-3.08E-02-0.00E-02-5.13E-02-3.04E-02-2.54E-02-1 . 72E-02 
0.00 0.00 0.00 0.75E-01 3.07E-01 8.44E-02-4.Q5E-02-7.42E-02-5.Q8E-02-4.21E-02-2.Q8E-02-2.05E-02 
0.00 0.00 3.24E-Ol 0.33E-Ol 3.43E-Ol 5.7QE-02-0.5QE-02-8.24E-02-0.40E-02-4.00E-02-3.31E-02-2.33E-02 
0.00 0.00 5.77E-01 0.30E-Ol 3.14E-01 3.32E-02-7.01E-02-8.50E-02-0.00E-02-4.83E-02-3.50E-02-2.55E-02 
0.00 0.00 8.Q4E-Ol 0.33E-01 2.02E-Ol-1.74E-04-8.18E-02-8.43E-02-0.04E-02-4.QQE-02-3.80E-02-2.80E-02 
0.00 4.31E-01 8.05E-Ol 5.Q3E-Ol 1.71E-01-2.41E-02-7.51E-02-7.04E-02-0.27E-02-4.Q4E-02-3.Q2E-02-2.QoE-02 
0.00 0.Q4E-01 8.Q5E-01 5.45E-Ol 1 .OQE-01-3.08E-02-0.05E-02-0.80E-02-5.80E-02-4.82E-02-3.Q3E-02-3.03E-02 
0.00 Q.17E-01 Q.15E-01 4.88E-01 0.8QE-02-3.20E-02-5.85E-02-0.18E-02-5.48E-02-4.00E-02-3.8QE-02-3.05E-02 
0.00 Q.03E-Ol Q.12E-01 4.03E-Ol 2.30E-02-3.13E-02-4.7QE-02-5.20E-02-4.Q5E-02-4.42E-02-3.80E-02-3.03E-02 
0.00 Q.03E-Ol 8.03E-01 2.33E-01-1 .Q4E-02-2.73E-02-3.30E-02-3.88E-02-4.00E-02-3.Q2E-02-3.52E-02-2.QOE-02 
0.00 Q.10E-Ol 7.07E-01 2. 15E-02-3.03E-02-2.22E-02-2.03E-02-2.4QE-02-2.Q7E-02-3. 15E-02-2.Q8E-02-2.52E-02 
0.00 Q.03E-Ol 3.75E-01-0.05E-02-3.27E-02-1.75E-02-1.21E-02-1 .45E-02-1.Q4E-02-2.23E-02-2.22E-02-1 .Q2E-02 
0.00 7.02E-Ol 3.10E-02-3.3QE-02-2.31E-02-1.17E-02-0.81E-03-7.78E-03-1.11E-02-1 .34E-02-1 .38E-02-1 .21E-02 
0.00 4.07E-01-4.00E-02-1 .75E-02-1 .10E-02-5.41E-03-2.Q5E-03-3.20E-03-4.77E-03-5.Q3E-03-0.lQE-03-5.47E-03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 10 17 18 lQ 20 21 22 23 
1.2028Q 1.40130 1.08153 1.Q2SQ8 2.1Q733 2.4QS52 2.83285 3.10718 3.50150 3.83583 4.17015 

o J Y 
21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 -1 .10E-03-4.84E-04-1 .33E-04 1.qlE-05 0.14E-05 4.80E-05 5.32E-05 4.q5E-05 q.33E-05 3.04E-07 0.00 
lq 0.40125 -3.2qE-03-1 .55E-03-5.44E-04-5.20E-05 1.4qE-04 1.q5E-04 2.53E-04 2.oqE-04 2.80E-04-4.20E-07 0.00 
18 0.43750 -5.84E-03-2.q8E-03-1 .28E-03-3.q4E-04 1.oqE-05 1.75E-04 3.1qE-04 3.80E-04 3.q4E-04-1.24E-Oo 0.00 
17 0.41087 -8.20E-03-4.3qE-03-2.08E-03-8.30E-04-2.18E-04 0.00E-05 2.q&E-04 4.05E-04 4.48E-04-1.01E-Oo 0.00 
10 0.3q502 -1.07E-02-5.qoE-03-3.04E-03-1 .41E-03-5.5qE-04-1.37E-04 2.04E-04 3.72E-04 4.~4E-04-1 .01E-Oo 0 00 
15 0.37500 -1 .30E-02-7.52E-03-4.04E-03-"2.04E-03-q.57E-04-3.82E-04 0.qoE-05 3.00E-04 4.50E-04-1 .31E-Oo 0.00 
14 0.35502 -1.51E-02-8.qoE-03-5.01E-03-2.07E-03-1 .30E-03-0.3qE-04-8.24E-05 2.10E-04 4.18E-04-q.01E-07 0.00 
13 0.33087 -1.oQE-02-1 .03E-02-5.Q3E-03-3.2QE-03-1 .77E-03-Q.00E-04-2.42E-04 1 .10E-04 3.74E-04-5.33E-07 0.00 
12 0.31250 -1 .QOE-02-1 .lQE-02-7.07E-03-4.07E-03-2.2QE-03-1.24E-03-4.50E-04-2.75E-05 3.05E-04-2.53E-07 0.00 
110.28025 -2.00E-02-1 .32E-02-8.08E-03-4.78E-03-2.78E-03-1.50E-03-0.08E-04-1 .oQE-04 2.24E-04-5.00E-07 0.00 
10 0.20025 -2.14E-02-1 .40E-02-8.08E-03-5.23E-03-3.0QE-03-1.77E-03-8.10E-04-2.07E-04 1 .03E-04-1 .03E-Oo 0.00 
Q 0.25000 -2.18E-02-1 .44E-02-Q.OoE-03-5.52E-03-3.30E-03-1.Q1E-03-Q.OQE-04-3.37E-04 1 .10E-04-1 .03E-Oo 0.00 
8 0.22875 -2.21E-02-1 .48E-02-Q.43E-03-5.82E-03·3.52E-03-2.07E-03-1 .02E-03-4.18E-04 5.80E-05-2.45E-Oo 0.00 
7 0.lQ500 -2.15E-02-1 .48E-02-Q.50E-03-5.QQE-03-3.07E-03-2.18E-03-1 .12E-03-5.05E-04-1 .88E-05-3.3QE-Oo 0.00 
o 0.15250 -1.Q2E-02-1 .34E-02-8.82E-03-5.01E-03-3.47E-03-2.08E-03-1 .11E-03-5.28E-04-7.70E-05-3.02E-Oo 0.00 
5 0.10750 -1 .4QE-02-1 .05E-02-7.03E-03-4.51E-03-2.82E-03-1.70E-03-Q.18E-04-4.54E-04-Q.38E-05-2.Q4E-Oo 0.00 
4 0.00500 -Q.4QE-03-0.7QE-03-4.50E-03-2.Q4E-03-1 .85E-03-1 .11E-03-0.08E-04-3.00E-04-7.27E-05-1 .81E-Oo 0.00 
3 0.02875 -4.30E-03-3.08E-03-2.08E-03-1.34E-03-8.44E-04-5.0QE-04-2.7QE-04-1 .41E-04-3.57E-05-7.71E-07 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 0 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.10430 0.24187 0.327Qo 0.42352 0.52QoO 0.04735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50500 
20 0.4Q500 
lQ 0.47500 
18 0.44750 
17 0.42750 
10 0.40025 
15 0.38500 
14 0.30500 
13 0.34025 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 
0.00 0.007.27E-Ol 
0.00 0.007.52E-01 
0.00 0.007.70E-01 
0.00 8.53E-01 8.13E-01 
0.00 8.82E-01 8.30E-Ol 
0.00 Q.18E-Ol 8.40E-Ol 

1.0QE 00 Q.04E-01 8.57E-Ol 
1.13E 00 Q.o1E-01 8.45E-Ol 

0.00 
7.35E-Ol 
7.54E-01 
7.70E-01 
7.QoE-01 
8.14E-Ol 
8.2QE-01 
8.42E-01 
8.4QE-01 

0.00 
7.40E-Ol 
7.02E-Ol 
7.70E-01 
8.00E-Ol 
8.27E-Ol 
8.54E-01 
8.82E-Ol 
Q.08E-01 

0.00 
7.47E-Ol 
7.75E-Ol 
7.Q4E-Ol 
8.21E-01 
8.57E-01 
8.Q4E-Ol 
Q.28E-01 
Q.50E-01 

0.00 0.00 0.00 0.00 
7.04E-01 8.05E-Ol 8.71E-Ol q.40E-Ol 
8.00E-Ol 8.48E~01 q.12E-Ol q.75E-Ol 
8.2qE-Ol 8.78E-Ol ~.32E-Ol q.81E-Ol 
8.5qE-Ol q.03E-Ol q.44E-Ol q.81E-Ol 
8.q5E-Ol Q.28E-Ol q.55E-Ol q.77E-Ol 
q.2qE-Ol q.50E-Ol q.02E-Ol q.71E-Ol 
q.57E-Ol q.ooE-Ol q.04E-Ol q.olE-Ol 
q.7bE-Ol q.74E-Ol q.02E-Ol q.48E-Ol 



x O. 18 0 2 4 b 8 0.18 x 0.20 + + 0.20 
X 0.22 0 2 4 b 8 1 0.22 
X 0.24 0.24 
X 0.2& 0 2 4 b 8 0.2& 
X 0.28 0.28 
X 0.30 + 0 2 4 b 8 + 0.30 
X 0.32 0.32 
X 0.34 0 2 4 b 8 0.34 
X 0.3& 0.3& 
X 0.38 0.38 
X 0.40 + 0 2 4 b 8 + 0.40 
X 0.42 0.42 
X 0.44 · 0.44 
X 0.4b 0 2 4 8 0.4b 
X 0.48 0.48 
X 0.50 + + 0.50 
X 0.52 0 2 4 8 0.52 
X 0.54 0.54 
X 0.5b · 0.5& 
X 0.58 0 2 4 8 0.58 
X O.bO + + O.bO 
X 0.b2 0.b2 
X 0.b4 · 0.b4 
X O.bb 0 2 4 b 8 O.bb 
X 0.b8 0.b8 
X 0.70 + -+ 0.70 
X 0.72 · 0.72 
X 0.74 0 2 4 8 0.74 
X 0.7b 0.7b 
X 0.78 0.78 
X 0.80 + + 0.80 
X 0.82 · 0.82 
X 0.84 0 2 4 8 0.84 
X 0.8& 0.8b 
X 0.88 0.88 
)( 0.<30 + + 0.<30 
X 0.<32 0 2 4 8 0.<32 
X 0.<34 0.<34 
X O.<3b O.<3b 
X 0.<38 · 0.<38 
X 1.00 0 ......... + ......... + ....... 2.+ ..... 4 ..... ·.b ... 8 ... 1 ......... + ......... + ......... + ......... + ......... + 1.00 

0.0 0.1 0.2 0.3 0.4 0.5 O.b 0.7 0.8 0.<3 1 .0 

DIMENSIONLESS STREAMLINE PLOT 
lX-AXIS IS XI 

Y-AXES ARE 00 02 04 Ob 08 10 
SYMBOL 0 2 4 b 8 1 
MAXIMUM VALUES 0.381E 02 0.408E 02 0.430E 02 0.452E 02 0.475E 02 0.500E 02 

RADIAL POSITION 2R/D 



COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 
X = 0.00000 0.00000 0.00787 0.01b17 0.02S3~ 0.035&1 0.04&~7 0.OS~S7 0.0735& 0.08~0~ 0.10&32 0.12S4S o J Y 

21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 0.00 0.00 0.00 0.00 0.00 7.22E 00 1.31E 01 1.4&E 01 1.37E 01 1.27E 01 1 .1~E 01 1.12E 01 
lq 0.OSq37 0.00 0.00 0.00 0.00 0.00 1.22E 01 1.&SE 01 1.&&E 01 1.S3E 01 1.40E 01 1.28E 01 1 .1~E 01 
180.0SSq4 0.00 0.00 0.00 0.00 0.00 1 .7&E 01 1.~7E 01 1.8SE 01 1.&SE 01 1.4&E 01 1.31E 01 1.20E 01 
170.0S344 0.00 0.00 0.00 0.00 2.44E 01 ~.l~E 01 2.12E 01 1.8~E 01 1.&4E 01 1.44E 01 1 .2~E 01 1 .1~E 01 
1& 0.OS078 0.00 0.00 0.00 0.00 2.21E 01 2.17E 01 2.02E 01 1.77E 01 1.S3E 01 1 .3&E 01 1.24E 01 1.1&E 01 
lS 0.04812 0.00 0.00 0.00 0.00 2.2~E 01 2.12E 01 1 .7~f. 01 1.S2E 01 1.3SE 01 1.2SE 01 1 .17E 01 1 .10E 01 
140.04S&2 0.00 0.00 0.00 3.S1E 01 2.S4E 01 1.~lE 01 1.44E 01 1.23E 01 1.lSE 01 1 .12E 01 1.0SE 01 1.03E 01 
13 0.04328 0.00 0.00 0.00 2.&4E 01 2.13E 01 1.44E 01 1.03E 01 ~.32E 00 ~.S8E 00 ~.83E 00 ~.7~E 00 ~.S4E 00 
120.040Q4 0.00 0.00 0.00 2.32E 01 1.82E 01 1.00E 01 &.30E 00 &.S4E 00 7.&7E 00 8.42E 00 8.&~E 00 8.&&E 00 
11 0.0371~ 0.00 0.00 3.37E 01 2.3SE Q1 1.3SE 01 2.&2E 00 8.70E-Ol 2.7SE 00 4.7&E 00 &.07E 00 &.7SE 00 7.0&E 00 
10 0.03437 0.00 0.00 2.2&E 01 1.7~E 01 S.&2E 00-2.13E 00-2.0SE 00 3.8&E-Ol 2.70E 00 4.2&E 00 S.20E 00 S.7&E 00 
~ 0.0321~ 0.00 0.00 2.04E 01 1.4~E 01 1.31E 00-4.SSE 00-3.80E 00-1.24E 00 1.1&E 00 2.8&E 00 3.~7E 00 4.71E 00 
8 0.03031 0.00 3.00E 01 2.1SE 01 1.2SE 01-1.3~E OO-&.OlE 00-S.02E 00-2.S0E 00-1.03E-Ol 1.&7E 00 2.~lE 00 3.80E 00 
7 0.02&87 0.00 3.00E 01 2.1SE 01 8.81E OO-S.&lE 00-7.73E 00-&.71E 00-4.S3E 00-2.?~E 00-4.&SE-Ol ~.7SE-Ol 2.13E 00 
& 0.02187 0.00 3.00E 01 1 .~&E 01 1.0~E 00-8.~SE 00-~.2&E 00-8.47E OO-&.~&E 00-S.13E 00~3.3SE 00-1 .71E 00-2.32E-Ol 
5 0.01&25 0.00 3.00E 01 1.43E 01-1.01E 01-1.11E 01-1.0&E 01-~.~~E 00-~.07E 00-7.74E 00-&.10E 00-4.32E 00-2.S7E 00 
4 0.010&2 0.00 3.00E 01 1.&~E 00-1.4SE 01-1.2~E 01-1.18E 01-1.12E 01-1 .O&E 01-~.S~E 00-8.14E 00-&.32E 00-4.3&E 00 
3 0.005&2 0.00 3.00E 01-1.4~E 01-1 .&3E 01-1.40E 01-1.2&E 01-1.18E 01-1 .14E 01-1 .O&E 01-~.2SE 00-7.43E 00-S.38E 00 
20.001S& 0.00 3.00E 01-2.4SE 01-1 .7SE 01-1.4SE 01-1.2~E 01-1.21E 01-1 .1&E 01-1 .O~E 01-~.&SE 00-7.83E OO-S.7SE 00 

o 
1-0.001S& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 1& 17 18 1~ 20 21 22 23 
X = 0.14&&~ 0.1702& 0.1~&43 0.22547 0.25771 O.2~34~ 0.33321 0.37500 0.41&7~ 0.45858 0.50037 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.07E 01 1.04E 01 1.03E 01 1.03E 01 1.04E 01 1.0SE 01 1.0SE 01 1.0&E 01 1.0&E 01 1.07E 01 1.07E 01 
lQ 0.OS~37 1.12E 01 1.08E 01 1.0&E 01 1.0&E 01 1.0&E 01 1.07E 01 1.07E 01 1.08E 01 1 .O~E 01 1 .10E 01 1 .10E 01 
180.0SSQ4 1.13E 01 1.0eE 01 1.0SE 01 1.04E 01 1.03E 01 1.02E 01 1.02E 01 1.03E 01 1.03E 01 1.04E 01 1.04E 01 
170.0S344 1.12E 01 1.0&E 01 1.03E 01 1.01E 01 ~.~4E 00 ~.8SE 00 ~.80E 00 ~.7~E 00 ~.80E 00 ~.82E 00 ~.82E 00 
1& 0.OS078 1.0~E 01 1.03E 01 ~.~7E 00 ~.71E 00 ~.S2E 00 ~.3~E 00 ~.31E 00 ~.2&E 00 ~.24E 00 ~.24E 00 ~.24E 00 
15 0.04812 1.04E 01 ~.~2E 00 ~.S4E 00 ~.2&E 00 ~.O&E 00 8.~OE 00 8.80E 00 8.73E 00 8.&8E 00 8.&7E 00 8.&7E 00 
14 0.04S&2 ~.84E 00 ~.42E 00 ~.07E 00 8.7~E 00 8.S8E 00 8.42E 00 8.30E 00 8.22E 00 8.1&E 00 8.14E 00 8.14E 00 
13 0.04328 ~.21E 00 8.87E 00 8.5&E 00 8.30E 00 8.10E 00 7.~SE 00 7.83E 00 7.74E 00 7.&8E 00 7.&SE 00 7.&SE 00 
120.040Q4 8.48E 00 8.24E 00 8.00E 00 7.78E 00 7.&OE 00 7.4&E 00 7.3SE 00 7.27E 00 7.21E 00 7.17E 00 7.17E 00 
11 0.0371Q 7.1SE 00 7.11E 00 7.01E 00 &.88E 00 &.77E 00 &.&7E 00 &.S8E 00 &.S2E 00 &.4&E 00 &.42E 00 &.42E 00 
10 0.03437 &.07E 00 &.20E 00 &.22E 00 &.18E 00 &.13E 00 &.07E 00 &.02E 00 S.~&E 00 S.~2E 00 S.88E 00 S.88E 00 
Q 0.0321Q S.l~E 00 S.4bE 00 S.S8E 00 S.b3E 00 S.&3E 00 S.&lE 00 S.S8E 00 S.SSE 00 S.SlE 00 S.47E 00 S.47E 00 
8 0.03031 4.43E 00 4.82E 00 S.04E 00 S.lSE 00 S.20E 00 S.22E 00 S.22E 00 S.20E 00 S.17E 00 S.14E 00 S.14E 00 
7 0.02&87 3.01E 00 3.&3E 00 4.04E 00 4.2~E 00 4.44E 00 4.S3E 00 4.S8E 00 4.S~E 00 4.S8E 00 4.SSE 00 4.SSE 00 
& 0.02187 1.01E 00 1.~&E 00 2.&3E 00 3.10E 00 3.41E 00 3.&lE 00 3.73E 00 3.7~E 00 3.80E 00 3.7~E 00 3.7~E 00 
5 0.01&25 -~.Q3E-Ol 2.8bE-Ol 1.2SE 00 1.~3E 00 2.40E 00 2.72E 00 2.~3E 00 3.03E 00 3.08E 00 3.08E 00 3.08E 00 
4 0.010&2 -2.S4E 00-1.00E 00 1 .7~E-Ol 1.04E 00 1.&4E 00 2.0&E 00 2.33E 00 2.47E 00 2.S4E 00 2.SSE 00 2.S&E 00 
3 0.005&2 -3.41E 00-1.73E 00-4.24E-Ol S.38E-Ol 1.22E 00 1.&8E 00 1.~~E 00 2.17E 00 2.2SE 00 2.27E 00 2.27E 00 



21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 ~.74E-Ol ~.74E-Ol ~.74E-01 ~.74E-01 ~.74E-01 ~.73E-01 ~.73E-01 ~.73E-01 ~.73E-01 ~.73E-01 ~.73E-01 
1q 0.05Q37 8.blE-Ol 8.b4E-Ol 8.bbE-Ol 8.bbE-Ol 8.b5E-Ol 8.b4E-Ol 8.b3E-Ol 8.b2E-01 8.blE-Ol 8.bOE-Ol 8.bOE-Ol 
180.055Q4 7.08E-Ol 7.18E-01 7.23E-Ol 7.24E-Ol 7.24E-Ol 7.22E-Ol 7.21E-Ol 7.1~E-Ol 7.17E-01 7.15E-01 7.15E-Ol 
17 0.05344 b.04E-01 b.18E-01 b.25E-Ol b.2~E-Ol b.2~E-Ol b.2~E-Ol b.27E-Ol b.25E-Ol b.23E-Ol b.21E-01 b.21E-01 
lb 0.05078 4.QQE-Ol 5.1QE-01 5.30E-01 5.35E-Ol 5.37E-Ol 5.38E-01 5.37E-Ol 5.35E-01 5.33E-Ol 5.31E-01 5.31E-01 
15 0.04812 4.04E-01 4.28E-Ol 4.42E-01 4.50E-01 4.54E-01 4.5bE-01 4.5bE-01 4.54E-01 4.53E-Ol 4.50E-01 4.50E-01 
14 0.045b2 3.23E-01 3.50E-01 3.b8E-01 3.78E-01 3.83E-Ol 3.8bE-01 3.87E-01 3.87E-01 3.85E-01 3.83E-01 3.83E-01 
13 0.04328 2.55E-01 2.85E-Ol 3.05E-Ol 3.17E-01 3.24E-01 3.28(-01 3.30E-01 3.30E-Ol 3.2~E-Ol 3.27E-Ol 3.27E-01 
12 0.040~4 1.~5E-Ol 2.28E-Ol 2.4~E-Ol 2.b3E-01 2.71E-Ol 2.7bE-Ol 2.7~E-Ol 2.7~E-Ol 2.7~E-01 2.77E-01 2.77E-Ol 
11 0.0371~ 1.17E-Ol 1.51E-01 1.74E-01 1.8~E-Ol 1 .~~E-Ol 2.05E-Ol 2.0~E-Ol 2.10E-0~ 2.10E-01 2.0~E-01 2.0~E-01 
10 0.03437 7.14E-02 1.05E-Ol 1.28E-Ol 1.44E-Ol 1.55E-01 1.b1E-01 1.b5E-01 1.b7E-01 1.b7E-01 1.b7E-01 1.b7E-01 
~ 0.0321~ 4.33E-02 7.57E-02 ~.8~E-02 1.15E-01 1.25E-01 1.32E-01 1.31E-01 1.38E-01 1 .3~E-01 1.38E-01 1.38E-01 
8 0.03031 2.40E-02 5.51E-02 7.7bE-02 ~.32E-02 1.04E-01 1.11E-01 1.15E-01 1.17E-01 1.18E-01 1.17E-01 1.17E-01 
7 0.02b87 -1.22E-03 2.b5E-02 4.70E-02 b.13E-02 7.12E-02 7.77E-02 8.1~E-02 8.40E-02 8.48E-02 8.4bE-02 8.4bE-02 
b 0.02187 -1.88E-02 2.52E-03 1.8bE-02 3.01E-02 3.81E-02 4.34E-02 4.b~E-02 4.88E-02 4.~bE-02 4.~bE-02 4.9bE-02 
5 0.01b25 -1.~~E-02-b.5~E-03 3.&5E-03 1 .11E-02 1.b3E-02 1 .~8E-02 2.21E-02 2.34E-02 2.40E-02 2.40E-02 2.40E-02 
4 0.010b2 -1.1bE-02-5.43E-03-b.ObE-04 2.~3E-03 5.41E-03 7.12E-03 8.25F.-03 8.87E-03 ~.17E-03 ~.23E-03 ~.23E-03 
3 0.005b2 -3.78E-03-1.~5E-03-5.23E-04 5.27E-04 1.27E-03 1 .78E-03 2.12E-03 2.31E-03 2.40E-03 2.42E-03 2.42E-03 
2 0.0015b -3.10E-04-1.b7E-04-5.3bE-05 2.~bE-05 8.8&E-05 1 .2~E-04 1.5&E-04 1 .71E-0~ 1 .7~E-04 1.80E-04 1.80E-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STREAMLINES -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253~ 0.035&1 0.04&~7 0.05~57 0.0735& 0.08~0~ 0.10&32 0.12545 
o J Y 

11 1.00000 0.00 3.12E-02 3.~lE-02 4.&QE-02 5.47E-02 &.25E-02 &.25E-02 &.25E-02 &.?5E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.~OOOO 0.00 2.~&E-02 3.~1E-02 4.&~E-02 5.47E-02 5.~8E-02 &.08E-02 &.0~E-02 &.08E-02 &.0&E-02 &.05E-02 &.03E-02 
~ 0.80000 0.00 2.7~E-02 3.&5E-02 4.4~E-02 5.23E-02 5.7~E-02 5.~2E-02 5.~3E-02 5.~1E-02 5.88E-02 5.85E-02 5.82E-02 
8 0.70000 0.00 2.&lE-02 3.51E-02 4.38E-02 5.11E-02 5.&2E-02 5.78E-02 5.7~E-02 5.75E-02 5.70E-02 5.&&E-02 5.&1E-02 
7 0.&0000 0.00 2.41E-02 3.33E-02 4.2&E-02 4.~8E-02 5.48E-02 5.&4E-02 5.&4E-02 5.5~E-02 5.52E-02 5.45E-02 5.3~E-02 
& 0.50000 0.00 2.21E-02 3.12E-02 4.12E-02 4.85E-02 5.34E-02 5.51E-02 5.50E-02 5.43E-02 5.34E-02 5.24E-02 5.15E-02 
5 0.40000 0.00 1.~bE-02 2.8QE-02 3.Q&E-02 4.72E-02 5.22E-02 5.38E-02 5.3&E-02 5.2&E-02 5.14E-02 5.01E-02 4.~OE-02 
4 0.30000 0.00 1.70E-02 2.&4E-02 3.80E-02 4.5~E-02 5.0~E-02 5.24E-02 5.20E-02 5.08E-02 4.~2E-02 4.7&E-02 4.&lE-02 
3 0.20000 0.00 1.37E-02 2.35E-02 3.&2E-02 4.45E-02 4.~5E-02 5.10E-02 5.05E-02 4.88E-02 4.&7E-02 4.47E-02 4.28E-02 
2 0.10000 0.00 ~.&~E-03 1 .~~E-02 3.42E-02 4.31E-02 4.81E-02 4.~5E-02 4.87E-02 4.&4E-02 4.38E-02 4.12E-02 3.85E-02 
1 0.00000 0.00 0.00 1.42E-02 3.14E-02 4.13E-02 4.&&E-02 4.7~E-02 4.&5E-02 4.35E-02 3.~8E-02 3.&1E-02 3.20E-02 

o I = 13 14 15 1& 17 18 1~ 20 21' 22 23 
X = 0.14&&~ 0.1702& 0.1~&43 0.22547 0.25771 0.2~34~ 0.33321 0.37500 0.41&7~ 0.45858 0.50037 

o J Y 
11 1.00000 &.25E-02 &.25E-02 &.25(-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.~OOOO &.02E-02 &.02(-02 &.02E-02 &.02E-02 &.02E-02 &.02E-02 &.02E-02 &.02E-02 &.02E-02 &.03E-02 &.03E-02 
~ 0.80000 5.80E-02 5.7~E-02 5.78E-02 5.78E-02 5.78E-02 5.78E-02 5.7~E-02 5.7~E-02 5.7~E-02 5.7~E-02 5.7~E-02 
8 0.70000 5.57E-02 5.55E-02 5.54E-02 5.53E-02 5.53E-02 5.53E-02 5.54E-02 5.54E-02 5.55E-02 5.55E-02 5.55E-02 
7 0.&0000 5.33E-02 5.30E-02 5.27E-02 5.2&E-02 5.2&E-02 5.2&E-02 5.2&E-02 5.27E-02 5.28E-02 5.28E-02 5.28E-02 
& 0.50000 5.08E-02 5.02E-02 4.~~E-02 4.~7E-02 4.~&~-02 4.~&E-02 4.~bE-02 4.~&E-02 4.~7E-02 4.~8E-02 4.~8E-02 
5 0.40000 4.80E-02 4.72E-02 4.&7E-02 4.&4E-02 4.&2E-02 4.&1E-02 4.&1E-02 4.&1E-02 4.&2E-02 4.&2E-02 4.&2E-02 
4 0.30000 4.48E-02 4.38E-02 4.31E-02 4.2&E-02 4.22E-02 4.20E-02 4.1~E-02 4.1~E-02 4.1~E-02 4.20E-02 4.20E-02 
3 0.20000 4.11E-02 3.~&E-02 3.85E-02 3.77E-02 3.72E-02 3.&~E-02 3.&&E-02 3.&5E-02 3.&5E-02 3.&&E-02 3.&&E-02 
2 0.10000 3.&1E-02 3.40E-02 3.23E-02 3.0~E-02 2.9~E-0?, 2.~2E-02 2.88E-02 2.85E-02 2.85E-02 2.85E-02 2.85E-02 
1 0.00000 2.70E-02 2.03E-02 1.14E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = 0.00000 0.00000 0.0&2~5 0.12~37 0.20308 O.284~1 0.37574 0.47&5& 0.58847 0.712&~ 0.85058 1.003&3 
o J Y 



18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 O.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

01= 
X = o J Y 

21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
lb 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 5.40E 02 5.27E 02 5.11E 02 5.43E 02 7.31E 02 1.07E 03 1 .32E 03 1.38£ 03 
1.00E 00 1.00E 00 1.00E 00 8.03E 01 3.b3E 02 4.&2E 02 5.28E 02 b.55E 02 ~.51E 02 1.34E 03 1.b4E 03 1.74E 03 
1.00E 00 1.00E 00 1.00E 00 5.3&E 02 5.30E 02 5.57E 02 b.40E 02 8.55E 02 1.22E 03 1.b2E 03 1.~2E 03 2.04E 03 
1.00E 00 1.00E 00 1.00E 00 5.57E 02 5.32E 02 b.27E 02 8.11E 02 1.11E 03 1.4~E 03 1.87E 03 2.17E 03 2.2~E 03 
1.00E 00 1.00E 00 1.03E 02 3.32E 02 5.18E 02 7.51E 02 1.03E 03 1.37E 03 1.73E 03 2.0~E 03 2.37E 03 2.50E 03 
1.00E 00 1.00E 00 5.37E 02 4.b8E 02 b.5~E 02 ~.4bE 02 1.2bE 03 1.bOE 03 1.~4E 03 2.28E 03 2.55E 03 2.b7E 03 
1.00E 00 1.00E 00 4.5~E 02 4.33E 02 7.b2E 02 1 .14E 03 1.48E 03 1.80E 03 2.13E 03 2.4&E 03 2.72E 03 2.83E 03 
1.00E 00 1.80E 02 1.~5E 02 4.21E 02 ~.88E 02 1 .48E 03 1.78E 03 2.08E 03 2.41E 03 2.72E 03 2.~bE 03 3.05E 03 
1.00E 00 5.11E 02 1.~8E 02 5.3bE 02 1.23E 03 1.bbE 03 1.~4E 03 2.25E 03 2.58E 03 2.8~E 03 3.12E 03 3.20E 03 
1.00E 00 3.71E 02 1.33E 02 &.33E 02 1 .3~E 03 1 .78E 03 2.05E 03 2.37E 03 2.70E 03 3.01E 03 3.23E 03 3.30E 03 
1.00E 00 7.47E 00 1.18E 02 7.47E 02 1.52E 03 1.87E 03 2.14E 03 2.4bE 03 2.80E 03 3.10E 03 3.31E 03 3.3~E 03 
1.00E 00 7.83E 00 1.71E 02 ~.b7E 02 1 .74E 03 2.03E 03 2.30E 03 2.b2E 03 2.~bE 03 3.2bE 03 3.4bE 03 3.51E 03 
1.00E 00 8.~7E 00 3.02E 02 1 .44E 03 2.01E 03 2.27E 03 2.52E 03 2.84E 03 3.17E 03 3.45E 03 3.b3E 03 3.bbE 03 
1.00E 00 1.28E 01 b.O~E 02 1.bbE 03 2.31E 03 2.52E 03 2.7bE 03 3.0bE 03 3.37E 03 3.b2E 03 3.77E 03 3.7~E 03 
1.00E 00 2.b3E 01 1.43E 03 2.04E 03 2.5bE 03 2.75E 03 2.~8E 03 3.2bE 03 3.54E 03 3.77E 03 3.8~E 03 3.88E 03 
1.00E 00 7.83E 01 1.50E 03 2.38E 03 2.74E 03 ~.~2E 03 3.15E 03 3.41E 03 3.b8E 03 3.8~E 03 3.~~E 03 3.~7E 03 
1.00E 00 1.25E 02 1.~OE 03 2.b2E 03 2.87E 03 3.04E 03 3.28E 03 3.5bE 03 3.83E 03 4.03E 03 4.12E 03 4.08E 03 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00f. 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 

13 14 15 lb 17 18 1~ 20 21 22 23 
1 .2b28~ 1.4b130 1.b8153 1 .~25~8 2.1~7, 2.4~852 2.83285 3.1b718 3.50150 3.83583 4.17015 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 
2.31E 01 2.22E 01 2.13E 01 2.03E 01 1 .~5E 01 1.88E 01 1.82E 01 1.78E 01 1 .73E 01 1 .74E 01 1 .OOE 00 
b.41E 02 5.4bE 02 4.44E 02 3.50E 02 2.71E 02 2.10E 02 1.b7E 02 1.3~E 02 1.21E 02 1.54E 02 1.00E 00 
1.30E 03 1.15E 03 ~.b8E 02 7.~2E 02 b.37E 02 5.0~E 02 4.14E 02 3.47E 02 2.~~E 02 3.87E 02 1.00E 00 
1.b7E 03 1.50E 03 1.2~E 03 1.08E 03 8.8~E 02 7.30E 02 b.08E 02 5.1~E 02 4.~5E 02 5.77E 02 1.00E 00 
1.~8E 03 1.81E 03 1.58E 03 1.35E 03 1.13E 03 ~.4bE 02 8.03E 02 b.~8E 02 b.21E 02 7.b~E 02 1.00E 00 
2.24E 03 2.0bE 03 1.83E 03 1.57E 03 1.34E 03 1 .14E 03 ~.7~E 02 8.blE 02 7.75E 02 ~.40E 02 1 .OOE 00 
2.45E 03 2.27E 03 2.02E 03 'I .7bE 03 1.51E 03 1 .30E 03 1.13E 03 ~.~~E 02 ~.05E 02 1.08E 03 1.00E 00 
2.b2E 03 2.43E 03 2.18E 03 1 .~lE 03 1.b5E 03 1.43E 03 1.25E 03 1 .11E 03 1.01E 03 1.1~E 03 1 .OOE 00 
2.77E 03 2.58E 03 2.32E 03 2.04E 03 1.78E 03 1.54E 03 1.35E 03 1 .21E 03 1 .11E 03 1 .2~E 03 1 .OOE 00 
2.~8E 03 2.78E 03 2.51E 03 2.22E 03 1 .~4E 03 1 .70E 03 1.50E 03 1 .35E 03 1.24E 03 1.43E 03 1 .OOE 00 
3.12E 03 2.~lE 03 2.b3E 03 2.33E 03 2.04E 03 1 .7~E 03 1.5~E 03 1 .44E 03 1.32E 03 1.51E 03 1 .OOE 00 
3.21E 03 3.00E 03 2.71E 03 2.41E 03 2.11E 03 1.8bE 03 1.b5E 03 1 .4~E 03 1 .38E 03 1.5bE 03 1 .OOE 00 
3.2~E 03 3.0bE 03 2.77E 03 2.4bE 03 2.17E 03 1 .~lE 03 1.b~E 03 1.54E 03 1.42E 03 1.bOE 03 1 .OOE 00 
3.41E 03 3.17E 03 2.88£ 03 2.55E 03 2.~5E 03 1 .~8E 03 1.77E 03 1.bOE 03 1.48E 03 1.bbE 03 1 .OOE 00 
3.54E 03 3.30E 03 3.00E 03 2.bbE 03 2.35E 03 2.07E 03 1.85E 03 1.b8E 03 1.55E 03 1 .72E 03 1.00E 00 
3.b5E 03 3.40E 03 3.0~E 03 2.75E 03 2.43E 03 2.l4E 03 1.~lE 03 1.74E 03 1.blE 03 1 .77E 03 1.00E 00 
3.74E 03 3.48E 03 3.1bE 03 2.82E 03 2.4~E 03 2.1QE 03 1.~bE 03 1 .78E 03 1.b5E 03 1.81E 03 1 .OOE 00 
3.81E 03 3.54E 03 3.21E 03 2.87E 03 2.53E 03 2.23E 03 1.~~E 03 1.81E 03 1.b8E 03 1.84E 03 1.00E 00 
3.~OE 03 3.&2E 03 3.27E 03 2.~iE 03 2.57E 03 2.2bE 03 2.01E 03 1.83E 03 1 .b~E 03 1.87E 03 1.00E 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 

X/D S.S.COEFF. 

2 3.148E-02 2.035E-02 

3 ~.443f.-02 1.345E-02 

4 1.b43E-01 8.3b5E-03 

5 2.41~E-Ol 4.51bE-03 



o 

18 0.055434 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040434 
11 0.037143 
10 0.03437 

43 0.032143 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

I = 
X = 

0.00 0.00 0.00 0.00 1.71E 03 1.82E 03 1.77E 03 1 .78E 03 1.80E 03 1.81E 03 1.82E 03 1.82E 03 
0.00 0.00 0.00 1.7qE 03 1.&QE 03 1.75E 03 1.72E 03 1 .74E 03 1.7&E 03 1.78E 03 1 .78E 03 1.77E 03 
0.00 0.00 0.00 1.&&E 03 1.&7E 03 1.&7E 03 1.&7E 03 1 .70E 03 1.72E 03 1.73E 03 1.73E 03 1.72E 03 
0.00 0.00 0.00 1.47E 03 1.&1E 03 1.5QE 03 1.&1E 03 1.&5E 03 1.&7E 03 1.&8E 03 1.&8E 03 1.&7E 03 
0.00 0.00 1.Q&E 03 1.4&E 03 1.S2E C3 1.51E 03 1.55E 03 1.&OE 03 1 .&2E 03 1.&3E 03 1.&2E 03 1.&1E 03 
0.00 0.00 1 .74E 03 1.4QE 03 1.43E 03 1 .43E 03 1 .4QE 03 1.S4E 03 1.57E 03 1.57E 03 1.57E 03 1 .S&E 03 
0.00 0.00 1.43E 03 1.4SE 03 1 .3&E 03 1.37E 03 1.4JE 03 1.46E 03 1.51E 03 1.51E 03 1.51E 03 1.S1E 03 
0.00 1.80E 03 1.32E 03 1.2QE 03 1.23E 03 1.2&E 03 1.33E 03 1 .38E 03 1 .40E 03 1.42E 03 1.42E 03 1.42E 03 
0.00 1.40E 03 1.2QE 03 1.1QE 03 1.14E 03 1.1QE 03 1.2SE 03 1.2QE 03 1.32E 03 1 .34E 03 1 .35E 03 1.35E 03 
0.00 1.00E 03 1.21E 03 1.11E 03 1.0QE 03 1.13E 03 1.18E 03 1.22E 03 1.25E 03 1.28E 03 1.2QE 03 1.30E 03 
0.00 8.17E 02 1.11E 03 1.0&E 03 1.04E 03 1.08E 03 1.12E 03 1 .1&E 03 1.20E 03 1.22E 03 1.24E 03 1.2&E 03 
0.00 7.Q7E 02 Q.7QE 02 Q.&OE 02 Q.57E 02 Q.82E 02 1.02E 03 1 .05E 03 1.0QE 03 1.13E 03 1.1&E 03 1.18E 03 
0.00 7.0&E 02 8.1QE 02 8.11E 028.2&E 02 8.44E 02 8.&~E 02 Q.OSE 02 Q.48E 02 Q.Q4E 02 1.04E 03 1.08E 03 
0.00 S.S8E 02 &.47E 02 &.75E 02 &.8&E 02 7.04E 02 7.27E 02 7.&2E 02 8.10E 02 8.&&E 02 Q.24E 02 Q.78E 02 
0.00 3.73E 02 4.81E 02 5.22E 02 S.&&E 02 5.Q3E 02 &.18E 02 &.54E 02 7.05E 02 7.&QE 02 8.37E 02 Q.03E 02 
0.00 1.30E 02 4.00E02 4.42E 02 4.Q4E 02 ~.28E 02 5.57E 02 5.Q3E 02 &.4&E 02 7.13E 02 7.87E 02 8.5QE 02 
0.00 0.00 3.0QE 02 4.0&E 02 4.&&E 02 5.04E 02 5.34E 02 5.71E 02 &.24E 02 &.Q3E 02 7.&QE 02 8.43E 02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 1Q 20 21 22 23 
0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q O.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.433E 03 1.q4E 03 1.q3E 03 1.q3E 03 1.q1E 03 1 .qOE 03 1.8qE 03 1.87E 03 1 .8&E 03 1 .85E 03 0.00 
1q 0.OSq37 1.8qE 03 1.8qE 03 1.88E 03 1.87E 03 1.8&E 03 1.8SE 03 1.84E 03 1.83E 03 1 .82E 03 1.80E 03 0.00 
180.0SSq4 1.82E 03 1.81E 03 1.81E 03 1.80E 03 1.7qE 03 1 .78E 03 1.77E 03 1 .7&E 03 1 .75E 03 1 .74E 03 0.00 
17 0.05344 1.77E 03 1 .7&E 03 1 .75E 03 1.74E 03 1 .74E 03 1.73E 03 1.72E 03 1 .71E 03 1 .70E 03 1.&qE 03 0.00 
1& 0.05078 1.71E 03 1.70E 03 1.70E 03 1.&qE 03 1.b8E 03 1.&7E 03 1.&&E 03 1 .&&E 03 1.&5E 03 1.&4E 03 0.00 
15 0.04812 1.&&E 03 1.&SE 03 1.&4E 03 1.&3E 03 1.&2E 03 1.&2E 03 1.&1E 03 1 .&1E 03 1.&OE 03 1.&OE 03 0.00 
14 0.045&2 1.&OE 03 1.5qE 03 1.5qE 03 1.58E 03 1.57E 03 1.57E 03 1.57E 03 1.5&E 03 1.5&E 03 1.5&E 03 0.00 
13 0.04328 1.SSE 03 1.54E 03 1.54E 03 1.53E 03 1.53E 03 1.53E 03 1.52E 03 1.52E 03 1.52E 03 1.52E 03 0.00 
120.040q4 1.S0E 03 1.S0E 03 1.4qE 03 1.4qE 03 1.48E 03 1.48E 03 1.48E 03 1.48E 03 1 .48E 03 1.48E 03 0.00 
110.0371q 1.42E 03 1.42E 03 1.42E 03 1 .42E 03 1.42E 03 1.42E 03 1.42E 03 1.42E 03 1 .43E 03 1.43E 03 0.00 
10 0.03437 1.3&E 03 1 .3&E 03 1 .3&E 03 1 .37E 03 1 .37E 03 1.38E 03 1 .38E 03 1 .38E 03 1 .3qE 03 1 .3qE 03 0.00 
q 0.0321q 1.31E 03 1 .32E 03 1 .32E 03 1 .33E 03 1 .34E 03 1.34E 03 1.35E 03 1 .35E 03 1 .3&E 03 1 .3&E 03 0.00 
8 0.03031 1.27E 03 1.28E 03 1.2qE 03 1.30E 03 1 .31E 03 1.32E 03 1.32E 03 1 .33E 03 1 .34E 03 1 .34E 03 0.00 
7 0.02&87 1.20E 03 1.22E 03 1.24E 03 1.25E 03 1 .~&E 03 1.27E 03 1.28E 03 1.2qE 03 1.30E 03 1 .31E 03 0.00 
& 0.02187 1.11E 03 1.14E 03 1.1&E 03 1.18E 03 1.20E 03 1.21E 03 1.23E 03 1.24E 03 1.25E 03 1.2&E 03 0.00 
5 0.01&25 1.03E 03 1.0&E 03 1 .10E 03 1.12E 03 t .14E 03 1 .1&E 03 1.18E 03 1 .1qE 03 1.21E 03 1.22E 03 0.00 
4 0.010&2 q.&OE 02 1.01E 03 1.05E 03 1 .08E 03 1 .10E 03 1 .13E 03 1 .15E 03 1 .1&E 03 1 .18E 03 1 .1qE 03 0.00 
3 0.005&2 q.23E 02 q.7&E 02 1.02E 03 1.05E 03 1.08E 03 1 .11E 03 1.13E 03 1 .15E 03 1 .1&E 03 1.18E 03 0.00 
2 0.0015& q.OqE 02 q.b4E 02 1.01E 03 1.04E 03 1.07E 03 1 .10E 03 1 .12E 03 1 .14E 03 1 .1&E 03 1 .17E 03 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 q 10 11 12 
X = -0.003q3 0.003q3 0.01180 0.02054 0.03023 0.040qq 0.052q4 0.0&&20 0.080q2 0.OQ72& 0.1153Q 0.13552 

o J Y 
21 0.0&312 
20 0.0&187 
1q 0.OSQ37 
18 0.05SQ4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 &.52E-02 5.45E-02 Q.12E-02 Q.Q8E-02 Q.74E-02 Q.71E-02 1.02E-01 1.0QE-01 
0.00 0.00 0.00 7.20E-02 5.54E-02 8.Q&E-02 Q.&4E-02 Q.28E-02 Q.03E-02 Q.1&E-02 Q.43E-02 
0.00 0.00 0.00 Q.12E-02 &.02E-02 8.Q3E-02 Q.24E-02 8.&2E-02 8.02E-02 7.&4E-02 7.3QE-02 
0.00 0.00 Q.33E-03 8.24E-02 7.07E-02 Q.01E-02 8.88E-02 8.02E-02 7.18E-02 &.44E-02 5.88E-02 
0.00 0.00 3.35E-02 &.7QE-02 7.Q5E-02 8.QQE-02 8.42E-02 7.2&E-02 &.17E-02 5.10E-02 4.24E-02 
V.OO 0.00 &.1&E-02 &.35E-02 8.34E-02 8.72E-02 7.72E-02 &.28E-02 4.QQE-02 3.&5E-02 2.57E-02 
0.00-8.75E-02 4.57E-02 &.17E-02 8.1QE-02 8.08E-02 &.7QE-02 5.12E-02 3.&8E-02 2.21E-02 Q.Q3E-03 



o 

12 0.32750 
11 0.2C3750 
10 0.27500 

13 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 1.18£ 00 13.5&£-01 8.34E-Ol 8.58E-Ol Q.32E-Ol q.77E-Ol q.87E-Ol Q.75E-Ol q.53E-Ol q.31E-01 
0.00 1.58E 00 1.2&£ 00 13.45£-01 8.1qE-01 8.80£-01 Q.5Q£-01 Q.ql£-Ol q.87E-01 Q.&lE-Ol Q.28E-Ol 8.q5E-Ol 
0.001.&&£ 00 1.23£ 00 8.131£-01 8.00E-Ol 8.87E-Ol Q.5Q£-01 13.83£-01 q.70E-Ol q.38E-01 8.QqE-01 8.&OE-Ol 
0.00 1.77£ 00 1.22£ 00 8.5&£-01 7.132£-018.83£-01 Q.48E-Ol Q.&4E-Ol q.47E-Ol Q.12E-Ol 8.70E-Ol 8.28E-Ol 

2.48£ 00 1.88£ 00 1.20£ 00 8.2&£-01 7.87£-018.73£-01 q.28E-Ol Q.41E-Ol q.21E-Ol 8.84£-01 8.41E-Ol 7.q7E-01 
2.48£ 00 1.83£ 00 1.13£ 00 7.81£-01 7.71£-018.34£-01 8.73£-01 8.80£-01 8.5QE-Ol 8.22E-Ol 7.7QE-Ol 7.34E-Ol 
2.48£ 00 1.72£ 00 1.01£ 00 &.8&E-Ol 7.013£-01 '7.3&E-Ol 7.54£-01 7.57E-Ol 7.3QE-Ol 7.07E-Ol &.&8E-Ol &.2&E-Ol 
2.48£ 00 1.57E 00 8.15£-01 5.81£-01 5.81E-Ol 5.81£-01 5.85£-01 5.85£-01 5.73£-01 5.50E-Ol 5.1QE-Ol 4.84E-Ol 
2.48E 00 1.3&£ 00 5.1&£-01 4.32E-Ol 4.08£-01 3.Q&£-Ol 3.Q3£-01 3.Q3E-Ol 3.8&E-Ol 3.72E-Ol 3.51E-Ol 3.27E-Ol 
2.48£ 00 1.03E 00 2.55E-Ol 2.43£-01 2.25£-01 2.1&£-01 2.13E-Ol 2.12£-01 2.0QE-Ol 2.02E-Ol 1.Ql£-01 1.77E-Ol 
2.48£ 00 2.8&E-Ol 7.07£-02 &.75£-02 &.2&E-02 5.QQE-02 5.Q1E-02 5.8Q£-02 5.81£-02 5.&lE-02 5.2QE-02 4.Q2E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 lQ 20 21 22 23 

1.2&28Q 1.4&130 1.&8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 
o J Y 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.4C3500 C3.C3S£-Ol 1.04£ 00 1.0&£ 00 1.0&£ 00 1.05E 00 1.03E 00 q.q8E-Ol q.&qE-Ol q.41E-Ol q.28E-Ol 0.00 
lq 0.47500 1.03£ 00 1 .0&£ 00 1.08£ 00 1.0qE 00 1.08E 00 1.07E 00 1 .O&f. 00 1 .04£ 00 1 .02£ 00 1.00E 00 0.00 
18 0.44750 1 .02E 00 1.05E 00 1.0&£ 00 1.0&E 00 1.0&E 00 1.05E 00 1.03£ 00 1.02E 00 1.00E 00 q.84E-Ol 0.00 
17 0.42750 1.01£ 00 1.03E 00 1.03E 00 1.03E 00 1.03£ 00 1.01£ 00 1 .OOE 00 q.8&E-Oi q.71E-Ol q.53E-Ol 0.00 
1& 0.40&25 q.q4£-01 1.00E 00 1.00E 00 q.q8E-Ol q.8qE-Ol q.7&E-Ol q.&2E-Ol q.47E-Ol q.32£-01 q.15E-Ol 0.00 
15 0.38500 q.7&£-01 C3.7&£-01 q.71E-Ol q.&2E-Ol q.4qE-Ol Q.35E-Ol q.20£-01 Q.04E-Ol 8.8qE-Ol 8.72E-Ol 0.00 
14 0.3&500 q.5b£-01 ~.4SE-Ol q.38E-Ol q.25E-Ol q.l0E-Ol 8.q5E-Ol 8.78£-01 8.&2E-Ol 8.47E-Ol 8.31E-Ol 0.00 
13 0.34&25 Q.35£-01 q.20£-01 q.05E-Ol 8.8qE-Ol 8.72£-01 8.55E-Ol 8.38E-Ol 8.22E-Ol 8.0&E-Ol 7.qlE-Ol 0.00 
12 0.32750 9.10£-01 8.qOE-Ol 8.70E-Ol 8.51E-Ol 8.33E-Ol 8.15E-Ol 7.q7E-Ol 7.81E-Ol 7.&5E-Ol 7.50E-Ol 0.00 
11 0.2C3750 8.&4E-Ol 8.3&E-Ol 8.11E-Ol 7.88E-Ol 7.&7£-01 7.48E-Ol 7.30£-01 7.13E-Ol &.Q8E-Ol &.84E-Ol 0.00 
10 0.27500 8.24E-Ol 7.qlE-Ol 7.&3E-Ol 7.38E-Ol 7.1&E-Ol &.q&£-Ol &.78E-Ol &.&2E-Ol &.47E-Ol &.33E-Ol 0.00 
q 0.25750 7.8QE-Ol 7.54E-Ol 7.24E-Ol &.q8E-Ol &.75E-Ol &.5&E-Ol &.37E-Ol &.21E-Ol &.07E-Ol 5.q4E-Ol 0.00 
8 0.24250 7.5&£-01 7.20£-01 &.8qE-01 &.&3E-Ol &.40E-Ol &.20E-Ol &.02E-Ol 5.87E-Ol 5.72E-Ol 5.&OE-Ol 0.00 
7 0.21500 &.132£-01 &.54E-Ol &.22E-Ol 5.q&E-Ol 5.73E-Ol 5.54E-Ol 5.37E-Ol 5.22E-Ol 5.0QE-Ol 4.Q7E-Ol 0.00 
& 0.17500 5.8&E-Ol 5.4Q£-01 5.1QE-Ol 4.Q4E-Ol 4.73E-Ol 4.5&£-01 4.41E-01 4.28E-Ol 4.1&E-Ol 4.0&E-Ol 0.00 
5 0.13000 4.51E-Ol 4.20E-Ol 3.Q4E-Ol 3.73E-Ol 3.5&E-Ol 3.42E-Ol 3.30E-Ol 3.20E-Ol 3.10E-Ol 3.03E-Ol 0.00 
4 0.08500 3.03E-Ol 2.81E-01 2.&3E-Ol 2.48E-Ol 2.3&E-Ol 2.2&E-Ol 2.18E-Ol 2.11E-Ol 2.04E-Ol 1.QQE-Ol 0.00 
3 0.04500 1.&4E-Ol 1.52E-Ol 1.42E-Ol 1.33E-Ol 1.27E-Ol 1.21E-Ol 1.17E-Ol 1.13E-Ol 1.0QE-Ol 1.0&E-Ol 0.00 
2 0.01250 4.55E-02 4.22£-02 3.Q4E-02 3.71E-02 3.52E-02 3.37E-02 3.24E-02 3.13E-02 3.04E-02 2.Q&E-02 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAMLINE COORDS -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q lC 11 12 

X = 0.00000 0.00000 0.O&2Q5 0.12Q37 0.20308 0.284Ql 0.37574 0.47&5& 0.50847 0.712&Q 0.85058 1.003&3 
o J Y 

o 

11 1.00000 
10 O.QOOOO 

C3 0.80000 
8 0.70000 
7 0.&0000 
& 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 
1 0.00000 

I = 
X = 

o J Y 

0.00 2.50E-Ol 3.12E-Ol 3.75E-Ol 4.37E-Ol 5.00E-Ol 5.00E-Ol 5.00E-Ol 
0.00 2.37E-Ol 3.12E-Ol 3.75E-Ol 4.37E-01 4.7QE-Ol 4.87E-Ol 4.87E-Ol 
0.00 2.23E-Ol 2.8QE-01 3.58£-01 4.18E-Ol 4.&4E-Ol 4.74E-Ol 4.75E-01 
0.00 2.0QE-Ol 2.7&E-Ol 3.48E-Ol 4.08E-Ol 4.50E-Ol 4.&3E-Ol 4.&3E-Ol 
0.00 1.Q3E-Ol 2.5QE-Ol 3.37£-01 3.Q7E-Ol 4.38E-Ol 4.51E-Ol 4.52E-Ol 
0.00 1.77E-Ol 2.41E-Ol 3.24£-01 3.8&E-Ol 4.27E-01 4.41E-Ol 4.40E-Ol 
0.00 1.57E-Ol 2.23E-Ol 3.10E-Ol 3.75E-Ol 4.1&E-Ol 4.30E-Ol 4.2QE-Ol 
0.00 1.3&E-Ol 2.02E-Ol 2.Q&£-01 3.&3E-0' 4.05E-Ol 4.1QE-Ol 4.1&E-Ol 
0.00 1.10E-Ol 1.7QE-Ol 2.7QE-Ol 3.51E-01 3.Q4E-Ol 4.08E-Ol 4.04E-Ol 
0.00 7.75£-02 1.48E-Ol 2.5QE-01 3.38E-Ol 3.81E-Ol 3.Q5E-Ol 3.8QE-Ol 
0.00 0.00 Q.81E-02 2.32E-Ol 3.21E-Ol 3.68E-Ol 3.81E-Ol 3.71E-Ol 

1 3 1 4 15 1 & 1 7 1 8 1 Q 20 
1.17352 1.3&20Q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.b&5&C3 3.00001 

5.00E-Ol 5.00E-Ol 5.00E-Ol 
4.8&E-Ol 4.85E-Ol 4.84E-Ol 
4.73E-Ol 4.71E-Ol 4.&QE-Ol 
4.&IE-Ol 4.57E-Ol 4.53E-Ol 
4.48E-Ol 4.43E-Ol 4.37E-Ol 
4.35E-Ol 4.28E-Ol 4.20E-Ol 
4.21E-Ol 4.12E-Ol 4.01E-Ol 
4.07E-Ol 3.Q4E-Ol 3.81E-Ol 
3.Q1E-Ol 3.74E-Ol 3.57E-Ol 
3.71E-Ol 3.50E-Ol 3.28E-Ol 
3.47E-Ol 3.15E-Ol 2.84E-Ol 

21 22 23 
3.33434 3.&&8&& 4.002QQ 

5.00E-Ol 
4.83E-Ol 
4.&&E-Ol 
4.4QE-Ol 
4.31E'-01 
4.12E-Ol 
3.Q1E-01 
3.&8E-Ol 
3.41E-Ol 
3.05E-Ol 
2.48E-Ol 



0 

X 0.00 

X 0.02 

X 0.04 

X O.Ob 

X 0.08 

X 0.10 

X O. 12 

X 0.14 

X 0.1b 

X 0.18 

X 0.20 

X 0.22 

X 0.24 

X 0.2b 

X 0.28 

X 0.30 

X 0.32 

X 0.34 

X 0.3b 

X 0.38 

X 0.40 

)( 0.42 

X 0.44 

X 0.4b 

X 0.48 

X 0.50 

0.0 O. 1 0.2 0.3 0.4 0.5 O.b 0.7 0.8 1.0 

o. . . . . . . . . + . • • . . • • • • + • 2 . . . . . . . + 4 . . . . . . . b + . • • • 8. . . . 1 . . . . . . . . . + . • . . • . . • . + • • • . . . • . . + . . . . . . . . . + • . • • • • . . .. 0 . 00 

o 2 4 8 

o 2 4 

o 

+ 

o 
+ 

0 

0 2 

+ 0 2 

0 2 

+ 0 2 

0 2 

+ 

8 

2 4 b 8 

o 2 4 

o 2 4 b 

o 2 4 b 

o 2 4 b 

2 4 

2 4 

4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0.02 

0.04 

O.Ob 

1 0.08 

1 0.10 

0.12 

0.14 

0.1b 

1 0.18 

+ 0.20 

0.22 

0.24 

1 0.2b 

0.28 

0.30 

0.32 

0.34 

0.3b 

0.38 

0.40 

0.42 

0.44 

0.4b 

0.48 

+ 0.50 



2 0.0015& -3.73E 00-2.00E 00-&.43E-01 3.5&E-01 1.0&E 00 1.55E 00 1.87E 00 2.0&E 00 2.14E 00 2.17E 00 2.17E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 f,) 7 8 q 1 0 1 1 1 2 

X = -0.003q3 0.003q3 0.01180 0.02054 0.03023 0.0409q 0.052q4 0.Obb20 0.080q2 0.Oq72b 0.1153q 0.13552 
o J Y 

21 0.0&250 
20 0.0&0&2 
lq 0.057b& 
18 0.054&q 
17 0.05211 
lb 0.04q45 
15 0.04b87 
14 0.04445 
'13 0.04211 
12 0.03qO& 
11 0.03578 
10 0.03328 
q 0.03125 
8 0.0285q 
7 0.02437 
b O.OlqOb 
5 0.01344 
4 0.00812 
3 0.0035q 
2 0.00000 
1 0.00000 

01 = 
X = 

o J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 1.34E 00 1.0QE 00 1.23E-01-1.20E-01-1 .lQE-Ol-Q.00E-02-b.Q4E-02-4.58E-02 
0.00 0.00 0.00 0.00 5.05E 00 2.30E 00 1 .58E-01-4.02E-01-3.Q5E-01-3.03E-01-2.21E-Ol-l .42E-Ol 
0.00 0.00 0.00 0.00 1.0&E 01 2.Q8E 00-1 .11E-01-8.b7E-01-7.Q2E-01-5.78E-01-4.01E-01-2.5&E-Ol 
0.00 0.00 0.00 b.QQE 00 1.04E 01 2.Q7E 00-5.85E-Ol-1.3QE 00-1 .18E 00-8.2bE-01-5.b2E-01-3.blE-Ol 
0.00 0.00 0.00 1.3QE 01 1 .OQE 01 2.77E 00-1.lbE 00-1.Q2E 00-1.54E 00-1.0bE 00-7.1QE-01-4.bQE-Ol 
0.00 0.00 0.00 2.13E 01 1.10E 01 2.17E 00-1.78E 00-2.35E 00-1.80E 00-1.24E 00-8.53E-01-5.bQE-Ol 
0.00 0.00 1.05E 01 1.Q8E 01 1.01E 01 1.27E 00-2.31E 00-2.blE 00-1.QbE 00-1.3bE 00-Q.bOE-Ol-b.55E-Ol 
0.00 0.00 1.88E 01 1.QbE 01 Q.01E 00 4.5bE-01-2.b2E 00-2.71E 00-2.03E 00-1 .44E 00-1 .05E 00-7.2QE-Ol 
0.00 0.00 2.Q1E 01 1.Q4E 01 7.1QE 00-'.4QE-01-2.77E 00-2.b7E 00-2.03E 00-1 .50E 00-1 .13E 00-8.13E-Ol 
0.00 1.47E 01 2.7bE 01 1 .74E 01 4.1QE 00-1 .13E 00-2.51E 00-2;42E 00-1.Q3E 00-1 .51E 00-1 .18E 00-8.72E-Ol 
0.00 2.32E 01 2.82E 01 1.53E 01 2.54E 00-1 .1QE 00-2.20F. 00-2.17E 00-1.82E 00-1.48E 00-1 .1QE OO-Q.OOE-Ol 
0.00 3.02E 01 2.8bE 01 1 .32E 01 1.50E 00-1.13E 00-1.Q1E 00-1.Q5E 00-1 .10E 00-1 .44E 00-1 .1QE 00-Q.12E-Ol 
0.00 3.00E 01 2.83E 01 1.02E 01 3.85E-Ol-Q.Q5E-Ol-1.53E 00-1.bbE 00-1.55E 00-1 .37E 00-1 .17E 00-Q.15E-Ol 
0.00 3.02E 01 2.&2E 01 4.82E 00-4.QbE-01-7.57E-Ol-1 .OOE 00-1.21E 00-1.27E 00-1.23E 00-1.0QE 00-8.83E-Ol 
0.00 3.07E 01 1 .QQE 01-4.38E-01-8.14E-Ol-S.47E-Ol-S.blE-01-7.5QE-Ol-Q.35E-01-Q.QSE-Ol-Q.33E-01-7.7bE-Ol 
0.00 2.QQE 01 8.25E 00-1.38E 00-8.1bE-01-4.01E-01-2.QbE-01-4.28E-Ol-b.OQE-01-7.10E-01-7.00E-Ol-S.QbE-Ol 
0.00 2.41E 01-8.87E-02-1.08E 00-5.QbE-01-2.b2E-Ol-1.S2E-01-2.21E-01-3.47E-01-4.2QE-01-4.37E-01-3.7QE-Ol 
0.00 1.24E 01-1 .SlE 00-5.Q2E-01-2.8QE-Ol-1.21E-Ol-b.2~E-02-Q.OQE-02-1 .4QE-Ol-l .8QE-Ol-l .QbE-01-1 .71E-Ol 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 lS lb 17 18 lQ 20 21 22 23 
0.lS78& 0.182bb 0.2101Q 0.2407S 0.274b7 0.31232 0.3S411 O.3QSQO 0.437bQ 0.47Q48 0.52127 

21 0.Ob250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.ObOb2 -2.23E-02-b.42E-03 1 .30E-03 3.88E-03 3.q8E-03 2.83E-03 2.b2E-03 2.21E-03 3.3bE-03 1.03E-05 0.00 
lq 0.057bb -7.3bE-02-2.81E-02-4.25E-03 b.08E-03 q.52E-03 q.2bE-03 1.01E-02 q.83E-03 q.28E-03-5.58E-Ob 0.00 
18 0.054bq -1.40E-Ol-b.3qE-02-2.17E-02-1 .41E-03 7.35E-03 q.8qE-03 1.30E-02 1.38E-02 1.30E-02-2.47E-05 0.00 
17 0.05211 -2.0bE-Ol-l.02E-01-4.31E-02-1.30E-02 1 .3bE-03 7.20E-03 1.2qE-02 1.50E-02 1.50E-02-3.44E-05 0.00 
lb 0.04q45 -2.77E-Ol-1.47E-01-7.0'~E-02-2.q3E-02-8.~7E-03 1.73E-03 1.05E-02 1.42E-02 1.58E-02-3.57E-05 0.00 
15 0.04b87 -3.47E-Ol-1.Q3E-01-Q.qj'E-02-4.7qE-02-1 .qqE-02-5.37E-03 b.bSE-03 1.22E-02 1.SSE-02-2.q8E-05 0.00 
14 0.04445 -4.10E-01-2.37E-01-1 .2qE-Ol-b.b8E-02-3.21E-02-1.30E-02 2.17E-03 q.S4E-0~ 1.47E-02-2.0SE-05 0.00 
13 0.04211 -4.b8E-01-2.78E-Ol-1 .57E-01-8.SbE-02-4.44E-02-2.0QE-02-2.blE-03 b.S7E-03 1 .34E-02-1 .13E-OS 0.00 
12 0.03qOb -5.37E-01-3.2QE-Ol-l .Q3E-Ol-1.10E-Ol-b.04E-02-3.12E-02-q.OqE-03 2.42E-03 1.14E-02-3.43E-Ob 0.00 
110.03578 -5.q2E-01-3.74E-01-2.25E-Ol-l .32E-01-7.SbE-02-4.11E-02-1.5bE-02-1.q2E-03 8.84E-03-b.02E-Ob 0.00 
10 0.03328 -b.22E-01-4.00E-01-2.45E-Ol-1.47E-01-8.S4E-02-4.7bE-02-2.00E-02-4.qSE-03 b.qlE-03-1 .4qE-05 0.00 
Q 0.03125 -b.3QE-01-4.1&E-01-2.58E-Ol-1 .5bE-Ol-Q.21E-02-S.21E-02-2.31E-02-7.14E-03 S.3qE-03-2.5qE-05 0.00 
8 0.0285Q -b.52E-01-4.31E-01-2.71E-01-1 .bbE-Ol-Q.Q2E-02-S.bQE-02-2.bbE-02-q.70E-03 3.47E-03-4.14E-OS 0.00 
7 0.02437 -&.44E-01-4.35E-01-2.7QE-Ol-1.73E-Ol-1 .05E-01-b.llE-02-3.02E-02-1 .2bE-02 8.71E-04-S.8QE-05 0.00 
b 0.01QO& -5.7QE-01-3.QQE-01-2.bOE-Ol-1.b3E-Ol-1 .00E-Ol-S.QOE-02-3.03E-02-1.38E-02-1 .28E-03-b.3QE-OS 0.00 
5 0.01344 -4.53E-01-3.1bE-01-2.08E-Ol-l.32E-01-8.1SE-02-4.84E-02-2.S4E-02-1 .21E-02-2.14E-03-S.21E-05 0.00 
4 0.00812 -2.90E-01-2.05E-Ol-1 .3bE-01-8.b3E-02-S.35E-02-3.1QE-02-1 .bQE-02-8.22E-03-1 .80E-03-3.23E-05 0.00 
3 0.0035Q -1.32E-01-Q.30E-02-b.18E-02-3.Q4E-02-2.4SE-0?'-1 .4bE-02-7.80E-03-3.82E-03-Q.11E-04-1 . 38E-05 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 o.oaooo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.Obb20 0.080Q2 0.OQ72b 0.1153Q 0.13552 



o 

21 0.50500 
20 0.4q500 
1<~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& O. 17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 2.41E-01 4.58E-Ol 4.85E-Ol 4.5&E-Ol 4.24E-01 3.Q7E-Ol 3.73E-01 
0.00 0.00 0.00 0.00 0.00 4.07E-Ol 5.50E-Ol 5.53E-Ol 5.11E-Ol 4.&5E-Ol 4.2&E-Ol 3.Q5E-Ol 
0.00 0.00 0.00 0.00 0.00 5.8&E-Ol &.55E-Ol &.17E-Ol 5.4QE-Ol 4.85E-Ol 4.37E-Ol 4.01E-01 
0.00 0.00 0.00 0.00 8.13E-Ol 7.2QE-Ol 7.0&E-Ol &.31E-Ol 5.47E-Ol 4.7QE-Ol 4.31E-Ol 3.Q7E-Ol 
0.00 0.00 0.00 0.00 7.38E-01 7.22E-Ol &.72E-01 5.8QE-Ol 5.11E-Ol 4.54E-Ol 4.15E-Ol 3.85E-01 
0.00 0.00 0.00 0.00 7.&3E-Ol 7.05E-Ol 5.Q7E-01 5.06E-Ol 4.51E-Ol 4.1&E-Ol 3.QOE-01 3.&7E-Ol 
0.00 0.00 0.00 1.17E 00 8.47E-Ol &.37E-Ol 4.81E-Ol 4.0QE-Ol 3.84E-Ol 3.72E-Ol 3.5QE-Ol 3.44E-Ol 
0.00 0.00 0.00 8.81E-Ol 7.11E-Ol 4.81E-Ol 3.43E-Ol 3.11E-Ol 3.1QE-Ol 3.28E-Ol 3.2&E-Ol 3.18E-Ol 
0.00 0.00 0.00 7.73E-01 &.0&E-01 3.34E-Ol 2.10E-Ol 2.18E-Ol 2.5&E-Ol 2.81E-01 2.QOE-Ol 2.8QE-Ol 
0.00 0.00 1 .12E 00 7.85E-01 4.51E-Ol 8.72E-02 2.QOE-02 Q.17E-02 1.5QE-Ol 2.02E-Ol 2.25E-Ol 2.35E-Ol 
0.00 0.00 7.52E-Ol 5.Q5E-01 1 .87E-01-7.11E-02-&.84E-02 1.2QE-02 Q.00E-02 1.42E-Ol 1.73E-Ol 1.Q2E-Ol 
0.00 0.00 &.81E-Ol 4.Q7E-Ol 4.35E-02-1 .52E-Ol-1 .27E-01-4.12E-02 3.88E-02 Q.54E-02 1.32E-Ol 1.57E-Ol 
0.00 1.00E 00 7.17E-Ol 4.18E-01-4.&3E-02-2.00E-Ol-1 .&7E-01-8.32E-02-3.43E-03 5.5&E-02 Q.70E-02 1.27E-Ol 
0.00 1.00E 00 7.1&E-Ol 2.Q4E-01-1 .87E-01-2.58E-01-2.24E-Ol-1 .51E-01-7.&4E-02-1 .55E-02 3.25E-02 7.0QE-02 
0.00 1.00E 00 &.55E-Ol 3.&5E-02-2.Q8E-Ol-1.0QE-01-2.82E-01-2.32E-Ol-l .71E-Ol-1 . 12E-01-5.&QE-02-7.75E-03 
0.00 1.00E 00 4.77E-01-3.37E-01-3.71E-01-3.54E-01-3.33E-01-3.02E-Ol-2.58E-01-2.03E-Ol-l .44E-01-8.5&E-02 
0.00 1.00E 00 5.&4E-02-4.83E-01-4.30E-01-3.Q4E-01-3.72E-01-3.52E-Ol-3.20E-01-2.71E-01-2.11E-Ol-1 .45E-Ol 
0.00 1.00E 00-4.Q5E-01-5.44E-01-4.&8E-01-4.1QE-01-3.Q5E-01-3.7QE-01-3.53E-01-3.08E-01-2.48E-Ol-l .7QE-Ol 
0.00 1 .OOE 00-8.17E-01-5.84E-01-4.83E-01-4.28E-01-4.03E-01-3.88E-Oi-3.&5E-01-3.22E-01-2.&lE-Ol-1 .Q2E-Ol 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 lS 1& 17 18 lQ 20 21 22 '-3 
1.17352 1.3&20Q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.&&5&Q 3.00001 3.33434 3.&&8&& 4.002QQ 

o J Y 
21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4Q500 3.5&E-Ol 3.47E-Ol 3.44E-Ol 3.45E-Ol 3.47E-Ol 3.4qE-Ol 3.51E-Ol 3.53E-Ol 3.~5E-Ol 3.57E-Ol 3.57E-Ol 
lq 0.47500 3.74E-Ol 3.&lE-Ol 3.54E-01 3.53E-Ol 3.53E-Ol 3.55E-Ol 3.58E-Ol 3.&2E-01 3.&5E-Ol 3.&8E-Ol 3.&8E-Ol 
18 0.44750 3.77E-01 3.&lE-Ol 3.51E-Ol 3.45E-Ol 3.43E-Ol 3.41E-Ol 3.42E-Ol 3.43E-Ol 3.44E-Ol 3.4&E-Ol 3.4&E-Ol 
17 0.42750 3.72E-Ol 3.55E-Ol 3.43E-01 3.3&E-Ol 3.31E-Ol 3.28E-Ol 3.27E-Ol 3.2&E-Ol 3.27E-Ol 3.27E-Ol 3.27E-01 
1& 0.40&25 3.&2E-Ol 3.45E-01 3.32E-Ol 3.24E-Ol 3.17E-Ol 3.13E-Ol 3.10E-Ol 3.0qE-Ol 3.08E-Ol 3.08E-Ol 3.08E-Ol 
15 0.38500 3.47E-Ol 3.31E-Ol 3.18E-01 3.0QE-Ol 3.02E-Ol 2.q7E-Ol 2.q3E-Ol 2.qlE-Ol 2.8qE-Ol 2.8qE-Ol 2.8qE-Ol 
14 0.3&500 3.28E-Ol 3.14E-Ol 3.02E-Ol 2.q3E-Ol 2.8&E-Ol 2.81E-Ol 2.77E-Ol 2.74E-Ol 2.72E-Ol 2.71E-Ol 2.71E-Ol 
13 0.34&25 3.07E-01 2.q&E-Ol 2.85E-Ol 2.77E-Ol 2.70E-Ol 2.&5E-Ol 2.&lE-Ol 2.58E-Ol 2.5&E-Ol 2.55E-Ol 2.55E-Ol 
12 0.32750 2.83E-Ol 2.75E-Ol 2.&7E-Ol 2.5qE-Ol 2.53E-01 2.4qE-Ol 2.45E-Ol 2.42E-Ol 2.40E-Ol 2.3qE-Ol 2.3qE-Ol 
11 0.2q750 2.38E-Ol 2.37E-Ol 2.34E-Ol 2.2qE-0~ 2.2&E-Ol 2.22E-Ol 2.1qE-Ol 2.17E-Ol 2.15E-Ol 2.14E-Ol 2.14E-Ol 
10 0.27500 2.02E-01 2.07E-01 2.07E-Ol 2.0&E-Ol 2.U4E-01 2.02E-Ol 2.01E-Ol 1.qqE-Ol 1.q7E-Ol 1.q&E-Ol 1.q&E-Ol 
q 0.25750 1.73E-Ol 1.82E-Ol 1.8&E-Ol 1.88E-Ol 1.88E-Ol 1.87E-Ol 1.8&E-Ol 1.85E-Ol 1.84E-Ol 1.82E-Ol 1.82E-Ol 
8 0.24250 1.48E-Ol 1.&lE-Ol 1.&8E-Ol 1.72E-Ol 1.73E-Ol 1.74E-Ol 1.74E-Ol 1.73E-Ol 1.72E-Ol 1.71E-Ol 1.71E-Ol 
7 0.21500 1.00E-Ol 1.21E-Ol 1.35E-Ol 1.43E-Ol 1.48E-Ol 1.51E-Ol 1.53E-Ol 1.53E-Ol 1.53E-Ol 1.52E-Ol 1.52E-Ol 
b 0.17500 3.35E-02 &.52E-02 8.78E-02 1.03E-Ol 1.14E-Ol 1.20E-Ol 1.24E-Ol 1.2&E-Ol 1.27E-Ol 1.2&E-Ol 1.2&E-Ol 
5 0.13000 -3.31E-02 q.53E-03 4.15E-02 &.43E-02 8.01E-02 q.07E-02 q.75E-02 1.01E-Ol 1.03E-Ol 1.03E-Ol 1.03E-Ol 
4 0.08500 -8.45E-02-3.34E-02 5.Q5E-03 3.4&E-02 5.47E-02 &.85E-02 7.75E-02 8.25E-02 8.48E-02 8.52E-02 8.52E-02 
3 0.04500 -1.14E-01-5.77E-02-1 .41E-02 1 .7QE-02 4.0&E-02 5.&2E-02 &.&5E-02 7.22E-02 7.50E-02 7.5&E-02 7.5&E-02 
2 0.01250 -1 .24E-Ol-&.&&E-02-2.14E-02 1 .lQE-02 3.54E-02 5.17E-02 &.25E-02 &.85E-02 7.15E-02 7.22E-02 7.22E-02 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50000 
20 0.48500 
1Q 0.4&125 
18 0.43750 
17 0.41&87 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 
0.00 0.00 4.48E-02 
0.00 0.00 1.&8E-Ol 
0.00 0.00 3.52E-Ol 
0.00 2.33E-Ol 3.48E-Ol 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3.&5E-02 4.11E-03-4.00E-03-3.Q7E-03-3.00E-03-2.31E-03-1 .53E-03 
7.&7E-02 5.25E-03-1 .34E-02-1 .32E-02-1 .01E-02-7.35E-03-4.73E-03 
Q.Q4E-02-3.&QE-03-2.8QE-02-2.&4E-02-1 .Q3E-02-1 .34E-02-8.53E-03 
Q.8QE-02-1 .Q5E-02-4.&2E-02-3.Q3E-02-2.75E-02-1 .87E-02-1 .20E-02 



b 3.280E-Ol 

7 4.235E-Ol 

8 5.2~bE-Ol 

~ b.473E-Ol 

10 7.780E-Ol 

11 ~.231E-Ol 

12 1 .084E 00 

13 1 .2b3E 00 

14 1 .4bl E 00 

15 1 . b82E 00 

lb 1 . <12bE 00 

17 2. 1 ~7E 00 

18 2.4~~E 00 

1~ 2.833E 00 

20 3. 1 b7E 00 

21 3.502E 00 

22 3.83bE 00 
0- - -
lX-AXIS IS XI 

V-AXES ARE 
SVMBOL 

4.~3bE-03 

4.870E-03 

4.b33E-03 

4.b70E-03 

5. 1 ~4E-03 

5.8b5E-03 

b.335E-03 

b.524E-03 

b.484E-03 

b.304E-03 

b.053E-03 

5.773E-03 

5.481E-03 

5. 1 ~~E-03 

4.~45E-03 

4.720E-03 

~.b82E-03 
- - - - - - -

00 02 04 Ob 08 10 
o 2 4 b 8 1 

MAXIMUM VALUES 0.384E 00 0.408E 00 0.430E 00 0.451E 00 0.475E 00 0.500E 00 

o 
X 0.00 
X 0.02 
X 0.04 
X O.Ob 
X 0.08 
X 0.10 
X 0.12 
X 0.14 
X O. lb 
X O. 18 

RADIAL POSITION RID 

0.0 0.1 0.2 0.3 0.4 0.5 O.b 0.7 0.8 O.~ 1.0 
O ......... +2 .... 4 .. b+ .8 .. 1 .... + ......... + ......... + ......... + ......... + ......... + ......... + . . . . . . . . .. 0 . 00 

o 2 4 b 8 1 0.02 
o 2 4 b 81 0.04 

o 2 4 b 8 1 O.Ob 
o 2 4 b 8 0.08 

+ 0 2 4 b 8 + 0.10 
o 2 4 b 8 0.12 

o 2 4 b 8 0.14 
O.lb 

o 2 4 b 8 0.18 



13 0.04328 0.00 0.00-&.&lE-02 1.72E-02 S.72E-02 7.S3E-02 7.0qE-02 S.&OE-02 3.80E-02 2.2&E-02 7.&7E-03-S.82E-03 
120.040q4 0.00 0.00-3.71E-02 2.07E-03 4.&SE-02 &.32E-02 S.70E-02 4.0qE-02 2.2&E-02 7.22E-03-7.41E-03-2.18E-02 
110.0371Q 0.00-1 .38E-01-S.34E-02-1.5&E-02 2.0SE-02 3.33E-02 2.&4E-02 1.11E-02-S.71E-03-2.00E-02-3.31E-02-4.74E-02 
10 0.03437 0.00-1.2&E-01-7.S&E-02-3.24E-02-&.32E-03 S.S&E-03-1.31E-03-1.4qE-02-2.q7E-02-4.23E-02-S.40E-02-&.72E-02 
Q 0.0321Q 0.00~1.20E-01-8.qqE-02-4.8&E-02-3.24E-02-2.00E-02-2.4qE-02-3.&8E-02-S.02E-02-&.10E-02-7.10E-02-8.28E-02 
8 0.03031 0.00-1 .22E-Ol-l .02E-01-7.13E-02-S.'3E-02-4.24E-02-4.&SE-02-S.&8E-02-&.82E-02-7.74E-02-8.&OE-02-Q.&&E-02 
7 0.02&87 0.00-1.4SE-Ol-l.33E-Ol-1.07E-Oi-q.40E-02-8.70E-02-8.qOE-02-q.4QE-02-1.01E-Ol-1 .07E-Ol-l .12E-Ol-l.20E-Ol 
& 0.02187 0.00-1 .q2E-Ol-l.qOE-Ol-l.7SE-Ol-l.&OE-Ol-1.S3E-Ol-l.51E-Ol-l .SOE-Ol-l.48E-01-1 .47E-01-1 .48E-01-1 .SlE-01 
5 0.01&2~ 0.00-2.41E-01-2.S0E-01-2.34E-01-2.31E-01-2.22E-01-2.14E-01-2.04E-Ol-1 .q5E-01-1 .87E-01-1 .81E-Ol-1 .80E-01 
4 0.010&2 0.00-2.Q2E-01-3.03E-01-3.01E-01-2.q1E-01-2.78E-01-2.&3E-01-2.47E-01-2.31E-01-2.17E-01-2.07E-01-2.02E-Ol 
3 0.005&2 0.00-3.37E-01-3.41E-01-3.41E-01-3.2qE-01-3.11E-01-2.q1E-01-2.71E-0~-2.52E-01-2.3SE-01-2.21E-01-2.14E-01 
2 0.0015& 0.00-3.SSE-01-3.&2E-01-3.S7E-01-3.43E-01-3.23E-01-3.01E-01-2.81E-01-2.&OE-01-2.41E-01-2.27E-01-2.1qE-Ol 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 q 20 21 22 23 
X = 0.1578& 0.182&& 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.14E-Ol 1.17E-Ol 1.21E-01 1.28E-01 1.37E-Ol 1.4&E-Ol 1.53F.-Ol 1.55E-01 1.54E-01 1.S4E-01 0.00 
1Q 0.OSq37 q.70E-02 q.q8E-02 1.03E-Ol 1.10E-Ol 1.20E-Ol 1.2QE-Ol 1.3&E-01 1.3qE-Ol 1.38E-01 1.38E-Ol 0.00 
180.0S5q4 7.33E-02 7.43E-02 7.7SE-02 8.35E-02 Q.1QE-02 1.00E-01 1.0&E-01 1 .08E-0~ 1.08E-01 1.0&E-Ol 0.00 
17 0.05344 5.&OE-02 5.S8E-02 S.80E-02 &.32E-02 7.03E-02 7.72E-02 8.1&E-02 8.32E-02 8.24E-02 8.01E-02 0.00 
1& 0.05018 3.78E-02 3.&OE-02 3.7SE-02 4.14E-02 4.&8E-02 5.21E-02 5.50E-02 5.5&E-02 5.43E-02 5.15E-02 0.00 
15 0.04812 1.Q3E-02 1.&2E-02 1.&QE-02 1 .Q5E-02 2.33E-02 2.&5E-02 2.75E-02 2.72E-02 2.57E-02 2.24E-02 0.00 
14 0.045&2 1.7SE-03-2.17E-03-2.2&E-03-Q.08E-04 1.11E-03 2.33E-03 1.&lE-03 3.4&E-04-1.51E-03-4.&QE-03 0.00 
13 0.04328 -1.47E-02-1.Q3E-02-2.00E-02-1.QQE-02-1.Q&E-02-2.04E-02-2.25E-02-2.45E-02-2.&QE-02-2.Q5E-02 0.00 
12 0,040Q4 -3.11E-02-3.&OE-02-3.74E-02-3.87E-02-4.02E-02-4.28E-02-4.&&E-02-4.Q4E-02-5.18E-02-5.38E-02 0.00 
11 0.0371Q -5.&&E-02-b.23E-02-&.47E-02-0.80E-02-7.20E-02-7.80E-02-8.43E-02-8.80E-02-Q.02E-02-Q.llE-02 0.00 
10 0.03437 -7.5&E-02-8.13E-02-8.47E-02-8.Q3E-02-Q.03E-02-1 .04E-01-1 .12E-Ol-l .10E-Ol-l .17E-Ol-l .17E-01 0.00 
Q 0.0321Q -Q.OSE-02-Q.&OE-02-1.00E-01-l.05E-Ol-1 .14E-Ol-l .23E-01-1 .32E-01-1 .30E-01-1 .38E-01-1 .37E-Ol 0.00 
8 0.03031 -1.03E-01-1.08E-Ol-1 .13E-01-1.1QE-01-1 .2QE-Ol-1 .3QE-01-1 .4QE-01-1 .53E-Ol-1 .54E-01-1 .53E-Ol 0.00 
7 0.02087 -1.2SE-Ol-1.30E-Ol-l.35E-01-1.42E-Ol-1 .54E-01-1 .07E-01-1 .77E-01-1 .82E-Ol-1 .82E-01-1 .7QE-01 0.00 
& 0.02187 -1.54E-01-1.S7E-Ol-1.03E-Ol-1.73E-01-1.88E-01-2.03E-01-2.14E-01-2.18E-01-2.17E-Ol-2.13E-01 0.00 
5 0.01025 -1.81E-Ol-1.83E-01-1.QOE-01-2.01E-Ol-2.1QE-01-2.35E-01-2.40E-01-2.50E-01-2.48E-01-2.44E-01 0.00 
4 0.010&2 -2.01E-01-2.03E-01-2.0QE-01-2.22E-Ol -2.41E-01-2.58E-01-2.oQE-01-2.73E-01-2.70E-01-2.00E-01 0.00 
3 0.005&2 -2.12E-01-2.14E-01-2.21E-01-2.34E-0~-2.53E-01-2.71E-01-2.82E-01-2.85E-01-2.82E-01-2.78E-01 0.00 
2 0.00150 -2.10E-01-2.18E-01-2.25E-01-2.38E-01-2.~8E-01-2.75E-01-2.80E-01-2.8QE-01-2.87E-01-2.82E-Ol 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TUR8ULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 0 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.00020 0.080Q2 0.OQ720 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.00187 
lQ 0.OSQ37 
18 0.OSSQ4 
17 0.05344 
10 0.05078 
15 0.04812 
14 0.04502 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 

Q 0.0321Q 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 4.Q2E 00 4.78E 00 3.87E 00 3.30E 00 3.1QE 00 3.71E 00 4.41E 00 4.73E 00 
0.00 0.00 0.00 0.00 2.73E 01 3.21E 01 2.55E 01 2.02E 01 1.84E 01 2.12E 01 2.4QE 01 2.58E 01 
0.00 0.00 0.00 0.00 4.04E 01 3.Q3E 01 3.15E 01 2.oQE 01 2.78E 01 3.30E 01 3.81E 01 3.80E 01 
0.00 0.00 0.00 1.S2E 01 3.45E 01 3.30E 01 3.12E 01 3.12E 01 3.02E 01 4.28E 01 4.02E 01 4.48E 01 
0.00 0.00 0.00 5.50E 01 4.38E 01 3.70E 01 3.5QE 01 3.Q8E 01 4.71r 01 5.2QE 01 5.43E 01 5.11E 01 
0.00 0.00 0.00 5.00E 01 4.32E 01 4.00E 01 4.40E 01 5.17E 01 5.88E 01 0.23E 01 o.loE 01 5.07E 01 
0.00 0.00 2.37E 01 3.75E 01 4.11E 01 4.00E 01 5.52E 01 0.37E 01 0.88E 01 7.01E 01 0.75E 01 0.12E 01 
0.00 0.00 0.54E 01 4.3QE 01 4.72E 01 5.57E 01 o.oOE 01 7.34E 01 7.05E 01 7.01E 01 7.21E 01 0.48E 01 
0.00 0.00 4.54E 01 3.77E 01 5.1QE 01 0.3QE 01 7.45E 01 8.00E 01 8.23E 01 8.07E 01 7.5QE 01 0.77E 01 
0.00 3.1QE 01 2.70E 01 3.80E 01 0.48E 01 7.50E 01 8.31E 01 8.77E 01 8.83E 01 8.SQE 01 8.02E 01 7.12E 01 
0.000.27E 01 2.oQE 01 4.04E 01 7.30E 01 7.07E 01 8.43E 01 8.Q1E 01 Q.01E 01 8.78E 01 8.20E 01 7.28E 01 
0.00.3.03E 01 2.00E 01 5.40E 01 7.40E 01 7.55E 01 8.32E 01 8.8SE 01 Q.01E 01 8.83E 01 8.27E 01 7.3SE 01 



11 1.00000 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-Ol 5.00E-01 5.00E-01 5.00E-Ol 
10 O.qOOOO 4.82E-01 4.81E-Ol 4.81E-01 4.81E-01 4.81E-01 4.81E-Ol 4.81E-01 4.81E-01 4.81E-01 4.81E-01 4.81E-01 
q 0.80000 4.&4E-01 4.&2E-01 4.&lE-01 4.&lE-01 4.&lE-01 4.&lE-Ol 4.&1E-01 4.&lE-Ol 4.&2E-01 4.62E-01 4.&2E-Ol 
8 0,70000 4.4&E-01 4.43E-01 4.41E-Ol 4.41E-01 4.40E-01 4.40E-Ol 4.41E-01 4.41E-Ol 4.41E-Ol 4.42E-Ol 4.42E-Ol 
7 0.&0000 4.2&E-Ol 4.22E-Ol 4.20E-Ol 4.18E-Ol 4.18E-Ol 4.18E-Ol 4.18E-Ol 4.18E-Ol 4.18E-Ol 4.1qE-Ol 4.1qE-Ol 
& 0.50000 4.0&E-01 4.00E-Ol 3.q&E-Ol 3.Q4E-Ol 3.Q3E-Ol 3.Q3E-01 3.Q2E-01 3.~3E-Ol 3.~3E-Ol 3.~4E-01 3.~4E-Ol 
5 0.40000 3.83E-Ol 3.7&E-01 3.71E-01 3.&7E-01 3.&5E-01 3.&4E-01 3.&4E-Ol 3.&4E-01 3.&4E-Ol 3.&4E-01 3.&4E-Ol 
4 0.30000 3.57E-01 3.48E-01 3.40E-01 3.35E-01 3.32E-01 3.30E-01 3.2~E-01 3.2~E-01 3.2~E-01 3.2~E-Ol 3.2~E-01 
3 0.20000 3.2&E-01 3.13E-01 3.03E-01 2.~&E-01 2.~lE-Ol 2.87E-Ol 2.85E-01 2.84E-01 2.84E-01 2.84E-Ol 2.84E-Ol 
2 0.10000 2.85E-01 2.&&E-Ol 2.51E-01 2.3~E-01 2.30E-01 2.24E-01 2.21E-01 2.1~E-01 2.18E-Ol 2.18E-01 2.18E-01 
10.00000 2.00E-01 1.40E-Ol 2.2~E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.0~443 0.1&430 0.241S7 0.327~& 0.423S2 0.52~&0 0.&473S 0.77S04 0.~2311 1.0841S 
o J Y 

o 

21 0.50500 
20 0.4Q500 
1Q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27S00 
Q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04S00 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4~500 
lQ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
~ 0.25750 
8 0·.24250 
7 0.21500 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 &.8&E 05 7.08E 05 &.8&E OS &.8SE OS &.~4E OS 7.02E OS 7.0~E OS 7.1SE OS 
0.00 0.00 0.00 0.00 &.70E 05 &.~SE OS &.7&F. OS &.75E OS &.S4E OS &.~2E OS &.~7E OS 7.00E OS 
0.00 0.00 0.00 0.00 &.3&E OS &.7SE OS &.S7E OS &.&OE os &.&SE OS &.74E OS &.77E OS &.77E OS 
0.00 0.00 0.00 &.&7E OS &.2~E OS &.SOE os &.40E OS &.47E O~ &.SSE OS &.&OE os &.&1E OS &.&OE OS 
0.00 0.00 0.00 &.1SE OS &.22E OS &.21E OS &.20E OS &.31E OS &.40E os b.43E OS &.42E OS &.40E OS 
0.00 0.00 0.00 S.47E OS S.~~E OS S.~OE OS S.~8E OS &.12E OS &.21E OS &.24E OS &.23E OS &.20E os 
0.00 0.00 7.2~E OS S.44E OS S.&4E OS S.&OE os S.7SE 05 S.~3E OS &.02E OS &.04E OS &.03E OS &.OOE os 
0.00 0.00 &.4SE OS S.SSE OS S.33E OS S.33E OS S.S4E OS S.73E OS S.S2E OS S.S4E OS S.83E OS S.80E OS 
0.00 0.00 S.33E OS S.3SE OS S.04E OS S.OSE OS S.31E OS S.SOE OS S.bOE OS S.&3E 05 S.&2E OS S.&OE OS 
0.00 &.&8E OS 4.~OE OS 4.S1E OS 4.S7E OS 4.&~E OS 4.~3E OS S.12E OS S.?lE OS S.2&E OS S.2SE OS S.2SE OS 
0.00 S.l~E OS 4.S1E OS 4.41E OS 4.2SE OS 4.41E OS 4.&3E OS 4.S0E OS 4.~lE OS 4.~7E OS S.OlE OS S.03E OS 
0.00 3.73E OS 4.4SE OS 4.13E OS 4.04E OS 4.1~E OS 4.38E OS 4.SSE OS 4.&&E OS 4.74E OS 4.S0E OS 4.S4E OS 
0.00 3.04E 05 4.13E 05 3.~4E OS 3.87E OS 4.00E 05 4.17E OS 4.32E OS 4.4SE OS 4.S4E OS 4.&2E OS 4.&SE OS 
0.00 2.Q&E OS 3.&4E OS 3.S7E OS 3.S&E OS 3.bSE OS 3.7SE OS 3.~2E OS 4.0&E OS 4.1SE 05 4.30E OS 4.3~E OS 
0.00 2.&3E OS 3.04E OS 3.01E OS 3.07E OS 3.14E OS 3.23E OS 3.3&E OS 3.S2E OS 3.&~E OS 3.S&E OS 4.01E OS 
0.00 2.07E OS 2.41E OS 2.S1E OS 2.SSE OS 2.blE OS 2.70E OS 2.S3E OS 3.01E OS 3.22E OS 3.43E OS 3.&4E 05 
0.00 1 .3~E OS 1.7~E OS 1.~4E OS 2.10E OS 2.20E OS 2.30E OS 2.43E OS 2.&2E OS 2.8&E OS 3.11E OS 3.3SE OS 
0.00 4.84E 04 1.4~E OS 1.&4E OS 1.S4E OS 1 .~&E OS 2.07E OS 2.20E OS 2.40E OS 2.&SE OS 2.~3E OS 3.1~E OS 
0.00 0.00 1 .1SE OS 1.S1E OS 1 .73E OS 1 .S7E OS 1 .~SE OS 2.12E OS 2.32E OS 2.S7E OS 2.S&E OS 3.13E OS 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 lS 1& 17 18 1~ 20 21 22 23 
1.2&28~ 1.4&130 1 .&SlS3 1.~2S~8 2.1~733 2.4~S52 2.8328S 3.1b718 3.S01S0 3.S3SS3 4.1701S 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7.18E OS 7.1~E OS 7.18E OS 7.1SE OS 7.11E OS 7.07E OS 7.01E OS b.~bE OS &.~lE OS b.S&E OS 
7.01E OS 7.01E OS &.~~E 05 &.~&E OS &.~3E OS b.88E OS &.84E OS &.7~E OS &.7SE OS &.70E OS 
&.7&E OS &.74E OS &.72E OS &.&~E OS &.&SE OS b.&lE 05 &.S7E OS &.S4E OS &.SOE OS &.4&E 05 
&.57E OS &.S5E OS &.S2E OS &.48E OS &.4SE OS &.42E OS &.3SE OS &.3SE OS &.32E OS b.2~E OS 
&.37E OS &.34E OS &.30E OS &.27E OS &.24E OS &.21E OS &.18E OS &.1bE OS b.14E OS b.11E OS 
&.1&E OS &.12E OS b.O~E OS &.O&E OS &.04E OS b.01E OS S.~~E OS S.~7E OS S.~SE OS S.~4E OS 
S.~&E OS S.~3E OS S.~OE OS S.87E OS S.8SE OS S.83E OS S.82E OS S.SOE OS S.7~E OS S.78E OS 
S.77E OS S.74E OS S.72E OS S.70E OS S.&8E OS S.&7E OS S.&&E OS S.&SE OS S.&SE OS S.&4E OS 
S.S8E OS S.S&E 05 S.S4E OS S.S3E 05 S.S2E 05 S.S1E OS S.S1E OS 5.S1E OS S.SlE OS S.SlE OS 
S.27E OS S.27E OS S.2&E OS S.27E OS S.27E OS S.28E OS S.28E OS S.2~E OS S.30E OS S.31E OS 
S.OSE OS S.O&E OS S.07E OS S.OSE OS S.O~E OS S.11E OS S.13E OS S.14E OS S.l&E OS S.17E OS 
4.87E OS 4.~OEOS 4.~2E OS 4.~4E OS 4.~7E OS 4.~~E OS S.OlE OS S.03E OS S.OSE OS S.07E OS 
4.73E OS 4.77E OS 4.80E OS 4.83E OS 4.8&E OS 4.8~E OS 4.~2E OS 4.~4E OS 4.~7E OS 4.~~E OS 
4.47E OS 4.S4E 05 4.S~E OS 4.&4E OS 4.&SE OS 4.72E OS 4.7&E OS 4.7~E OS 4.82E OS 4.8&E OS 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



x 0.52 0 

X 0.54 

X 0.5& 

X 0.58 0 

X 0.&0 + 

X 0.&2 

X 0.&4 

X 0.&& 0 

X 0.&8 

X 0.70 + 

X 0.72 

X 0.74 0 

X 0.7& 

X 0.78 

X 0.80 + 

X 0.82 

X 0.84 0 

X 0.8& 

X 0.88 

X 0.C30 + 

X 0.C32 0 

X 0.C34 

X 0.C3& 

X 0.C38 

2 

2 

2 

2 

2 

2 

4 8 

4 8 

4 8 

4 8 

4 8 

4 8 

0.52 

0.54 

0.5& 

1 0.58 

+. 0.&0 

0.&2 

0.&4 

0.&& 

0.&8 

+ 0.70 

0.72 

0.74 

0.7& 

0.78 

+ 0.80 

0.82 

0.84 

0.8& 

0.88 

+ 0.C30 

1 0.C32 

0.C34 

0.C3& 

0.C38 

Xl. 00 O. . . . . . . . . + . . . . . . • • . + • . . . . . , . • + . . . . . . . . . + . . . . . . . • . + • . . . . . 2 . . + . . . . . . . . . + . . 4 . . . . . . + . . . & . . . . . + . 8. . . . . . . 1 1. 00 
0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 1 .0 



o J Y 

o 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&181 0.00 0.00 0.00 0.00 2.38E 01 2.41E 01 2.43E 01 2.4&E 01 2.54E 01 2.70E 01 2.~3E 01 3.15E 01 
1~ 0.05~37 0.00 0.00 0.00 0.00 2.4&E 01 2.47E 01 2.50E 01 2.5&E 01 2.&&E 01 2.83E 01 3.05E 01 3.25E 01 
18 0.055~4 0.00 0.00 0.00 0.00 2.54E 01 2.52E 01 2.55E 01 2.&2E 01 2.75E 01 2.~2E 01 3.10E 01 3.2&E 01 
17 0.05344 0.00 0.00 0.00 2.77E 01 2.&5E 01 2.&lE 01 2.&3E 01 2.71E 01 2.84E 01 2.~~E 01 3.13E 01 3.24E 01 
1& 0.05078 0.00 0.00 0.00 2.87E 01 2.72E 01 2.&8E 01 2.73E 01 2.83E 01 2.~&E 01 3.0&E 01 3.15E 01 3.22E 01 
15 0.04812 0.00 0.00 0.00 2.~8E 01 2.78E 01 2.74E 01 2.83E 01 2.~5E 01 3.0&E 01 3.12E 01 3.1&E 01 3.1~E 01 
14 0.045&2 0.00 0.00 3.52E 01 3.13E 01 2.82E 01 2.7~E 01 2.~2E 01 3.0&E 01 3.14E 01 3.17E 01 3.1&E 01 3.15E 01 
13 0.04328 0.00 0.00 3.&5E 01 3.12E 01 2.7~E 01 2.82E 01 3.01E 01 3.15E 01 3.20E 01 3.1~E 01 3.14E 01 3.10E 01 
12 0.040~4 0.00 0.00 3.81E 01 3.11E 01 2.7&E 01 2.8&E 01 3.0~E 01 3.22E O~ 3.23E 01 3.18E 01 3.11E 01 3.03E 01 
11 0.0371~ 0.00 5.11E 01 4.07E 01 3.07E 01 2.70E 01 2.~3E 01 3.17E 01 3.2&E 01 3.22E 01 3.13E 01 3.02E 01 2.~lE 01 
10 0.03437 0.00 5.37E 01 3.~4E 01 2.87E 01 2.&5E 01 2.~5E 01 3.17E 01 3.22E 01 3.1&E 01 3.05E 01 2.~lE 01 2.7~E 01 
~ 0.0321~ 0.00 5.71E 01 3.88E 01 2.75E 01 2.&2E 01 2.~3E 01 3.12E 01 3.1&E 01 3.08E 01 2.~&E 01 2.82E 01 2.08E 01 
8 0.03031 8.24E 01 &.07E 01 3.80E 01 2.&4E 01 2.&OE 01 2.88E 01 3.05E 01 3.07E 01 3.00E 01 2.87E 01 2.72E 01 2.58E 01 
7 0.02&87 8.24E 01 5.88E 01 3.58E 01 2.4~E 01 2.53E 01 2.73E 01 2.8&E 01 2.87E 01 2.7~E 01 2.&&E 01 2.51E 01 2.37E 01 
& 0.02187 8.24E 01 5.53E 01 3.17E 01 2.17E 01 2.23E 01 2.38E 01 2.45E 01 2.4&E 01 2.3~E 01 2.28E 01 2.15E 01 2.01E 01 
5 0.01&25 8.24E 01 5.02E 01 2.51E 01 1.85E 01 1 .85E 01 1.8&E 01 1 .8~F. 01 1 .8~E 01 1 .85E 01 1.77E 01 1.&7E 01 1.55E 01 
4 0.010&2 8.24E 01 4.3&E 01 1.31E 01 1.35E 01 1 .2~E 01 1.2&E 01 1.2&E 01 1.27E 01 1 .25E 01 1.20E 01 1 .13E 01 1.05E 01 
3 0.005&2 8.24E 01 3.27E 01 7.&2E 00 7.5~E 00 7.07E 00 &.84E 00 &.81E 00 &.83E 00 &.74E 00 &.4~E 00 &.12E 00 5.&8E 00 
2 0.0015& 8.24E 01 ~.O~E 00 2.12E 00 2.11E 00 1 .~&E 00 1 .~OE 00 1.8~E 00 1 .~OE 00 1.87E 00 1.80E 00 1 .70E 00 1.58E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 1& 17 18 1~ 20 21 22 23 
X = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~5~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 3.32E 01 3.43E 01 3.48E 01 3.47E 01 3.42E 01 3.35E 01 3.2&E 01 3.1&E 01 3.07E 01 3.03E 01 0.00 
1~ 0.05~37 3.41E 01 3.51E 01 3.5&E 01 3.5&E 01 3.54E 01 3.50E 01 3.45E 01 3.3~E 01 3.32E 01 3.2&E 01 0.00 
18 0.055~4 3.37E 01 3.45E 01 3.48E 01 3.48E 01 3.45E 01 3.42E 01 3.37E 01 3.32E 01 3.27E 01 3.20E 01 0.00 
17 0.05344 3.33E 01 3.38E 01 3.3~E 01 3.38E 01 3.35E 01 3.31E 01 3.27E 01 3.22E 01 3.17E 01 3.11E 01 0.00 
1& 0.05078 3.27E 01 3.2~E 01 3.2~E 01 3.27E 01 3.23E 01 3<1~E 01 3.14E 01 3.0qE 01 3.04E 01 2.q8E 01 0.00 
15 0.04812 3.20E 01 3.20E 01 3.17E 01 3.14E 01 3.10E 01 3.05E 01 3.00E 01 2.q5E 01 2.qOE 01 2.84E 01 0.00 
14 0.045&2 3.13E 01 3.10E 01 3.0&E 01 3.02E 01 2.q7E 01 2.q2E 01 2.8&E 01 2.81E 01 2.7&E 01 2.71E 01 0.00 
13 0.04328 3.05E 01 3.00EOl 2.~5E 01 2.qOE 01 2.84E 01 2.7qE 01 2.73E 01 2.&8E 01 2.&3E 01 2.57E 01 0.00 
120.040Q4 2.Q&E 01 2.~OE 01 2.83E 01 2.77E O~ 2.71E 01 2.&5E 01 2.5QE 01 2.54E 01 2.4QE 01 2.44E 01 0.00 
11 0.0371~ 2.81E 01 2.71E 01 2.&3E 01 2.5&E 01 2.4QE 01 2.43E 01 2.37E 01 2.32E 01 2.27E 01 2.23E 01 0.00 
10 0.03437 2.&7EOl 2.5&E 01 2.47E 01 2.3QE 01 2.33E 01 2.2&E 01 2.20E 01 2.15E 01 2.10E 01 2.0&E 01 0.00 
~ 0.0321Q 2.55E 01 2.44E 01 2.34E 01 2.2&E 01 2.1~E 01 2.13E 01 2.07E 01 2.02E 01 1 .Q7E 01 1.Q3E 01 0.00 
8 0.03031 2.44E 01 2.33E 01 2.23E 01 2.15E 01 2.08E 01 2.01E 01 1.Q&E 01 1 .Q1E 01 1.8&E 01 1.82E 01 0.00 
7 0.02&87 2.23E 01 2.11E 01 2.01E 01 1.~3E 01 1.8&E 01 1.80E 01 1.74E. 01 1 .70E 01 1.&5E 01 1.&2E 01 0.00 
& 0.02187 1.88E 01 1.77E 01 1.&7E 01 1.5~E 01 1.53E 01 1.48E 01 1.43E 01 1 .3QE 01 1 .35E 01 1.32E 01 0.00 
5 0.01&25 1.45E 01 1.35E 01 1.27E 01 1.20E 01 1 .15E 01 1 .11E 01 1.07E 01 1.04E 01 1 .01E 01 Q.83E 00 0.00 
4 0.010&2 ~.70E 00 ~.02E 00 8.45E 00 7.Q~E 00 7.&2E 00 7.31E 00 7.04E 00 &.82E 00 &.&3E 00 &.4&E 00 0.00 
3 0.005&2 5.25E 00 4.87E 00 4.55E 00 4.30E 00 4.0QE 00 3.Q2E 00 3.77E 00 3.&5E 00 3.55E 00 3.4&E 00 0.00 
2 0.0015& 1.4&E 00 1.35E 00 1.2&E 00 1 .1~E 00 1 .14E 00 1.0QE 00 1.05E 00 1.01E 00 Q.85E-01 Q.&OE-Ol 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -O.003~3 0.003~3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J '( 

21 0.0&312 
20 0.0&187 
1~ 0.05Q37 
18 0.055~4 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

·0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 2.08E 03 2.15E 03 2.10E 03 2.10E 03 2.12E 03 2.15E 03 2.17E 03 2.18E 03 
0.00 2.03E 03 2.11E 03 2.0&E 03 2.07E 03 2.0QE 03 2.11E 03 2.12E 03 2.13E 03 
0.00 1.Q3E 03 2.05E 03 2.00E 03 2.01E 03 2.04E 03 2.05E 03 2.0&E 03 2.0&E 03 



o 

lb 0.3q5b2 
15 0.37500 
14 0.355b2 
13 0.33&87 
12 0.31250 
11 0.28&25 
10 0.2&&2S 

<3 0.25000 
8 0.2287S 
7 0.1 q500 
b O. 152S0 
SO.10750 
4 O.O&SOO 
3 0.0287S 
2 0.00000 
1 0.00000 

I = 
X = 

0.00 0.00 0.00 4.b4E-01 3.b2E-01 <3.23E-02-3.SSE-02-b.41E-02-S.13E-02-3.S2E-02-2.40E-02-1 .S&E-02 
0.00 0.00 0.00 7.0<3E-01 3.b7E-01 7.23E-02-S.<34E-02-7.S4E-02-b.01E-02-4.12E-02-2.S4E-02-1 . <30E-02 
0.00 0.00 3.S0E-01 &.&OE-Ol 3.3bE-Ol 4.22E-02-7.70E-02-S.70E-02-b.S3E-02-4.S3E-02-3.20E-02-2.1SE-02 
0.00 0.00 &.2&E-Ol &.S3E-Ol 3.00E-Ol 1 .S2E-02-S.7SE-02-<3.04E-02-b.7bE-02-4.S1E-02-3.4SE-02-2.43E-02 
0.00 0.00 <3.&<3E-Ol &.4&E-Ol 2.40E-Ol-1.S3E-02-<3.23E-02-S.S<3E-02-&.7SE-02-S.02E-02-3.77E-02-2.71E-02 
0.00 4.QOE-Ol <3.1QE-Ol S.SlE-01 1 .40E-01-3.7&E-02-S.3&E-02-S.0&E-02-&.44E-02-S.02E-02-3.<33E-02-2.<31E-02 
0.00 7.74E-Ol <3.3<3E-Ol S.10E-Ol S.4bE-02-3.<3SE-02-7.32E-02-7.24E-02-b.OSE-02-4.<33E-02-3.<37E-02-3.00E-02 
0.00 1.01E 00 <3.S3E-Ol 4.40E-Ol S.01E-02-3.7SE-02-b.37E-02-b.S1E-02-S.bSE-02-4.S0E-02-3.<3bE-02-3.04E-02 
0.00 1.00E 00 <3.42E-Ol 3.41E-01 1 .2SE-02-3.32E-02-S.11E-02-S.S3E-02-S.1SE-02-4.SSE-02-3.QOE-02-3.0SE-02 
0.00 1.01E 00 S.72E-Ol 1 .blE-01-1 .bSE-02-2.S2E-02-3.3SE-02-4.04E-02-4.2SE-02-4.10E-02-3.bSE-02-2.Q4E-02 
0.00 1.02E 00 &.b4E-Ol-l .4bE-02-2.71E-02-1 .S2E-02-1 .S7E-02-2.53E-02-3.12E-02-3.32E-02-3.11E-02-2.S<3E-·02 
0.00 <3.<3SE-Ol 2.7SE-01-4.blE-02-2.72E-02-1 .34E-02-Q.SSE-03-1 .43E-02-2.03E-02-2.37E-02-2.33E-02-1 .Q<3E-02 
0.00 S.OSE-01-2.QbE-03-3.bOE-02-1 .QQE-02-S.73E-03-S.0bE-03-7.37E-03-1 .lbE-02-1 .43E-02-1 .4&E-02-1 .2bE-02 
0.00 4.1SE-Ol-S.03E-02-1 .Q7E-02-Q.b4E-03-4.04E-03-2.10E-03-3.03E-03-4.<3SE-03-b.31E-03-b.S2E-03-S.70E-03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 lS 1b 17 lS 1Q 20 21 22 23 
1 .2~2SQ 1.4b130 1.b81S3 1.Q2S<3S 2.1Q733 2.4QSS2 2.S328S 3.1b71S 3.S01S0 3.S3SS3 4.1701S 

o J Y 
21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 -7.44E-04-2.14E-04 4.33E-05 1.2<3E-04 1 .33E-04 <3.44E-05 S.72E-05 7.3SE-OS 1 .12E-04 3.42E-07 0.00 
1<3 0.4&12S -2.4SE-03-<3.3SE-04-1.42E-04 2.03E-04 3.17E-04 3.0<3E-04 3.37E-04 3.2SE-04 3.0<3E-04-1.SbE-07 0.00 
lS 0.437S0 -4.bSE-03-2.13E-03-7.24E-04-4.70E-OS 2.4SE-04 3.30E-04 4.3SE-04 4.blE-04 4.3SE-04-S.23E-07 0.00 
17 0.41&S7 -&.SSE-03-3.40E-03-1 .44E-03-4.34E-04 4.S2E-OS 2.40E-04 4.30E-04 4.<3<3E-04 S.00E-04-1 .1SE-Ob 0.00 
lb 0.3Q5b2 -Q.23E-03-4.SSE-03-2.34E-03-<3.7bE-04-2.7bE-04 S.1SE-OS 3.S0E-04 4.74E-04 S.2SE-04-1.1<3E-Ob 0.00 
lS 0.37500 -1 .lbE-02-b.42E-03-3.32E-03-1.bOE-03-b.bSE-04-1 .7<3E-04 2.22E-04 4.0bE-04 S.1SE-04-<3.qSE-07 0.00 
14 0.355b2 -1 .37E-02-7.SqE-03-4.2qE-03-2.23E-03-1.07E-03-4.34E-04 7.23E-OS 3.1SE-04 4.qOE-04-b.S4E-07 0.00 
13 0.33&S7 -1 .SbE-02-q.27E-03-S.24E-03-2.SSE-03-1.4SE-03-b.qSE-04-S.71E-OS 2.1qE-04 4.47E-04-3.77E-07 0.00 
12 0.312S0 -1 .7qE-02-1.10E-02-b.43E-03-3.bbE-03-2.01E-03-1 .04E-03-3.03E-()4 e.ObE-OS 3.7qE-04-1.14E-07 0.00 
11 0.28&2S -1 .q7E-02-1.2SE-02-7.S1E-03-4.41E-03-2.S2E-03-1.37E-03-S.20E-04-b.41E-OS 2.qSE-04-2.01E-07 0.00 
10 0.2&&2S -2.07E-02-1 .33E-02-S.17E-03-4.SSE-03-2.SSE-03-1 .SqE-03-b.b7E-04-1.bSE-04 2.30E-04-4.<3SE-07 0.00 
q 0.25000 -2.13E-02-1 .3qE-02-S.bOE-03-S.20E-03-3.07E-03-1 .74E-03-7.70E-04-2.3SE-04 1.S0E-04-S.b2E-07 0.00 
S 0.22S7S -2.17E-02-1 .44E-02-<3.04E-03-S.S3E-03-3.31E-03-1.qOE-03-S.S7E-04-3.23E-04 1 .lbE-04-1 .3SE-Ob 0.00 
7 0.lQ500 -2.1SE-02-1.4SE-02-<3.2SE-03-S.7bE-03·3.4QE-03-2.04E-03-1.01E-03-4.20E-04 2.QOE-OS-1 .QbE-Ob 0.00 
b 0.1525G -1 .Q3E-02-1.33E-02-S.bSE-03-S.44E-03-3.34E-03-1.Q7E-03-1 .01E-03-4.SQE-04-4.27E-OS-2.13E-Ob 0.00 
S 0.107S0 -1 .SlE-02-1.0SE-02-b.Q4E-03-4.40E-03-2.12E-03-1 .b1E-03-S.47E-04-4.02E-04-7.13E-OS-1.74E-Ob 0.00 
4 O.O&SOO -Q.bSE-03-b.S2E-03-4.S2E-03-2.SSE-03-1 .7SE-03-1 .ObE-03-S.bSE-04-2.74E-04-b.01E-OS-1 .OSE-Ob 0.00 
3 0.0287S -4.3<3E-03-3.10E~03-2.0bE-03-1 .31E-03-S.1bE-04-4.SSE-04-2.bOE-04-1 .27E-04-3.04E-OS-4.bOE-07 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-* .. *-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 S b 7 S .Q 10 11 12 

X = -0.0314S 0.0314S 0.OQ443 0.lb430 0.241S7 0.327Qb 0.423S2 0.S2QbO 0.b473S 0.77S04 0.Q2311 1.0S41S 
o J Y 

21 0.50500 
20 0.4Q500 
1Q 0.47S00 
lS 0.447S0 
17 0.427S0 
1b 0.40&2S 
lS 0.38500 
14 0.3&500 
13 0.34&2S 
12 0.327S0 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 
0.00 0.007.Q3E-01 
0.00 0.00 S.l<3E-Ol 
0.00 0.00 S.4bE-Ol 
0.00 Q.24E-01 S.SSE-01 
0.00 <3.SbE-01 <3.0bE-Ol 
0.00 <3.Q4E-01 <3.2SE-Ol 

1 .17E 00 1.04E 00 Q.40E-01 
1.22E 00 1.04E 00 Q.2<3E-01 
1.27E 00 1.04E 00 <3.1<3E-Ol 

0.00 0.00 0.00 0.00 0.00 0.00 
S.03E-01 S.11E-Ol S.21E-01 S.4bE-01 Q.OOE-Ol Q.7SE-Ol 
S.24E-01 S.3SE-01 S.S2E-01 S.SSE-01 Q.44E-Ol 1.02E 00 
S.41E-01 S.SlE-Ol S.74E-01 Q.lbE-Ol .<3.73E-Ol 1.03E 00 
S.70E-Ol S.7SE-Ol <3.04E-Ol Q.4SE-Ol <3.<3bE-Ol 1.04E 00 
S.Q4E-Ol Q.OQE-Ol Q.44E-Ol <3.8SE-Ol 1.02E 00 1.0SE 00 
<3.13E-Ol <3.42E-Ol <3.SSE-Ol 1.02E 00 1.04E 00 1.0SE 00 
Q.30E-Ol Q.7SE-Ol 1.02E 00 1.0SE 00 1.0bE 00 1.0SE 00 
~.41E-Ol 1.00E 00 1.0SE 00 1.07E 00 1.0bE 00 1.0SE 00 
Q.S3E-Ol 1.03E 00 1.07E 00 1.0SE 00 1.0bE 00 1.04E 00 

0.00 
1 .OSE 00 
1 .OSE 00 
1 .0<3E 00 
1 .OSE 00 
1 .07E 00 
1 .0bE 00 
1.0SE 00 
1.03E 00 
1 .01 E 00 



x 0.20 + + 0.20 
X 0.22 0 2 4 & 8 0.22 
X 0.24 0.24 
X 0.20 0 2 4 & 8 0.2& 
X 0.28 0.28 
X 0.30 + 0 2 4 & 8 1 + 0.30 
X 0.32 0.32 
X 0.34 0 2 4 & 8 0.34 
X 0.30 0.3& 
X 0.38 0.38 
X 0.40 + 0 2 4 8 1 + 0.40 
X 0.42 0.42 
X 0.44 · 0.44 
X 0.4& 0 2 4 8 0.4& 
X 0.48 0.48 
X 0.50 + + 0.50 
X 0.52 0 2 4 & 8 0.52 
X 0.54 0.54 
X 0.50 · 0.5& 
X 0.58 0 2 4 8 0.58 
X 0.&0 + + 0.&0 
X 0.&2 0.&2 
X 0.&4 · 0.&4 
X 0.&0 0 2 4 8 0.&& 
X 0.&8 0.&8 
X 0.70 + + 0.70 
X 0.72 · 0.72 
X 0.74 0 2 4 8 0.74 
X 0.7& 0.7& 
X 0.78 0.78 
X 0.80 + + 0.80 
X 0.82 · 0.82 
X 0.84 0 2 4 & 8 0.84 
X 0.8& 0.8& 
X 0.88 0.88 
X O.~O + + O.~O 
X 0.~2 0 2 4 8 0.~2 
X 0.~4 0.~4 
X O.~& O.~& 
X 0.~8 · . 0.~8 
X 1.00 O ......... + ......... + ........ 2+ ...... 4 .. + . & ... 8 ... 1 ......... + ......... + ' ......... + ..... , .... + ......... + 1.00 

0.0 O. 1 0.2 0.3 0.4 O.S 0.& 0.7 0.8 O.~ 1 .0 

DIMENSIONLESS STREAMLINE PLOT 
1 X-AXIS IS XI 

v-AXES ARE 00 02 04 0& 08 10 
SYMBOL b 2 4 & 8 1 
MAXIMUM VALUES 0.384E 02 0.408E 02 0.430E 02 0.451E 02 0.475E 02 0.500E 02 

RADIAL POSITION 2R/D 



o 

8 0.03031 2.70E 01 q.18E 00 1.q1E 01 &.3&E 01 7.3qE 01 7.37E 01 S.13E 01 S.72E 01 8.q5E 01 8.S2E 01 S.2qE 01 7.37E 01 
70.02b87 2.70E 01 q.31E 00 2.55E 01 7.74E 01 &.q8E 01 7.04E 01 7.75E 01 8.41E 01 8.75E 01 S.71E 01 S.23E 01 7.34E 01 
& 0.02187 2.70E 01 q.77E 00 4.00E 01 q.41E 01 &.40E 01 &.&3E 01 7.24E 01 7.q3E 01 8.37E 01 S.41E 01 7.qqE 01 7.17E 01 
5 0.01&25 2.70E 01 1.12E 01 7.0&E 01 7.08E 01 &.10E 01 &.31E 01 &.SlE 01 7.42E 01 7.S8E 01 7.q7E 01 7.&lE 01 &.87E 01 
4 0.010&2 2.70E 01 1.5qE 01 1.12E 02 &.28E 01 5.q5E 01 &.OqE 01 &.52E 01 7.04E 01 7.45E 01 7.55E 01 7.24E 01 &.55E 01 
3 0.005&2 2.70E 01 3.17E 01 8.10E 01 5.q8E 01 5.85E 01 5.q8E 01 &.3&E 01 &.83E 01 7.1qE 01 7.2qE 01 7.00E 01 &.35E 01 
2 0.0015& 2.70£ 01 4.7&E 01 8.25E 01 5.qlE 01 5.83E 01 5.q&E 01 &.34E 01 &.7~E 01 7.13E 01 7.22E 01 &.q3E 01 &.30E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 = j 3 14 15 1 & 17 18 1 q 20 21 22 23 
x = 0.1578& 0.182&& 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 4.&3E 00 4.30E 00 3.q2E 00 3.5&E 00 3.2&E 00 3.02E 00 2.82E 00 2.&&E 00 2.53E 00 2.53E 00 2.70E 01 
lq 0.OSq37 2.3qE 01 2.05E 01 1.&8E 01 1.35E 01 1.07E 01 8.5&E 00 &.q8E 00 5.qOE 00 5.18E 00 &.OqE 00 2.70E 01 
180.0SSq4 3.44E 01 2.qlE 01 2.3&E 01 1.88E 01 1.48E 01 1.17E 01 q.44E 00 7.83E 00 &.70E 00 8.43E 00 2.70E 01 
17 0.05344 3.q8E 01 3.34E 01 2.70E 01 2.14E 01 1.&qE 01 '.33E 01 1.07E 01 8.qlE 00 7.&1£ 00 q.S5E 00 2.70E 01 
1& 0.05078 4.48E 01 3.72E 01 2.q~E 01 2.37E 01 1.87E 01 1.47E 01 1.1qE 01 q.8qE 00 8.47E 00 1 .11E 01 2.70E 01 
15 0.04812 4.qOE 01 4.05E 01 3.24E O~ 2.5&E 01 2.01E 01 1.5qE 01 1.28F. 01 1.07E 01 q.20E 00 1.22E 01 2.70E 01 
14 0.045&2 5.25E 01 4.30E 01 3.44E 01 2.71E 01 2.13E 01 1.&8E 01 1.3&E 01 1 .14E 01 q.78E 00 1.30E 01 2.70E 01 
13 0.04328 5.52E 01 4.51E 01 3.5qE 01 2.82E 012.22E 01 1 .75E 01 1.42E 01 1 .1qE O. 1.02E 01 1.35E 01 2.70E 01 
120.040q4 5.75E 01 4.&8E 01 3.72E 01 2.q2E 01 2.2qE 01 1.81E 01 1.47E 01 1.23E 01 1.0&E 01 1.40E 01 2.70E 01 
110.0371q &.02E 01 4.8~E 01 3.87E 01 3.04E 01 2.38E 01 1.88EOl 1.S2E 01 1 .28E 01 1 .10E 01 1.44E 01 2.70E 01 
10 0.03437 &.1SE 01 4.qqE 01 3.qSE 01 3.0qE 01 2.42E 01 1.q2E 01 1.SSE 01 1.30E 01 1 .12E 01 1.45E 01 2.70E 01 
q 0.0321q &.21E 01 5.03E 01 3.q8E 01 3.12E 01 2.44E 01 1.q3E 01 1.S&E 01 1.31E 01 1 .13E 01 1.45E 01 2.70E 01 
8 0.03031 &.23E 01 S.05E 01 4.00E 01 3.13E 01 2.4SE 01 1.~4E 01 1.51E 01 1.31E 01 1 .13E 01 1.44E 01 2.70E 01 
7 0.02&87 &.22E 01 S.05E 01 4.00E 01 3.13E 01 2.4SE 01 1.q4E 01 1.S7E 01 1.31E 01 1 .13E 01 1.42E 01 2.70E 01 
& 0.02187 &.10E 01 4.q7E 01 3.q4E 01 3.0qE 01 2.42E 01 1.q1E 01 1.SSE 01 1.2qE 01 1 .11E 01 1 .3&E 01 2.70E 01 
5 0.01&25 5.87E 01 4.81E 01 3.83E 01 3.00E 01 2.3SE 01 1.8&E 01 1.S1E 01 1.2&E 01 1.0SE 01 1.2qE 01 2.70E 01 
4 0.010&2 S.&3E 01 4.&4E 01 3.71E 01 2.q2E 01 2.2qE 01 1.81E 01 1.47E 01 1.23E 01 1.0&E 01 1.23E 01 2.70E 01 
3 0.005&2 S.48E 01 4.53E 01 3.&3E 01 2.87E 01 2.2SE 01 1.7qE 01 1.45E 01 1.21E 01 1.04E 01 1 .1qE 01 2.70E 01 
2 0.0015& S.44E 01 4.50E 01 3.&2E 01 2.8&E 01 2.2SE 01 1 .7qE 01 1.4SE 01 1 .21E 01 1.04E 01 1.1qE 01 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00. 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 S & 7 e q 10 11 12 

X = -0.003q3 0.00)q3 0.01180 0.020S4 0.03023 0.040qq 0.052q4 0.0&&20 0.080q2 0.Oq72& 0.11S3q 0.135S2 
o J Y 

21 0.0&312 
20 0.0&187 
1q 0.OSQ37 
18 0.OSSQ4 
17 0.OS344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
q 0.0321Q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&2S 
4 0.010&2 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 &.8SE 03 &.5&E 03 4.7qE 03 3.77E 03 3.S8E 03 4.48E 03 S.82E 03 &.4&E 03 
0.00 0.00 0.00 0.00 1.1&E 04 1 .3&E 04 q.&&E 03 &.7SE 03 S.28E 03 S.32E 03 S.q8E 03 &.l&E 03 
0.00 0.00 0.00 0.00 2.S&E 04 1.q&E 04 1.33E 04 q.3qE 03 7.&SE 03 7.40E 03 7.3SE 03 &.80E 03 
0.00 0.00 0.00 1.8&E 04 2.28E 04 1.72E 04 1.31E 04 1.07E 04 q.7&E 03 q.37E 03 8.&7E 03 7.S0E 03 
0.00 0.00 0.00 3.&&E 04 2.S2E 04 1.80E 04 1.44E 04 1 .31E 04 1.2&E 04 1.17E 04 1.02E 04 8.34E 03 
0.00 0.00 0.00 3.77E 04 2.S4E 04 1.q1E 04 1.70E 04 1.&&E 04 1.S7E 04 1 .3qE 04 1.1&E 04 q.13E 03 
0.00 0.00 3.&2E 04 3.18E 04 2.4&E 04 2.11E 04 2.0SE 04 2.00E 04 1 .S2E 04 1.5&E 04 1.2&E 04 q.78E 03 
0.00 0.00 S.27E 04 3.15E 04 2.S8E 04 2.35E 04 2.35E 04 2.2&E 04 2.00E 04 1.&7E 04 1.34E 04 1.02E 04 
0.00 0.00 3.0SE 04 2.70E 04 2.71E 04 2.S1E 04 2.52E 04 2.3qE 04 2.10E 04 1.7SE 04 1.3qE 04 1.0&E 04 
0.00 3.77E 04 3.0&E 04 3.05E 04 3.25E 04 2.S8E 04 2.S7E 04 2.43E 04 2.13E 04 1.78E 04 1.43E 04 1.08E 04 
0.00 4.Q&E 04 3.31E 04 3.&7E 04 3.17E 04 2.35E 04 2.40E 04 2.31E 04 2.07E 04 1 .7SE 04 1.42E 04 1 .08E 04 
0.00 2.18E 04 3.42E 04 4.2&E 04 2.80E 04 2.11E 04 2.20E 04 2.17E 04 1.q8E 04 1.71E 04 1.3QE 04 1 .07E 04 

4.4qE 05 8.25E 04 4.40E 04 4.77E 04 2.47E 04 1.8qE 04 2.02E 04 2.03E 04 1.8qE 04 1.&5E 04 1.3&E 04 1.05E 04 
4.4QE 05 8.32E 04 5.15E 04 5.23E 04 1.8&E 04 1.S8E 04 1.70E 04 1 .77E 04 1 .70E 04 1.S3E 04 1.28E 04 1.00E 04 
4.4qE 05 8.S7E 04 &.&1E 04 4.8qE 04 1 .34E 04 1.2&E 04 1.3&E 04 1 .4SE 04 1 .4SE 04 1.35E 04 1.1&E 04 q.1&E 03 
4.4qE OS Q.30E 04 8.8QE 04 2.13E 04 1.05E 04 1.02E 04 1.10E 04 1.18E 04 1 .21E 04 1 .15E 04 1 .01E 04 8.12E 03 
4.4qE 05 1.13E OS q.q1E 04 1.32E 04 8.Q3E 03 8.75E 03 q.31E 03 q.q8E 03 1.03E 04 q.q4E 03 8.82E 03 7.1qE 03 



& 0.17S00 4.13E OS 4.24E OS 4.32E OS 4.3~E OS 4.4&E OS 4.S1E OS 4.S&E OS 4.&1E OS 4.&SE OS 4.&~E OS 0.00 
5 0.13000 3.81E 05 3.~5E 05 4.07E OS 4.17E OS 4.2SE OS 4.32E OS 4.3~E OS 4.44E OS 4.4~E OS 4.S4E OS 0.00 
4 0.08500 3.57E 05 3.74E OS 3.8~E OS 4.00E OS 4.10E OS 4.18E OS 4.2&E OS 4.32E 05 4.38E OS 4.43E OS 0.00 
3 0.04500 3.43E 05 3.&3E OS 3.7~E OS 3.91E OS 4.02E OS 4.11E OS 4.1~E OS 4.2&E 05 4.32E OS 4.37E OS 0.00 
2 0.01250 3.38E 05 3.S8E OS 3.7SE OS 3.88E OS 3.~~E OS 4.08E OS 4.1&£ 05 4.23£ OS 4.2~E OS 4.3SE OS 0.00 
1-0.012S0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.CO 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 S & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.0~443 0.1&430 0.24187 0.327~& 0.423S2 0.52~&0 0.&4735 0.77804 0.~2311 1.08415 
o J Y 

o 

21 O.SOSOO 
20 0.4~SOO 
1~ 0.47500 
18 0.447S0 
17 0.42750 
1& 0.40&25 
15 0.38S00 
14 0.3&SOO 
13 0.34&25 
12 0.327S0 
11 0.2~7S0 
10 0.27500 
~ 0.2S750 
8 0.24250 
7 0.21S00 
& 0.17500 
5 0.13000 
4 0.08S00 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 5.4&E-03 5.31E-03 4.31E-03 3.&7E-03 3.54E-03 4.12E-03 4.~OE-03 5.2&E-03 
0.00 0.00 0.00 0.00 3.03E-02 3.S&E-02 2.83E-02 2.25E-02 2.04E-02 2.3&E-02 2.77E-02 2.87E-02 
0.00 0.00 0.00 0.00 5.1&E-02 4.3&E-02 3.51E-02 2.~~E-02 3.0QE-02 3.73E-02 4.23E-02 4.23E-02 
0.00 0.00 0.00 1.&~E-02 3.83E-02 3.73E-02 3.47E-02 3.47E-02 4,02E-02 4.7&E-02 5.14E-02 4.~8E-02 
0.00 0.00 0.00 &.11E--02 4.8&E-02 4.18E-02 3.~~E-02 4.43£-02 5.23E-02 5.87E-02 &.03E-02 5.&8E-02 
0.00 0.00 0.00 &.22E-02 4.80E-02 4.52E-02 4.8~E-02 5.75E-02 &.53E-02 &.~3E-02 &.84E-02 &.30E-02 
0.00 0.00 2.&3E-02 4.17E-02 4.5&E-02 5.18E-02 &.13F.-02 7.08E-02 7.&5E-02 7.7~E-02 7.50E-02 &.80E-02 
0.00 0.00 7.2&E-02 4.88E-02 5.24E-02 &.1~E-02 7.33E-02 8.1&E-02 8.50E-02 8.45E-02 8.02E-02 7.20E-02 
0.00 0.00 5.05E-02 4.1~E-02 5.7&E-02 7.10E-02 8.27E-02 8.~&E-0~ ~.15E-02 8.~7E-02 8.43E-02 7.53E-02 
0.00 3.54E-02 3.00£-02 4.23E-02 7.20£-02 8.34£-02 q.24E-02 ~.75£-02 q.82£-02 ~.54E-02 8.~1E-02 7.q1E-02 
0.00 &.~7E-02 2.~~E-02 5.1&E-02 8.18E-02 8.52E-02 q.37E-02 ~.~OE-02 1 .00E-01 ~.7&E-02 q.12E-02 8.0~E-02 
0.00 4.03E-02 2.22E-02 &.0&E-02 8.2qE-02 8.3qE-02 q.24E-02 ~.83E-02 1.00E-01 q.81E-02 q.1~E-02 8.17E-02 

3.00E-02 1.02E-02 2.12E-02 7.07E-02 8.21E-02 8.1qE-02 q.03E-02 ~.&8E-02 ~.~5E-02 q.80E-02 q.21E-02 8.1~E-02 
3.00E-02 1.03E-02 2.83E-02 8.&OE-02 7.7&E-02 7.82E-02 8.&1E-02 ~.34E-02 q.73E-02 q.&8E-02 q.14E-02 8.1&E-02 
3.00E-02 1.0~E-02 4.45E-02 1.05E-01 7.12E-02 7.37E-02 8.05E-02 8.81E-02 q.~OE-02 q.34E-02 8.88E-02 7.~7E-02 
3.00E-02 1.25E-02 7.84E-02 7.87E-02 &.77E-02 7.01E-02 7.57E-02 8.25E-02 8.75E-02 8.85E-02 8.4&E-02 7.&3E-02 
3.00E-02 1.77E-02 1.25E-01 &.Q8E-02 &.&1E-02 &.77E-02 7.24E-02 7.82E-02 8.27E-02 8.3~E-02 8.04E-02 7.28E-02 
3.00E-02 3.52E-02 ~.00E-02 &.&5E-02 &.50E-02 &.&4E-02 7.07E-02 7.5~E-02 7.Q~E-02 8.10E-02 7.78E-02 7.0&E-02 
3.00E-02 5.2~E-02 Q.17E-02 &.57E-02 &.48E-02 &.&2E-02 7.04E-02 7.54E-02 7.Q3E-02 8.02E-02 7.70E-02 &.~~E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1~ 20 21 22 23 

1 .2&28~ 1.4&130 1.&8153 1 .~25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5.14E-03 4.7&E-03 4.35E-03 3.Q&E-03 3.b3E-03 3.35E-03 3.13E-03 2.~5E-03 2.81E-03 2.81E-03 3.00E-02 
2.&5E-02 2.28E-02 1.87E-02 1 .50E-02 1.1~E-02 Q.51E-03 7.7&E-03 &.5&E-03 5.75E-03 &.7&E-03 3.00E-02 
3.82E-02 3.23E-02 2.&3E-02 2.0QE-02 1.&5E-02 1.30E-02 1.05E-02 8.70E-03 7.44E-03 Q.37E-03 3.00E-02 
4.43E-02 3.71E-02 3.00E-02 2.38E-02 1.88E-02 1.48E-02 1 .1~E-02 Q.QOE-03 8.4&E-03 1.0QE-02 3.00E-02 
4.Q7E-02 4.14E-02 3.33E-02 2.&3E-02 2.07E-02 1.&4E-02 1.32E-02 1.10E-02 Q.42E-03 1.24E-02 3.00E-02 
5.45E-02 4.4~E-02 3.&OE-02 2.84E-02 2.24E-02 1.77E-02 1.43E-02 1 .1~E-02 1.02E-02 1 .35E-02 3.00E-02 
5.83E-02 4.78E-02 3.82E-02 3.01E-02 2.3&E-02 1.87E-02 1.51E-02 1.2&E-02 1 .0~E-02 1.44E-02 3.00E-02 
&.13E-02 5.01E-02 3.~QE-02 3.14E-02 2.4&E-02 1.Q5E-02 1.58E-02 1.32E-02 1 .14E-02 1.50E-02 3.00E-02 
&.38E-02 5.20E-02 4.13E-02 3.25E-02 2.55E-02 2.01E-02 1.&3E-02 1.3&E-02 1 .18E-02 1.55E-02 3.00E-02 
&.&QE-02 5.43E-02 4.30E-02 3.37E-02 2.&5E-02 2.0QE-02 1 .&~E-02 1.42E-02 1.22E-02 1.&OE-02 3.00E-02 
&.83E-02 5.54E-02 4.3~E-02 3.44E-02 2.&QE-02 2.13E-02 1.72E-02 1.44E-02 1.25E-02 1.&1E-02 3.00E-02 
&.8~E-02 5.5~E-02 4.42E-02 3.47E-02 2.72E-02 2.15E-02 1.74E-02 1.45E-02 1.2&E-02 1 .&1E-02 3.00E-02 
&.Q2E-02 5.&1E-02 4.44E-02 3.48E-02 2.73E-02 2.15E-02 1.74E-02 1.4&E-02 1.2&E-02 1.&OE-02 3.00E-02 
&.Q1E-02 5.&1£-02 4.44E-02 3.48E-02 2.72E-02 2.15E-02 1.74E-02 1.4&E-02 1.2&E-02 1.58E-02 3.00E-02 
&.78E-02 5.52E-02 4.38E-02 3.43E-02 2.&QE-02 2.12E-02 1.72E-02 1.44£-02 1.24E-02 1.52E-02 3.00E-02 
&.53E-02 5.34E-02 4.25E-02 3.34E-02 2.&2E-02 2.07E-02 1.&8E-02 1.40E-02 1.21E-02 1.44E-02 3.00E-02 
&.2&E-02 5.15E-02 4.12E-02 3.25E-02 2.54E-02 2.01E-02 1.&3E-02 1.3&E-02 1 .17E-02 1 .37E-02 3.00E-02 
&.0~E-02 5.03E-02 4.04£-02 3.1~E-02 2.50E-02 1 .~8E-02 1.&1E-02 1.35E-02 1.1&E-02 1.33E-02 3.00E-02 
&.04E-02 5.00E-02 4.02E-02 3.18E-02 2.50E-02 1 .~8E-02 1.&1E-02 1.35E-02 1 .1&E-02 1.32E-02 3.00E-02 



OITER 
NO 

1--
UMON 

DIMENSIONLESS STREAMLINE PLOT 
ABSOLUTE RESIDUAL SOURCE SUMS ---I 1--- FIELD VALUES AT MONITORING LOCATION(22, 81 ---I 

VMON WMON MASS TKIN DISP U V W P 0 

1 0.13blE-Ol 0.1504E-Ol O.110qE 00 0.57blE-02 0.8213E-02 0.4205E 10 0.5428E 01-0.7725E-04 0.lb7~E 02 0.184bE 04 0.2520E 04 
2 0.1331E-Ol 0.1510E 00 0.Q421E-Ol 0.lb17E-Ol 0.12~bE-Ol 0.7477E 10 0.5428E 01-0.853bE-04 0.lb80E 02 0.1~~2E 04 0.2521E 04 
3 0.7704E-01 0.2185E 00 0.8527E-01 0.2252E-01 0.1b43E-01 0.~b23E 10 0.5428E 01-0.5b27E-04 0.1b80E 02 0.2123E 04 0.2521E 04 
4 0.1~4bE 00 0.lQ72E 00 0.7~51E-Ol 0.1533E-01 0.1788E-Ol 0.~424E 10 0.5428E 01-U.5~14E-04 0.lb80E 02 0.20Q2E 04 0.2521E 04 
5 0.2034E 00 0.2130E 00 0.7b22E-Ol 0.1543E-Ol 0.184bE-Ol 0.801~E 10 O.5428E 01-0.b751E-04 0.lb81E 02 0.20b2E 04 0.2521E 04 
b O.2225E 00 0.2150E 00 0.74bbE-Ol 0.lb82E-Ol 0.1~82E-Ol 0.7025E 10 0.5428E 01-0.7727E-04 0.lb81E 02 0.2028E 04 0.2522E 04 
7 0.2300E 00 0.218QE 00 0.738bE-Ol 0.1708E-Ol 0.2053E-Ol 0.bbl1E 10 0.5428E 01··0.87~bE-04 0.lb82E 02 0.2000E 04 0.2522E 04 
8 0.2324E 00 0.2221E 00 0.7321E-01 0.1744E-Ol 0.2101E-Ol 0.bl14E 10 0.5428E 01-0.~81bE-04 0.lb82E 02 0.1~77E 04 0.2522E 04 
q 0.234qE 00 0.2234E 00 0.7238E-Ol 0.18bbE-Ol 0.2151E-Ol 0.5778E 10 0.5428E 01-0.10b7E-03 0.lb83E 02 0.1~5~E 04 0.2522E 04 

10 0.2371E 00 0.2228E 00 0.7147E-Ol 0.1~4bE-Ol 0.2210E-Ol 0.5212E 10 0.5428E 01-0.1154E-03 0.lb83E 02 0.1~4bE 04 0.2523E 04 
11 0.238bE 00 0.2220E 00 0.7112E-Ol 0.2007E-Ol 0.227~E-Ol 0.4~72E 10 0.5428E 01-0.122~E-03 0.lb84E 02 0.1~38E 04 0.2523E 04 
12 0.2401E 00 0.2205E 00 0.70~7E-Ol 0.2078E--Ol 0.2371E~01 0.4831f 10 0.5428E 01-0.130bE-03 0.lb84E 02 0.1~32E 04 0.2523E 04 
13 0.2431E 00 0.2175E 00 0.70b8E-01 0.214~E-01 0.2474E-Ol 0.4751E 10 0.5428E 01-0.1371E-03 0.lb84E 02 0.1~28E 04 0.2524E 04 
14 0.2450EOO 0.2133E 00 0.7052E-Ol 0.2218E-Ol 0.2578E-Ol 0.4701E 10 0.5428E 01-0.1430E-03 0.lb85E 02 0.1~2bE 04 0.2524E 04 
15 0.2457E 00 0.2081E 00 0.7027E-Ol 0.2283E-Ol 0.2b8~E-Ol 0.4bbOE 10 0.5428E 01-0.148~E-03 0.lb85E 02 0.1~25E 04 0.2524E 04 
1b 0.245&E 00 0.2025E 00 0.7005E-Ol 0.2325E-Ol 0.27~~E-Ol 0.4b17E 10 0.5428E 01--0.1531E-03 0.lb8bE 02 0.1~2bE 04 0.2525E 04 
17 0.245~E 00 0.lq53E 00 0.b~Q5E-Ol 0.2345E-Ol 0.2~13E-Ol 0.45b2E 10 0.5428E 01-0.1570E-03 0.lb8bE 02 0.1~27E 04 0.2525E 04 
18 0.24b2E 00 0.188bE 00 0.b~77E-Ol 0.2348E-Ol 0.2~~7E-Ol 0.44qbE 10 0.5428E 01-0.1bObE-03 0.lb87E 02 0.1~30E 04 0.2525E 04 
lq 0.2453E 00 0.1818E 00 O.b~bOE-Ol 0.2327E-Ol 0.3044E-Ol 0.4417E 10 0.5428E 01-0.1b38E-03 0.lb87E 02 0.1~33E 04 0.252bE 04 
20 0.2437E 00 0.1754E 00 0.b~31E-Ol 0.22~OE-Ol 0.30~OE-Ol 0.4325E 10 0.5428E 01-0.lbb2E-03 0.lb88E 02 0.1~3bE 04 0.252bE 04 
21 0.2417E 00 0.~702E 00 O.b~OOE-Ol 0.2247E-Ol 0.3113E-Ol 0.4220E 10 0.5427E 01-0.lb84E-03 0.lbe8E 02 0.1~40E 04 0.2527E 04 
22 0.238QE 00 0.lb74E 00 0.b870E-Ol 0.21~2E-Ol 0.3112E-Ol 0.4102E 10 0.5427E 01-0.1~~4E-03 0.lb8~E 02 0.1~43E 04 0.2527E 04 
23 0.23bQE 00 0.lb4qE 00 0.b837E-Ol 0.2142E-Ol 0.310~E-Ol 0.3qb8E 10 0.5427E 01-0.1702E-03 0.lb8~E 02 0.1~4bE 04 0.2528E 04 
24 0.234QE 00 0.lb2bE 00 0.b7q~E-Ol 0.20Q7E-Ol 0.30~5E-Ol 0.381~E 10 0.5427E 01-0.1704E-03 O.lb~OE 02 0.1~50E 04 0.2528E 04 
25 0.2331E 00 0.lb04E 00 0.b758E-01 0.20bbE-Ol 0.30b8E-Ol 0 .. 3bb5E 10 0.5427E 01-0.lb~bE-03 O.lb~OE 02 0.1~53E 04 0.2528E 04 
2b 0.230QE 00 0.1584E 00 0.b705E-Ol 0.203~E-Ol 0.3045E-Ol 0.3500E 10 0.5427E 01-0.1b~2E-03 O.lb~lE 02 0.1~5bE 04 0.252~E 04 
27 0.2282E 00 0.1572E 00 0.bb48E-Ol 0.2015E-Ol 0.3022E-Ol 0.3321E 10 0.5427E 01-0.lb7bE-03 O.lb~lE 02 0.1~5~E 04 0.252~E 04 
28 0.2248E 00 0.1555E 00 0.b5~7E-Ol O.l~~~E-Ol 0.2~~lE-Ol 0.312~E 10 0.5427E 01-0.lb51E-03 0.lb~2E 02 0.1~b2E 04 0.2530E 04 
2Q 0.2211E 00 0.1537E 00 0.b542E-Ol 0.lQ8bE-Ol 0.2~b~E-Ol 0.2~27E 10 0.5427E 01-0.lb24E-03 0.lb~2E 02 0.1~b4E 04 0.2530E 04 
30 0.217bE 00 0.1513E 00 0.b482E-Ol 0.1~7~E-Ol 0.2~55E-Ol 0.271bE 10 0.5427E 01-0.15~bE-03 0.lo~3E 02 0.1~b7E 04 0.2531E 04 
31 0.2148E 00 0.14~2E 00 0.b427E-Ol 0.1~82E··01 0.2~51E-Ol 0.2505E 10 0.542bE 01-0.15b5E-03 0.lb~3E 02 O.l~b~E 04 0.2532E 04 
32 0.2120E 00 0.1470E 00 0.b370E-Ol 0.lQ~5E-01 U.2~53E-Ol 0.230~E 10 0.542bE 01-0.1542E-03 0.lb~4E 02 0.1~71E 04 0.2532E 04 
33 0.208QE 00 0.1445E 00 0.b315E-Ol 0.200~E-Ol 0.2~58E-Ol 0.2120E 10 0.542bE 01-0.1522E-03 0.lb~4E 02 0.1~72E 04 0.2533E 04 
34 0.2054E 00 0.1420E 00 0.b258E-Ol 0.2040E-Ol 0.2~85E-Ol 0.1~28E 10 0.542bE 01-0.1512E-03 0.lb~5E 02 0.1~74E 04 0.2533E 04 
35 0.2021E 00 0.1400E 00 0.b200E-Ol 0.2075E-Ol 0.3025E-Ol 0.173bE 10 0.542bE 01-0.1517E-03 0.lb~5E 02 0.1~75E 04 0.2534E 04 
3b 0.1~88E 00 0.1381E 00 0.b143E-Ol 0.211bE-Ol 0.307~E-Ol 0.lb01E 10 0.542bE 01-0.1543E-03 O.lb~bE 02 0.1~7bE 04 0.2535E 04 
37 0.lQ53E 00 0.13b3E 00 0.bOQ5E-Ol 0.2158E-Ol 0.314bE-Ol 0.14~lE 10 0.542bE 01-0.15~8E-03 O.lb~bE 02 0.1~77E 04 0.253bE 04 
38 O.l~lbE 00 0.~343E 00 0.b05~E-Ol 0.2207E-Ol 0.3207E-Ol 0.1371E 10 0.542bE 01-0.lb81E-03 0.lb~7E 02 0.1~78E 04 0.253bE 04 
3Q 0.1880E 00 0.~323E 00 0.b027E-Ol 0.22b4E-Ol 0.32b7E-Ol 0.125bE 10 0.542bE 01-0.17~5E-03 0.lb~7E 02 0.1~7~E 04 0.2537E 04 
40 0.1843E 00 0.1302E 00 0.b001E-Ol 0.2328E-Ol 0.3334E-Ol 0.114bE 10 0.5425E 01-0.1~45E-03 0.lb~8E 02 0.1~80E 04 0.2538E 04 
41 0.1802E 00 0.127QE 00 0.5~84E-Ol 0.237~E-Ol 0.3382E-Ol 0.102bE 10 0.5425E 01-0.210~E-03 0.lb~8E 02 0.1~81E 04 0.253~E 04 
42 0.17b2E 00 0.1245E 00 0.5Qb7E-Ol 0.2401E-Ol 0.342bE-Ol 0.~4~bE O~ 0.5425E 01-0.22~5E-03 O.lb~~E 02 0.1~81E 04 0.2540E 04 
43 0.1724E 00 0.1220E 00 0.5~53E-Ol 0.2437E-Ol 0.34b4E-Ol 0.8783E O~ 0.5425E 01-0.2521E-03 0.1700E 02 0.lQ82E 04 0.2541E 04 
44 O.lbQOE 00 0.11~3E 00 0.5~37E-Ol 0.2478E-Ol 0.3500E-Ol 0.8012E O~ 0.5425E 01-0.27~2E-03 0.1700E 02 0.1~83E 04 0.2542E 04 
45 0.lbb2E 00 0.11bbE 00 0.5~22E-Ol 0.2525E-Ol 0.3533E-Ol 0.77b3E O~ 0.5424E 01-0.3115E-03 0.1701E 02 0.1~83E 04 0.2543E 04 
4b 0.lb3bE 00 0.113~E 00 0.5Q14E-Ol 0.2577E-Ol 0.3558E-Ol 0.77b4E O~ 0.5424E 01-0.3482E-03 0.1701E 02 0.1~83E 04 0.2544E 04 
47 0.lb13E 00 0.1112E 00 0.5~01E-Ol 0.2b30E-Ol 0.3573E-Ol 0.7b3~E O~ 0.5424E 01-0.3~02E-03 0.1702E 02 0.1~84E 04 0.2545E 04 
48 0.15QOE 00 0.1088E 00 0.5883E-Ol 0.2b84E-Ol 0.3582E-Ol 0.7410E Oq 0.5423E 01-0.4371E-03 0.1702E 02 0.1~84E 04 0.2547E 04 
4Q 0.15b5E 00 0.10b7E 00 0.58b7E-01 0.2754E-01 0.357~E-01 0.70~5E O~ 0.5423E 01-0.48~bE-03 0.1703E 02 0.1~84E 04 0.2548E 04 
50 0.1540E 00 0.1045E 00 0.584bE-01 0.2817E-01 0.35b5E-01 0.b718E O~ 0.5422E 01-0.5482E-03 0.1703E 02 0.1~84E 04 0.2550E 04 



17 0.05344 0.00 0.00 0.00 2.00E 03 1.q1E 03 1.q7E 03 1.~5E 03 1.q7E 03 2.00E 03 2.01E 03 2.01E 03 2.00E 03 
1b 0.05078 0.00 0.00 0.00 1.85E 03 1.88E 03 1.88E 03 1.aqE 03 1.q2E 03 1.q4E 03 1.q5E 03 1.q5E 03 1.q4E 03 
15 0.04812 0.00 0.00 0.00 1.&4E 03 1.81E 03 1 .7~E 03 1.82E 03 1.8&E 03 1.8qE 03 1.8qE 03 1.88E 03 1.87E 03 
140.045b2 0.00 0.00 2.20E 03 1.&3E 03 1 .70E 03 1 .70E 03 1.75E 03 1.80E 03 1.82E 03 1.83E 03 1.82E 03 1.81E 03 
13 0.04328 0.00 0.00 1.q5E 03 1.bbE 03 1.&OE 03 1.&lE 03 1.&8E 03 1 .74E 03 1.7&E 03 1.7bE 03 1.75E 03 1.74E 03 
120.040q4 0.00 0.00 1.58E 03 1.&lE 03 1.50E 03 1.53E 03 1.blE 03 1.bbE 03 1 .o~E 03 1.&qE 03 1.b~E 03 1.b8E 03 
110.0371q 0.00 2.13E 03 1.47E 03 1.42E 03 1.3&E 03 1.41E 03 1.4~E 03 1.54E 03 1.57E 03 1.58E 03 1.58E 03 1.58E 03 
10 0.03437 0.00 1.&bE 03 1.44E 03 1.30E 03 1.2bE 03 1 .32E 03 1.3~E 03 1.44E 03 1.47E 03 1.48E 03 1 .4~E 03 1.50E 03 
q 0.0321q 0.00 1.20E 03 1.34E 03 1.21E 03 1.1qE 03 1.25E 03 1.31E 03 1.3&E 03 1 .3~E 03 1 .41E 03 1 .43E 03 1.44E 03 
8 0.03031 0.00 q.78E 02 1.24E 03 1.15E 03 1.14E 03 1 .18E 03 1.24E 03 1.2~E 03 1 .32E 03 1 .35E 03 1 .37E 03 1 .3qE 03 
70.02b87 0.00 q.2&E 02 1.08E 03 1.03E 03 1.04E 03 1.07E 03 1.11E 03 1 .1&E 03 1 .20E 03 1.24E 03 1 .27E 03 1 .30E 03 
b 0.02187 0.00 7.qqE 02 8.qlE 02 8.81E 02 8.qOE 02 q.08E 02 ~.38E 02 ~.81E 02 1.03E 03 1.08E 03 1 .14E 03 1 .18E 03 
5 0.01&25 0.00 &.21E 02 &.q3E 02 7.12E 02 7.31E 02 7.47E 02 7.72E 02 8.14E 02 8.70E 02 q.3&E 02 1 .OOE 03 1.07E 03 
4 0.010&2 0.00 4.1QE 02 5.27E 02 5.&4E 02 5.QQE 02 &.22E 02 &.48E 02 &.8~E 02 7.4~E 02 8.24E 02 ~.04E 02 Q.80E 02 
3 0.005&2 0.00 1.b5E 02 4.0&E 02 4.71E 02 5.20E 02 5.50E 02 5.78E 02 &.l~E 02 &.81E 02 7.&OE 02 8.47E 02 ~.31E 02 
2 0.0015& 0.00 0.00 3.07E 02 4.31E 02 4.8~E 02 ~.23E 02 5.52E 02 5.~3E 02 &.55E 02 7.37E 02 8.2&E 02 Q.12E 02 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 ~ 20 21 22 23 
X = 0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3~5~0· 0.437&~ 0.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.1QE 03 2.1QE 03 2.1QE 03 2.18E 03 2.1&E 03 2.15E 03 2.13E 03 2.11E 03 2.10E 03 2.08E 03 0.00 
lQ O.05Q37 2.14E 03 2.13E 03 2.13E 03 2.12E 03 2.10E 03 2.0QE 03 2.07E 03 2.0&E 03 2.05E 03 2.03E 03 0.00 
180.055Q4 2.05E 03 2.05E 03 2.04E 03 2.03E 03 2.01E 03 2.00E 03 1.QQE 03 1.Q8E 03 1 .Q7E 03 1 .Q&E 03 0.00 
17 0.05344 1.~QE 03 1.Q8E 03 1.Q7E 03 1.Q&E 03 1.Q5E 03 1.Q4E 03 1.Q3E 03 1.Q2E 03 1.Q1E 03 1.QOE 03 0.00 
1& 0.05078 1.Q3E 03 1.Q1E 03 1.QOE 03 1.8QE 03 1.8SE 03 1.88E 03 1.87E 03 1.8&E 03 1.A5E 03 1.84E 03 0.00 
15 0.04812 1.8&E 03 1.85E 03 1.84E 03 1.83E 03 1.82E 03 1.81E 03 1.81E 03 1.80E 03 1 .7QE 03 1.7QE 03 0.00 
14 0.045&2 1.7QE 03 1.78E 03 1.77E 03 1.77E 03 1.7&E 03 1 .75E 03 1.75E 03 1 .75E 03 1 .74E 03 1.74E 03 0.00 
13 0.04328 1.73E 03 1.72E 03 1.72E 03 1.71E 03 1.71E 03 1 .70E 03 1.70E 03 1 .70E 03 1 .70E 03 1.&QE 03 0.00 
120.040Q4 1.&7E 03 1.&7E 03 1.&&E 03 1.&&E 03 1.&5E 03 ' .. &5E 03 1.&5E 03 1.&5E 03 1 .&5E 03 1.&5E 03 0.00 
110.0371Q 1.58E 03 1.57E 03 1.57E 03 1.57E 03 1.58E 03 1.58E 03 1.58E 03 1.58E 03 1.5QE 03 1 .5~E 03 0.00 
10 0.03437 1.50E 03 1.51E 03 1.51E 03 1.52E 03 1.52E 03 1.53E 03 1.53E 03 1.54E 03 1.54E 03 1.55E 03 0.00 
Q 0.0321Q 1.45E 03 1.4&E 03 1.47E 03 1.47E 03 1.48E 03 1.4QE 03 1.4QE 03 1.50E 03 1 .51E 03 1 .51E 03 0.00 
8 0.03031 1.40E 03 1.42E 03 1.43E 03 1.44E 03 1.45E 03 1.4&E 03 1.47E 03 1 .47E 03 1 .48E 03 1 .4QE 03 0.00 
7 0.02&87 1.33E 03 1.35E 03 1.3&E 03 1.38E 03 1 .3QE 03 1.40E 03 1.42E 03 1.43E 03 1 .44E 03 1 .45E 03 0.00 
& 0.02187 1.22E 03 1.25E 03 1.28E 03 1.30E 03 1 .J2E 03 1.34E 03 1.35E 03 1.37E 03 1 .38E 03 1 .3QE 03 0.00 
5 0.01&25 1.12E 03 1.1&E 03 1.20E 03 1.23E 03 1.2&E 03 1.28E 03 1.30E 03 1 .31E 03 1 .33E 03 1 .35E 03 0.00 
4 0.010&2 1.05E 03 1.10E 03 1.14E 03 1.18E 03 1.21E 03 1.23E 03 1.2&E 03 1.28E 03 1.2QE 03 1 .31E 03 0.00 
3 0.005&2 1.00E 03 1.0&E 03 1.11E 03 1.15E 03 1.18E 03 1.21E 03 1.24E 03 1.2&E 03 1.28E 03 1.2QE 03 0.00 
2 0.0015& Q.88£ 02 1.05E 03 1.10E 03 1 .14E 03 1.17E OJ 1 .20E 03 1.23E 03 1.25E 03 1.27E 03 1.2QE 03 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 5.83E-02 4.84E-02 7.73E-02 8.34E-02 8.1&E-02 8.37E-02 Q.05E-02 Q.82E-02 
0.00 0.00 0.00 &.33E-02 4.87E-02 7.58E-02 8.04E-02 7.73E-02 7.&&E-02 7.QQE-02 84&E-02 
0.00 0.00 0.00 7.78E-02 5.15E-02 7.4&E-02 7.58E-02 7.02E-02 &.&3E-02 &.47E-02 &.55E-02 
0.00 0.00 1.20E-02 7.00E-02 5.Q4E-02 7.4&E-02 7.24E-02 &.4&E-02 5.78E-02 5.35E-02 5.13E-02 
0.00 0.00 3.14E-02 5.78E-02 &.58E-02 7.41E-02 &.7&E-02 5.75E-02 4.81E-02 4.12E-02 3.&2E-02 
0.00 0.00 5.41E-02 5.33E-02 &.80E-02 7.07E-02 &.15E-02 4.83E-02 3.72E-02 2.82E-02 2.11E-02 
0.00-&.77E-02 4.11E-02 5.15E-02 &.58E-02 &.4&E-02 5.31E-02 3.7QE-02 2.5&E-02 1 .51E-02 &.54E-03 
0.00-4.QQE-02 1.58E-02 4.&7E-02 5.Q1E-02 5.52E-02 4.25E-02 2.&&E-02 1 .35E-02 2.32E-03-7.21E-03 



o 

11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 1 .70E 00 1.3bE 00 1.02E 00 Q.02E-01 Q.77E-01 1.0bE 00 1.0QE 00 1.07E 00 1.04E 00 1.01E 00 q.&QE-01 
0.00 1.7qE 00 1 .31E 00 Q.57E-01 8.82E-01 Q.82E-01 1.0bE 00 1.07E 00 1.05E 00 1.02E 00 q.71E-01 q.28E-01 
0.00 1.QOE 00 1.2QE 00 Q.15E-01 8.74E-01 q.75E-01 1.04E 00 1 .05E 00 1.03E 00 q.8bE-01 q.3QE-01 8.q3E-01 

2.75E 00 2.02E 00 1.27E 00 8.81E-01 8.b7E-01 q.bOE-01 1.02E 00 1.02E 00 Q.qSE-01 q.55E-01 q.07E-01 8.5qE-01 
2.75E 00 1.q&E 00 1.1QE 00 8.2QE-01 8.43E-01 Q.11E-01 Q.52E-01 Q.55E-01 Q.2QE-01 8.8&E-01 8.38E-01 7.8QE-01 
2.75E 00 1.84E 00 1.0&E 00 7.22E-01 7.&4E-01 7.Q5E-01 8.17E-01 8.18E-01 7.Q7E-01 7.&1E-01 7.17E-01 b.71E-01 
2.75E 00 1.&7E 00 8.37E-01 &.1bE-01 b.18E-01 &.21E-01 &.2QE-01 &.30E-01 &.17E-01 5.QOE-01 5.5bE-01 5.18E-01 
2.75E 00 1.45E 00 4.3&E-01 4.4QE-01 4.28E-01 4.20E-01 4.21E-01 4.22E-01 4.15E-01 3.QQE-01 3.7&E-01 3.4QE-01 
2.75E 00 1.0QE 00 2.54E-01 2.53E-01 2.3&E-01 2.28E-01 2.27E-01 2.28E-01 2.25E-01 2.1&E-01 2.04E-01 1.8QE-01 
2.75E 00 3.03E-01 7.0&E-02 7.02E-02 b.54E-02 b.33E-02 &.31E-02 &.32E-02 &.24E-02 &.01E-02 5.&&E-02 5.2&E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1 b 17 18 1 Q 20 21 22 23 

1.2b28Q 1.4&130 1.&8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 
o J Y 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.4Q500 1 .11E 00 1.14E 00 1 .1bE 00 1.1&E 00 1 .14E 00 , .12E 00 1.0qE 00 1.05E 00 1.02E 00 1.01E 00 0.00 
1q 0.47500 1 .14E 00 1.17E 00 1.1qE 00 1 .1qE 00 1.18E 00 1 .17E 00 1 .15E 00 1.13E 00 1 .11E 00 1.0qE 00 0.00 
180.44750 1.12E 00 1 .15E 00 1.1bE 00 1.1&E 00 1.15E 00 1 .14E 00 1 .12F. 00 1 .11E 00 1 .0qE 00 1.07E 00 0.00 
17 0.42750 1 .11E 00 1 .13E 00 1.13E 00 1 .13E 00 1.12E 00 1 .10E 00 1.0qE 00 1.07E 00 1 .O&E 00 1.04E 00 0.00 
1& 0.40&25 1.0qE 00 1.10E 00 1.10E 00 1.0qE 00 1.08E 00 1 .0bEOO 1.05E 00 1.03E 00 1 .01E 00 q.q3E-01 0.00 
15 0.38500 1.07E 00 1.07E 00 1.0&E 00 1.05E 00 1.03E 00 1.02E 00 q.qqE-01 q.82E-01 q.&&E-01 q.47E-01 0.00 
14 0.3&500 1.04E 00 1.03E 00 1.02E 00 1.01E 00 q.8qE-01 ~.72E-01 q.54E-01 q.37E-01 q.20E-01 q.02E-01 0.00 
13 0.34&25 1.02E 00 1.00E 00 q.83E-01 q.&5E-01 ~.47E-01 q.2qE-01 q.10E-01 8.q2E-01 8.75E-01 8.58E-01 0.00 
12 0.32750 q.88E-01 q.&&E-01 q.44E-01 Q.23E-01 q.03E-01 8.84E-01 8.b5E-01 8.47E-01 8.31E-01 8:14E-01 0.00 
11 0.2Q750 q.35E-01 q.05E-01 8.78E-01 8.53E-01 8.31E-01 8.11E-01 7.Q1E-01 7.74E-01 7.57E-01 7.42E-01 0.00 
10 0.27500 8.8qE-01 8.55E-01 8.24E-01 7.Q8E~01 7.75E-01 7.54E-01 7.35E-01 7.18E-01 7.02E-01 &.87E-01 0.00 
Q 0.25750 8.50E-01 8.13E-01 7.81E-01 7.54E-01 7.31E-01 7.10E-01 &.QOE-01 &.74E-01 &.58E-01 &.44E-01 0.00 
8 0.24250 8.15E-017.7&E-01 7.43E-01 7.15E-01 &.Q2E-01 &.71E-01 &.52E-01 &.3&E-01 &.20E-01 &.07E-01 0.00 
7 0.21500 7.43E-01 7.04E-01 &.70E-01 &.42E-01 &.1QE-01 5.qQE-01 5.81E-01 5.&bE-01 5.51E-01 5.3QE-01 0.00 
b 0.17500 &.28E-01 5.8qE-01 5.58E-01 5.32E-01 5.10E-01 4.q2E-01 4.7&E-01 4.&3E-01 4.50E-01 4.40E-01 0.00 
5 0.13000 4.82E-01 4.50E-01 4.23E-01 4.01E-01 3.84E-01 3.&QE-01 3.5&E-01 3.45E-01 3.3&E-01 3.28E-01 0.00 
4 0.08500 3.23E-01 3.01E-01 2.82E-01 2.b&E-01 2.54E-01 2.44E-01 2.35E-01 2.27E-01 2.21E-01 2.15E-01 0.00 
30.04500 1.75E-01 1.&2E-01 1.52E-01 1.43E-01 1.3&E-01 1.31[-01 1.2&E-01 1.22E-01 1.18E-01 1.15E-01 0.00 
2 0.01250 4.8&E-02 4.51E-02 4.21E-02 3.Q8E-02 3.7QE-02 3.&3E-02 3.4QE-02 3.38E-02 3.28E-02 3.20E-02 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- OIMEN~IONLESS STREAMLINE COORDS -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.0&2Q5 0.12Q37 0.20308 0.284Q1 0.37574 0.47&5& 0.58847 0.712&Q 0.85058 1.003&3 
o J Y 

o 

11 1.00000 
10 O.QOOOO 
Q 0.80000 
8 0.70000 
7 0.&0000 
& 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 
1 0.00000 

I = 
X = 

o J Y 

0.00 2.50E-01 3.12E-01 
0.00 2.37E-01 3.12E-01 
0.00 2.23E-01 2.Q2E~01 
0.00 2.0QE-01 2.81E-01 
0.00 1.Q3E-01 2.&7E-01 
0.00 1.77E-01 2.4QE-01 
0.00 1.57E-01 2.31E-01 
0.00 1.3&E-01 2.11E-01 
0.00 1.10E-01 1.88E-01 
0.00 7.75E-02 1.5QE-01 
0.00 0.001.13E-01 

13 14 15 
1.17352 1.3&20Q 1.57141 

3.75E-01 4.37E-01 5.00E-01 5.00E-01 5.00E-01 
3.75E-01 4.37E-01 4.78E-01 4.87E-01 4.87E-01 
3.5QE-01 4.1QE-01 4.&4E-01 4.74E-01 4.75E-01 
3.51E-01 4.0QE-01 4.50E-01 4.&3E-01 4.&3E-01 
3.41E-01 3.QQE-01 4.38E-01 4.51E-01 4.51E-01 
3.2QE-01 3.88E-01 4.28E-01 4.41E-01 4.40E-01 
3.17E-01 3.78E-01 4.17E-01 4.30E-01 4.28E-01 
3.04E-01 3.&7E-01 4.07E-01 4.1QE-01 4.1&E-01 
2.QOE-01 3.5&E-01 3.Q&E-01 4.08E-01 4.04E-01 
2.74E-01 3.45E-01 3.85E-01 3.Q&E-01 3.8QE-01 
2.51E-01 3.31E-01 3.72E-01 3.84E-01 3.72E-01 

1& 17 18 1Q 20 
1.8037& 2.0&1&& 2.347Q3 2.&&5&Q 3.00001 

5.00E-01 5.00E-01 5.00E-01 
4.8&E-01 4.85E-01 4.84E-01 
4.73E-01 4.71E-01 4.&8E-01 
4.&OE-01 4.5&E-01 4.52E-01 
4.47E-01 4.42E-01 4.3&E-01 
4.34E-01 4.27E-01 4.1QE-01 
4.21E-01 4.11E-01 4.01E-01 
4.0&E-01 3.Q3E-01 3.81E-01 
3.QOE-01 3.74E-01 3.58E-01 
3.71E-01 3.50E-01 3.2QE-01 
3.48E-01 3.18E-01 2.8QE-01 

21 22 23 
3.33434 3.&&8&& 4.002QQ 

11 1.00000 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 

5.00E-01 
4.83E-01 
4.&&E-01 
4.4QE-01 
4.31E-01 
4.12E-01 
3.Q2E-01 
3.&QE-01 
3.43E-01 
3.08E-01 
2.5&E-01 



0 0.0 O. 1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 0.9 1.0 

X 0.00 O ......... + ......... + .2 ....... +4 ....... &+ .... 8 .... 1 ......... + ......... + ......... + ......... + .......... 0.00 

X 0.02 0 2 4 & 8 1 0.02 

X 0.04 0 2 4 & 8 1 0.04 

X 0.0& 0 2 4 & 8 0.0& 

X 0.08 0 2 4 & 8 0.08 

X 0.10 + 0 2 4 & 8 0.10 

X 0.12 0 2 4 & 8 1 0.12 

X 0.14 0 2 4 & 8 1 0.14 

X 0.1& 0.1& 

X 0.18 0 2 4 8 0.18 

X 0.20 + + 0.20 

X 0.22 0 2 4 8 1 0.22 

X 0.24 0.24 

X 0.2E> 0 2 4 8 1 0.2& 

X 0.28 0.28 

X 0.30 + 0 2 4 8 0.30 

X 0.32 0.32 

X 0.34 0 2 4 8 0.34 

X 0.3E> 0.3& 

X 0.38 0.38 

X 0.40 + 0 2 4 8 1 0.40 

X 0.42 0.42 

X 0.44 0.44 

X 0.4E> 0 2 4 8 1 0.4& 

X 0.48 0.48 

X 0.50 + + 0.50 



3 0.00502 4.4qE 05 1.SSE 05 3.08E 04 1.01E 04 8.0&E 03 7.q&E 03 8.43E 03 8.q8E 03 q.25E 03 8.q7E 03 8.04E 03 &.&1E 03 
2 0.00150 4.4QE 05 1.87E 05 2.&8E Q4 8.77E 03 7.&3E 03 7.5~E 03 8.03E 03 8.52E 03 8.7&E 03 8.50E 03 7.&4E 03 &.32E 03 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 q 20 21 22 23 
X = 0.1578& 0.182&& 0.2101qO.24075 0.274&7 0.3i232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 &.25E 03 5.&OE 03 4.87E 03 4.22E 03 3.70E 03 3.2qE 03 2.q7E 03 2.72E 03 2.52E 03 2.52E 03 4.4qE 05 
1Q 0.05Q37 S.&&E 03 4.82E 03 3.q5E 03 3.21E 03 2.&2E 03 2.1&E 03 1.83E 03 1.5qE 03 1.42E 03 1.~1E 03 4.4qE 05 
180.05SQ4 S.7QE 03 4.&SE 03 3.&2E 03 2.78E 03 2.15E 03 1.&8E 03 1.34E 03 1 .11E 03 ~.53E 021.21E 03 4.4qE 05 
170.05344 &.OqE 03 4.72E 03 3.5&E 03 2.&&E 03 2.00E 03 1.52E 03 1.1qE 03 q.&3E 02 8.0qE 02 1.10E 03 4.4qE 05 
'0 0.05078 &.50E 03 4.88E 03 3.5qE 03 2.&2E 03 1.q3E 03 1.44E 03 1.11E 03 8.84E 02 7.34E 02 1.05E 03 4.4~E 05 
15 0.04812 &.q1E 03 5.0&E 03 3.&5E 03 2.&2E 03 1.qOE 03 1.40E 03 1.0bE 03 8.41E 02 &.q3E 02 1 .03E 03 4.4~E 05 
14 0.045&2 7.25E 03 5.23E 03 3.71E 03 2.&3E 03 1.8QE 03 1.37E 03 1.03E 03 8.15E 02 &.&qE 02 1 .01E 03 4.4qE 05 
13 0.04328 7.52E 03 5.35E 03 3.7&E 03 2.&4E 03 1.88E 03 1.3&E 03 1.02E 03 7.q8E 02 ~.53E 02 q.q4E 02 4.4qE 05 
120.040Q4 7.71E 03 5.45E 03 3.80E 03 2.&5E 03 1.87E 03 1.34E 03 1.00E 03 7.83E 02 &.3qE 02 q.75E 02 4.4qE 05 
11 0.0371Q 7.8&E 03 5.52E 03 3.81E 03 2.&4E 03 1.85E 03 1 .32E 03 q.77E 02 7.&OE 02 &.1qE 02 Q.3&E 02 4.4QE 05 
10 0.03437 7.84E 03 5.4QE 03 3.7QE 03 2.&1E 03 1.82E 03 1.2QE 03 Q.55F. 02 7.41E 02 &.01E 02 Q.OOE 02 4.4QE 05 
Q 0.0321Q 7.75E 03 5.43E 03 3.74E 03 2.57E 03 1.7QE 03 1.27E 03 Q.34E 02 7.23E 02 5.8&E 02 8.&8E 02 4.4QE 05 
8 0.03031 7.&4E 03 5.35E 03 3.&8E 03 2.53E 03 1.7&E 03 1.24E 03 Q.15E 02 7.07E 02 5.72E 02 8.38E 02 4.4QE 05 
7 0.02&87 7.35E 03 5.1&E 03 3.55E 03 2.44E 03 1.&QE 03 1 .1QE 03 8.7&E 02 &.7&E 02 5.45E 02 7.81E 02 4.4QE 05 
o 0.02187 &.80E 03 4.81E 03 3.31E 03 2.28E 03 1.58E 03 1.11E 03 8.15E 02 &.27E 02 5.05E 02 &.Q&E 02 4.4QE 05 
5 0.01&25 &.11E 03 4.37E 03 3.03E 03 2.08E 03 1.45E 03 1.02E 03 7.48E 02 5.74E 02 4.&1E 02 &.08E 02 4.4QE 05 
4 0.010&2 5.48E 03 3.Q7E 03 2.78E 03 1.Q2E 03 1.34E 03 Q.4&E 02 &.Q3E 02 5.32E 02 4.2&E 02 5.38E 02 4.4QE 05 
3 0.00502 5.0QE 03 3.71E 03 2.&2E 03 1.83E 03 1.27E 03 Q,02E 02 &.&3E 02 5.0QE 02 4.08E 02 4.QQE 02 4.4QE 05 
2 0.0015& 4.8QE 03 3.&OE 03 2.5&E 03 1.7qE 03 1.25E 03 8.Q1E 02 &.57E 02 5.0&E 02 4.n&E 02 4.8&E 02 4.4QE 05 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- OlMENSIONLESS STREAM FUNCTION -*-*-*-*-*-*-*-*-*-*-*-*-*-*--*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q 0.035&1 0.04&Q7 0.05Q57 0.0735& 0.08QOQ 0.10&32 0.12545 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 Q.82E-01 Q.&5E-01 Q.&3E-01 Q.&&E-01 Q.&QE-01 Q.71E-0~ ~.72E-01 
1Q 0.05Q37 0.00 0.00 0.00 0.00 0.00 8.80E-01 8.07E-01 8.00E-01 8.13 r -01 8.28E-01 8.41E-01 8.52E-01 
18 0.055Q4 0.00 0.00 0.00 0.00 0.00 &.83E-01 5.&5E-01 5.&2E-01 5.Q&E-01 &.34E-01 &.&5E-01 &.Q1E-01 
17 0.05344 0.00 0.00 0.00 0.00 8.~&E-01 5.05E-01 3.78E-01 3.8QE-01 4.43E-01 4.Q8E-01 5.44E-01 5.7QE-01 
1& 0.05078 0.00 0.00 0.00 0.00 &.84E-01 3.0QE-01 1.88E-01 2.18E-01 2.Q4E-01 3.&7E-01 4.25E-01 4.70E-01 
15 0.04812 0.00 0.00 0.00 0.00 4.Q4E-01 1.27E-01 2.33E-02 7.34E-02 1.&7E-01 2.52E-01 3.18E-01 3.70E-01 
14 0.045&2 0.00 0.00 0.00 8.80E-01 3.14E-01-2.5QE-02-1 .02E-01-3.35E-02 &.Q1E-02 1.5QE-01 2.30E-01 2.8&E-01 
13 0.04328 0.00 0.00 0.00 &.78E-01 1 .5QE-01-1 .40E-01-1.87E-01-1 .07E-01-3.11E-03 B.72E-02 1.SQE-01 2.17E-01 
12 0.040Q4 0.00 0.00 0.00 5.23E-01 3.24E-02-2.21E-01-2.41E-01-1 .58E-01-5.85E-02 2.81E-02 Q.8&E-02 1.57E-01 
110.0371Q 0.00 0.00 8.&5E-01 3.08E-01-1.24E-01-2.QOE-01-2.78E-01-2.03E-01-1 .18E-01-4.15E-02 2.35E-02 7.Q5E-02 
10 0.03437 0.00 0.00 &.QOE-01 1.73E-01-1.Q8E-01-2.Q8E-01-2.7&E-01-2.13E-01-1 .42E-01-7.55E-02-1 .&5E-02 3.&1E-02 
Q 0.0321Q 0.00 0.00 5.8QE-01 Q.10E-02-2.2&E-01-2.8&E-01-2.&3E-01-2.11E-01-1 .50E-01-Q.25E-02-3.88E-02 1.03E-02 
8 0.03031 0.00 Q.41E-01 5.0&E-01 3.2&E-02-2.34E-01-2.&QE-01-2.47E-01-2.04E-01-1 .52E-01-1 .01E-01-5.24E-02-&.78E-03 
7 0.02&87 0.00 7.40E-01 3.&OE-01-4.QQE-02-2.25E-01-2.30E-01-2.11E-01-1 .82E-01-1 .45E-01-1 .0&E-01-&.&OE-02-2.74E-02 
& 0.02187 0.00 4.QOE-01 1.82E-01-1.1&E-01-1.77E-01-1.&7E-01-1 .54E-01-1 .38E-01-1 . 18E"·01-Q.30E-02-&.5&E-02-3.78E-02 
5 0.01&25 0.00 2.70E-01 4.40E-02-1.13E-01-1.10E-01-Q.Q&E··02-Q.22E-02-8.53E-02-7.5QE-02-&.31E-02-4.77E-02-3.12E-02 
4 0.010&2 0.00 1.1&E-01-1.80E-02-&.07E-02-5.13E-02-4.53E-02-4.18E-02-3.Q2E-02-3.58E-02-3.07E-02-2.41E-02-1 .&7E-02 
3 0.005&2 0.00 3.24E-02-1.&5E-02-1.7&E-02-1 .51E-02-1.32E-02-1.21E-02-1 .14E-02-1 .0&E-02-Q.21E-03-7.3&E-03-5.25E-03 
2 0.0015& 0.00 2.50E-03-1.~5E-03-1 .42E-03-1.1QE-03-1 .04E-03-Q.51E-04-8.QQE-04-8.35E-04-7.32E-04-5.QOE-04-4.2&E-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 Q 20 21 22 23 
X = 0.14&&Q 0.1702& 0.1Q&43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 



1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 2 3 4 5 ~ 7 8 ~ 10 11 12 13 

X= 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0~~20 0.080~2 0.0~72~ 0.1153~ 0.13552 0.1578~ o J Y . 
21 0.0~312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0~187 0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
1~ 0.05~37 0.00 0.00 0.00 1 .~8E-01 2.14E-01 2.13E-01 2.15E-01 2.3~E-01 2.~4E-01 3.33E-01 3.41E-Ol 3.30E-Ol 
18 0.055~4 0.00 0.00 0.00 1.~8E-01 2.01E-Ol 2.13E-Ol 2.37E-Ol 3.07E-01 4.21E-Ol 5.11E-Ol 5.52E-Ol 5.57E-Ol 
17 0.05344 0.00 0.00 5.10E-02 1.42E-Ol 1.80E-Ol 2.13E-Ol 2.~lE-Ol 3.5~E-Ol 4.7~E-Ol 5.80E-Ol ~.3~E-Ol ~.~OE-Ol 
1~ 0.05078 0.00 0.00 1.78E-Ol 1.84E-Ol 2.05E-Ol 2.3~E-Ol 3.07E-Ol 4.11E-01 5.27E-Ol ~.30E-Ol 7.02E~01 7.38E-Ol 
15 0.04812 0.00 0.00 1.78E-Ol 1 .7~E-Ol 2.17E-Ol 2.75E-Ol 3.5~E-Ol 4.~OE-Ol 5.~8E-Ol ~.~~E-Ol 7.48E-Ol 7.~5E-01 
14 0.045~2 0.00 5.10E-02 1.1~E-Ol 1.71E-Ol 2.42E-Ol 3.20E-Ol 4.0&E-Ol 5.01E-Ol ~.03E-Ol 7.02E-Ol 7.84E-Ol 8.38E-Ol 
13 0.04328 0.00 1.~OE-Ol 1.47E-Ol 2.01E-Ol 2.84E-Ol 3.~5E-Ol 4.4~E-Oi 5.3~E-01 ~.34E-Ol 7.31E-Ol 8.14E-01 8.73E-Ol 
12 0.040~4 0.00 1.~OE-Ol 1.38E-Ol 2.20E-Ol 3.2~E-Ol 4.07E-Ol 4.84E-Ol 5.70E-Ol ~.~5E-Ol 7.~OE-Ol 8 .. 43E-Ol ~.04E-Ol 
11 0.0371~ 7.~4E-02 7.35E-02 1.23E-Ol 2.57E-01 4.03E-Ol 4.71E-Ol 5.41E-Ol ~.23E-Ol 7.14E-Ol 8.0~E-Ol 8.88E-Ol ~.51E-Ol 
10 0.03437 1.~OE-Ol ~.7~E-02 1.38E-Ol 3.1~E-Ol 4.57E-Ol 5.1~E-Ol 5.81E-Ol ~.~2E-Ol 7.50E-Ol 6.40E-Ol ~.20E~01 ~.84E-Ol 
~ 0.0321~ 1.bOE-Ol 4.18E-02 1.51E-Ol 3.~~E-01 4.~~E-Ol 5.50E-Ol ~.14E-Ol ~.~2E-Ol 7.78E-Ol 8.~~E-Ol ~.45E-Ol 1 .01E 00 
8 0.03031 5.3~E-03 3.04E-02 1.70E-Ol 4.12E-Ol 5.34E-Ol 5.82E-Ol ~.43E-Ol 7.1~E-Ol 8.03E-Ol 8.88E-Ol ~.~7E-Ol 1.03E 00 
7 0.02~87 5.4~E-03 4.01E-02 2.08E-Ol 5.01E-Ol 5.~8E-Ol ~.41E-Ol ~.~7E-Ol 7.~qE-0. 8.4~E-01 ~.2~E-Ol 1.01E 00 1.07E 00 
~ 0.02187 5.70E-03 ~.14E-02 2.q~E-01 ~.12E-Ol ~.88E-Ol 7.2~E-Ol 7.78E-Ol 8.43E-Ol ~.15E-Ol q.8~E-Ol 1.0~E 00 1 .12E 00 
5 0.01~25 ~.47E-03 1.07E-Ol 4.47E-Ol 7.2~E-Ol 7.84E-01 8.20E-Ol 8.~~E-Ol q.23E-Ol ~.88E-Ol 1.0~E 00 1 .12E 00 1.18E 00 
4 0.010~2 q.04E-03 1.q2E-Ol ~.04E-Ol 8.22E-Ol 8.~qE-Ol q.04E-Ol q.47E-Ol ~.~8E-Ol 1 .O~E 00 1 .12E 00 1 .18E 00 1.23E 00 
3 0.005~2 1.84E-02 3.18E-Ol 7.34E-Ol 8.8qE-Ol q.28E-Ol q.~4E-Ol 1.01E 00 1.05E 00 1 .11E 00 1 .17E 00 1.22E 00 1.28E 00 
2 0.0015~ 2.81E-02 4~47E-Ol 8.30E-Ol q.34E-Ol ~.70E-Ol 1 .01E 00 1.05E 00 1.10E 00 1 .15E 00 1.21E 00 1 .2~E 00 1 .31E 00 

o I = 14 15 1~ . 17 18 lq ,20 21 2::> 23 
X = 0.182~~ 0.2101q 0.24075 0.274~7 0.31232 0.35411 0.3~5qO 0.437~q 0.47q48 0.52127 

o J Y 
21 0.0~312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0~187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 5.00E-03 
lq 0.05q37 3.08E-01 2.7qE-Ol 2.47E-Ol 2.15E-Ol 1.85E-Ol 1.&lE-Ol 1.44E-01 1.32E-01 1.50E-Ol 5.00E-03 
18 0.055~4 5.40E-Ol 5.0~E-Ol 4.~~E-Ol 4.2&E-Ol 3.83E-Ol 3.45E-Ol 3.15E-Ol 2.qlE-Ol 3.23E-Ol 5.00E-03 
17 0.05344 ~.55E-Ol ~.31E-Ol 5.q~E-Ol 5.55E-Oi 5.12E-Ol 4.73E-Ol 4.42E-Ol 4.1&E-Ol 4.4qE-Ol 5.00E-03 
1~ 0.05078 7.45E-Ol 7.31E-Ol 7.04E-Ol &.~8E-Ol &.2~E-Ol 5.q3E-Ol 5.&3E-Ol ~.38E-Ol 5.&5E-Ol 5.00E-03 
15 0.04812 8.13E-Ol 8.0qE-Ol 7.QOE-Ol 7.~OE-0~ 7.2~E-Ol &.~4E-Ol &.&7E-Ol ~.44E-Ol &.~3E-Ol 5.00E-03 
14 0.045~2 8.&5E-Ol 8.~8E-Ol 8.5~E-Ol 8.32E-Ol 8.U3E-Ol 7.75E-Ol 7.51E-Ol 7.31E-Ol 7.40E-Ol 5.00E-03 
13 0.04328 Q.05E-Ol Q.15E-Ol ~.08E-01 8.QOE-Ol 8.~5E-Ol 8.40E-Ol 8.1~E-Ol 8.01E-Ol 8.02E-Ol 5.00E-03 
120.040Q4 Q.41E-Ol Q.55E-Ol Q.53E-01 ~.3QE-Ol Q.18E-Ol 8.Q7E-Ol 8.78E-Ol 8.&2E-Ol 8.57E-Ol 5.00E-03 
11 0.0371Q Q.~lE-Ol 1.01E 00 1.01E 00 1.01E 00 Q.~lE-Ol Q.74E-Ol ~.58E-Ol ~.45E-01 Q.32E-Ol 5.00E-03 
10 0.03437 1.03E 00 1.05E 00 1.05E 00 1.05E 00 1.04E 00 1.02E 00 1.01E 00 Q.QQE-01 Q.82E-Ol 5.00E-03 
q 0.0321Q 1.05E 00 1.08E 00 1.08E 00 1.08E 00 1.07E 00 1.0&E 00 1.05E 00 1.04E 00 1.02E 00 5.00E-03 
8 0.03031 1.07E 00 1.10E 00 1.11E 00 1 .11E 00 1 .10E 00 1.0QE 00 1.08E 00 1.07E 00 1.05E 00 5.00E-03 
7 0.02~87 1.11E 00 1.14E 00 1.15E 00 1 .15E 00 1 .14E 00 1 .13E 00 1 .12E 00 1 .12E 00 1 .OQE 00 5.00E-03 
~ 0.02187 1.17E 00 1.lQE 00 1.20E 00 1.21E 00 1 .20E 00 1 .1QE 00 1 .1QE 00 1 .18E 00 1.1&E 00 5.00E-03 
5 0.01~25 1.22E 00 1.25E 00 1.2~E 00 1.2~E 00 1.2~E 00 1.25E 00 1.25E 00 1.24E 00 1.23E 00 5.00E-03 
4 0.010~2 1.27E 00 1.30E 00 1 .31E 00 1.31E 00 1.31E 00 1 .30E 00 1.2QE 00 1.2QE 00 1.28E 00 5.00E-03 
3 O.005~2 1.31E 00 1.34E 00 1 .35E 00 1.35E 00 1.34E 00 1 .33E 00 1.32E 00 1 .32E 00 1 .32E 00 5.00E-03 
2 0.0015~ 1.34E 00 1.3~E 00 1.37E 00 1.37E 00 1.3~E 00 1.34E 00 1.34E 00 1.33E 00 1 .35E 00 5.00E-03 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONl.ESS EFF. VISCOSITY -*-*-*-*-~-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1~430 0.24187 0.327~& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 
210.50500 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 1.00E 00 1.00E 00 
200.4Q500 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 2.24E 01 2.21E 01 2.00E 01 1.85E 01 1 .82E 01 1.Q&E 01 2.13E 01 2.20E 01 



51 0.151~E 00 0.1027E 00 0.5831E-01 0.2881E-01 0.3543E-01 0.&4&5E O~ 0.5422E 01-0.&124E-03 0.1704E 02 0.1~84E 04 0.2551£ 04 
52 0.14~7E 00 0.1012E 00 0.5815E-01 0.2~4~E-01 0.3514E-01 0.&1~5E O~ 0.5421E01-0.&824E-03 0.1704E 02 0.1~84E 04 0.2553E 04 
53 0.1477E 00 0.1000E 00 0.57~2E-01 0.301~E-01 0.3478E-01 0.580~E O~ 0.5420E 01-0.7587E-03 0.1705E 02 0.1~84E 04 0.2555E 04 
54 0.1458E 00 0.~8~1E-01 0.57~1E-01 0.30~3E-01 0.343~E-01 0.5420E O~ 0.541~E 01-0.840~E-03 0.1705E 02 0.1~84E 04 0.2557E 04 
55 0.143~E 00 0.~7~~E-01 0.5734E-01 0.31&1E-01 0.33~4E-01 0.5007E O~ 0.5418E 01-0.~28~E-03 0~170&E 02 0.1~84E 04 0.255~E 04 
5& 0.1422E 00 0.~753E-01 0.5705E-01 0.3235E-01 0.3345E-01 0.4580E O~ 0.5417E 01-0.1023E-02 0.170&E 02 0.1~84E 04 0.25&1E 04 
57 0.1404E 00 0.~&~~E-01 0.5&8&E-01 0.3312E-01 0.32~3E-01 0.4154E O~ 0.541&E 01-0.1122E-020.1707E 02 0.1~84E 04 0.25&3E 04 
58 O.13~2EOO 0.~&44E-01 0.5&70E-01 0.3381E-01 0.323~E-01 0.3754E O~ 0.5414E 01-U.1228E-02 0.1708E02 0.1~84E 04 0.25&5E 04 
5~ 0.1382E 00 0.~&04E-01 0.5&47E-01 0.344~E-01 0.3187E-01 0.351&E O~ 0.5413E 01-0.133~E-02 0.1708E 02 0.1~84E 040.25&8E 04 
&0 0.1371E 00 0.~5&3E-01 0.5&17E-01 0.3520E-01 0.3134E-01 0.3342E O~ 0.5411E 01-0.1455E-02 0.170~E 02 0.1~84E 04 0.2571E 04 
&1 0.135~E 00 0.~52&E-01 0.5578E-01 0.358~E-01 0.307~E-01 0.31~2E O~ 0.540~E 01··0.1578E-02 0.170~E 02 0.1~84E 04 0.2573E 04 
&2 0.1347E 000.~501E-01 0.5534E-01 0.3&54E-01 0.3022E-01 0.3037E O~ 0.5407E 01-0.1705E-02 0.1710E 02 0.1~85E 04 0.257&E 04 
&3 0.1333E 00 O.~4~2E-01 0.54~OE-01 0.3725E-01 0.2~&2E-01 0.28&4E O~ 0.5405E 01-0.183&E-02 0.1711E 02 0.1~85E 04 0.257~E 04 
~4 0.1321E 00 0.~505E-01 0.5451E-01 0.37~OE-01 0.2~00E-01 0.2&~1E O~ 0.5403E 01-0.1~72E-02 0.1711E02 0.1~85E 04 0.2583E 04 
&5 0.1312E 00 0.~485E-01 0.5424E-01 0.3852E-01 0.2837E-01 0.2515E O~ 0.5400E 01-0.21.11E-02 0.1712E 02 0.1~85E 04 0.258&E 04 
~& 0.1303E 00 0.~4~2E-01 0.53~2E-01 0.3~0~E·-01 0.2773E-01 0.2357E O~ 0.53~8E 01-0.2255E-02 0.1712E 02 0.1~85E 04 0.25~OE 04 
~7 0.12~3E 00 0.~44&E-01 0.5353E-01 0.3~70E-01 0.2708E-01 0.2280E O~ 0.53~5E 01-0.2402E-02 0.1713E 02 0.1~8~E 04 0.25~4E 04 
~8 0.1280E 00 0.~423E-01 0.530~E-01 0.4023E-0' 0.2&42E-01 0.21~2E Oq 0.53~1E 01-0.2552E-02 0.1714E 02 0.1~8~E 04 0.25~8E 04 
~~ 0.12~8E 00 0.~385E-01 0.5255E-01 0.4072E-01 0.257&E-01 0.2144E O~ 0.5388E 01-0.2705E-02 0.1715E 02 0.1~8&E 04 0.2&02E 04 
70 0.1255E 00 0.~351E-01 0.51~~E-01 0.4115E-01 0.2511E-01 0.2137E O~ 0.5384E 01-·0.285~E-02 0.1715E 02 0.1~87E 04 0.2&0&E 04 
71 0.1244E 00 0.~325E-01 0.5135E-01 0.4155E-G1 0.2445E-01 0.2122E O~ 0.5381E 01-0.j015E-02 0.171&E 02 0.1~87E 04 0.2&11E 04 
72 0.1234E 00 0.~351E-01 0.5072E-01 0.41~OE-01 0.2378E-01 0.2101E O~ 0.537&E 01-0.3173E-02 0.1717E 02 0.1~88E 04 0.2&1&E 04 
73 0.122&E 00 0.~3&7E-01 0.501~E-01 0.4223E-01 0.2310E-01 0.2077E O~ 0.5372E 01-0.3330E-02 0.1718E 02 0.1~88E 04 0.2&21E 04 
74 0.121&E 00 0.~35&E-01 O.4~70E-01 0.4250E-01 0.2243E-01 0.2038E O~ 0.53&8E 01~0.348&E-02 0.1718E 02 0.1~8~E 04 0.2&2&E 04 
75 0.120&E 00 0.~32&E-01 0.4~13E-01 0.4274E-01 0.2177E-01 0.1~85E O~ 0.53&3E 01-0.3&42E-02 0.171~E 02 0.1~8~E 04 0.2&31E 04 
7& 0.11~4E 00 0.~27~E-01 0.4850E-01 0.428~E-01 0.2110E-01 0.1~34E O~ 0.S358E 01-0.37~&E-02 0.1720E 02 0.1~~OE 04 0.2&37E 04 
77 0.1181E 00 0.~218E-01 0.4783E-01 0.4300E-01 0.2044E-01 0.18&OE O~ 0.5352E 01-0.3~48E-02 0.1721E 02 0.1~~OE 04 0.2&43E 04 
78 0.11&8E 00 0.~134E-01 0.471&E-01 0.4302E-01 0.1~78E-01 0.17~5E O~ 0.5347E 01-0.40~&E-02 0.1722E 02 0.1~~1E 04 0.2&4~E 04 
7~ 0.115~E 00 0.~043E-01 0.4&45E-01 0.4304E-01 0.1~14E-01 0.171&E O~ 0.5341E 01-0.4241E-02 0.1723E 02 0.1~~2E 04 0.2b55E 04 
80 0.114~E 00 0.8~4&E-01 0.45&8E-01 0.42~7E-01 0.1850E-01 0.1&43E O~ 0.5335E 01-0.4381E-02 0.1724E 02 0.1~~2E 04 0.2&&1E 04 
81 0.1138E 00 0.88&&E-01 0.448~E-01 0.4282E-01 0.1788E-01 0.1574E O~ 0.532~E 01-0.4515E-02 0.1725E 02 0.1~~3E 04 0.2&&8E 04 
82 0.1128E 00 0.882&E-01 0.440~E-01 0.42&~E-01 0.1728E-01 0.14~~E O~ 0.5323E 01-0.4&44E-02 0.172&E 02 0.1~~4E 04 0.2&74E 04 
83 0.1117E 00 0.8772E-01 0.433~E-01 0.4247E-01 0.1&71E-01 0.1431E O~ 0.531&E 01-0.47&&E-02 0.1727E 02 0.1~~4E 04 0.2&81E 04 
84 0.1105E 00 0.8704E-01 0.42&5E-01 0.4218E-01 0.1&14E-01 0.13&&E O~ 0.530QE 01-0.4881E-02 0.1728E 02 0.1~~5E 04 0.2&88E 04 
85 0.10~2E 00 0.8&17E-01 0.41~OE-01 0.4188E··01 0.15&5E-01 0.1301E O~ 0.5302E 01-0.4~87E-02 0.172~E 02 0.1~~&t 04 0.2&~5E 04 
8& 0.107~E 00 0.8517E-01 0.4113E-01 0.4151E-01 0.1518E-01 0.123&E O~ 0.52~5E 01-0.508&E-02 0.1730E 02 0.1~~7E 04 0.2703E 04 
87 0.10&~E 00 0.83~~E-01 0.4034E-01 0.4104E-01 0.1473E-01 0.1188E O~ 0.5287E 01-0.5174E-02 0.1731E 02 0.1~~7E 04 0.2710E 04 
88 0.1058E 00 0.82&4E-01 0.3~51E-01 0.405~E-01 0.1428E-01 0.113~E O~ 0.527~E 01-0.5253E-02 0.1732E 02 0.1~~8E 04 0.2718E 04 
8~ 0.1047E 00 0.811&E-01 0.38&4E-01 0.4010E-01 0.1385E-01 0.10~2E O~ 0.5272E 01-0.5322E-02 0.1733E 02 0.1~~~E 04 0.2725E 04 
~O 0.1035E 00 0.7~&1E-01 0.377&E-01 0.3~57E-01 0.1350E-01 0.1053E O~ 0.52&4E 01-0.531~E-02 0.1734E 02 0.2000E 04 0.2733E 04 
~1 0.1023E 00 0.7800E-01 0.3&~OE-01 O.38~1E-01 0.1318E-01 0.1023E O~ 0.525&E 01-0.542&E-02 0.173&E 02 0.2001E 04 0.2741E 04 
~2 0.1010E 00 0.7&&3E-01 0.3&07E-01 0.3832E-01 0.1287E-01 0.1011E O~ 0.5247E 01-0.54&OE-02 0.1737E 02 0.2002E 04 0.274~E 04 
~3 0.~~74E-01 0.7542E-01 0.3527E-01 0.37&3E-01 0.1258E-01 0.~~7&E 08 0.523~E 01-0.5483E-02 0.1738E 02 0.2002E 04 0.2757E 04 
~4 0.~840E-01 0.7420E-01 0.3448E-01 0.3715E-01 0.122~E-01 0.1021E O~ 0.522~E 01-0.&280E-02 0.173~E 02 0.2003E 04 0.27&5E 04 
~5 0.~421E-01 0.8104E-01 0.33&5E-01 0.3&52E-01 0.1200E-01 0.1053E O~ 0.521~E 01-0.&507E-02 0.1741E 02 0.2004E 04 0.2773E 04 
~& 0.~381E-01 0.781~E-01 0.327~E-01 0.355&E-01 0.1175E-01 0.1050E O~ 0.5210E 01-0.5773E-02 0.1742E 02 0.2005E 04 0.2781E 04 
~7 0.~4~2E-01 0.&~82E-01 0.31~4E-01 0.3484E-01 0.1158E-01 0.1045E O~ 0.51~~E 01-0.&281E-02 0.1743E 02 0.200&E 04 0.278~E 04 
~a 0.8~54E-01 0.75&&E-01 0.3107E-01 0.3417E-01 0.1142E-01 0.1035E O~ 0.518~E 01-0.&342E-02 0.1744E 02 0.2007E 04 0.27~8E 04 
~~ 0.8~4~E-01 0.71~1E-01 0.301~E-01 0.3314E-01 0.1125E-01 0.1050E O~ 0.5178E 01-0.&32~E-02 0.174&E 02 0.2008E 04 0.280&E 04 

100 0.8720E-01 0.7032E-01 0.2~35E-01 0.3232E-01 0.110&E-01 0.10&~E O~ 0.51&8E 01-0.&213E-02 0.1747E 020.200~E 04 0.2814E 04 
101 0.8572E-01 0.&801E-01 0.2855E-01 0.3140E-01 0.1083E-01 0.108&E O~ 0.5157E 01-0.&082E-02 0.1748E 02 0.2010E 04 0.2823E 04 
102 0.8407E-01 0.&552E-01 0.2775E-01 0.305&E-01 0.10&OE-01 0.1101E O~ 0.5147E 01-0.5~22E-02 0.1750E 02 0.2011E 04 0.2831E 04 
103 0.8255E-01 0.&322E-01 0.2&~&E-01 0.2~&2E-01 0.1041E-01 0.1120E O~ 0.5137E 01-0.5752E-02 0.1751E 02 0.2012E 04 0.283~E 04 
104 0.80~2E-01 0.&113E-01 0.2&20E-01 0.2874E-01 0.102~E-01 0.113&E O~ 0.5127E 01-0.55&8E-02 0.1752E 02 0.2013E 04 0.2847E 04 



120.040q4 0.00 0.00-2.38E-02 2.02E-03 3.72E-02 4.81E-02 4.22E-02 2.Q1E-02 1.32E-02 1.&8E-04-1.13E-02-2.12E-02 
110.0371Q 0.00-1.1SE-01-3.83E-02-1.4&E-02 1.32E-02 2.04E-02 1.&1E-02 2.QSE-03-1.08E-02-2.2qE-02-3.3&E-02-4.3SE-02 
10 0.03437 0.00-1.07E-01-&.40E-02-3.18E-02-8.S4E-03-4.4&E-03-7.80E-03-1 .q8E-02-3.1&E-02-4.1qE-02-S.1&E~02-&.0&E-02 
q 0.0321Q 0.00-1.02E-01-7.41E-02-4.&OE-02-3.22E-02-2.&1E-02-2.85E-02-3.q3E-02-4.qOE-02-S.81E-02-&.&&E-02-7.40E-02 
8 0.03031 0.00-1 .OSE-01-q.12E-02-&.51E-02-S.11E-02-4.50E-02-4.74E-02-5.&4E-02-&.44E-02··7.22E-02-7.q3E-02-8.57E-02 
7 0.02&87 0.00-1.2&E-01-1.21E-01-q.&7E-02-8.73E-02-8.23E-02-8.37E-02-8.85E-02-q.37E-02-q.74E-02-1.01E-01-1.0&E-01 
& 0.02187 0.00-1 .&qE-01-1 .&SE-01-1 .5SE-01-1 .41E-01-1 .3&E-01-1 .35E-01-1 .35E-01-1 .33E-01-1 .32E-01-1.31E-01-1.33E-01 
S 0.01S2S 0.00-2.10E-01-2.20E-01-2.03E-01-1.q8E-01-1.q2E-01-1.8&E-01-1.80E-01-1.73E-01-1 .&&E-01~1.&OE-01-1 .SqE-01 
4 0.010&2 0.00-2.S2E-01-2.&3E-01-2.5SE-01-2.4&E-01-2.3&E-01-2.24E-01-2.15E-01-2.03E-01-1 .q2E-01-1.82E-01-1 .78E-01 
3 0.00S&2 0.00-2.83E-01-2.QOE-01-2.87E-01-2.7&E-01-2.&1E-01-2.47E-01-2.34E-01-2.21E-01-2.07E-Ol-l.Q5E-Ol-l .8QE-Ol 
2 0.0015& 0.00-3.02E-01-3.01E-01-2.QQE-01-2.87E-01-2.70E-01-2.55E-01-2.41E-0~-2.27E-01-2.13E-01-2.00E-Ol-l .Q3E-Ol 
1-0.001S& 0.00 0.00 0.00· 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 Q 20 21 22 23 
X = 0.1578& 0.182&& 0.2101Q 0:24075 0.274&7 0.31232 0.35411 0.3Q5qO 0.437&q 0.47q48 0.52127 o J Y . . 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 
20 0.0&187 1.03E-Ol 1.08E-01 1.14E-Ol 1.23E-Ol 1.32E-Ol 1.40E-Ol 1.44E-Ol 1.45E-Ol 1.45E-Ol 1.44E-Ol 0.00 
lq 0.05Q37 8.7qE-02 Q.l&E-02 Q.7&E-02 1.0&E-01 1.1&E-Ol 1.23E-Ol 1.28E-Ol 1.30E-Ol 1.30E-01 1.28E-Ol 0.00 
180.0S5Q4 &.58E-02 &.82E-02 7.2QE-02 8.11E-02 8.Q2E-02 q.55E-02 q.q8E-02 1.01E-Ol 1.01E-Ol Q.8&E-02 0.00 
170.0S344 4.q&E-02 5.10E-02 5.48E-02 &.20E-02 &.8&E-02 7.38E-02 7.71E-02 7.7&E-02 7.71E-02 7.41E-02 0.00 
1& 0.05078 3.2&E-02 3.28E-02 3.57E-02 4.13E-02 4.&5E-.02 5.00E-02 5.20E-02 5.18E-02 5.05E-02 4.70E-02 0.00 
15 0.04812 1.54E-02 1 .50E~02 1.&7E-02 2.07E-02 2.40E-02 2.58E-02 2.&lE-02 2.54E-02 2.35E-02 1.q&E-02 0.00 
14 0.045&2 -3.54E-04-2.0qE-03-1 .2&E-03 1.02E-03 2.qlE-03 2.qlE-03 1 .77E-03 5.q8E-04-1 .8qE-03-5.q&E-03 0.00 
13 0.04328 -1.51E-02-1.77E-02-1 .78E-02-1.&qE-02-1.&8E-02-1 .84E-02-2.08E-02-2.2&E-02-2.54E-02-2.q5E-02 0.00 
12 0.040Q4 -2.q7E-02-3.30E-02-3.41E-02-3.47E-02-3.&3E-02-3.q7E-02-4.31E-02-4.5&E-02-4.85E-02-5.23E-02 0.00 
11 0.0371Q -5.24E-02-5.&5E-02-5.8QE-02-&.22E-02-&.&8E-02-7.31E-02-7.83E-02-8.13E-02-8. 4 0E-02-8.75E-02 0.00 
10 0.03437 -&.~1E-02-7.37E-02-7.72E-02-8.21E-02-8.87E-02-Q.71E-02-1.03E-01-1.07E-01-1 .OqE-01-1 .12E-Ol 0.00 
q 0.0321Q -8.17E-02-8.&QE-02-q.10E-02-Q.72E-02-1.05E-01-1 .15E-01-1 .22E-01-·'.2&E-Ol-1.28E-01-1 .30E-01 0.00 
8 0.03031 -q.25E-02~Q.77E-02-1.03E-01-1 .10E-01-1 .lQE-01-1 .2QE-01-1 .37E-01-1 .41E-01-1.43E-Ol-l.45E-Ol 0.00 
7 0.02&87 -1.11E-Ol-l.l&E-01-1.23E-Ol-l .32E-Ol-l .43E-Ol-l .55E-Ol-l.&3E-Ol-l .&7E-Ol-l.&QE-Ol-l .70E-Ol 0.00 
& 0.02187 -1.37E-Ol-l.41E-Ol-l.4QE-01-1 .bOE-Ol-l.73E-Ol-l.87E-Ol-l.QbE-01-2.00E-01-2.01E-01-2.01E-Ol 0.00 
5 0.01b25 -1.b1E-Ol-l b5E-Ol-1.73E-01-1 .8bE-01-2.01E-01-2.15E-01-2.24E-01-2.28E-01-2.2QE-01-2.2QE-Ol 0.00 
4 0.010&2 -1.7QE-Ol-l.83E-Ol-l.Q2E-01-2.05E-01-2.21E-01-2.35E-Ol-2.44E-01-2.48E-01-2.4QE-01-2.4QE-Ol 0.00 
3 0.005&2 -1.8qE-01-1.q4E-01-2.02E-01-2.1bE-Ol -2.32E-01-2.4bE-01-2.55E-01-2.58E-01-2.bOE-01-2.bOE-Ol 0.00 
2 0.0015& -1.Q3E-01-1.q7E-01-2.0bE-01-2.20E-0~-2.3bE-01-2.50E-Ol-2.5QE-01-2.b2E-01-2.,o4E-01-2.b4E-Ol 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-$-*-*-*-*-*- TUR8ULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 Q 10 11 12 

X = -0.003q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.Obb20 0.080Q2 0.OQ72b 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
lq 0.05Q37 
18 0.055q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 5.32E 00 5.35E 00 4.38E 00 3.7QE 00 3.80E 00 4.4QE 00 5.22E 00 5.4bE 00 
0.00 0.00 0.00 0.00 2.QOE 01 3.b2E 01 2.~2E 01 2.3&E 01 2.24E 01 2.bOE 01 2.Q5E 01 2.Q&E 01 
O~OO 0.00 0.00 0.00 5.1QE 01 4.57E 01 3.73E 01 3.25E 01 3.43E 01 4.07E 01 4.45E 01 4.33E 01 
0.00 0.00 0.00 1.&9E 01 4.17E 01 4.15E 01 3.8&E 01 3.87E 01 4.43E 01 5.11E 01 5.35E 01 5.07E 01 
0.00 0.00 0.00 &.31E 01 5.38E 01 4.72E 01 4.51E 01 4.Q2E 01 5.&7E 01 b.21E 01 &.24E 01 5.7&E 01 
0.00 0.00 0.00 &.81E 01 5.55E 01 5.24E 01 5.55E 01 &.2QE 01 b.Q5E 01 7.24E 01 7.03E 01 b.37E 01 
0.00 0.00 2.77E 01 4.8QE 01 5.44E 01 b.O&E 01 b.8&E 01 7.&3E 01 8.0&E 01 8.0QE 01 7.b8E 01 &.87E 01 
0.00 0.00 7.7QE 01 5.85E 01 &.33E 01 7.17E 01 8.0QE 01 8.71E 01 8.QOE 01 8.74E 01 8.1QE 01 7.27E 01 
0.00 0.00 5.bQE 01 5.2QE 01 &.Q7E 01 8.10E 01 Q.02E 01 Q.4QE 01 Q.54E 01 Q.2bE 01 8.&lE 01 7.5QE 01 
0.00 3.84E 01 3.72E 01 5.57E 01 8.5QE 01 Q.18E 01 Q.Q1E 01 1.03E 02 1.02E 02 Q.84E 01 Q.l0E 01 7.QQE 01 
0.00 7.07E 01 3.8QE 01 &.85E 01 8.Q&E 01 Q.21E 01 Q.Q7E 01 1.04E 02 1.04E 02 1.01E 02 Q.31E 01 8.17E 01 
0.00 3.71E 01 3.28E 01 7.84E 01 8.72E 01 8.Q5E 01 Q.7QE 01 1.03E 02 1.04E 02 1.01E 02 Q.40E 01 8.25E 01 

2.70E 01 Q.48E 00 3.47E 01 8.82E 01 8.43E 01 8.bbE 01 Q.54E 01 1 .01E 02 1.03E 02 1.01E 02 Q.42E 01 8.2QE 01 



.100.qOOOO 4.82E-01 4.81E-01 4.81E-01 4.81E-01 4.81E-01 4.82E-01 4.82E-01 4.82E-01 4.82E-01 4.82E-01 4.82E-01 
q 0.80000 4.&4E-01 4.&3E-01 4.&2E-01 4.&2E-01 4.&2E-01 4.&3E-01 4.&3E-01 4.&3E-01 4.&3E-01 4.&4E-01 4.&4E-01 
8 0.70000 4.4&E-01 4.44E-01 4.43E-01 4.42E-01 4.42E-01 4.43E-01 4.43E-01 4.43E-01 4.44E-01 4.44E-01 4.44E-01 
7 0.&0000 4.27E-01 4.24E-01 4.22E-01 4.21E-01 4.21E-01 4.21E-01 4.21E-01 4.22E-01 4.22E-01 4.23E-01 4.23E-01 
& 0.50000 4.0&E-01 4.02E-01 3.QQE-01 3.~7E-01 3.~7E-01 3.~7E-01 3.~7E-01 3.~7E-01 3.~8E-01 3.~8E-01 3.~8E-01 
5 0.40000 3.84E-01 3.78E-01 3.74E-01 3.71E-01 3.70E-01 3.&~E-01 3.&~E-01 3.&~E-01 3.&~E-01 3.70E-01 3.70E-01 
4 0.30000 3.5~E-01 3.50E-01 3.45E-013.40E-01 3.38E-01 3.3&E-01 3.35E-01 3.35E-01 3.3&E-01 3.3&E-01 3.3&E-01 
3 0~20000 3.2QE-01 3.17E-01 3.08E-01 3.02E-01 2.~8E-01 2.~5E-01 2.~3E-01 2.~2E-01 2.~2E-01 2.~3E-01 2.~3E-01 
2 0.10000 2.8QE-01 2.72E-01 2.58E-01 2.47E-01 2.3~E-01 2.34E-01 2.30E-01 2.28E-01 2.28E-01 2.28E-01 2.28E-01 
10.00000 2.1&E-01 1.&3E-01 ~.14E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O*-*-*-*-*-*-*-*-~-*-*-*-*~*-*-*-*- DIMENSIONLESS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.0~443 0.1&430 0.24187 0.327~& 0.42352 0.52~&0 0.&4735 0.77804 0.~2311 1.08415 
o J Y 

o 

21 0.50500 
20 0.4Q500 
1q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
~ 0.25750 . 
8 0.24250 
7 0.21S00 
& 0.17500 
S 0.13000 
4 0.08500 
3 0.04500 
2 0.012S0 
1-0.012S0 

I = 
X = 

o J Y 
21 O.SOSOO 
20 0.4Q500 
1~ 0.47500 
18 0.447S0 
17 0.427S0 
1& 0.40&2S 
1S 0.38500 
14 0.3&SOO 
13 0.34&2S 
12 0.327S0 
11 0.2Q7S0 
10 0.27S00 
~ 0.257S0 
8 0.24250 
7 0.21500 
& 0.17S00 

0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 7.74E OS 1.~8E OS 7.7~E OS 7.7~E OS 7.88E OS 7.~8E OS 8.0&E OS 8.11E OS 
0.00 0.00 0.00 0.00 7.S5E OS 7.83E OS 7.&&E OS 7.&7E OS 7.7&E OS 7.84E OS 7.~OE OS 7.~3E OS 
0.00 0.00 0.00 0.00 7.18E OS 7.&1E OS 7.45F. OS 7.4~E OS 7.57E OS 7.&3E OS 7.&5E OS 7.&5E OS 
0.00 0.00 0.00 7.44E OS 7.0~E OS 7.33E OS 7.25E OS 7.33E OS 7.42E OS 7.45E OS 7.45E OS 7.43E OS 
0.00 0.00 0.00 &.8&E OS 7.00E OS 7.00E OS 7.02E OS 7.14E O~ 7.23E OS 7.25E OS 7.23E OS 7.1~E OS 
0.00 0.00 0.00 &.08E OS &.73E OS &.&5E OS &.7&E OS &.~3E OS 7.01E OS 7.02E OS &.~~E OS &.~5E OS 
0.00 0 .. 00 8.18E OS &.O&E OS &.31E OS &.31E OS &.50E OS &.&~E OS &.78E OS &.78E OS &.75E OS &.71E OS 
0.00 0.00 7.23E OS &.17E OS 5.~3E OS 5.~~E OS &.25E OS &.45E OS &.53E OS &.54E OS &.52E OS &.48E OS 
0.00 0.00 5.88E 055.~7E OS 5.5~E OS 5.&~E 05 5.~8E OS &.1~E OS &.27E OS &.2~E OS &.27E OS &.24E OS 
0.00 7.~2E OS 5.4&E OS 5.28E OS 5.04E OS 5.23E OS 5.52E OS 5.72E OS 5.82E OS 5.8&E OS 5.87E OS 5.8&E OS 
0.00 &.1&EOS 5.37E OS 4.82E OS 4.&7E OS 4.~OE 05 5.15E OS 5.34E OS 5. 4 5E OS 5.52E 05 5~55E 05 5.58E OS 
0.00 4.47E 05 4.~~E OS 4.48£ 05 4.43E 05 4.&3E 05 4.8&E 05 5.04E OS 5.1&E OS 5.25E 05 5.31E 05 5.35E OS 
0.00 3.&3E OS 4.5~E OS 4.2&E OS 4.24E OS 4.40E 05 4.&OE 05 4.78E 05 4.~1E 05 5.02E OS 5.10E 05 5.17E 05 
0.00 3.44E 05 4.02E 05 3.82E 05 3.87E OS 3.~8E 05 4.13E 05 4.30E 05 4.45E 05 4.&OE 05 4.73E 05 4.84E OS 
0.00 2.~7E OS 3.31E 05 3.27E 05 3.31E 05 3.38E 05 3.4~E 05 3.&4E 05 3.83E OS 4.03E 05 4.22E 05 4.3~E OS 
0.00 2.31E OS 2.58E 05 2.&5E 05 2.71E OS 2.78E 05 2.87E 05 3.02E 05 3.23E 05 3.48E 05 3.73E 05 3.~&E 05 
0.00 1.5&E OS 1.~&E 05 2.10E 05 2.22E OS 2.31E 05 2.41E 05 2.5&E 05 2.78E OS 3.0&E 05 3.3&E 05 3.&4E 05 
0.00 &.13E 04 1.51E 05 1.75E 05 1 .~3E 05 2.04E 05 2.15E 05 2.30E 05 2.53E 05 2.83E 05 3.15E 05 3.4&E 05 
0.00 0.00 1.14E 05 1.&OE 05 1.82E 05 1 .~4E 05 2.05E 05 2.20E 05 2.44E 05 2.74E 05 3.07E 05 3.3~E 05 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1 & 1"1 18 1 ~ 20 21 22 23 
1.2&28~ 1.4&130 1.&8153 1.~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8.1SE 05 8.15E OS 8.13E 05 8.0~E 05 8.04E OS 7.~8E 05 7.~2E OS 7.85E 05 7.7~E 05 7.73E 05 
7.~4E 05 7.Q3E OS 7.~OE 05 7.8&E 05 7.82E 05 7.7&E 05 7.71E 05 7.&5E 05 7.&OE OS 7.55E 05 
7.&3E OS 7.&OE OS 7.57E 05 7.53E 05 7.4~E 05 7.44E 05 7.40E 05 7.35E OS 7.31E 05 7.27E 05 
7.40E OS 7.37E OS 7.33E 05 7.2~E 05 7.25E 05 7.21E OS 7.17E 05 7.13E 05 7.10E 05 7.0&E 05 
7.15E OS 7.11E 05 7.07E 05 7.04E 05 7.00E 05 &.~7E 05 &.~4E 05 &.~1E 05 &.88E 05 &.85E 05 
&.~OE OS &.8&E OS &.82E 05 &.7~E 05 &.7&E 05 &.73E 05 &.71E 05 &.&~E 05 &.&7E 05 &.&5E 05 
&.&&E OS &.&2E OS &.5~E 05 &.5&E 05 &.54E 05 &.52E 05 &.50E 05 &.4~E 05 &.47E 05 &.4&E 05 
&.44E OS &.40E OS &.38E 05 &.3&E 05 &.34E 05 &.33E 05 &.32E 05 &.31E 05 &.30E 05 &.30E 05 
&.21E 05 &.1~E 05 &.17E 05 &.15E 05 &.15E OS &.14E OS &.14E 05 &.14E 05 &.14E 05 &.14E 05 
S.8&E 05 5.85E 05 5.85E OS 5.85£ 05 5.8&E 05 5.8&E 05 5.87E 05 5.88E 05 5.8~E 05 5.~1E 05 
S.S~E 05 S.&OE OS 5.&2E OS 5.&3E OS 5.&5E 05 5.&7E 05 5.&~E OS 5.71E 05 5.72E OS 5.74E 05 
S.3~E 05 5.42E OS 5.44E 05 5.47E 05 5.50E 05 5.53E OS 5.55E OS 5.58E OS 5.&OE OS 5.&3E 05 
5.22E OS 5.2&E OS 5.30E 05 5.34E 05 5.38E OS 5.41E 05 5.44E 05 5.47E 05 5.50E OS 5.53E 05 
4.~2E OS 5.00E 05 5.0&E 05 5.12E 05 5.17E OS 5.22E 05 5.2&E 05 5.30E 05 5.33E 05 5.37E OS 
4.S3E 05 4.&5E 05 4.75E 05 4.83E 05 4.~OE 05 4.~7E 05 5.03E 05 5.08E 05 5.13E OS 5.17E 05 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



X 0.52 a 

x 0.54 

X 0.5b 

X 0.58 a 
x O.bO + 

X 0.b2 

X 0.b4 

X O.bb a 

x 0.b8 

X 0.70' + 

x 0.72 

X 0.74 0 

X 0.7b 

X 0.78 

X 0.80 + 

X 0.82 

X 0.84 0 

X 0.8& 

X 0.88 

x O. ~2 0 

X 0.~4 

X O.~b 

X O.~8 

2 4 8 

2 4 

2 4 

2 4 

2 4 

2 4 

8 

8 

8 

8 

8 

1 0.52 

0.54 

O.Sb 

1 0.58 

+ 0.&0 

0.&2 

0.&4 

1 0.&& 

0.&8 

+ 0.70 

0.72 

1 0.74 

0.7& 

0.78 

+ 0.80 

0.82 

1 0.84 

0.8& 

0.88 

+ c.~o 

0.~2 

0.~4 

O.~& 

0.~8 

X 1.00 O ......... + ......... + ......... + ......... + ......... + ........ 2+ ......... + ... 4 ••••• + .... & •••• + .. 8 ...... 1 1.00 
0.0 O. 1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 O.~ 1 .0 

DIMENSIONLESS STREAMLINE PLOT 



o j Y 
21 0.0~312 . 0.00 O~OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0~187 ~.74E-01 ~.75E-01 ~.75E-01 ~.75E-01 ~.75E-01 ~.74E-01 q.74E-01 q.74E-01 q.74E-01 q.74E-01 ~.74E-01 
1~·0.05~37 8.~lE-01 8.b~E-01 8.~~E-01 8.70E-01 8.70E-01 8.~~E-01 8.~qE-01 8.~8E-01 8.~7E-01' 8.~~E-01 8.&&E-01 
18 0.055~4 7.10E-01 7.22E-01 7.2~E-Ol 7.32E-01 7.33E-01 7.32E-01 7.32E-01 7.30E-01 7.2qE-01 7.27E-01 7.27E-01 
17 0.05344 ~.0~E-01 ~.24E-01 ~.34E-01 &.3~E-01 &.41E-01 &.41E-01 0.41E-01 &.3~E-01 &.37E-01 &.35E-01 &.35E-01 
1~ 0.05078 5.03E-01 5.2~E-01 5.40E-01 5.47E-01 5.51E-01 5.52E-01 5.52E-01 5.51E-01 5.4qE-01 5.47E-01 5.47E-01 
15 0.04812 4.0~E-01 4.3&E-01 4.53E-01 4.&3E-01 4.&~E-01 4.71E-01 4.72E-01 4.72E-01 4.70E-01 4.&8E-01 4.&8E-01 
14 0.045~2 3.2~E-01 3.&OE-01 3.80E-01 3.~2E-01 3.~qE-01 4.03E-01 4.04E-01 4.04E-01 4.03E-01 4.02E-01 4.02E-01 
13 0.04328 2.~2E-01 2.~5E~01 3.17E-01 3.31E-01 3.40E-01 3.44E-01 3.47E-01 3.48E-01 3.47E-01 3.4&E-Ol 3.4&E-Ol 
12 0.040~4 2.04E-01 2.38E-Ol 2.&2E-Ol 2.77E-Ol 2.87E-Ol 2.q2E-Ol 2.q&E-Ol 2.q7E-0~ 2.q7E-Ol 2.q5E-Ol 2.q5E-Ol 
11 0.0371~ 1.2&E-01 1.&lE-Ol 1.8&E-Ol 2.03E-01 2.14E-Ol 2.21E-Ol 2.25E-Ol 2.27E-Ol 2.27E-Ol 2.2&E-Ol 2.2&E-Ol 
10 0.03437 8.07E-02 1.15E-Ol 1.40E-01 1.57E-Ol 1.&8E-Ol 1.7&E-Ol 1.80E-Ol 1.83E-Ol 1.83E-01 1.83E-Ol 1.83E-Ol 
~ 0.0321~ 5.25E-02 8.5~E-02 1.10E-Ol 1.27E-Ol 1.38E-Ol 1.4&E-Ol 1.50E-01 1.53E-Ol 1.54E-011.53E-01 1.53E-01 
8 0.03031 3.31E-02 ~.48E-02 8.82E-02 1.05E-01 1.1&E-Ol 1.23E-01 1.28E-Ol 1.30E-01 1.31E-01 1.31E-Ol 1.31E-01 
7 0.02&87 7.0&E-03 3.51E-02 5.&lE-02 7.10E-02 8.13E-02 ~.82E-02 9.28E-02 9.52E-02 q.&2E-02 q.&1E-02 q.&1E-02 
b 0.02187 -1.22E-02 ~.07E-03 2.54E-02 3.72E-02 4.54E-02 5.11E-02 5.48E-02 5.&8E-02 5.78E-02 5.78E-02 5.7qE-02 
5 0.01&25 -1.57E-02-2.52E-03 7.7&E-03 1.53E-02 2.07E-02 2.43E-02 2.&8f.-02 2.82E-02 2.88E-02 2.8qE-02 2.qOE-02 
4 0.010&2 -~.&&E-03-3.55E~03 1.27E-03 4.85E-03 7.3qE~03 q.17E-03 1.03E-02 1 .10E~02 1 .14E-02 1.14E-02 1.14E-02 
3 0.005&2 -3.1~E-03-1 .40E-03 2.2~E-05 1.08E-03 1.84E-03 2.37E-03 2.72E-03 2.q3E-OJ 3.03E-03 3.05E-03 3.05E-03 
2 0.0015& -2.&4E-04-1.23E-04-1.07E-05 7.31E-05 1.33E-04 1.75E-04 2.03E-04 2.20E-04 2.28E-04 2.30E-04 2.30E-04 
1-0.0015& 0.00 ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

.0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STREAMLINES -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q 0.035&1 0.04&Q7 0.05Q57 0.0735& 0.08QO~ 0.10&32 0.12545 o J Y . 
11 1.00000 0.00 3.12E-02 3.Q1E-02 4.&QE-02 5.47E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.QOOOO 0.00 2.Q&E-02 3.~lE-02 4.&QE-02 5.47E-02 5.QQE-02 &.08E-02 &.OQE-02 &.08E-02 &.07E-02 &.05E-02 &.04E-02 
q 0.80000 0.00 2.7~E-02 3.&lE-02 4.47E-02 5.22E-02 5.80E-02 5.~3E-02 5.Q4E-02 5.Q2E-02 5.8QE-02 5.8&E-02 5.83E-02 
8 0.70000 0.00 2.&lE-02 3.45E-02 4.35E-02 5.10E-02 5.&2E-02 5.7QE-02 5.7qE-02 5.7&E-02 5.71E-02 5.&&E-02 5.&lE-02 
7 0.&0000 0.00 2.41E-02 3.24E-02 4.21E-02 4.Q&E-02 5.48E-02 5.&4E-02 5.&5E-02 5.&OE-02 5.53E-02 5.4&E-02 5.3qE-02 
& 0.50000 0.00 2.21E-02 3.02E-02 4.05E-02 4.82E-02 5.34E-025.51E-02 5.50E-02 5.44E-02 5.35E-02 5.25E-02 5.15E-02 
5 0.40000 0.00 1.q&E-02 2.78E-02 3.88E-02 4.&8E-02 5.20E-02 5.37E-02 5.3&E-02 5.27E-02 5.15E-02 5.02E-02 4.8qE-02 
4 0.30000 0.00 1.70E-02 2.52E-02 3.70E-02 4.54E-02 5.07E-02 5.23E-02 5.21E-02 5.0QE-02 4.q2E-02 4.7&E-02 4.&OE-02 
3 0.20000 0.00 1.37E-02 2.24E-02 3.4QE-02 4.3QE-02 4.Q2E-02 5.0QE-02 5.05E-02 4.88E-02 4.&7E-02 4.4&E-02 4.2&E-02 
2 0.10000 0.00 ~.&QE-03 1.85E-02 3.24E-02 4.~2E-02 4.77E-02 4.Q4E-02 4.8&E-02 4.&4E-02 4.37E-02 4.10E-02 3.82E-02 
10.00000 0.00 0.00 1.23E-02 2.QOE-02 4.02E-02 4.&OE-02 4.77E-02 4.&4E-02 4.34E-02 3.Q4E-02 3.55E-02 3.11E-02 

o I = 13 14 15 1 & 17 18 1 Q 20 21 22 23 
X = 0.14&&Q 0.1702& 0.1Q&43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
11 1.00000 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.QOOOO &.02E-02 &.02E-02 &.01E-02 &.01E-02 &.01E-02 &.01E-02 &.01E-02 &.01E-02 &.01E-02 &.02E-02 &.02E-02 
~ 0.80000 5.80E-02 5.78E-02 5.77E-02 5.7&E-02 5.7&E-02 5.7&E-02 5.77E-02 5.77E-02 5.77E-02 5.77E-02 5.77E-02 
8 0.70000 5.57E-02 5.54E-02 5.52E-02 5.51E-02 5.50E-02 5.50E-02 5.51E-02 5.51E-02 5.52E-02 5.52E-02 5.52E-02 
7 0.&0000 5.33E-02 5.28E-02 5.25E-02 5.23E-02 5.22E-02 5.22E-02 5.22E-02 5.23E-02 5.23E-02 5.24E-02 5.24E-02 
& 0.50000 5.07E-02 5.00E-02 4.Q&E-02 4.Q3E-02 4.Q1E-02 4.Q1E-02 4.QOE-02 4.Q1E-02 4.Q1E-02 4.Q2E-02 4.Q2E-02 
5 0.40000 4.78E-02 4.&QE-02 4.&3E-02 4.5QE-02 4.57E-02 4.55E-02 4.54E-02 4.54E-02 4.55E-02 4.5&E-02 4.5&E-02 
4 0.30000 4.4&E-02 4.34E-02 4.25E-02 4.1~E-02 4.15E-02 4.13E-02 4.11E-02 4.11E-02 4.11E-02 4.12E-02 4.12E-02 
3 0.20000 4.08E-02 3.Q1E-02 3.7QE-02 3.70E-02 3.&3E-02 3.5QE-02 3.5&E-02 3.55E-02 3.55E-02 3.55E-02 3.55E-02 
2 0.10000 3.5&E-02 3.32E-02 3.13E-02 2.Q8E-02 2.87E-02 2.80E-02 2.7&E-02 2.73E-02 2.73E-02 2.73E-02 2.73E-02 
10.00000 2.50E-02 1.75E-02 2.8&E-03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.0&2Q5 0.12Q37 0.20308 0.284Q1 0.37574 0.47&5& 0.58847 0.712&Q 0.85058 1.003&3 



1q 0.47500 
1S 0.44750 
170.42750 
1& 0.40&25 
15 0.3S5'OO 
14 0.3&500 
13 0.34&,25 
12 0.32750 
11 0.2~750 
10 0.27500 
q 0.25750 
S 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.OS500 
3 0.04500 
2 0.01250 
1-0.01250 

o . I = 
X = 

o J Y 
21 0.50500 
20 0.4~500 
1q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.3S500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.OS500 
3 0.04500 
2 0.01250 
1-0.01250 

I 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 3.~2E 02 4.5qE 02 4.0SE 02 3.&7E 02 3.S~E 02 5.13E 02 &.30E02 &.5&E 02 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 5.11E 02 4.7SE 02 4.53E 02 4.&7E 02 &.13E 02 q.24E 02 1.20E 03 1.2qE 03 
1.00E 00 1.00E 00 1.00E 00 7.&2E 01 3.17E 02 3.~7E 02 4.51E 02 5.54E 02 8.12E 02 1.1qE 03 1.4~E 03 1.&2E 03 
1.00E 00 1.00E 00 1.00E 00 5.01E 02 4.&2E 02 4.7&E 02 5.43E 02 7.33E 02 1.07E 03 1.45E 03 1.7&E 03 1.qOE 03 
1.00E 00 1.00E 00 1.00E 00 5.05E 02 4.47E 02 5.24E 02 &.Q3E 02 Q.7SE 02 1.34E 03 1.70E 03 1.Q~E 03 2.13E 03 
1.00E 00 1.00E 00 Q.4~E 01 2.&QE 02 4.17E 02 &.25E 02 Q.01E 02 1.23E 03 1.57E 03 ·'.Q1E 03.2.1SE 03 2.32E 03 
1.00E 00 1.00E 00 4.Q2E 02 3.71E02 5.23E 02 S.02E 02 1.12E 03 1.45E 03 1.78E 03 2.0~E 03 2.35E 03 2.48E 03 
1 .OOEOO 1.00E 00 4.10E 02 3.21E 02 &.01E 02 ~.S8E 02 1.33E 03 1.&5E 03 1.~&E 03 2.2&E 03 2.51E 03 2.&3E 03 
1.00E 00 1.&4E 02 1.45E 02 2.S8E 02 7.83E 02 1.32E 03 1.&3E 03 1.Q2E 03 2.22E 03 2.51E 03 2.73E 03 2.84E 03 
1.00E 00 4.S2E 02 1.34E 02 3.57E 02 1.04E 03 1.52E 03 1.7QE 03 2.0SE 03 2.38E 032.&&E 03 2.S8E 03 2.~7E 03 
1.00E 00 3.&7E 02 7.18E 01 4.24E 02 1.21E 03 1.&4E 03 1.QOE 03 2.1QE 03 2.4~E 03 2.77E 03 2.~8E 03 3.07E 03 
1.00E 00 7.1SE 00 5.14E 015.14E 02 1.34E 03 1 .74E 03 1.QqE 03 2.27E 03 2.57E 03 2.85E 03 3.0&E 03 3.14E 03 
1.00E 00 7.31E 00 7.7&E 01 &.q4E 02 1.5~E 03 1 .qOE 03 2.13E 03 2.42E 03 2.72E 03 3.00E 03 3.1~E 03 3.2&E 03 
1.00E 00 7.74E 00 1.4SE 02 1.10E 03 1.8&E 03 2.12E 03 2.34E 03 2.&2E 03 2.~2E 03 3.1SE 03 3.35E 03 3.40E 03 
1.00E 00 ~.21E 00 3.40E 02 1.42E 03 2.15E 03 2.3&E 03 2.5&E 03 2.S2E 03 3.10E 03 3.34E 03 3.4qE 03 3.52E 03 
1.00E 00 1.47E 01 7.72E 02 1.81E 03 2.40E 03 ~.57E 03 2.7&E 03 3.01E 03 3.2&E 03 3.47E 03 3.&OE 03 3.&1E03 
1.00E 00 4.03E 01 1.08E 03 2.15E 03 2.57E 03 2.72E 03 2.q1E 03 3.15E 03 3.3~E 03 3.58E 03 3.&qE 03 3.&~E 03 
1.00E 00 7.44E 01 1.54E 03 2.41E 03 2.70E 03 2.83E03 3.03f. 03 3.28E 03 3.52E 03 3.71E 03 3.81E 03 3.80E 03 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 

13 14 15 1 & 17 18 1 q 20 21 22 23 
1 .2&28~ 1.4&130 1.&8153 1.Q25q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1 .OOE 00 1.00E 00 1.00E 00 
2.17E 01 2.10E 01 2.01E 01 1.Q2E 01 1.84E 01 1 .78E 01 1.72E 01 1.&7E 01 1.&3E 01 1.&3E 01 1.00E 00 
&.11E 02 5.28E 02 4.34E 02 3.44E 02 2~&7E 02 2.0&E 02 1.&2E 02 1 .34E 02 1.15E 02 1.41E 02 1.00E 00 
1.24E 03 1.10E 03 ~.37E 02 7.71E 02 &.22E 02 4.Q7E 02 4.02E 02 3.35E 02 2.A&E 02 3.5&E 02 1 .OOE 00 
1.58E 03 1.43E 03 1.24E 03 '~04E 03 8.&4E 02 7.0QE 02 5.88E 02 5.00E 02 4.35E 02 5.34E 02 1.00E 00 
1.87E 03 1.72E 03 1.52E 03 1.30E 03 1.0~E 03 Q.15E 02 7.75E 02 &.71E 02 5.Q4E 02 7.15E 02 1.00E 00 
2.11E 03 1 .~&E 03 1.74E OJ 1.51E 03 1.2QE 03 1 .10E 03 Q.43E 02 8.27E 02 7.41E 02 8.77E 02 1.00E 00 
2.30E 03 2.15E 03 1.Q3E 03 1.&~E 03 1.45E 03 1.25E 03 1.08E 03 ~.5QE 02 8.&&E 02 1.01E 03 1.00E 00 
2.4&E 03 2.30E 03 2.08E 03 1.83E 03 1.5~E 03 1 .37E 03 1.20E 03 1.07E 03 Q.70E 02 1 .12E 03 1.00E 00 
2.&OE 03 2.44E 03 2.21E 03 1 .~5E 03 1.70E 03 1.48E 03 1.30E 03 1 .1&E 03 1.0&E 03 1.21E 03 1.00E 00 
2.7~E 03 2.&2E 03 2.38E 03 2.l2E 03 1.8&E 03 1.&3E 03 1.4~~ 03 1 .30E 03 1.1~E 03 1.34E 03 1.00E 00 
2.~2E 03 2.74E 03 2.4~E 03 2.22E 03 1.Q&E 03 1 .72E 03 1.53E 03 1 .J8E 03 1.27E 03 1.42E 03 1 .OOE 00 
3.01E 03 2.82E 03 2.57E 03 2.2QE 03 2.02E 03 1 .78E 03 1.5QE 03 1.43E 03 1.32E 03 1.47E 03 1.00E 00 
3.08E 03 2.8~E 03 2.&3E 03 2.35E 03 2.U7E 03 1 .83E 03 1.&3E 03 1.48E 03 1 .3&E 03 1.51E 03 1.00E 00 
3.1~E 03 2.~~E 03 2.72E 03 2.43E 03 2.15E 03 1 .QOE 03 1.70E 03 1.54E 03 1.42E 03 1.5&E 03 1.00E 00 
3.32E 03 3.llE 03 2.83E 03 2.53E 03 2.24E 03 1 .QQE 03 1.78E 03 1.&lE 03 1 .4~E 03 1.&2E 03 1.00E 00 
3.42E 03 3.21E 03 2.~3E 03 2.&2E 03 2.32E 03 2.0bE 03 1.84E 03 1.b8E 03 1.55E 03 1.&7E 03 1.00E 00 
3.50E 03 3.28E 03 3.00E 03 2.&~E 03 2.38E 03 2.llE 03 1.8QE 03 1 .72E 03 1 .5~E 03 1 .70E 03 1.00E 00 
3.57E 03 3.34E 03 3.05E 03 2.73E 03 2.42E 03 2.l4E 03 1.Q2E 03 1 .75E 03 1.blE 03 1 .73E 03 1.00E 00 
3.&&E 03 3.41E 03 3.l0E 03 2.78E 03 2.4&E 03 2.l7E 03 1.Q4E 03 1 .7bE 03 1.&3E 03 1 .7bE 03 1.00E 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 

X/D S.S.COEFF. 

2 3.148E-02 1.734E-02 

3 ~.443E-02 1.1&7E-02 

4 1.&43E-Ol 7.430E-03 



105 0.7~25E-Ol 0.5~14E-Ol 0.2543E-Ol 0.2783E-Ol 0.101&E-01 0.1145E O~ 0.5117E 01-0.5374E-02 0.1754E 02 0.2014E 04 0.2855E 04 
10& 0.77&3E-01 0.5720E-Ol 0.2470E-Ol 0.2707E-Ol 0.1003E-Ol 0.1215E O~ 0.510&E 01-0.580&E-02 0.1755E 02 0.2015E 04 0.28&3E 04 
107 0.7382E-Ol 0.&101E-Ol 0.23~4E-Ol 0.2&28E-01 0.~8~OE-02 0.1280E O~ 0.50~4E 01-0.5737E-02 0.175&E 02 0.201&E 04 0.2871E 04 
108 0.7272E-01 0.5833E-Ol 0.2320E-Ol 0.251~E-Ol 0.~&~7E-02 0.1282E O~ 0.5085E 01-0.4~82E-02 0.1758E 02 0.2017E 04 0.287~E 04 
10~ 0.7252E-Ol 0.5132E-Ol 0.225&E-Ol 0.2434E-Ol 0.~3&7E-02 0.1225E O~ 0.5075~ 01-0.513~E-02 0.175~E 02 0.2018E 04 0.2887E 04 
110 0.&872E-01 0.5420E-Ol 0.21~OE-01 0.2342E-01 0.~0&lE-02 0.1210E O~ 0.50&4E 01-0.4~34E-02 0.17&OE 02 0.2018E 04 0.28~4E 04 
111 0.&817E-01 0.507&E-01 0.2127E-01 0.222~E-01 0~882~E-02 0.1231E O~ O.5054E 01-0.4738E-02 0.17&2E 020.2020E 04 0.2~01E 04 
112 0.&583E-01 0.4~0~E-01 0.20&7E-01 0.214&E-01 0.8&5&E-02 0.12&OE O~ 0.5045E 01-U.4433E-02 0.17&3E 02 0.2021E 04 0.2~08E 04 
113 0.&431E-01 0.4&70E-01 0.2008E-01 0.205~E-01 0.8482E-02 0.1283E O~ 0.503&E 01-0.4135E-02 0.17&4E 02 0.2022E 04 0.2~15E 04 
114 0.&254E-01 0.4454E-01 0.1~50E-01 0.1~85E-01 0.8300E-02 0.12~5E O~ 0.5027E 01-0.3805E-02 0.17&5E 02 0.2023E 04 0.2~21E 04 
115 0.&087E-01 0.424~E-oi 0.1895E-01 0.1~02E-01 0.8113E-02 0.1300E O~ 0.501~E 01-0.3477E-02 0.17&7E 02 0.2023E 04 0.2928E 04 
11& 0.592~E-01 0.4048E··01 0.1841E-01 0.1831E-01 0.7~22E-02 0.130&E O~ 0.5012E 01-0.3138E-02 0.1768E 02 0.2024E 04 0.2934E 04 
117 0.5775E-01 0.385&£-01 0.17~4E-01 0.17&OE-01 0.7738E-02 0.1312E O~ 0.5004E 01-0.2801E-02 0.17&~E 02 0.2025E 04 0.2~40E 04 
1t8 0.5&12E-01 0.3&&7E-01 0.1750E~01 0.1&8~E-01 0·.75&3E-02 0.1317E O~ 0.4~~OE 01-0.24&1E-02 0.1770E 02 0.202&E 04 0.2~45E 04 
11~ 0.5453E-01 0.3481E-01 0.170&E-01 0.1&20E-01 0.740&E-02 0.1324E O~ 0.4~92E 01-0.2123E-02 0.1771E 02 0.2027E 040.2~51E 04 
120 0.5301E-01 0.32~&E-01 0.1&&5E-01 0.1552E-01 0.72&8E~02 0.132~E O~ 0.4~8&E 01-0.1788E-02 0.1772E 02 0.2028E 04 0.2~5&E 04 
121 0.5154E-01 0.3128E-01 0.1&2&E-01 0.14~4E-01 0.7131E-02 0.1334E O~ 0.4~81E 01-0.145&E-02 0.1774E 02 0.2b2~E 04 0.2~&1E 04 
122 0.5017E-01 0.2970E-01 0.158~E-01 0.1433E-01 0.&~81E-02 0.1338E .Oq 0.4~7&E 01-0.112~E-02 0.177SE 02 0.2030E 04 0.2~&&E 04 
123 0.4888E-01 0.283~E-01 0.1555E-01 0.1375E-01 0.&81~E-02 ~.134&E O~ 0.4~72E01-0.809~E-03 0.177&E 02 0.2031E 04 0.2~70E 04 
124 0.47&4E-01 0.2712E-01 0.1524E-01 0.1320E-01 0.&&54E-02 0.1337E O~ 0.4~&~E 01··0.4~74E-03 0.1777E 02 0.2032E 04 0.2~75E 04 
125 0.4&50E-01 0.2585E-01 0.14~7E-01 0.12&&E-01 0.&488E-02 0.134&E O~ 0.4~&&E 01-0.1~4&E-03 0.1778E 02 0.2033E 04· 0.2~7~E 04 
12& 0.4544E-01 0.24&3E-01 0.1471E-01 0.121&E-01 0.&320E-02 0.1348E O~ 0.4~&3E 01 0.~858E-04 0.177~E 02 O.2034E 04 0.2~83E 04 
127 0.4445E-01 0.2348E-01 0.1448E-01 0.11&8E-01 0.&15~E-02 0.1350E O~ 0.4~&1E 01 0.3818E-03 0.1780E 02 0.2035E 04 0.2~87E 04 
128 0.43&OE-01 0.2242E-01 0.142&E-01 0.1123E-01 0.&003E-02 O.1350E O~ 0.4~&OE 01 0.&537E-03 0.1780E.02 0.203&E 04 0.2~~1E 04 
12~ 0.427~E-01 0.2149E-01 0.1405E-01 0.1084E-01 0.584~E-02'0.1355E O~ 0.4~59E 01 0.~132E-03 0.17e1E 02 0.2037E 04 0.2~~5E 04 
130 0.4203E-01 0.20&&E-01 0.1387E-01 0.1041E-01 0.5703E-02 0.1351E O~ 0.4~58E 01 0.11&1E-02 0.1782E 02 0.2037E 04 0.2~~8E 04 
131 0.4132E-01 0.1~89E-01 0.1371E-01 0.100&E-01 0.5554E-02 0.1355E O~ 0.4~58E 01 0.13~5E-02 0.1783E 02 0.2038E 04 0.3001E· 04 
132 0.4070E-01 0.1~1&E-01 0.1358E-01 0.9&87E-02 0.5403E-02 0.1358E O~ 0.4~58E 01 0.1&15E-02 0.1784E 02 O.203~E 04 0.3004E 04 
133 0.4015E-01 0.1848E-01 0.1345E-01 0.~3~5E-02 0.5253E-02 0.1350E O~ 0.4~5~E 01 0.1821E-02 0.1785E 02 0.2040E 04 0.3007E 04 
134 0.39&&E-01 0.1785E-01 0.1333E-01 0.~080E-02 0.510&E-02 0.1351E O~ 0.4~&OE 01 0.2013E-02 0.1785E 02 0.2041E 04 0.3010E 04 
135 0.391&E-01 0.1733E-01 0.1324E-01 0.8821E-02 0.4~&1E-02 0.134~E O~ 0.4~&2E 01 0.21~OE-020.178&E 02 0.2042E 04 0.3013E 04 
13& 0.38&7E-01 0.1&87E-01 0.131&E-01 0.8544E-02 0.4824E-02 0.1344E O~ 0.4~&3E 01 0.2353E-02 0.1787E 02 0.2043E 04 0.3015E 04 
137 0.3814E-01 0.1&51E-01 0.1310E-01 0.8333E-02 0.4&~3E-02 0.1347E O~ 0.4~&&E 01 0.2501E-02 0.1788E 02 0.2043E 04 0.3018E 04 
138 0.37&1E-01 0.1&18E-01 0.1305E-01 0.8114E-02 0.45&1E-02 0.1341E O~ 0.4~&8E 01 0.2&35E-02 0.1788E 02 0.2044E 04 0.3020E 04 
139 0.3707E-01 0.15~7E-01 0.1302E-01 0.7~34E··02 0.4437E-02 0.1338E O~ 0.4~71E 01 0.2755E-02 0.178~E 02 0.2045E 04 0.3022E 04 
140 0.3&53E-01 0.1587E-01 0.1300E-01 0.7780E-02 U.4315E-02 0.1334E O~ 0.4~74E 01 0.28&OE-02 0.17~OE 02 0.204&E 04 0.3024E 04 
141 0.3597E-01 0.1583E-01 0.1302E-01 0.7&O~E-02 0.41~7E-02 0.1327E O~ 0.4~77E 01 0.2~51E-02 0.17~OE 02 0.2047E 04 0.302&E 04 
142 0.3541E-01 0.1584E-01 0.1305E-01 0.7513E-02 0.4081E-02 0.1325E O~ 0.4~80E 01 0.302~E-02 0.17~1E 02 0.2047E 04 0.3028E 04 
143 0.3484E-01 0.15~OE-01 0.1310E-01 0.7407E-02 0.39&7E-02 0.131~E O~ 0.4~84E 01 0.30~2E-02 0.17~1E 02 0.2048E 04 0.3030E 04 
144 0.3428E-01 0.15~7E-01 0.1315E-01 0.7351E-02 0.38&OE-02 0.1314E O~ 0.4~88E 01 0.3143E-02 0.17~2E 02 0.204~E 04 0.3031E 04 
145 0.3374E-01 0.1&0&E-01 0.131~E-01 0.7247E-02 0.3704E-02 0.1203E O~ 0.4~~2E 01 0.3183E-02 0.17~3E 02 0.2050E 04 0.3033E 04 
14& 0.3320E-01 0.1&1&E-01 0.1325E-01 0.7224E-02 0.357~E-02 0.117~E O~ 0.4~~&E 01 0.3211E-02 0.17~3E 02 0.2050E 04 0.3034E 04 
147 0.32&5E-01 0.1&22E-01 0.1331E-01 0.7173E-02 0.3477E-02 0.1183E O~ 0.5000E 01 0.3228E-02 0.17~4E 02 0.2051E 04 0.303&E 04 
148 0.320~E-01 0.1&2&E-01 0.1337E-01 0.7181E-02 0.338&E-02 0.1187E O~ 0.5004E 01 0.3234E-02 0.17~4E 02 0.2052E 04 0.3037E 04 
14~ 0.3153E-01 0.1&28E-01 0.1342E-01 0.7173E-02 0.3307E-02 0.1187E O~ 0.500~E 01 0.3231E-02 0.17~5E 02 0.2053E 04 0.3038E 04 
150 0.30~5E-01 0.1&28E-01 0.1348E-01 0.71&5E-02 0.323&E-02 0.1185E O~ 0.5013E 01 0.321~E-02 0.17~5E 02 0.2053E 04 0.3040E 04 
151 0.303&E-01 0.1&29E-01 0.1355E-01 0.7158E-02 0.3173E-02 0.1184E O~ 0.5018E 01 0.31~&E-02 0.17~&E 02 0.2054E 04 0.3041E 04 
152 0.297&E-01 0.1&2&E-01 0.13&OE-01 0.7172E-02 0.3122E-02 0.1175E O~ 0.5023E 01 0.31&&E-02 0.17~&E 02 0.2055E 04 0.3042E 04 
153 0.291&E-01 0.1&25E-01 0.13&&E-01 0.7204E-02 0.3077 E-02 0.1173E O~ 0.5027E 01 0.3128E-02 0.17~7E 02 0.2055E 04 0.3043E 04 
154 0.2855E-01 0.1&22E-01 0.1372E-01 0.71~5E-02 0.3040E-02 0.11&3E O~ 0.5032E 01 0.3080E-02 0.17~7E 02 0.205&E 04 0.3044E 04 
155 0.27~&E-01 0.1&18E-01 0.1377E-01 0.7232E-02 0.3008E-02 0.1155E O~ 0.503&E 01 0.302&E-02 0.17~8E 02 0.2057E 04 0.3045E C4 
15& 0.273&E-01 0.1&11E-01 0.1382E-01 0.72&3E-02 0.2~80E-02 0.114&E O~ 0.5041E 01 O.2~&5E-02 0.17~8E 02 0.2057E 04 0.304&E 04 
157 0.2&77E-01 0.1&02E-01 0.138&E-01 0.727~E-02 0.2~51E-02 0.1144E O~ 0.5045E 01 0.28~8E-02 0.17~~E 02 0.2058E 04 0.3047E 04 
158 0.2&1~E-01 0.15~1E-01 0.1391E-01 0.7312E-02 0.2~20E-02 0.1131E O~ 0.5050E 01 0.2824E-02 0.17~~E 02 0.2059E 04 0.3048E 04 



o 

7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

1 = 
X = 

2.70E 01 ~.8&E 00 4.5&E 01 1.01E 02 7.81E 01 8.1&E 01 ~.03E 01 
2.70E 01 1.10E 01 &.~3E 01 1.03E 02 7.21E 01 7.&2E 01 8.40E 01 
2.70E 01 1.44E 01 1.13E 02 7.5&E 01 &.85E 01 7.21E 01 7.88E 01 
2.70E 01 2.44E 01 1.&2E 02 &.75E 01 &.&5E 01 &.~&E 01 7.53E 01 
2~70E 01 5.08E 01 1.0~E 02 b.&3E 01 &.5&E 01 &.83E 01 7.35E 01 
2.70E 01 &.~8E 01 1.07E 02 &.5~E 01 &.54E 01 &.82E 01 7.33E 01 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1~ 

0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 

~.77E 01 1.01E 02 1.00E 02 ~.3&E 01 
~.20E 01 ~.&~E 01 ~.&7E 01 ~.llE 01 
8.&lE 01 ~.12E 01 ~.17E 01 8.&8E 01 
8.1&E 01 8.&2E 01 8.&~E 01 8.24E 01 
7.~1E 01 8.32E 01 8.38E 01 7.~7E 01 
7.87E 01 8.25E 01 8.30E 01 7.8~E 01 

0.00 . 0.00 0.00 0.00 
20 21 22 23 

0.3~5~0 0.437&~ 0.47~48 0.52127 

8;.2&E 01 
8.07E 01 
7.73E 01 
7.37E 01 
7 . 14E 01 
7.08E 01 

0.00 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 5.2&E 00 4.85E 00 4.41E 00 4.02E 00 3.&~E 00 3.42E 00 3.20E 00 3.02E 00 2.87E 00 2.8~E 00 2.70E 01 
1~ 0.05~37 2.&8E 01 2.2&E 01 1.85E 01 1.48E 01 1.17E 01 ~.40E 00 7.73E 00 &.&OE 00 5.85E 00 7.0~E 00 2.70E 01 
18 0.055~4 3.84E 01 3.21E 01 2.5~E 01 2.0&E 01 1.&2E 01 1 .2~E 01 1.04E 01 8.72E 00 7.53E 00 ~.e5E 00 2.70E 01 
17 0.05344 4.44E 013.&8E 01 2.~&E 01 2.34E 01 1.85E 01 1 .4&E 01 1.18E 01 ~.~2E 00 8.5&E 00 1.~5E 01 2.70E 01 
1& 0.05078 4.~8E 01 4.10E 013.28E 01 2.5~E 01 2.04E 01 , .&2E 01 1 .31E 01 1 .10E 01 ~.53E 00 1 .30E 01 2.70E 01 
15 0.04812 5.44E 01 4.45E 01 3.54E 01 2.7~E 01 2.20E 01 1 .75E 01 1.42E 01 1 .1~E 01 1.03E 01 1.42E 01 2.70E 01 
14 0.045&2 5.82E 01· 4.73E 01 3.7&E 01 2.~5E 01 2.32E 01 1 .85E 01 1.50E 01 1 .2&E 01 1.10E 01 1.51E 01 2.70E 01 
13 0.04328 &.12E 01 4.~&E 01 3.~3E 01 3.0SE 01 2.42E 01 1 .~2E 01 1.57E 01 1 .32E 01 1.15E 01 1.58E 01 2.70E 01 
12 0.040~4 &.37E 01 5.15E 01 4.07E 01 3.1~E 01 2.50E 01 1 .~~E 01 1.&2E 01 1 .3&E Oi 1 .1~E 01 1.&3E 01 2.70E 01 
11 0.0371~ &.&7E 01 5.37E 01 4.24E 01 3~31E 01 2.&OE 01 2.0&E 01 1.&8E 01 1 .41E 01 1.23E 01 1.&8E 01 2.70EOl 
10 0.03437 &.82E 01 5.48E 01 4.32E 01 3.37E 01. 2.&4E 01 2.10E 01 1.71E 01 1 .44E 01 1.25E 01 1 .&~E 01 2.70E 01 
~ 0.0321~ &.8~E 01 5.54E 01 4.3&E 01 3.40E 01 2.&&E 01 2.11E 01 1 .72E 01 1.45E 01 1.2&E 01 1.&~E 01 2.70E 01 
8 0.03031 &.~2E 01 5.5&E 01 4.37E 01 3.41E 01 2.&7E 01 2.12E 01 1 .72E 01 1.45E 01 1.2&E 01 1.&8E 01 2.70E 01 
7 0.02&87 &.~lE 01 5.5&E 01 4.37E 01 3.41E 01 2.&7E 01 2.11E 01 1 .72E 01 1.44E 01 1.2&E 01 1.&5E 01 2.70E 01 
& 0.02187 &.78E 01 5.47E 01 4.31E 01 3.3&E 01 2.&2E 01 2.08E 01 1 .&~E 01 1.42E 01 1.?3E 0, 1 .5~E 01 2.70E 01 
5 0.01&25 &.53E 01 5.2~E 01 4.18E 01 3.2&E 01 2.55E 01 2.02E 01 1.&4E 01 1.38E 01 , .20E ·01 1.50E 01 2.70E 01 
4 0.010&2 &.25E 01 5.0~E 01 4.04E 01 3.17E 01 2.48E 01 1 .~&E 01 1 .5~E 01 1.34E 01 1 .1&E 01 1.42E 01 2.70E 01 
3 0.005&2 &.08E 01 4.~7E 01 3.~&E 01 3.11E 01 2.44E 01 1 .~2E 01 1.5&E 01 1 .31E 01 1 .14E 01 1 .38E 01 2.70E 01 
2 0.0015& &.03E 01 4.~4E 01 3.~4E 01 3.10E 01 2.43E 01 1 .~3E 01 1.57E 01 1 .32E 01 1 .14E 01 1 .38E 01 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&20 0.080~2 0.0~72& 0.1153~ 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
1~ 0.05~37 
18 0.055~4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040~4 
11 0.0371~ 
10 0.03437 
~ 0.0321~ 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 7.71E 03 7.77E 03 5.75E 03 4.&3E 03 4.&5E 03 5.~7E 03 7.48E 03 8.00E 03 
0.00 0.00 0.00 0.00 1.2&E 04 1.&1E 04 1 .1&E 04 8.1~E O~ &.&7E 03 &.~1E 03 7.&OE 03 7.5&E 03 
0.00 0.00 0.00 0.00 3.03E 04 2.40E 04 1.&5E 04 1 .18E 04 ~.77E 03 ~.43E 03 ~.12E 03 8.20E 03 
0.00 0.00 0.00 2.18E 04 2.~1E 04 2.2&E 04 1.71E 04 1 .3~E04 1.25E 04 1 .17E 04 1.0&E 04 8.~5E 03 
0.00 0.00 0.00 4.50E 04 3.31E 04 2.42E 04 1 .Q3E 04 1.72E 04 1.&OE 04 1 .44E 04 1.23E 04 ~.8&E 03 
0.00 0.00 0.00 5.05E 04 3.52E 04 2.&&E 04 2.30E 04 2.15E 04 1 .~7E 04 1 .70E 04 1.38E 04 1.07E 04 
0.00 0.00 4.5~E 04 4.37E 04 3.47E 04 2.~&E 04 2.7&E 04 2.58E 04 2.27E 04 1 .8~E 04 1.51E 04 1 .14E 04 
0.00 0.00 &.85E 04 4.43E 04 3.&~E 04 3.2~E 04 3.14E 04 2.88E 04 2.47E 04 2.03E 04 1.5QE 04 1 .20E 04 
0.00 0.00 4.28E 04 3.~2E 04 3.87E 04 3.48E 04 3.34E 04 3.03E 04 2.58E 04 2.11E 04 1.&5E 04 1.24E 04 
0.00 4.~8E 04 4.31E 04 4.48E 04 4.53E 04 3.4&E 04 3.35E 04 3.0&E 04 2.&2E 04 2.15E 04 1 .&~E 04 1 .27E 04 
0.00 5.~3E 04 4.&7E 04 5.32E 04 3.~&E 04 3.0~E 04 3.10E 04 2.~OE 04 2.54E 04 2.12E 04 1.&8E 04 1.2&E 04 
0.00 2.25E 04 4.~3E 04 5.8~E 04 3.32E 04 2.73E 04 2.83E 04 2.71E 04 2.43E 04 2.0&E 04 1.&&E 04 1.25E 04 

4.4~E 05 8.42E 04 &.25E 04 &.31E 04 2.83E 04 2.43E 04 2.57E 04 2.53E 04 2.32E 04 2.00E 04 1.&2E 04 1.23E 04 
4.4~E 05 8.&1E 04 7.41E 04 &.41E 04 2.13E 04 1.~8E 04 2.15E 04 2.20E 04 2.10E 04 1.8&E 04 1.54E 04 1 .18E 04 
4.4~E 05 ~.18E 04 ~.&&E 04 4.51E 04 1.5&E 04 1.55E 04 1 .70E 04 1 .81E 04 1 .7~E 04 1.&4E 04 1.3~E 04 1.08E 04 
4.4~E 05 1.07E 05 1.27E 05 2.0~E 04 1.23E 04 1.25E 04 1 .3&E 04 1 .47E 04 1.50E 04 1.41E 04 1 .21E 04 ~.5&E 03 
4.4~E 05 1.42E 05 1.11E 05 1 .35E 04 1.05E 04 1.07E 04 1 .15E 04 1.24E 04 1.27E 04 1.21E 04 1 .O&E 04 8.48E 03 
4.4~E 05 2.03E 05 4.83E 04 1 .12E 04 ~.50E 03 ~.70E 03 1.04E 04 1 .11E 04 1 .14E 04 1 .O~E 04 ~.&5E 03 7.7~E 03 



S 0.13000 4.1&E as 4.33E as 4.4&E as 4.S7E as 4.&&E as 4.7SE as 4.82E as 4.8~E os 4.~4E as S.OOE as 0.00 
4 0.08500 3.8~E as 4.0~E as 4.2SE as 4.38E as 4.4~E as 4.S~E as 4.&7E as 4.7SE as 4.81E as 4.88E as 0.00 
3 0.04S00 3.73E as 3.~SE os 4.13E os ~.28E 05 4.40E 05 4.50E 05 4.S~E 05 4.&7E 05 4.74E 05 4.81E 05 0.00 
2 0.012S0 3.&7E os 3.~OE 05 4.0~E 05 4.24E os 4.3&E 05 4.47E 05 4.5&E 05 4.&4E 05 4.71E 05 4.78E 05 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENS.IONLESS TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-l-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 0.0~443 0.1&430 0.24187 0.327~& 0.42352 0.52~&0 U.&4735 0.77804 0.~2311 1 .08415 
o J Y 

o 

21 0.S0500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25. 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 5.~2E-03 5.~4E-03 4.8&E-03 4.21E-03 4.22E-03 4.~~E-03 5.80E-03 &.0&E-03 
0.00 0.00 0.00 0.00 3.22E-02 4.03E-02 3.25E-02 2.&2E-02 2.4~E-02 2.8~E-02 3.28E-02 3.2~E-02 
0.00 0.00 0.00 0.00 5.77E-02 5.08E-02 4.14E-02 3.&1E-02 3.81E-02 4.52E-02 4.~5E-02 4.81E-02 
0.00 0.00 0.00 1.88E-02 4.&3E-02 4.&1E-02 4.2~E-02 4.30E-02 4.~2E-02 5.&7E-02 5.~5E-02 5.&3E-02 
0.00 0.00 O~OO 7.01E-02 5.~7E-02 5.24E-02 5.01E-02 5.47E-02 &.30E-02 b.~OE-02 &.~3E-02 &.41E-02 
0.00 0.00 0.00 7.5&E-02 &.17E-02 ~.83E-02 &.1&E-02 &.~~E-02 7.73E-02 8.04E-02 7~81E-02 7.08E-02 
0.00 0.00 3.08E-02 5.43E-02 &.05E-02 &.73E-02 7.&3E-02 8.48E-02 8.~5E-02 8.~8E-02 8.53E-02 7.&3E-02 
0.00 0.00 8.&5E-02 &.50E-02 7.04E-02 7.~7E-02 8.~~F.-02 ~.&7E-02 ~.8~E-02 ~.71E-02 ~.10E-02 8.07E-02 
0.00 0.00 &.32E-02 5.88E-02 7.75E-02 ~.00E-02 1.00E-01 1.05E-01 1.0&E-01 1.03E-01 ~.5&E-02 8.44E-02 
0.00 4.2&E-02 4.13E-02 &.1~E-02 ~.55E-02 1.02E-01 1.10E-01 1.14E-Oi 1 .13E-01 1.0~E-01 1.01E-01 8.88E-02 
0.00 7.8&E-02 4.33E-02 7.&1E-02 ~.~5E-02 1.02E-01 1.11E-01 1.15E-01 1.15E-01 1.12E-01 1.03E-01 ~.08E-02 
0.00 4.12E-02 3.&5E-02 8.71E-02 ~.&~E-02 q.~5E-02 1.0~E-01 1.14E-01 1.1&E-01 1 .12E-01 1~04E-01 ~.17E-02 

3.00E-02 1.05E-02 3.8&E-02 ~.80E-02 ~.37E-02 ~.&2E-02 1.0&E-01 1.13E-01 1.15E-01 1.12E-01 1.05E-01 ~.21E-02 
3.00E-02 1.10E-02 5.07E-02 1.12E-01 8.&8E-02 ~.07E-02 1.00E-01 1.0~E-01 1.12E-01 1.11E-01 1.04E-01 ~.18E-02 
3.00E-02 1.22E-02 7.71E-02 1.15E-01 8.01E-02 8.4&E-02 ~.33E-02 1.02E-01 1.08E-01 1.07E-01 1.01E-01 8.~7E-02 
3.00E-02 1.&OE-02 1.25E-01 8.40E-02 7.&1E-02 8.01E-02 8.75E-02 ~.57E-02 1.01E-01 1.02E-01 ~.&4E-02 8.5~E-02 
3.00E-02 2.71E-02 1.80E-01 7.51E-02 7.3~E-02 7.73E-02 8.3&E-02 ~.07E-02 ~.58E-02 ~.&5E-02 ~.1&E-02 8.1~E-02 
3.00E-02 5.&5E-02 1.21E-01 7.3&E-02 7.2~E-02 7.5~E-02 8.17E-02 8.7~E-02 ~.25E-02 ~.31E-02 8.8&E-02 7.~4E-02 
3.00E-02 7.75E-02 1.1~E-01 7.32E-02 7.2&E-02 7.57E-02 8.14E-02 8.74E-02 ~.17E-02 ~.22E-02 8.77E-02 7.87E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1~ 20 21 22 23 

1 .2&28~ 1.4&130 1.&8153 1.~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5.84E-03 5.3~E-03 4.~OE-03 4.4&E-03 4.10E-03 3.80E-03 3.55E-03 3.3&E-03 3.1~E-03 
2.~7E-02 2.52E-02 2.05E-02 1.&4E-02 1.JOE-02 1.04E-02 8.5~E-03 7.34E-03 &.50E-03 
4.2&E-02 3.5&E-02 2.88E-02 2.28E-02 1.80E-02 1.43E-02 1.1&E-02 ~.&~E-03 8.37E-03 
4.~3E-02 4.0~E-02 3.2~E-02 2.&OE-02 2.05E-02 1.&3E-02 1.32E-02 1.10E-02 ~.51E-03 
5.53E-02 4.55E-02 3.&4E-02 2.87E-02 2.27E-02 1.80E-02 1.4&E-02 1.22E-02 1.0&E-02 
&.05E-02 4.~4E-02 3.~4E-02 3.10E-02 2.44E-02 1.Q4E-02 1.58E-02 1.32E-02 1.15E-02 
&.4&E-02 5.2&E-02 4.18E-02 3.28E-02 2.58E-02 2.05E-02 1.&7E-02 1.40E-02 1.22E-02 
&.80E-02 5.51E-02 4.3&E-02 3.43E-02 2.&~E-02 2.14E-02 1.74E-02 1.47E-02 1.27E-02 
7.08E-02 5.72E-02 4.52E-02 3.54E-02 2.78E-02 2.21E-02 1.80E-02 1.51E-02 1.32E-02 
7.42E-02 5.~7E-02 4.71E-02 3.&8E-02 2.8~E-02 2.2qE-02 1.8&E-02 1.57E-02 1.37E-02 
7.58E-02 &.0~E-02 4.80E-02 3.75E-02 2.q4E-02 2.33E-02 1.8QE-02 1.bOE-02 1.3QE-02 
7.&5E-02 &.15E-02 4.84E-02 3.78E-02 2.Q&E-02 2.34E-02 1.Q1E-02 1.&1E-02 1.40E-02 
7.&~E-02 &.18E-02 4.8&E-02 3.7QE-02 2.Q7E-02 2.35E-02 1.Q1E-02 1.&1E-02 1.40E-02 
7.&8E-02 &.17E-02 4.8&E-02 3.7~E-02 2.Q&E-02 2.34E-02 1.Q1E-02 1.&OE-02 1.40E-02 
7.53E-02 &.07E-02 4.78E-02 3.73E-02 2.~2E-0?, 2.31E-02 1.87E-02 1.58E-02 1.37E-02 
7.25E-02 5.87E-02 4.&4E-02 3.&3E-02 2.83E-02 2.24E-02 1.82E-02 1.53E-02 1.33E-02 
&.~5E-02 5.&&E-02 4.4~E-02 3.52E-02 2.75E-02 2.17E-02 1.77E-02 1.48E-02 1.2QE-02 
&.7&E-02 5.52E-02 4.40E-02 3.45E-02 2.71E-02 2.14E-02 1.74E-02 1.4&E-02 1.27E-02 
&.70E-02 5.4~E-02 4.38E-02 3.45E-02 2.70E-02 2.14E-02 1.74E-02 1.4&E-02 1.27E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 
3.21E-03 3.00E-02 
7.88E-033.00E-02 
1.0~E-02 3.00E-02 
1.28E-023.00E-02 
1.45E-023.00E-02 
1.58E-023.00E-02 
1.&8E-023.00E-02 
1.7&E-023.00E-02 
1.81E-023.00E-02 
1.8&E-023.00E-02 
1.88E-023.00E-02 
1.88E-023.00E-02 
1.87E-023.00E-02 
1.83E-023.00E-02 
1.7&E-023.00E-02 
1.&7E-023.00E-02 
1.58E-023.00E-02 
1.54E-02 3.00E-02 
1.53E-02 3.00E-02 

0.00 0.00 





a J Y' 

o 

21 0.50500 
20 0.4q500 
1q 0.47500 
18 0.44750 
17 0.42750 
1b 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2Q750 
10 0.27500 
Q 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

1=' 
X = 

a J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.000.00 0.00 2.55E-Ol 4.b8E-Ol 4.Q5E-01 4.&5E-01 4.32E-Ol 4.03E-Ol 3.77(-01 
0.00 0.00 0.00 0.00 0.00 4.07£-01 5.52E-Ol 5.5QE-01 5.18E-Ol 4.72E-Ol 4.31E-01 3.Q7E-Ol 
0.00 0.00 0.00 0.00 0.00 5.70E-Ol &.4bE-Ol b.15E-01 5.52E-01 4~8QE-Ol 4.38E-01 4.00E-Ol 
0.00 0.00 0.00 0.00 7.8bE-01 &.QQE-01 &.8QE-01 b.25E-01 5.4bE-01 4.78E-01 4.2QE-01 3.Q4E-01 
0.00 0.00 0.00 0.00 7.01E-01 &.85E-Ol &.50E-01 5.76E-01 5.04E-01 4.4QE-01 4.10E-Ol 3.80E-01 
0.00 0.00 0.00 0.00 7.i5E-01 &.b7E-01 5.75E-01 4.Q4E-01 4.40E-Ol 4.0&E-01 3.82E-01 3.b1E-01 
0.00 0.00 0.00 1.08E 00 7.8&E-01 b.05E-01 4.b3E-01 3.Q4E-01 3.71E-01 3.&lE-01 3.50E-01 3.37E-01 
0.00 0.00 0.00 8.13E-01 b.b8E-01 4.b3E-01 3.31E-01 2.Q7E-01 3.05E-01 3.15E-01 3.1GE-01 3.11E-Ol 
0.00 0.00 0.00 7.13E-01 5.80E-Ol 3.34E-01 2.05E-Ol 2.0bE-0~ 2.42E-01 2.&8E-Ol 2.80E-01 2.82E-01 
0.00 0.00 Q.8QE-Ol 7.20E-Ol 4.5bE-01 1.12E-01 3.24E-02 8.44E-02 1.48E-01 1.Q2E-01 2.17E-Ol 2.31E-Ol 
0.00 0.00 b.QQE-Ol 5.85E-01 2.5bE-01-3.85E-02-5.Q5E-02 Q.87E-03 8.28E-02 1.35E-01 1.&8E-01 1.8QE-Ol 
0.00 0.00 b.b5E-01 5.15E-01 1 .10E-01-1 .18E-01-1 .14E-01-4.05E-02 3.4QE-02 Q.12E-02 1.2QE-01 1.5&E-01 
0.00 1.00E 00 7.20E-Ol 4.5bE-01 2.54E-02-1 .b7E-Ol-1.52E-01~7.Q3E-02-4.1QE-03 5.41E-02 Q.&lE-02 1.27E-01 
0.00 1.00E 00 7.32E-01 3.58E-01-1.24E-01-2.28E-01-2.05E-Ol-1 .41E-01-7.11E-02-1.18E-02 3.58E-02 7.47E-02 
0.00 1.00E 00 &.QOE-Ol 1.4bE-01-2.75E-01-2.84E-01-2.&OE-01-2.15E-Ol-1 .57E-01-1 .00E-01-4.73E-02 1.03E-03 
0.00 1.00E 00 5.42E-01-2.25E-01-3.4QE-01-3.33E-01-3.10f.-01-2.7QE-01-2.3bE-01-1 .85E-01-1 .28E-01-7.1&E-02 
0.00 1.00E 00 1.85E-01-5.08E-01-4.22E-01-3.77E-01-3.4QE-01-3.25E-Ol-2.Q3E-01-2.47E-Ol-1.8QE-Ol-l .27E-Ol 
0.00 1.00E 00-4.02E-01-5.35E-01-4.&lE-01-4.04E-01-3.72E-01-3.51E-Oi-3.23E-01-2.81E-01-2.24E-Ol-l .5QE-Ol 
0.00 1 .OOE 00-7.82E-01-5.&7E-01-4.77E-01-4.14E-01-3.80E-01-3.&OE-01-3.34E-01-2.Q3E-01-2.3&E-01-1 .70E-Ol 
0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 1Q 20 21 22 23 
1.17352 1.3b20Q 1.57141 1.8037b 2.0&1b& 2.347Q3 2.&&5&Q 3.00001 3.33434 3.&&8&b 4.002QQ 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4Q500 .3.5bE-Ol 3.42E-Ol 3.35E-Ol 3.33E-Ol 3.34E-Ol 3.35E-01 3.3bE-Ol 3.37E-Ol 3.38E-Ol 3.40E-Ol 3.40E-Ol 
lQO.47500 3.72E-Ol 3.55E-Ol 3.4bE-Ol 3.42E-Ol 3.41E-Ol 3.42E-Ol 3.44E-Ol 3.47E-Ol 3.50E-Ol 3.52E-Ol 3.52E-Ol 
18 0.44750 3.73E-Ol 3.55E-Ol 3.43E-01 3.37E-Ol 3.33E-Ol 3.31E-Ol 3.31E-Ol 3.32E-01 3.33E-Ol 3.34E-013.34E-Ol 
17 0.42750 3.b8E-Ol '3.50E-Ol 3.37E-01 3.2QE-Ol 3.24E-Ol 3.21E-01 3.1qE-Ol 3.18E-Ol 3.18E-01 3.1qE-01 3.1qE-01 
1b 0.40b25 3.57E-013.40E-Ol 3.27E-Ol 3.18E-013.12E-Ol 3.07E-Ol 3.05E-01 3.03E-01 3.02E-01 3.02E-Ol 3.02E-Ol 
15 0.38500 3.42E-01 3.2bE-Ol 3.14E-01 3.05E-01 2.q8E-Ol 2.q3E-Ol 2.qOE-Ol 2.87E-Ol 2.8&E-01 2.85E-Ol 2.85E-Ol 
140.3b500 3.23E-Ol 3.10E-Ol 2.q~E-Ol 2.qlE-Ol 2.84E-01 2.7qE-Ol 2.75E-Ol 2.73E-Ol 2.71E-Ol 2.70E-01 2.70E-01 

.130.34b25 3.02E-Ol 2.q3E-Ol 2.84E-Ol 2.7&E-Ol 2.70E-01 2.b5E-Ol 2.b1E-Ol 2.SqE-Ol 2.57E-Ol 2.55E-01 2.55E-Ol 
12 0.32750 2.7QE-Ol 2.73E-Ol 2.b&E-Ol 2.&OE-0~ 2.55E-Ol 2.50E-Ol 2.47E-Ol 2.44E-Ol 2.43E-Ol 2.41E-01 2.41E-Ol 
11 0.2q750 2.3bE-01 2.37E-Ol 2.3bE-Ol 2.33E-Ol 2.~qE-Ol 2.27E-01 2.24E-Ol 2.22E-Ol 2.20E-Ol 2.1qE-01 2.1qE-Ol 
10 0.27500 2.02E-Ol 2.0qE-Ol 2.11E-01 2.11E-Ol 2.10E-Ol 2.08E-01 2.07E-Ol 2.0&E-Ol 2.04E-Ol 2.03E-Ol 2.03E-Ol 
q 0.25750 1.74E-Ol 1.85E-Ol 1.qlE-Ol 1 .q4E-Ol 1.q5E~01 1.q4E-Ol 1.q4E-Ol 1.q3E-Ol 1.q2E-Ol 1.qlE-Ol 1.Q1E-Ol 
8 0.24250 1.50E-Ol 1.bSE-Ol 1.74E-Ol 1.7QE-Ol 1.82E-Ol 1.83E-Ol 1.83E-Ol 1.83E-Ol 1.82E-Ol 1.81E-Ol 1.81E-01 
7 0.21500 1.0&E-Ol 1.28E-Ol 1.43E-Ol 1.52E-01 1.58E-Ol 1.&2E-Ol 1.&4E-Ol 1.&4E-Ol 1.&4E-Ol 1.&4E-Ol 1.&4E-Ol 
& 0.17500 4.2&E-02 7.52E-02 Q.88E-02 1.15E-Ol 1.2bE-Ol 1.33E-Ol 1.38E-Ol 1.40E-01 1.41E-Ol 1.41£-01 1.41E-Ol 
5 0.13000 -2.00E-02 2.2&E-02 5.52E-02 7.8bE-02 Q.50E-02 1.0&E-Ol 1.13E-Ol 1.17E-Ol 1 .1~E-Ol 1.1QE-Ol 1.lQE-Ol 
4 0.08500 -&.83E-02-1 .7~E-02 2.1;E-02 5.07E-02 7.13E-02 8.5bE-02 Q.52E-02 1.01E-Ol 1.03E-Ol 1.04E-Ol 1.04E-01 
3 0.04500 -Q.5bE-02-4.08E-02 2.b3E-03 3.50E-02 5.81E-02 7.43E-02 8.50E-02 Q.12E-02 Q.43E-02 Q.51E-02 Q.51E-02 
2 0.01250 -1 .ObE-01-4.Q2E-02-4.2QE-03 2.Q3E-02 5.33E-02 7.01E-02 8.14E-02 8.7QE-O~ Q.llE-02 Q.20E-02 Q.20E-02 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 q 10 11' 12 
X = -0.03148 0.03148 0.OQ443 0.lb430 0.24187 0.327Q& 0.42352 0.52Q&O 0.&4735 0.77804 0.Q2311 1.08415 o J Y . . 

21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 0.00 0.00 0.00 0.00 4.75E-02 3.5&E-02 4.18E-03-4.05E-03-4.14E-03-3.18E-03-2.5QE-03-1 .QOE-03 
1Q 0~4b125 0.00 0.00 0.00 0.00 1.71E-Ol 7.&3E-02 &.0&E-03-1 .31E-02-1 .34E-02-1 .0&E-02~8.14E-03-5.b5E-03 
18 0.43750 0.00 0.00 0.00 0.00 3.50E-01 1 .01E-Ol-1 .0&E-03-2.7&E-02-2.&&E-02-2.02E-02-1 .4&E-02-Q.83E-03 



5 2.41'3E-01 4.023E-03 

0 3.280E-01 4.400E-03 

7 4.235E-01 4.357E-03 

8 5.2'3oE-01 4.105E-03 

'3 0.473E-01 4.035E-03 

10 7.780E-01 4.3'38E-03 

11 '3.231E-01 4.'375E-03 

12 1 .084E 00 5.418E-03 

13 1.203E 00 5.023E-03 

14 1 .401 E 00 5.024E-03 

15 1.b82E 00 5.4'31E-03 

1& 1 . '320E 00 5.280E-03 

17 2. 1 '37E 00 5.04'3E-03 

18 2.4'3'3E 00 4.7'38E-03 

1'3 2.833E 00 4.554E-03 

20 3. 1 & 7E 00 4.331E-03 

21 3.502r 00 4.133E-03 

22 3.83&E 00 4.084E-03 
0- - - - - - - - - - - - - - - - - - - - -
lX-AXIS IS XI 

o 

Y-AXES ARE 00 02 04 0& 08 10 
SYMBOL 0 2 4 & 8 1 
MAXIMUM VALUES 0.38tE 00 o .408E 00 0.430E 00 0.452E 00 0.475E 00 0.500E 00 , 

RADIAL POSITION RIO 

0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 0.'3 1.0 
X 0.00 
X 0.02 
X 0.04 
X 0.00 
X 0.08 
X 0.10 
X 0.12 
X 0.14 
X O. 1& 

O ......... +2 .... 4. '. &+.8 .. 1 .... + ......... + ......... + ......... + ••••••••. + ......... + ......... + . . . . . . . . .. 0.00 
o 2 4 & 8 1 0.02 

o 2 4 & 81 0.04 
o 2 4 & 8 1 0.00 

o 2 4 & 8 1 0.08 
+ o 2 4 & 8 1 + 0.10 

o 2 4 & 8 1 0.12 
o 2 4 & 8 1 0.14 

0.1& 



15q 0.25b1E-01 0.1582E-01 0.13q4E-01 0.73b2E-02 0.28qOE-02 0.112bE Oq 0.5054E 01 0.2747E-02 0.1800E 02 0.205QE 04 0.3048E 04 
1bO 0.2504E-01 0.1572E~01 0.13Q8E-01 0.7374E-02 0.285QE-02 0.111bE O~ 0.505qE 01 0.2bb4E-02 0.1800E 02 0.20bOE 04 0.304qE 04 
1b1 0.2448E-Ol 0.15b2E~01 0.1400E-01 0.7424E-02 0.2830E-02 0.1110E Oq 0.50b3E 01 0.2577E-02 0.1801E 02 0.20bOE 04 0.3050E 04 
lb2 0.23Q2E-01 0.1553E-Ol 0.1403E-01 0.7410E-02 0.27qbE-02 0.1100E Oq 0.50b7EOl 0.2487E-02 a.1801E 02 0.20b1E 04 0.3051E 04 
1b3 0.2337E-01 0.1540E-Ol 0.1405E-01 0.74bOE-02 0.27b7E-02 0.10q2E Oq 0.5071E 01 0.23q3E-02 0.1802E 02 0.20b2E 04 0.3052E 04 
lb4 0.2283E-01 0.1531E-Ol 0.1407E-Ol 0.74~3E-02 0.2735E-02 0.107qE Oq 0.5075E 01 0.22q8E-02 0.1802E 02 0.20&2E 04 0.3053E 04 
lb50.2231E-Ol 0.151QE-01 0.1407E-01 0.7533E-02 0.270bE-02 0.1074E Oq 0.507qE 01 0.21QqE-02 0.1803E 02 0.20b3E 04 0.3054E 04 
lbb 0.2180E-01 O.150qE-01 0.1408E-01 0.75bOE-02 0.2b74E-02 0.10b5E Oq 0.5082E 01 U.2100E-02 0.1803E 02 0.20&3E 04 0.3054E 04 
1b7 0.2131E-01 0.1500E-01 0.1408E-01 0.7558E-02 0.2b45E-02 0.1057E Oq 0.508&E 01 0.2000E-02 0.1804E 02 0.20&4E 04 0.3055E 04 
1b8 0.2081E-01 0.148qE-01 0.1407E-01 0.75&7E-02 0.2&18E-02 0.1042E Oq 0.50S0E 01 0.18qqE-02 0.1804E 02 0.20&5E 04 0.305&E 04 
1bQ 0.2035E-01 0.1480E-01 0.140&E-01 0.75&8E-02 0.25q&E-02 0.103&E Oq 0.50q3E 01 0.17q8E-02 0.1805E 02 0.20&5E 04 0.3057E 04 
170 0.1Q88E-01 0.1472E-01 0.1404E-01 0.7&1qE-02 0.2577E-02 0.1023E Oq O.50q&E 01 0.1&q8E-02 0.1805E 02 0.20&&E 04 0.3058E 04 
171 0.1Q44E-01 0.14&3E-01 0.1401E-01 0.7&03E-02 0.255qE-02 0.1014E Oq 0.50qqE 01 0.15qqE-02 0.180&E 02 0.20&&E 04 0.3058E 04 
172 0.1Q02E-01 0.145&E-Ol 0.13q8E-01 0.7&38E-02 0.2543E-02 0.1010E Oq 0.5102E 01 0.1500E-02 0.180&E 02 0.20&7E 04 0.305QE 04 
173 0.18bOE-01 0.1451E-01 0.13Q5E-01 0.7&&OE-02 0.2525E-02 0.qq72E 08 0.5105E 01 0.1402E-02 0.1807E 02 0.20&7E 04 0.30&OE 04 
174 0.1820E-01 0.144&E-01 0.13Q2E-01 0.7&1QE-·02 0.2507E-02 0.Q8Q&E 08 0.5107E 01 0.1307E-02 0.1807E 02 0.20&8E 04 0.30&lE 04 

.175 0.1781E-01 0.1444E-01 0.1387E-01 0.7&75E-02 0.2487E-02 0.Q783E 08 0.5110E 01 0.1213E-02 0.1808E 02 0.20&8E 04 0.30&2E 04 
17& 0.1744E-01 0.1441E-Ol 0.1382E-Ol 0.7&12E-02 0.24&8E-02 0.Q732E 08 0.5112E 01 0.1122E-02 0.1808E 02 0.20&QE 04 0.30&2E 04 
177 0.1708E-Ol 0.1438E-Ol 0.1377E-Ol 0.7&10E-02 0.2450E-02 0.Q&02E 08 0.5114E 01 0.1034E-02 0.180QE 02 0.20&QE 04 0.30&3E 04 
178 0.1&74E-Ol 0.143&E-Ol 0.1371E-Ol 0.7&40E-02 0.242QE-02 0.Q512E 08 0.511&E 01 0.Q483E-03 0.180QE 02 0.2070E 04 0.30&4E 04 
17Q 0.lb41E-Ol 0.1432E-Ol 0.13&5E-Ol 0.758QE-02 0.2410E-02 0.Q437E 08 0.5118E 01 0.8&5&E-03 0.1810E 02 0.2071E 04 0.30&5E 04 
180 0.1&10E-Ol 0.1430E-Ol 0.1358E-Ol 0.75QQE-02 0.2387E-02 0.Q313E 08 0.5120E 01 0.785QE-03 0.1810E 02 0.2071E 04 0.30&&E 04 
181 0.1580E-Ol 0.1428E-Ol 0.1351E-Ol 0.753QE-02 0.23&&E-02 0.Q24QE 08 0.5122E 01 0.7102E-03 0.1811E 02 0.2072E 04 0.30&7E 04 
182 0.1552E-01 0.1428E-Ol 0.1344E-Ol 0.7553E-02 0.2344E-02 0.Q185E 08 0.5124E 01 0.&381E-03 0.1811E 02 0.2072E 04 0.30&7E 04 
183 0.1524E-Ol 0.142&E-Ol 0.133&E-Ol 0.7513E-02 0.2321E-02 0.QOQ2E 08 0.5125E 01 O.5&Q8E-03 0.1812E 02 0.2073E 04 0.30&8E 04 
184 0.14Q8E-Ol 0.1425E-01 0.1328E-01 0.7475E-02 0.22Q8E-02 0.Q013E 08 0.512&E 01 0.sn48E-03 0.1812E 02 0.2073E 04 0.30&QE 04 
185 0.1473E-01 0.1422E-Ol 0.1320E-01 0.74&QF.-02 0.2277E-02 0.88Q3E 08 0.5128E 01 0.4437E-03 0.1813E 02 0.2074E 04 0.3070E 04 
18& 0.1450E-Ol O.141QE-Ol 0.1311E-Ol 0.741QE-02 0.2255E-02 0.8800E 08 0.512QE 01 0.38&2E-03 0.1813E 02 0.2074E 04 0.3071E 04 
187 0.1428E-01 0.1414E-Ol 0.1303E-01 0.735QE-02 0.2231E-02 0.8747E 08 0.5130E 01 0.332QE-03 0.1814E 02 0.2075E 04 0.3071E 04 
188 0.1407E-Ol 0.1410E-Ol 0.12Q3E-Ol 0.7328E-02 0.220QE-02 0.8&30E 08 0.5131E 01 0.2830E-03 0.1814E 02 0.2075E 04 0.3072E 04 
18Q 0.1387E-01 0.1405E-Ol 0.1284E-Ol O.72Q8E-02 0.2187E-02 0.85Q7E 08 0.5131E 01 0.2370E-03 0.1815E 02 0.207&E 04 0.3073E 04 
1qO 0.13&qE-01 0.13q7E-Ol 0.1274E-01 0.7252E-02 0.21&3E-02 0.84Q4E 08 0.5132E 01 0.lQ51E-03 0.1815E 02 0.207&E 04 0.3074E 04 
1ql 0.1351E-Ol 0.13qlE-Ol 0.12&5E-Ol 0.7203E-02 0.2140E-02 0.842&E 08 0.5133E 01 0.15&&E-03 0.181&E 02 0.2077E 04 0.3075E 04 
lQ2 0.1334E-Ol 0.1383E-Ol 0.1255E-Ol 0.71qOE-02 0.2118E~02 0.8358E 08 0.5133E 01 0.1215E-03 0.181&E 02 0.2077E 04 0.3075E 04 
lq3 0.131QE-Ol 0.137&E-Ol 0.1245E-Ol 0.7133E··02 0.20Q&E-02 0.82&OE 08 0.5134E 01 0.QO&3E-04 0.1817E 02 0.2077E 04 0.307&E 04 
lQ4 0.1304E-Ol 0.13&&E~01 0.1235E-Ol 0.704QE-02 U.207&E-02 0.8217E 08 0.5134E 01 0.&lQOE-04 0.1818E 02 0.2078E 04 0.3077E 04 
lQ5 0.12QOE-Ol 0.1357E-Ol 0.1225E-Ol 0.700QE-02 0.2051E-02 0.8104E 08 0.5135E 01 0.3775E-04 0.1818E 020.2078E 04 0.3078E 04 
lQ& 0.1277E-Ol 0.1348E-Ol 0.1215E-Ol 0.&Q&3E-02 0.2030E-02 0.8072E 08 0.5135E 01 0.1&&7E-04 0.181QE 02 0.207QE 04 0.3078E 04 
lQ7 0.12&&E-Ol 0.1338E-Ol 0.1205E-01 0.&8QQE-02 0.2008E-02 0.7QQ2E 08 0.513&E 01-0.23Q&E-05 0.181QE 02 0.207QE 04 0.307QE 04 
lQ8 0.1254E-Ol 0.1328E-Ol 0.11Q5E-D1 0.&8QOE-02 0.1Q8&E-02 0.7QOOE 08 0.513&E 01-0.178&E-04 0.1820E 02 0.2080E 04 0.3080E 04 
lQQ 0.1244E-01 0.1317(-01 0.1184E-01 0.&801E-02 0.lQ&3E-02 0.7784E 08 0.513&E 01-0.3125E-04 0.1820E 02 0.2080E 04 0.3081E 04 
200 0.1234E-01 0.1305E-Ol 0.1175E-01 0.&7&3E-02 0.lQ43E-02 0.77Q4E 08 0.513&E 01-0.413QE-04 0.1821E 02 0.2081E 04 0.3081E 04 

0- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SWIRL CASE WITH LFS = 7 
AND NSBR = 0 

CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 
OR IF NSBR = 0 TO SWIRL VANE ANGLE = 70.000 

COMPUTED INLET SWIRL NUMBER = 1.8347 

2.000 



20.001S& 4.4QE OS 2.38E OS 3.&3E 04 1.00E 04 q.01E 03 q.2&E 03 q.q2E 03 1.0SE 04 1.08E 04 1 .04~ 04 q.17E 03 7.4SE 03 
1-0.001S& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 lS 1 & 17 18 1 q 20 21 22 23 
X = 0.1S78&0.182&& 0.2101q 0.2407S 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 o J Y . 

21 0.0&312 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 7.S7E 03 &.71E 03 S.82E 03 5.0&E 03 4.45E 03 3.q7E 03 3.5qE 03 3.30E 03 3.0&E 03 3.08E03 4.4qE 05 
1q 0.OSq37 &.77E 03 5.&qE 03 4.bSE 03 3.78E 03 3.0qE 03 2.57E 03 2~1qE 03 1.q2E 03 1 .73E 03 1 .qqE 03 4.4qE 05 
180.0SSq4 &.84E 03 5.43E 03 4.20E 03 3.24E 03 2.51E 03 1.q7E 03 1.5qE 03 1.33E 03 1 .15E 03 1.52E 03 4.4qE 05 
170.0S344 7.14E 03 S.47E 03 4.11E 03 3.08E 03 2.32E 03 1.78E 03 1 .40E 03 1 .15E 03 q.78E 02 1 .3qE 03 4.4qE 05 
1b 0.OS078 7.5&E 03 5.&2E 03 4.11E 03 3.01E 03 2.23E 03 1.b8E 03 1 .30E 03 1 .05E 03 8.87E 02 1 .34E 03 4.4qE 05 
15 0.04812 8.00E 03 5.81E 03 4.17E 03 3.00E 03 2.1qE 03 1.&2E 03 1.25E 03 1.00E 03 8.37E 02 1 .31E 03 4.4qE 05 
14 0.045&2 8.38E 03 5.q8E 03 4.23E 03 3.01E 03 2.17E 03 1.5qE 03 1 .21E 03 q.&qE 028.07E 02 1.2qE 03 4.4qE 05 
13 0.04328 8.&&E 03 &.12E 03 4.28E 03 3.01E 03 2.15E 03 1.57E 03 1 .1qE 03 q.47E 02 7.87E 02 1.27E 03 4.4qE 05 
120.040q4 8.88E 03 &.22E 03 4.32E 03 3.02E 03 2.14E 03 1 .55E 03 1 .17E 03 q.28E 02 7.&qE 02 1.24[ 03 4.4QE 05 
110.0371Q Q.05E 03 &.2QE 03 4.33E 03 3.00E 03 2.11E 03 1.52E 03 1.14E 03 8.Q8E 02 7.43E 02 1 .2JE 03 4.4QE 05 
10 0.03437 Q.03E 03 &.2&E 03 4.2QE 03 2.Q&E 03 2.07E 03 1 .48E 03 1 .11E 03 8.73E 02 7.20E 02 1 .15E 03 4.4QE 05 
Q 0.0321Q 8.Q4E 03 &.lQE 03 4.24E 03 2.Q1E 03 2.03E 03 1.45E 03 1.08F. 03 8.50E 02 7.00E 02 1 .11E 03 4.4QE 05 
8 0.03031 8.82E 03 &.llE 03 4.17E 03 2.8&E 03 2.00E 03 1.42E 03 1.0&E 03 8.30E 02 &.82E 02 1 .07E 03 4.4QE 05 
7 0.02&87 8.4QE 03 5.8QE 03 4.02E 03 2.75E 03 1.Q1E 03 1 .3&E 03 1.01E 03 7.8QE O~ &.47E 02 Q.Q5E 02 4.4QE 05 
& 0.02187 7.8&E 03 5.4QE 03 3.75E 03 2.5&E 03 1.78E 03 1.2&E 03 Q.33E 02 7.27E 02 5.Q4E 02 8.85E 02 4.4QE 05 
5 0.01&25 7.0&E 03 4.Q8E 03 3.42E 03 2.34E 03 1.&2E 03 1 .15E 03 8.50E 02 &.&OE 02 5.38E 02 7.71E 02 4.4QE 05 
4 0.010&2 &.34E 03 4.51E 03 3.13E 03 2.1&E 03 1.50E 03 1.0&E 03 7.82E 02 &.07E 02 4.Q4E 02 &.81E 02 4.4QE 05 
3 0.005&2 5.87E 03 4.22E 03 2.Q5E 03 2.04E 03 1.42E 03 1.01E 037.44E 02 5.78E 02 4.70E 02 &.30E 02 4.4QE 05 
2 0.0015& 5.&5E 03 4.0QE 03 2.87E 03 2.00E 03 1.40E 03· Q.Q4E 02 7.37E 02 5.74E 02 4.&7E 02 &.12E 02 4.4QE 05 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAM FUNCTION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* . 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q 0.035&1 0.04&Q7 O.05Q57 0.0735& 0.08QOQ 0.10&32 0.12545 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 Q;83E-Ol Q.&&E-Ol Q.&4E-Ol Q.&7E-Ol Q.&QE-Ol Q.71E-01 Q.73E-Ol 
1Q 0.05Q37 0.00 0.00 0.00 0.00 0.00 8.83E-Ol 8.10E-01 8.03E-Ol 8.17E-01 8.32E-Ol 8.44E-Ol 8.54E-Ol 
18 0.055Q4 0.00 0.00 0.00 0.00 0.00 &.83E-Ol S.&&E-01 5.&&E-Ol &.02E-Ol &.3QE-Ol &.&QE-01 &.Q2E-Ol 
170.0S344 0.00 0.00 0.00 0.00 8.Q2E-Ol 4.QQE-Ol 3.7&E-01 3.Q1E-Ol 4.48E-01 5.04E-Ol 5.47E-Ol 5.80E-Ol 
1& 0.05078 0.00 0.00 0.00 0.00 &.12E-01 2.Q3E-Ol 1.80E-Ol 2.18E-Ol 2.Q8E-Ol 3.71E-Ol 4.27E-Ol 4.&QE-Ol 
15 0.04812 0.00 0.00 0.00 0.00 4.70E-Ol 1.02E-Ol Q.3&E-03 7.0SE-02 1 .&QE-012.54E-Ol 3.1QE-01 3.&8E-01 
14 0.045&2 0.00 0.00 0.00'8.&QE-Ol 2.77E-Ol-S.Q7E-02-1 .20E-01-3.QQE-02 &.8SE-02 1.SQE-01 2.2QE-01 2.83E-Ol 
13 0.04328 0.00 0.00 0.00 &.SOE-Ol 1 .10E-Ol-1 .7QE-01-2.0QE-Ol-l .17E-Ol-&.78E-03 8.4&E-02 1.5&E-Ol 2.12E-Ol 
120.040Q4 0.00 0.00 0.00 4.82E-01-2.32E-02-2.&2E-01-2.&SE-01-1 .71E-Ol-&.51E-02 2.30E-02 Q.34E-02 1.51E-Ol 
11 0.0371Q 0.00 0.00 8.47E-01 2.4QE-Ol-1 .83E-01-3.27E-01-3.02E-01-2.18E-01-1 .28E-01-5.00E-02 1.57E-02 7.17E-02 
10 0.03437 0.00 0.00 &.S2E-01 1 .0&E-01-2.S0E-01-3.30E-01-2.QQE-01-2.2QE-Ol-l .S4E-01-8.57E-02-2.55E-02 2.74E-02 
Q 0.0321Q 0.00 0.00 5~45E-01 2.3QE-02-2.&7E-01-3.13E-01-2.84E-01-2.27E-01-1 .&4E-Ol-l .04E-01-4.84E-02 1.33E-03 
8 0.03031 0.00 Q.41E-Ol 4.&lE-01-3.11E-02-2.&7E-01-2.Q2E-01-2.&7E-01-2.20E-01-1 .&&E-Ol-l .13E-01-&.22E-02-1 .58E-02 
7 0.02&87 0.00 7.40E-01 3.17E-Ol-l .03E-01-2.45E-01-2.4&E-01-2.28E-Ol-l.Q7E-01-1 .S8E-Ol-l .17E-01-7.57E-02-3.&OE-02 
& 0.02187 0.00 4.QOE-Ol 1 .45E-Ol-l.48E-Ol-1.8&E-01-1.7&E-01-1 .&5E-Ol-l .SOE-01-1 .28E-Ol-l .02E-01-7.38E-02-4.4QE-02 
5 0.01&25 0.00 2.70E-Ol 1.7QE-02-1.21E-Ol-l.13E-Ol-l.04E-Ol-Q.84E-02-Q.23E-02-8.28E-02-&.Q4E-02-5.31E-02-3.5QE-02 
4 0.010&2 0.00 1.1&E-01-3.01E-02-&.00E-02-S.22E-02-4.71E-02-4.45E-02-4.24E-02-3.Q1E-02-3.38E-02-2.&7E-02-1 .QOE-02 
3 0.005&2 0.00 3.24E-02-1.8QE-02-1 .80E-02-1.53E-02-1.37E-02-1 .2QE-02-1 .24E-02-1 .15E-02-1 .01E-02-8.15E-03-5.Q2E-03 
2 0.0015& 0.00 2.S0E-03-2.04E-03-1 .4&E-03-1.21E-03-1 .07E-03-1 .01E-03-Q.70E-04-Q.11E-04-8.04E-04-&.53E-04-4.7QE-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 1Q 20 21 22 23 
X = 0.14&&Q 0.1702& 0.1Q&43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 



0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
01= 2 3 4 5 & 7 ,8 Q 10 11 12 13 

X = 0.003q3 0.01180 0.02054 0.03023 O.040QQ 0.052Q4 0.0&&20 0.080Q20.0Q72& 0.1153Q 0.13552 0.1578& 
o J Y 

21 0.0&312 
20 0.0&187 
lq 0.05q37 
18 0.055q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371q 
10 0.03437 
q 0.0321q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 

o I = 
X = o J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
0.00 0.00 0.00 1.Q8E-Ol 2.17E-Ol 2.18E-Ol 2.24E-Ol 2.54E-Ol 3.07E-Ol 3.38E-01 3.41E-01 3.27E-01 
0.00 0.00 0.00 1.Q8E-01 2.0&E-01 2.21E-Ol 2.51E-Ol 3.2QE-01 4.41E-01 5.21E-01 5.55E-01 5.5&E-01 

.0.00 0.00 5.10E-02 1.48E-Ol 1.8QE-Ol 2.24E-01 2.78E-01 3.77E-01 4.Q7E-01 5.Q2E-01 &.45E-01 &.&2E-01 
0.00 0.00 1.78E-Ol 1.QOE-Ol 2.14E-01 2.52E-Ol 3.22E-Ol 4.27E-01 5.42E-01 &.43E-01 7.11E-01 7.43E-01 
0.00 0.00 1.78E-Ol 1.88E-01 2.28E-Ol 2.87E-01 3.70E-01 4.72E-0~ 5.81E-01 &.83E-Ol 7.5QE-01 8.03E-Ol 
0.00 5.10E-02 1.25E-01 1.85E-01 2.55E-01 3.30E-01 4.14E~01 5.10E-Ol &.15E-Ol 7~15E-Ol 7.Q&E-Ol 8.48E-Ol 
0.001.&OE-Ol 1.&lE-Ol 2.18E-Ol 2.Q5E-Ol 3.71E-Ol 4.52E-Ol 5.44E-Ol &.45E-Ol 7.45E-Ol 8.28E-01 8.84E-Ol 
0.00 1.&OE-Ol 1.57E-Ol 2.41E-01 3.35E-Ol 4.11E-01 4.88E-Ol 5.77E-Ol &.7&E-Ol 7.73E-Ol 8.57E-01 Q.17E-01 

7.&4E-02 8.42E-02 1.4QE-Ol 2.81E-01 4.07E-Ol 4.71E-Ol 5.44E-Ol &.30E-Ol 7.25E-Ol 8.20E-Ol Q.03E-Ol Q.&4E-Ol 
1.&OE-Ol 8.32E-02 1.71E-Ol 3.42E-01 ,~.58E-Ol ~.14E-01 5.84E-Ol &.&8E-Ol 7.&lE-Ol 8.54E-Ol Q.3&E-Ol Q.Q8E-Ol 
1.&OE-Ol &.11E-02 1.8QE-Ol 3.Q3E-01 4.Q7E-Ol 5.48E-Ol &.l&E-Ol &.QQE-Ol 7.QOE-Ol 8.80E-Ol Q.&lE-Ol 1.02E 00 
5.55E-03 5.23E-02 2.10E-Ol 4.37E-Ol 5.31E-Ol 5.80E-Ol &.4&F.-Ol 7.2&E-Ol 8.14E-Ol Q.02E-Ol Q.82E-Ol 1.04E 00 
5.75E-03 &.&5E-02 2.54E-Ol 5.20E-Ol 5.Q5E-Ol &.3QE~01 7.01E-01 7.77E-Ol 8.&OE-Ol Q.44E-Ol 1.02E 00 1.08E 00 
&.35E-03 Q.5&E-02 3.73E-Ol &.27E-Ol &.8&E-Ol 7.2&E-Ol 7.82E-Ol 8.51E-0~ Q.27E-Ol 1.00E 00 1.08E 00 1.14E 00 
8.1QE-03 1.51E-Ol 5.03E-Ol 7.3&E-Ol 7.84E-Ol 8.22E-Ol 8.72E-Ol Q.32E-Ol 1.00E 00 1.07E 00 1.14E 00 1.lQE 00 
1.3&E-02 2.Q7E-Ol &.57E-Ol 8.30E-Ol 8.71E-Ol Q.08E-Ol Q.54E-Ol 1.01E 00 1.07E 00 1 .13E 00 1.20E 00 1.25E 00 
2.8&E-02 3.7QE-Ol 7.74E-Ol 8.Q4E-Ol Q.32E-Ol Q.&QE-Ol 1 .01E 00 1.07E 00 1 .12E 00 1 .18E 00 1.24E 00 1.2QE 00 
3.Q1E-02 4.8&E-Ol 8.52E-Ol Q.3QE-Ol Q.73E-Ol 1 .01EOO 1.0LE 00 1 .11E 00 1 .17E 00 1.22E 00 1.28E 00 1 .33E 00 

14 15 1 & 17 18 1 Q 20 21 22 23 
0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO O.437&Q 0.47Q48 0.52127 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 5.00E-03 
lq 0.05Q37 3.03E-Ol 2.73E-Ol 2.40E-Ol 2.08E-Ol 1.80E-Ol 1.57E-Ol 1.42E-Ol 1.31E-Ol 1.52E-Ol 5.00E-03 
180.055Q4 5.3&E-Ol 5.02E-Ol 4.&lE-Ol 4.17E-Ol 3.74E-Ol 3.38E-Ol 3.0qE-01 2.87E-Ol 3.25E-Ol 5.00E-03 
17 0.05344 &.53E-Ol &.27E-Ol 5.8qE-Ol 5.4&E-01 5.04E-Ol 4.&&E-Ol 4.35E-Ol 4.10E-Ol 4.4qE-01 5.00E-03 
1& 0.05078 7.4&E-Ol 7.2qE-01 &.QqE-Ol &.&lE-01 &.21E-01 5.85E-Ol 5.55E-Ol 5.31E-Ol 5.&3E-01 5.00E-03 
15 0.04812 8.18E-Ol 8.10E-Ol 7.87E~01 7.55E-Ol 7.1qE-01 &.8&E-01 &.58E-01 &.3&E-01 &.57E-01 5.00E-03 
14 0.045&2 8.71E-01 8.71E-01 8.55E-Ol 8.28E-0~7.q7E-01 7.&7E-Ol 7.42E-01 7.21E-Ol 7.33E-01 5.00E-03 
13 0.04328 Q.13E-01 q.1qE-01 q.OQE-01 8.87E-Ol 8.~qE-01 8.32E-01 8.0qE-01 7.qOE-Ol 7.q3E-01 5.00E-03 
120.040Q4 Q.50E-Ol q.&lE-Ol q.55E-01 q.37E-Ol q.13E-01 8.8qE-01 8.&8E-Ol 8.50E-Ol 8.4&E-01 5.00E-03 
11 0.0371Q 1.00E 00 1.02E 00 1.02E 00 1.01E 00 q.8&E-01 q.&&E-01 q.47E-Ol q.32E-01 q.1qE-Ol 5.00E-03 
10 0.03437 1.04E 00 1.0&E 00 1.0&E 00 1.05E 00 1.03E 00 1.02E 00 q.qqE-Ol q.85E-Ol q.&8E-01 5.00E-03 
q 0.0321Q 1.0&E 00 1.0qE 00 1.0qE 00 1.08E 00 1.07E 00 1.05E 00 1 .04E 00 1.02E 00 1.00E 00 5.00E-03 
8 0.03031 1.0QE'OO 1.11E 00 1.11E 00 1 .11E 00 1.0qE 00 1.08E 00 1.0&E 00 1 .05E 00 1.03E 00 5.00E-03 
7 0.02&87 1.12E 00 1.15E 00 1.'&E 00 1 .15E 00 1 .14E 00 1 .13E 00 1.11E 00 1.10E 00 1.08E 00 5.00E-03 
& 0.02187 1.18E 00 1.21E 00 1.21E 00 1.21E 00 1 .20E 00 1 .1QE 00 1 .18E 00 1.17E 00 1 .14E 00 5.00E-03 
5 0.01&25 1.24E 00 1.2&E 00 1.27E 00 1 .27E 00 1.2&E 00 1.25E 00 1.24E 00 1 .23E 00 1.21E 00 5.00E-03 
4 0.010&2 1.2QE 00 ·1.31E 00 1.32E 00 1 .32E 00 1.31E 00 1 .30E 00 1.2QE 00 1.28E 00 1.2&E 00 5.00E-03 
3 0.005&2 1.33E 00 1.35E 00 1.3&E 00 1 .35E 00 1 .34E 00 1 .33E 00 1 .32E 00 1 .31E 00 ~ .30E 00 5.00E-03 
2 0.0015& 1.3&E 00 1.38E 00 1.38E 00 1 .37E 00 1.3&E 00 1.34E 00 1.33E 00 1 .32E 00 1 .33E 00 5.00E-03 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS EFF. VISCOSITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50500 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 1.00E 00 
200.4Q500 1.00E 00 1.00E 00 1.00E 00 1.00E 00 2.32E 01 2.33E 01 2.12E 01 1.Q8E 01 1.Q8E 01 2.14E 01 2.30E 01 2.35E 01 
lQ 0.47500 1.00E 00 1.00E 00 1.00E 00 1.00E 00 4.04E 02 4.Q5E 02 ~.47E 02 4. ~3E 02 4.57E 02 5.Q4E 02 &.Q&E 02 7.02E 02 





0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o 1= 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.0&2q5 0.12q37 0.20308 0.284q1 0.37574 0.47&5& 0.58847 0.712&q 0.85058 1.003&3 
o J Y 

o 

21 0.50500 
20 0.4Q500 
1Q 0.47500 
18 0.44750 
17 0.42750 
t& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
~.OO 0.00 0.00 0.00 0.00 2.42E-Ol 4.0&E-Ol 4.47E-Ol 4.35E-Ol 4.08E-Ol 3.85E-Ol 3.&7E-01 
0.00 0.00 0.00 0.00 0.00 3.14E-01 4.47E-01 4.80£-01 4.&8E-Ol 4.42E-Ol 4.17E-Ol 3.Q2E-Ol 
0.00 0.00 0.00 0.00 0.00 3.8&E-01 4.85E-Ol 5.03E-Ol 4.84E-Ol 4.5t~-Ol 4.24E-Ol 3.Q2E-Ol 
0.00 0.00 0.00 0.00 5.02E-01 4.53E-01 5.03E-Ol 5.0&E-01 4.83E-Ol 4.4QE-Ol 4.13E-Ol 3.82E-Ol 
0.00 0.00 0.00 0.00 4.34E-Ol 4.50E-Ol 4.82E-Ol 4.80E-Ol 4.5&E-01 4.22E-Ol 3.8QE-Ol 3.&3E-Ol 
0.00 0.00 0.00 0.00 4.31E-Ol 4.52E-Ol 4.58E-Ol 4.41E-0~ 4.10E-Ol 3.7QE-Ol 3.5&E-Ol 3.3QE-Ol 
0.00 0.00 0.00 5.37E-Ol 4.&2E-01 4.45E-Ol 4.24E-Ol 3.88E-Ol 3.53E-Ol 3.33E-Ol 3.22~-01 3.14E-Ol 
0.00 0.00 0.00 4.4&E-Ol 4.54E-Ol 4.24E-01 3.7bE-01 3.25E-Ol 2.Q&E-Ol 2.QOE-Ol 2.QOE-Ol 2.8QE-Ol 
0.00 0.00 0.00 4.2QE-Ol 4.53E-01 3.Q8E-01 3.1QE-Ol 2.58E-01 2.42E-Ol 2.48E-Ol 2.57E-Ol 2.&2E-01 
0.00 0.00 4.20E-01 4.&5E-Ol 4.54E-Ol 3.54E-01 2.12E-01 1.52E-Ol 1.&2E-Ol 1.8&E-Ol 2.05E-01 2.18E-01 
0.00 0.00 4.Q4E-01 5.3&E-01 4.50E-01 ~.83E-01 1.14E-01 8.31E-02 1.11E-Ol 1.42E-Ol 1.&&E-01 1.84E-Ol 
0.00 0.00 &.15E-Ol 5.82E-Ol 4.2&E-Ol 2.02E-Ol 4.20E-02 3.75E-02 7.34E-02 1.0QE-Ol 1.3&E-Ol 1.58E-Ol 
0.00 1.00E 00 7.51E-Ol &.03E-01 3.8QE-Ol 1.2QE-01-1.10f.-02 2.Q5E-03 4.34E-02 8.08E-02 1.11E-Ol 1.3&E-Ol 
0.00 1.00E 00 8.03E-Ol 5.Q5E-01 3.1QE-01-4.18E-03-8.3&E-02-5.13E-02-7.Q&E-03 3.1&E-02 &.52E-02 Q.48E-02 
0.00 1.00E 00 8.23E-Ol 5.40E-Ol 1 .52E-Ol··1.72E-Ol-l.55E-Ol-l.17E-Oi-7.53E-02-3.48E-02 2.Q2E-03 3.QOE-02 
0.00 1.00E 00 7.74E-Ol 3.70E-01-2.21E-01-2.45E-Ol-2.15E-01-i .7QE-Ol-l.40E-01-Q.QOE-02-5.74E-02-1.52E-02 
0.00 1.00E 00 &.17E-01-7.74E-02-3.3&E-01-3.00E-01-2.&2E-01-2.27E-Ol-1.8QE-Ol-1.48E-Ol-l .03E-01-5.&3E-02 
0.00 1.00E 00 2.28E-01-5.0QE-01-4.01E-01-3.35E-01-2.QOE-01-2.53E-Ol-2.1&E-01-1.75E-Ol-1 .2QE-01-7.Q3E-02 
0.00 1 .OOE 00-4.13E~01-5.18E-01-4.20E-01-3.48E-01-3.01E-01-2.&3E-01-2.2&E-Ol-l .85E-Ol-l .38E-01-8.7&E-02 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 

13 14 15 1& 17 18 lQ 20 21 22 23 
1.17352 1.3&20Q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.&&5&Q 3.00001 3.33434 3.&&8&& 4.002QQ 

o J Y 
21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.4q500 3.50E-01 3.32E-01 3.15E-Ol 3.03E-Ol 2.q4E-Ol 2.8qE-Ol 2.85E-Ol 2.82E-01 2.80E-Ol 2.80E-Ol 2.80E-Ol 
lq 0.47500 3.&&E-Ol 3.44E-01 3.2&E-Ol 3.13E-Ol 3.05E-Ol 3.00E-Ol 2.~7E-Ol 2.q7E-Ol 2.q7E-Ol 2.q8E-01 2.qqE-Ol 
18 0.44750 3.&4E-Ol 3.41E-Ol 3.24E-Ol 3.11E-Ol 3.03E-Ol 2.q8E-Ol 2.q5E-Ol 2.q4E-Ol 2.q4E-Ol 2.q4E-Ol 2.q4E-01 
17 0.42750 3.5&E-Ol 3.35E-01 3.18E-01 3.07E-01 2.qqE-01 2.q3E-01 2.qOE-01 2.88E-01 2.88E-01 2.88E-Ol 2.88E-01 
1& 0.40&25 3.42E-01 3.24E-01 3.10E-01 3.00E-Ol 2.q2E-01 2.87E-01 2.84E-Ol 2.82E-01 2.81E-01 2.81E-01 2.81E-Ol 
15 0.38500 3.24E-01 3.11E-01 3.00E-01 2.qlE-0~ 2.84E-Ol 2.7qE-01 2.7&E-Ol 2.74E-01 2.73E-01 2.73E-01 2.73E-Ol 
14 0.3&500 3.05E-Ol 2.q&E-01 2.88E-01 2.81E-Ol 2.15E-Ol 2.71E-Ol 2.&8E-Ol 2.&&E-01 2.&5E-01 2.&5E-Ol 2.&5E-01 
13 0.34&25 2.85E-Ol 2.80E-Ol 2.75E-01 2.70E-Ol 2.&&E-Ol 2.&3E-Ol 2.&1E-Ol 2.5qE-Ol 2.58E-Ol 2.57E-Ol 2.57E-Ol 
12 0.32750 2.&4E-Ol 2.&3E-Ol 2.&lE-Ol 2.5qE-Ol 2.57E-Ol 2.54E-Ol 2.53E-Ol 2.51E-01 2.50E-Ol 2.4QE-01 2.4QE-Ol 
11 0.2Q750 2.27E-01 2.33E-01 2.37E··01 2.3QE-01 2.40E-01 2.3QE-01 2.3QE-01 2.38E-01 2.38E-Ol 2.37E-Ol 2.37E-Ol 
10 0.27500 1.QQE-01 2.10E-01 2.18E-01 2.23E-01 2.2&E-01 2.28E-01 2.2QE-Ol 2.2QE-Ol 2.28E-Ol 2.28E-Ol 2.28E-01 
Q 0.25750 1.7&E-01 1.Q1E-Ol 2.03E-Ol 2.11E-Ol 2.1&E-Ol 2.1QE-Ol 2.21E-Ol 2.21E-01 2.21E-Ol 2.21E-01 2.21E-Ol 
8 0.24250 1.57E-Ol 1.7&E-Ol 1.QOE-Ol 2.00E-Ol 2.07E-Ol 2.11E-Ol 2.14E-Ol 2.15E-Ol 2.15E-Ol 2.15E-Ol 2.15E-Ol 
7 0.21500 1.22E-Ol 1.47E-01 1.&;E-Ol 1.81E-Ol 1.Q1E-Ol 1.Q8E-01 2.02E-Ol 2.04E-Ol 2.05E-Ol 2.05E-Ol 2.05E-01 
& 0.17500 7.3QE-02 1.0&E-Ol 1.33E-Ol 1.54~-01 1.&QE-Ol 1.7QE-Ol 1.8&E-01 1.QOE-Ol 1.Q2E-Ol 1.Q2E-Ol 1.Q2E-Ol 
5 0.13000 2.&8E-02 &.&4E-02 1.01E-Ol 1.27E-Ol 1.47E-Ol 1.&lE-01 1.70E-Ol 1.7&E-Ol 1.7QE-01 1.7QE-01 1.7QE-01 
4 0.08500 -Q.07E-03 3.5QE-02 7.53E-02 1.07E-Ol 1.31E-Ol 1.47E-Ol 1.5QE-Ol 1.&&E-Ol 1.&QE-Ol 1.70E-01 1.70E-01 
3 0.04500 -2.Q2E-02 1.87E-02 &.10E-02 Q.5&E-02 1.21E-Ol 1.3QE-Ol 1.52E-Ol1 .&OE-01 1.&4E-01 1 .&5E-011 .&5E-01 
2 0.01250 -3.&5E-02 1.24E-02 5.58E-02 Q.14E-02 1.18E-Ol 1.37E-Ol 1.50E-01 1.58E-Ol 1.&2E-01 1.&3E-01 1.&3E-Ol 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.0314~ 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



4 1.&43E-01 

5 2.41QE-01 

& 3.280E-01 

7 4.235E-01 

8 5.2Q&E-01 

C3 &.473E-01 

10 7.780E-01 

11 C3.231E-01 

12 1 .084E 00 

13 1 .2&3E 00 

14 1 .4&1 E 00 

15 1 . &82E 00 

1& 1 . C32&E 00 

17 2.1 C37E 00 

18 2.4C3C3E 00 

lC3 2.833E 00 

20 3. 1 & 7E 00 

21 3.502E 00 

22 3.83&E 00 
0- - -
lX-AXIS IS XI 

Y-AXES ARE 
SYMBOL 

3.44C3E-03 

2.102E-03 

2.27&E-03 

2.343E-03 

2.23C3E-03 

2.087E-03 

1 . Q&&E-03 

1 . C388E-03 

2.242E-03 

2.50C3E-03 

2.&5&E-03 

2.&Q1E-03 

2.&52E-03 

2.570E-03 

2.4&&E-03 

2.357E-03 

2.252E-03 

2.155E-03 

2.105E-03 

00 02 04 0& 08 10 
o 2 4 & 8 1 

MAXIMUM VALUES 0.333E 00 0.381E 00 0.415E 00 0.444E 00 0.472E 00 O.500E 00 

o 
RADIAL POSITION RID 

0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 0.<3 1.0 
O •••...... +2 ••.. 4 .. &+ .8 •• 1 .••• + •• , ...•.. + ......... + ....•.••. + ..•..•... + ......... + ......... + ......... . 

o 2 4 & 8 1 
o 24& 

o 2 
o 

8 
4 

1 
& 8 

0.00 
0.02 
0.04 
0.0& 
0.08 

X 0.00 
X 0.02 
X 0.04 
X 0.0& 
X 0.08 
X O. 10 + 

2 
o 

4 & 8 1 
2 4 & 8 1 + 0.10 



15& 0.2&70E-01 0.1048E-01 0.1&70E-01 0.5333E-02 0.2151E-02 0.4442E 08 0.bOq2E 01 0.33q4E-02 0.1273E 02 0.1321E 04 0.1334E 04 
157 0.2&07E-Ol 0.103qE-Ol 0.1&74E-Ol 0.5305E-02 0.2137E-02 O.4415E 08 0.bOq8E 01 0.32&2E-02 0.1273E 02 0.1322E 04 0.1334E 04 
158 0.2547E-Ol 0.1028E-Ol 0.1&78E-Ol 0.5344E-02 0.2121E-02 0.4402E 08 0.&103E 01 0.3131E-02 0.1274E 02 0.1322E 04 0.1334E 04 
15q 0.2487E-Ol 0.1020E-01 0.1&80E-01 0.5324E-02 0.2105E-02 0.43qOE 08 0.&10qE 01 0.2qqqE-02 0.1275E 02 0.1322E 04 0.1334E 04 
1&0 0.242qE-01 0.1011E-Ol 0.1&82E-01 0.5353E-02 0.2087E-02 0.437&E 08 0.&114E 01 0.28&&E-02 0.1275E 02 0.1323E 04 0.1334E 04 
1&1 0.2373E-01 0.1002E-01 0.lb83E-Ol 0.5347E-02 0.20b7E-02 0.4332E 08 O.bllqE 01 0.2735E-02 0.127&E 02 0.1323E 04 0.1334E 04 
1&2 0.2318E-Ol 0.qq37E-02 0.1&83E-Ol 0.5387E-02 0.2048E-02 0.4340E 08 0.b124E 01 0.2&03E-02 0.127&E 02 0.1324E 04 0.1334E 04 
1&3 0.22&5E-01 0.q833E-02 0.1&82E-Ol 0.5400E-02 0.202&E-02 0.430&E 08 0.b12qE 01 U.2474E-02 0.1277E 02 0.1324E 04 0.1335E 04 
1&4 0.2214E-Ol 0.q742E-02 0.1&81E-Ol 0.5417E-02 0.2004E-02 0.42q8E 08 0.b133E 01 0.234&E-02 0.1277E 02 0.1324E 04 0.1335E 04 
1&5 0.21&5E-Ol 0.q&b8E-02 0.1&7qE-Ol 0.53q&E-02 0.lq82E-02 0.4272E 08 0.b138E 01 0.2221E-02 0.1278E 02 0.1325E 04 0.1335E 04 
1&& 0.2118E-01 0.q&08E-02 0.1&7&E-Ol 0.53qlE-02 0.lq58E-02 0.42bqE 08 0.b142E 01 0.20q7E-02 O.1278E 02 0.1325E 04 0.1335~ 04 
1&7 0.2072E-Ol 0.q5&7E-02 0.1&72E-Ol 0.5433E-02 0.lq33E-02 0.4220E 08 0.b14bE 01 0.lq78E-02 0.127qE 02 0.132&E 04 0.1335E 04 
1&8 0.2028E-Ol 0.q514E-02 0.1&&8E-Ol 0.544qE-02 0.lqOqE-02 0.4220E 08 0.&150E 01 0.18&2E-02 0.127qE 02 0.132&E 04 0.1335E 04 
l&q 0.lq8&E-01 0.q4&3E-02 0.1&&3E-Ol 0.5413E-02 0.1884E-02 0.41bqE 08 0.b154E 01 0.174qE-02 0.1280E 02 0.132&E 04 0.1335E 04 
170 0.lq45E-Ol 0.q417E-02 0.1&57E-Ol 0.545QE-02 0.185QE-02 0.4178E 08 0.b157E 01 0.1&40E-02 0.1280E 02 0.1327E 04 0.1335E 04 
171 0.lQ07E-Ol 0.Q383E-02 0.1&51E-Ol 0.5411E-02 0.1832E·-02 0.4157E 08 O.bl&OE 01 0.1535E-02 0.1281E 02 O.1327E 04 0.1335E 04 
172 0.18&QE-Ol 0.Q381E-02 0.lb44E-Ol 0.545&E-02 0.180&E-02 0.4125E 08 0.&lb4E 01 0.1433E-02 0.1282E 02 0.1328E 04 0.1335E 04 
173 0.1834E-Ol 0.Q374E-02 0.lb3&E-Ol 0.5414E-02 0.1780E-02 0.4115E OR 0.&lb7E 01 0.1337E-02 0.1282E 02 0.1328E 04 0.1335E 04 
174 0.1800E-Ol 0.Q387E-02 0.1&28E-Ol 0.5427E-02 0.1754E-02 0.40QOE 08 0.b170E 01 0.1245E-02 0.1283E 02 0.1328E 04 0.1335E 04 
175 0.17&7E-Ol 0.Q38QE-02 0.1&20E-Ol 0.5443E-02 0.1727E-02 0.4081E 08 0.b173E 01 0.1158E-02 0.1283E 02 0.132QE 04 0.133bE 04 
17& 0.1737E-Ol 0.Q3Q1E-02 0.1&10E-Ol 0.5400E-02 0.1&QQE-02 0.405bE 08 0.b175E 01 0.107&E-02 0.1284E 02 0.132QE 04 0.133bE 04 
177 0.1707E-Ol 0.Q3QOE-02 O.l&OlE-Ol 0.537QE-02 0.lb73E-02 0.4037E 08 0.b178E 01 0.QQ7&E-03 0.1285E 02 0.1330E 04 0.133bE 04 
178 0.1&7QE-Ol 0.Q40&E-02 0.15Q1E-Ol 0.537&E-02 0.lb4&E-02 0.4033E 08 0.b180E 01 0.Q247E-03 0.1285E 02 0.1330E 04 0.133bE 04 
17Q 0.1&52E-Ol 0.Q41&E-02 0.1580E-Ol 0.533QE-02 0.lb18E-02 0.4002E 08 0.b183E 01 0.85&8E-03 0.128&E 02 0.1330E 04 0.133bE 04 
180 0.1&27E-Ol 0.Q424E-02 0.1570E-Ol 0.533bE-02 0.lSQ1E-02 0.3Q84E 08 0.b185E 01 0.7Q32E-03 0.12ebE 02 0.1331E 04 0.133&E 04 
181 0.1&03E-Ol 0.Q441E-02 0.1558E-Ol 0.5312E-02 0.15b4E-02 0.3Q41E 08 0.b187E 01 0.7~45E-03 0.1287E 02 0.1331E 04 0.133&E 04 
182 0.1580E-Ol 0.Q435E-02 0.1547E-Ol 0.52Q3E-02 0.1537E-02 0.3Q40E 08 0.&18QE 01 0.b807E-03 0.1288E 02 0.1331E 04 0.1337E 04 
183 0.1558E-Ol 0.Q42QE-02 0.1535E-Ol 0.52Q4E-02 0.1511E-02 0.3912E 08 0.blQ1E 01 0.b305E-03 0.1288E 02 0.1332E 04 0.1337E 04 
184 0.1537E-Ol 0.Q41QE-02 0.1524E-01 0.52&3E-02 0.1485E-02 0.388bE 08 0.b1Q2E 01 0.5855E-03 0.128QE 02 0.1332E 04 0.1337E 04 
185 0.1518E-Ol 0.Q401E-02 0.1512E-Ol 0.5255E-02 0.145QE-02 0.38b5E 08 0.blQ4E 01 0.5450E-03 0.128QE 02 0.1332E 04 0.1337E 04 
18& 0.1500E-Ol 0.Q374E-02 0.14QQE-Ol 0.5221E-02 0.1433E-02 0.3857E 08 O.blQbE 01 0.507QE-03 0.12QOE 02 0.1333E 04 0.1337E 04 
187 0.1482E-Ol 0.Q344E-02 0.1487E-Ol 0.51Q7E-02 0.1407E-02 0.3811E 08 0.b1Q7E 01 0.4753E-03 0.12Q1E 02 0.1333E 04 0.1337E 04 
188 0.14&5E-Ol 0.Q30&E-02 0.1474E-Ol 0.51b3E-02 0.1382E-02 0.37Q2E 08 O.blQQE 01 0.44&5E-03 0.12Q1E 02 0.1334E 04 0.1338E 04 
18Q 0.144QE-Ol 0.Q2&2E-02 0.14&2E-Ol 0.5125E-02 0.1357E-02 0.3784E 08 0.b200E 01 0.421QE-03 0.12Q2E 02 0.1334E 04 0.1338E 04 
lQO 0.1433E-Ol 0.Q214E-02 0.144QE-Ol 0.511&E··02 0.1333E-02 0.372bE 08 0.b201E 01 0.4000E-03 0.12Q3E 02 0.1334E 04 0.'338E 04 
lQl 0.141QE-Ol 0.Ql&2E-02 0.143&E-Ol 0.5074E-02 0.1310E-02 0.3717E 08 0.b203E 01 0.3815E-03 0.12Q3E 02 0.1335E 04 O. ,338E 04 
lQ2 0.1405E-Ol 0.Ql0bE-02 0.1424E-Ol 0.5033E-02 0.1287E-02 0.3717E 08 0.b204E 01 0.3&&lE-03 0.12Q4E 02 0.1335E 04 0.1338E 04 
lQ3 0.13Q1E-Ol 0.Q045E-02 0.1411E-Ol 0.5015E-02 0.12b4E-02 0.3b78E 08 0.b205E 01 0.3535E-03 0.12Q4E 02 0.1335£ 04 0.133QE 04 
lQ4 0.1378E-Ol 0.8Q84E-02 0.13Q8E-Ol 0.5007E-02 0.1241E-02 0.3b58E 08 0.b20&E 01 0.3428E-03 0.12Q5E 02 0.133&E 04 0.133QE 04 
lQ5 0.13bbE-Ol 0.8Q15E-02 0.138&E-Ol 0.4Q37E-02 0.1220E-02 0.3&41E 08 0.b207E 01 0.3352E-03 0.12QbE 02 0.133bE 04 0.133QE 04 
lQ& 0.1354E-Ol 0.8843[-02 0.1373E-Ol 0.4QO&E-02 0.11Q8E-02 0.3&18E 08 0.b208E 01 0.32Q1E-03 0.12QbE 02 0.133&E 04 0.133QE 04 
lQ7 0.1342E-Ol 0.8771E-02 0.13&OE-Ol 0.485&E-02 0.117&E-02 0.3580E 08 0.b20QE 01 0.32&5E-03 0.12Q7E 02 0.1337E 04 0.133QE 04 
1Q8 0.1331E-Ol 0.8701E-02 0.1348E-Ol 0.4831E-02 0.1155E-02 0.3558E 08 0.b210E 01 0.3248E-03 0.12Q7E 02 0.1337E 04 0.1340E 04 
lQQ 0.1320E-Ol 0.8&23E-02 0.133&E-01 0.47Q5E-02 0.113bE-02 0.354bE 08 0.b211E 01 0.3244E-03 0.12Q8E 02 0.1337E 04 0.1340E 04 
200 0.130QE-Ol 0.8545E-02 0.1323E-Ol 0.477bE-02 0.1115E-02 0.351QE 08 0.b212E 01 0.32&OE-03 0.12QQE 02 0.1338E 04 0.1340E 04 

0- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SWIRL CASE WITH LFS = 4 
AND NSBR = 0 

CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 1 .250 

OR IF NSBR = 0 TO SWIRL VANE ANGLE = bO.OOO 



o 

5 0.01&25 4.4qE OS 8.35E 04 4.53E 04 3.81E 04 7.41E 03 5.47E 03 5.41E 03 5.&3E 03 5.77E 03 5.&4E 03 5.18E 03 4.47E 03 
4 0.010&2 4.4qE OS 8.qqE 04 &.58E 04 1 .1qE 04 5.34E 03 4.&3E 03 4.&2E 03 4.80E 03 4.q4E 03 4.88E 03 4.54E 03 3.q&E 03 
3 0.005&2 4.4qE OS 1.12E OS &.OlE 04 7.07E 03 4.50E 03 4.1&E 03 4.18E 03 4.33E 03 4.45E 03 4.41E 03 4.14E 03 3.&5E 03 
2 0.0015& 4.4qE OS 1.54E OS 2.72E 04 5.&3E 03 4.11E 03 3.q3E O~ 3.q7E 03 4.11E 03 4.22E 03 4.1qE 03 3. q 4E 03 3.48E 03 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

I = 13 14 15 1& 17 18 lq 20 21 22 23 
X = 0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3qSqO 0.437&q 0.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00' 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 3.0&E 03 2.qqE 03 2.70E 03 2.3&E 03 2.0&E 03 1.82E 03 1.&3E 03 1.48E 03 1 .37E 03 1.34E 03 4.4qE OS 
1q 0.05q37 2.82E 03 2.&5E 03 2.2qE 03 1.qOE 03 1.SSE 03 1.27E 03 1.0&E 03 q.O&E 02 7.q2E 02 8.34E 02 4.4qE OS 
180.055q4 3.02E 03 2.&&E 03 2.18E 03 1.72E 03 1 .34E 03 1 ,04E 03 8.14E 02 &.S8E 02 S.4&E 02 &.l&E 02 4.4qE OS 
17 0.05344 3.28E 03 2.7&E 03 2.1qE 03 1.&8E 03 1.27E 03 q.58E 02 7.33E 02 S.78E 02 4.&8E 02 S.S2E 02 4.4qE OS 
1& 0.05078 3.&2E 03 2.q2E 03 2.2SE 03 1.&qE 03 1.2SE 03 q.20E 02 &.qOE 02 S.3SE 02 4.27E 02 S.20E 02 4.4qE OS 
15 0.04812 3.q4E 03 3.0qE 03 2.32E 03 1.71E 03 1.24E 03 q.01E 02 &.&8E 02 S.llE 02 4.04E 02 S.04E 02 4.4qE OS 
14 0.045&2 4.21E 03 3.23E 03 2.3qE 03 1.73E 03 1.24E 03 8.q3E 02 &.SSE 02 4.~8E 02 3.q2E 02 4.q3E 02 4.4qE 05 
13 0.04328 4.41E 03 3.34E 03 2.44E 03 1.7SE 03 1.24E 03 8.88E 02 &.48E 02 4.qOE 02 3.84E 02 4.84E 02 4.4qE OS 
120.040q4 4.5&E 03 3.41E 03 2.47E 03 1 .7&E 03 1.2SE 03 8.84E 02 &.41F. 02 4.83E 02 3.77E 02 4.74E 02 4.4qE OS 
11 0.0371q 4.&8E 03 3.48E 03 2.S0E 03 1 .77E 03 1.24E 03 8.74E 02 &.31E 02 4.73E 02 3.&8E 02 4.S7E 02 4.4qE OS 
10 0.03437 4.&7E 03 3.47E 03 2.4qE 03 1 .7SE 03 1.23E 03 8.&3E 02 &.21E 02 4.&SE 02 3.&lE 02 4.41E 02 4.4qE OS 
q 0.0321Q 4.&2E 03 3.43E 03 2.4&E 03 1 .73E 03 1.21E 03 8.S1E 02 &.12E 02 4.S7E 02 3.SSE 02 4.27E 02 4.4qE OS 
8 0.03031 4.54E 03 3.38E 03 2.42E 03 1.71E 03 1.1qE 03 B.38E 02 &.03E 02 4.S0E 02 3.4qE 02 4.14E 02 4.4qE OS 
7 0.02&87 4.3&E 03 3.2SE 03 2.34E 03 1.&SE 03 1 .1&E 03 8.12E 02 S.84E 02 4.3&E 02 3.37E 02 3.qOE 02 4.4qE OS 
& 0.02187 4.02E 03 3.02E 03 2.1qE 03 1.SSE 03 1.0qE 03 7.&8E 02 S.S3E 02 4.13E 02 3.1qE 02 3.S3E 02 4.4qE OS 
5 0.01&25 3.&lE 03 2.7SE 03 2.00E 03 1.43E 03 1.01E 03 7.18E 02 S.l~E 02 3.87E 02 2.qqE 02 3.1&E 02 4.4qE OS 
4 0.010&2 3.25E 03 2.S1E 03 1.84E 03 1 .32E 03 q.4&E 02 &.7SE 02 4.qOE 02 3.&7E 02 2.R3E 02 2.8&E 02 4.4qE OS 
3 0.005&2 3.02E 03 2.3SE 03 1 .74E 03 1.2&E 03 q.O&E 02 &.SOE 02 4.74E 02 3.S&E 02 2.75E 02 2.&qE 02 4.4qE OS 
2 0.0015& 2.QOE 03 2.28E 03 1 .70E 03 1.23E 03 8.q2E 02 &.44E 02 4.71E 02 3.SSE 02 2.7SE 02 2.&4E 02 4.4qE OS 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAM FUNCTION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0~~3q 0.035&1 0.04&q7 0.OSqS7 0.073S& 0.08qOq 0.10&32 0.1254S 
o J Y 

21 0.0&312 
20 0.0&187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.00S1)2 
2 0.0015& 
1-0.0015& 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 q.81E-Ol q.&&E-Ol q.&4E-01 q.&5E-Ol q.&8E-01 q.70E-01 q.72E-01 
0.00 0.00 0.00 0.00 0.00 8.82E-Ol 8.17E-Ol 8.0SE-Ol 8.14E-01 8.27E-Ol 8.3QE-Ol 8.S0E-01 
0.00 0.00 0.00 0.00 0.00 7.13E-Ol S.QQE-Ol S.82E-Ol &.03E-01 &.33E--Ol &.&lE-Ol &.87E-Ol 
0.00 0.00 0.00 0.00 Q.18E-Ol 5.70E-Ol 4.37E-Ol 4.23E-Ol 4.S&E-Ol 4.QQE-Ol S.40E-Ol 5.7&E-Ol 
0.00 0.00 0.00 0.00 7.S1E-Ol 4.1SE-Ol 2.7&E-Ol 2.&8E-Ol 3.13E-Ol 3.70E-Ol 4.23E-Ol 4.&QE-Ol 
0.00 0.00 0.00 0.00 &.O&E-Ol 2.71E-Ol 1.34E-Ol 1.3SE-Ol 1.Q3E-Ol 2.&OE-Ol 3.21E-Ol 3.73E-Ol 
0.00 0.00 0.00 Q.21E-Ol 4.13£--01 1.48E-Ol 2.2SE-02 3.S4E-02 1.02E-Ol 1.74E-Ol 2.3QE-Ol 2.Q3E-Ol 
0.00 0.00 0.00 7.80E-Ol 3.SSE-Ol 4.77E-02-&.00E-02-3.S4E-02 3.4QE-02 1.08E-Ol 1.73E-Ol 2.28E-Ol 
0.00 0.00 0.00 &.&QE-Ol 2.S1E-01-3.4&E-02-1.20E-01-8.&OE-02-1 .S8E-02 S.48E-02 1.17E-Ol 1.72E-Ol 
0.00 0.00 Q.20E-Ol 5.0QE-Ol 1.08E-Ol-1.32E-01-1 .7&E-Ol-1 .33E-01-7.01E-02-7.QOE-03 4.83E-02 Q.Q2E-02 
0.00 0.00 8.01E-Ol 3.Q7E-Ol 1.Q4E-02-1.7SE-Ol-l .QOE-Ol-1 .48E-Ol-Q.30E-02-3.8QE-02 1 .13E-02 S.82E-02 
0.00 0.00 7,,13E-Ol 3.14E-01-3.&2E-02-1.88E-Ol-l .88E-Ol-l .50E-Ol-1 .03E-Ol-S.S0E-02-Q.77E-03 3.33E-02 
0.00 Q.41E-Ol &.32E-Ol 2.47E-01-7.3&E-02-1 .QOE-Ol-l.81E-Ol-1.47E-Ol-1 .0&E-Ol-&.40E-02-2.31E-02 1.&SE-02 
0.00 7.40E-Ol 4.80E-Ol 1 .3QE-01-1 .20E-Ol-l .7&E-Ol-l.&lE-Ol-l.34E-Ol-l .04E-01-7.10E-02-3.80E-02-S.00E-03 
0.00 4.QOE-Ol 2.84E-Ol 1 .Q4E-02-1.3&E-01-1.37E-Ol-1 .21E-Ol-1 .OSE-Ol-8.SQE-02-&.SOE-02-4.2SE-02-1 .Q2E-02 
0.002.70E-Ol 1 .lQE-Ol-S.0SE-02-Q.74E-02-8.S1E-02-7.4QE-02-&.S8E-02-S.&3E-02-4.S2E-02-3.2SE-02-1 .aQE-02 
0.00 1 .1&E-Ol 2.0QE-02-4.&7E-·02-4.44E-02-3.Q4E-02-3.4&E-02-3.08E-02-2.&QE-02-2.23E-02-1 .&8E-02-1 .08E-02 
0.00 3.24E-02-S.Q7E-03-1 .SSE-02-1 .31E-02-1 ,1SE-0~~-1 .01E-02-~.04E-03-7.Q8E-03-&.72E-03-S.1QE-03-3.4SE-03 
0.00 2.50E-03-1 .42E-03-1.28E-03-1 .03E-03-Q.08E-04-7.QQE-04-7.14E-04-&.32E-04-S.3&E-04-4. 18E-04-2.82E-04 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



30.04S00 4.1qE-02 3.b3E-02 3.02E-02 2.44E-02 1.q7E-02 1.58E-02 1.28E-02 1.05E-02 8.87E-03 8.8&E-0:' 3.00E-02 
20.012S0 4.1&E-02 3.&lE-02 3.01E-02 2.44E-02 1.q&E-02 1.58E-02 1.28E-02 1.0&E-02 8.qOE-03 8.84E-03 3.00E-02 
1-0.012S0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O*-*-*-*-*~*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 2 3 4 5 & 7 8 q 10 11 12 13 
X = 0.003q3 0.01180 0.02054 0.03023 0.040qq 0.052q4 0.0&&20 0.080q2 0.Oq72& 0.1153q 0.13552 0.1578& 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob187 0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
1q 0.OSq37 0.00 0.00 0.00 1.q8E-01 2.05E-01 1 .~qE-01 1.q2E-01 1.qOE-Ol 2.14£-01 2.80E-Ol 3.24E-Ol 3.32E-Ol 
180.05Sq4 0.00 0.00 0.00 1.q8E-01 1.88E-Ol 1.qlE-Ol 1 .q8E-Ol 2.21E-0~ 3.0~;E-Ol 4.38E-Ol 5.25E-Ol 5.55E-Ol 
170.0S344 0.00 0.00 5.10E-02 1.23E-01 1.4&E-Ol 1.70E-Ol 1.q&E-Ol 2.51E-Ol 3.73~-01 5.10E-Ol b.O&E-Ol &.51E-Ol 
1& 0.OS078 0.00 0.00 1.78E-Ol 1.5qE-Ol i .&2E-01 1.77E-Ol 2.15E-Ol 3.0qE-Ol 4.41E-Ol 5.&7E--Ol &.&3E-Ol 7.20E-Ol 
lS 0.04812 0.00 0.00 1.78E-Ol 1.42E-Ol 1.53E-Ol 1.87E-Ol 2.&2E-Ol 3.77E-Ol 4.qqE-Ol 6.12E-Ol 7.0&E-Ol 7.71E-Ol 
140.04S&2 0.00 5.10E-02 Q.40E-02 1.17E-Ol 1.54E-Ol 2.21E-Ol 3.24E-01 4.3&E-Ol 5.44E-Ol 0.48E-Ol 7.40E-Ol 8.08E-Ol 
13 0.04328 0.00 1.&OE-Ol 1.11E-01 1.24E-01 1 .81E-Ol ~.74E-Ol 3.81E-Ol 4.83E-Ol 5.82E-Ol &.80E-Ol 7.&qE-Ol 8.3qE-Ol 
120.040Q4 0.00 1.&OE-Ol 8.87E-02 1.24E-Ol 2.1'E-Ol 3.2qE-Ol 4.32E-Ol 5.25E-Ol &.17E-Ol 7.10E-Ol 7.q7E-Ol 8.&7E-Ol 
110.0371q 7.h4E-02 &.28E-02 &.3qE-02 1.33E-01 2.74E-Ol 4.15E-Ol 5.04F.-01 5.85E-Ol &.70E-Ol i.57E-Ol 8.40E-Ol q.l0E-Ol 
10 0.03437 1.&OE-Ol 5.52E-02 &.04E-02 1.&OE-Ol 3.41E-Ol 4.71E-Ol 5.4qE-0~ &.2&E-Ol 7.08E-Ol 7.q2E-Ol 8.72E-Ol q.41E-Ol 
Q 0.0321Q 1.&OE-Ol 2.7&E-02 5.87E-02 1.Q2E-Oi 3.Q4E-Ol 5.11E-Ol 5.84E-Ol &.58E-0~ 7.37E-Ol 8.18E-Ol 8.Q7E-Ol Q.&4E-Ol 
8 0.03031 5.30E-03 Q.47E-03 &.3&E-02 2.23E-Ol 4.40E-Ol 5.47E-Ol &.15E-Ol &.85E-Ol 7.&2E-Ol 8.41E-Ol Q.18E-Ol Q.85E-Ol 
7 0.02&87 S.31E-03 1 .17E-02 8.18E-02 2.8&E-Ol 5.23E-Ol &.10E-Ol &.71E-Ol 7.3&E-Ol 8.08E-Ol 8.83E-Ol Q.58E-Ol ~ .02E 00 
& 0.02187 5.35E·-03 1.7QE-02 1.22E-Ol 4.44E-Ol &.30E-Ol &.Q8E-Ol 7.51E-Ol 8.10E-Ol 8.75E-Ol Q.44E-Ol 1.01E 00 1.08E 00 
5 0.01&25 5.50E-03 3.4QE-02 2.0QE-Ol 5.77E-01 7.3&E-Ol 7.Q1E-Ol 8.37E-Ol 8.8QE-Ol Q.48E-Ol 1.01E 00 1.07E 00 1.13E 00 
4 0.010&2 &.18E-03 8.15E-02 3.45E-Ol 7.11E-Ol 8.27E-Ol 8.73E-Ol Q.15E-Ol Q.&2E-01 1 .01E 00 1.07E 00 1 .13E 00 1 .1QE 00 
3 0.005&2 Q.35E-03 3.17E-Ol 5.17E-Ol 8.07E-Ol 8.Q2E-Ol Q.33E-Ol Q.73E-Ol 1.02E 00 1 .07E 00 1 .12E 00 1 .18E 00 1.23E 00 
2 0.0015& 2.11E-02 4.45E-Ol &.5&E-Ol 8.75E-Ol Q.37E-Ol Q.7&E-Ol 1.02E 00 1.0&E 00 1 .11E 00 1 .1&E 00 1.22E 00 1.2bE 00 

o I = 14 15 1 & 17 18 1 Q 20 21 22 23 
X = 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO O.437&Q 0.47Q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 5.00E-03 
lQ 0.05Q37 3.20E-Ol 2.QQE-Ol 2.71E-Ol 2.40E-Ol 2.08E-Ol 1.81E-Ol 1.5QE-Ol 1.42E-Ol 1.48E-Ol 5.00E-03 
180.055Q4 5.52E-Ol 5.30E-Ol 4.~7E-Ol 4.58E-Ol 4.15E-Ol 3.74E-Ol 3.3QE-Ol 3.0QE-Ol 3.23E-Ol 5.00E-03 
17 0.05344 &.&OE-Ol &.47E-Ol &.20E-Ol 5.84E O~ 5.42E-Ol 5.02E-Ol 4.&7E-Ol 4.3&E-Ol 4.50E-Ol 5.00E-03 
1& 0.05078 7.43E-Ol 7.40E-Ol 7.21E-Ol &.Q'E-O' &.~5E-Ol &.lQE-Ol 5.8&E-Ol 5.58E-Ol 5.71E-Ol 5.00E-03 
15 0.04812 8.03E-Ol 8.10E-Ol 8.00E-Ol 7.78E-Ol 7.48E-Ol 7.17E-Ol &.8QE-Ol &.&4E~01 &.73E-Ol 5.00E-03 
14 0.045&2 8.48E-Ol 8.&3E-Ol 8.&OE-Ol 8.44E-Ol 8.21E-Ol 7.Q5E-Ol 7.71E-Ol 7.50E-Ol 7.54E-Ol 5.00E-03 
13 0.04328 8.83E-Ol Q.04E-Ol Q.07E-Ol 8.Q7E-Ol 8.78E-Ol 8.57E-Ol 8.37E-Ol 8.20E-Ol 8.21E-01 5.00E-03 
120.040Q4 Q.15E-Ol Q.40E-Ol Q.47E-Ol Q.42E-Ol Q.28E-Ol Q.llE-Ol 8.Q5E-Ol 8.80E-Ol 8.7QE-Ol 5.00E-03 
110.0371Q Q.&OE-Ol Q.~OE-Ol 1.00E 00 1.00E 00 Q.Q&E-Ol Q.85E-Ol Q.73E-Ol Q.&2E-Ol Q.58E-Ol 5.00E-03 
10 0.03437 Q.Q2E-Ol 1 .02E 00 1.04E 00 1.04E 00 1.04E 00 1.03E 00 1.02E 00 1.02E 00 1.01E 00 5.00E-03 
Q 0.0321~ 1.02E 00 1 .05E 00 1.07E 00 1.07E 00 1.07E 00 1.0&E 00 1.0&E 00 1.05E 00 1.05E 00 5.00E-03 
8 0.03031 1.04E 00 1.07E 00 1.0QE 00 1 .10E 00 1.10E 00 1.0QE 00 1.0QE 00 1.08E 00 1.08E 00 5.00E-03 
70.02b87 1.07E 00 1 .11E 00 1 .13E 00 1 .13E 00 1 .14E 00 1 .13E 00 1.13E 00 1 .13E 00 1 .13E 00 5.00E-03 
b 0.02187 1.13E 00 1.1bE 00 1 .18E 00 1.1QE 00 1 .1QE 00 1 .1QE 00 1.1QE 00 1 .1QE 00 1 .1QE 00 5.00E-03 
50.01b25 1.18E 00 1.21E 00 1.23E 00 1.24E 00 1 .2~f. 00 1.24E 00 1.24E 00 1.24E 00 1 .25E 00 5.00E-03 
40.010b2 1.23E 00 1.2bE 00 1.28E 00 1.28E 00 1.2QE 00 1.2QE 00 1.2QE 00 1.2QE 00 1 .30E 00 5.00E-03 
30.005b2 1.27E 00 1.30E 00 1.31E 00 1.31E 00 1.32E 00 1 .31E 00 1.31E 00 1 .31E 00 1 .34E 00 5.00E-03 
20.0015b 1.30E 00 1 .33E 00 1.33E 00 1 .33E 00 1.33E 00 1 .32E 00 1.32E 00 1 .32E 00 1 .3&E 00 5.00E-03 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS EFF. VISCOSITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 



4~ 0.2517E 00 0.1532E 00 0.1053E 00 0.4535E-01 0.4483E-01 0.7754E O~ 0.&22&E 01-0.1070E-02 0.1321E 02 0.14~&E 04 0.13&lE 04 
50 0.247~E 00 O.1504E 00 0.104~E 00 0.4&3~E-01 0.447&E-Ol 0.7305E O~ 0.&225E 01-0.1232E-02 0.1321E 02 0.14~&E 04 0.13&3E 04 
51 O.2438E 00 0.1477E 00 0.1045E 00 0.4744E-01 0.44&2E-01 0.&S17E O~ 0.&224E 01-0.1404E-02 0.1322E 02 0.14~&E 04 0.13&5E 04 
S2 0.23~5E 00 0.145&E 00 0.1041E 00 0.4848E-01 0.4438E-Ol 0.&30~E O~ 0.&222E 01-0.1588E-02 0.1322E 02 0.14~5E 04 0.13&7E 04 
53 0.23&OE 00 0.143~E 00 0.103~E 00 0.4~53E-01 0.4405E-01 0.587&E O~ O~&221E 01-0.1784E-02 0.1323E 02 0.14~5E 04 0.13&~E 04 
54 0.232&E 00 0.1421E 00 0.1034E 00 0.50&OE-01 0.43&5E-Ol 0.548~E O~ 0.&21QE 01-0.1~8~E-02 0.1324E 02 0.14~5E 04 0.1372E 04 
55 0.22~2E 00 0.140&E 00 0.102~E 00 0.5172E-01 0.4320E-01 0.50~4E O~ 0.&21&E 01-0.2207E-02 0.1324E 02 0.14~4E 04 0.1375E 04 
5& 0.225&E 00 0.13~5E 00 0.1025E 00 0.5282E-01 0.4271E-Ol 0.4&~3E O~ 0.&214E 01-U.2435E-02 0.1325E 02 0.14~4E 04 0.1377E 04 
57 0.2222E 00 0.138&E 00 0.101~E 00 0.53~~E-01 0.421~E-01 0.428~E O~ 0.&211E 01-0.2&75E-02 0.132&E 02 0.14~4E 04 0.1381E 04 
58 0.21~1E 00 0.137&E 00 0.1015E 00 0.5507E-01 0.41&3E-01 0.3~38E O~ 0.&208E 01-·0.2~24E-02 0.132&E 02 0.14~4E 04 0.1384E 04 
5~ 0.21&3E 00 0.13&8E 00 0.1011E 00 0.5&12E-Ol 0.410qE-01 0.3708E Oq 0.&204E 01--0.3183E-02 0.1327E 02 0.14q4E 04 0.1387E 04 
&0 0.213&E 00 0.135qE 00 0.100&E 00 0.5714E-Ol 0.4051E-01 0.351qE Oq 0.&200E 01-0.3452E-02 0.1328E 02 0.14q4E 04 0.13qlE 04 
&1 0.2111E 00 0.1351E 00 0.qq87E-01 0.5813E-Ol 0.3q87E-Ol 0.334&E Oq O.&lq&E 01-0.372qE-02 0.132qE 02 0.14q4E 04 0.13qSE 04 
&2 0.2087E 00 0.134&E 00 0.q8~qE-01 0.5q04E-Ol 0.3q18E-Ol 0.3158E Oq O.&lqlE 01-0.4014E-02 0.1330E 02 0.14q4E 04 0.13qqE 04 
&3 0.20&lE 00 0.1342E 00 0.q814E-01 0.5qqlE-01 0.3847E-01 0.2qeOE Oq 0.&18&E 01-0.4307E-02 0.1331E 02 0.14q4E 04 0.1404E 04 
&4 0.2034E 00 0.1338E 00 0.Q723E-Ol 0.&084E-Ol 0.3773E·-01 0.281qE Oq 0.&180E 01-0.4&08E-02 0.1332E 02 0.14q4E 04 0.140qE 04 
&5 0.2015E 00 0.1334E 00 0.q&55E-Ol O.&l&lE-Ol 0.3&q&E-Ol 0.2&55E Oq 0.&174E 01-0.4q14E-02 0.1333E 02 0.14q4E 04 0.1414E 04 
&& O.lq~~E 00 0.1330E 00 O.q5S8E-Ol 0.&230E-Ol 0.3&1&E-Ol 0.2504E Oq 0.&1&8E 01-0.5225E-02 0.1334E 02 0.14q4E 04 0.141qE 04 
&7 0.lq7qE 00 0.1327E 00 0.q507E-Ol 0.&2qOE-Ol 0.3534E-Ol 0.2382E Oq O.blblE 01-0.5540E-02 0.1335E 02 0.14q4E 04 0.1425E 04 
&8 0.lq55E 00 0.1323E 00 0.q412E-Ol 0.&347E-Ol 0.344qE-Ol 0.2257E Oq 0.&154E 01-0.5857E-02 0.133bE 02 0.14q4E 04 0.1431E 04 
bq 0.lq33E 00 0.1318E 00 0.q2qqE-Ol 0.&385E-Ol 0,33b5E-Ol 0.2204E Oq 0.b14bE 01-0.b177E-02 0.1337E 02 0.14q4E 04 0.1437E 04 
70 O.lq10E 00 0.1311E 00 0.q17&E-01 0.&425E-Ol ( 327QE-01 0.2152E OQ 0.b137E 01-0.b4QbE-02 0.1338E 02 0.14Q4E 04 0.1444E 04 
71 0.1887E 00 0.130&E 00 0.Q041E-01 0.b451E-Ol 0.31Q4E-Ol 0.2110E OQ O.b12QE 01-0.&814E-02 0.1340E 02 0.14Q5E 04 0.1450E 04 
72 0.18&7E 00 0.1303E 00 0.8Q07E-01 0.b4b7E-Ol 0.3108E-Ol 0.20bbE OQ O.bllQE 01-0.7130E-02 0.1341E 02 0.14Q5E 04 0.1457E 04 
73 0.1848E 00 0.1302E 00 0.87Q&E-Ol 0.b47&E-Ol 0.3022E-Ol 0.2007E OQ 0.bl10E 01-0.7440E-02 0.1342E 02 0.14Q5E 04 0.14b5E 04 
74 0.1831E 00 0.12Q8E 00 0.8&80E-Ol 0.b471E-Ol 0.2Q3bE-Ol 0.lQ53E OQ O.bOQQE 01-0.7744E-02 0.1344E 02 0.14QbE 04 0.1472E 04 
75 0.1810E 00 0.12Q1E 00 0.8553E-Ol 0.b4b4E-Ol 0.2850E-Ol 0.lQ07E OQ 0.b08QE 01-0.8041E-02 0.134bE 02 0.14QbE 04 0.1480E 04 
7b 0.178bE 00 0.1283E 00 0.8415E-01 0.&43QE-Ol 0.27b5E-Ol 0.1853E OQ 0.b077E 01-0.8328E-02 0.1347E 02 0.14QbE 04 0.1488E 04 
77 0.17&lE 00 0.1273E 00 0.82&5E-Ol 0.b413E-Ol 0.2b80E-Ol 0.17Q3E OQ O.bObbE 01-0.8b04E-02 0.134QE 02 0.14Q7E 04 0.14Q7E 04 
78 0.1741E 00 0.12&lE 00 0.8110E-Ol 0.b3&7E-Ol 0.25Q5E-Ol 0.1727E OQ 0.&054E 01-0.88b7E-02 0.1351E 02 0.14Q7E 04 0.150bE 04 
7Q 0.1722E 00 0.1247E 00 0.7Q44E-Ol 0.b315E-Ol 0.2511E-Ol 0.lb50E OQ 0.b041E 01-0.Q115E-02 0.1352E 02 0.14Q8E 04 0.1514E 04 
80 0.1704E 00 0.1234E 00 0.77&QE-Ol 0.b258E-Ol 0.242QE-Ol 0.lS72E OQ 0.b028E 01-0.Q34bE-02 0.1354E 02 0.14Q8E 04 0.1524E 04 
81 0.1&82E 00 0.1220E 00 0.75Q8E-Ol 0.&18QE-Ol 0.2347E-Ol 0.14Q1E OQ 0.b015E 01-0.Q55QE-02 0.135bE 02 0.14QQE 04 0.1533E 04 
82 0.1&b3E 00 0.1212E 00 0.7447E-Ol 0.bl12E-Ol 0.22&bE-Ol 0.1404E OQ 0.b001E 01-0.Q753E-02 0.1358E 02 0.1500E 04 0.1542E 04 
83 0.1&41E 00 0.1201E 00 0.7287E-01 0.b028E--01 0.2187E-Ol 0.1318E OQ 0.5Q87E 01-0.QQ25E-02 0.13bOE 02 0.1500E 04 0.1552E 04 
84 0.1&17E 00 0.1187E 00 0.7122E-Ol 0.5Q35E-Ol u.210QE-Ol 0.1243E OQ 0.5Q72E 01-0.1008E-Ol 0.13b2E 02 0.1501E 04 0.15b2E 04 
85 0.15Q5E 00 0.1172E 00 0.bQ52E-Ol 0.5835E-Ol 0.2032E-Ol O.1182E OQ 0.5Q58E 01-0.1020E-Ol 0.13b4E 02 0.1502E 04 O.1572E 04 
8b 0.1577E 00 0.1154E 00 0.b782E-Ol 0.572QE-Ol 0.lQ58E-Ol O.1118E OQ 0.5Q43E 01-0.1030E-Ol 0.13bbE 02 0.1502E 04 0.1582E 04 
87 0.15&OE 00 0.1134E 00 O.&&ObE-Ol 0.5b13E-Ol 0.1887E-Ol 0.10blE OQ 0.5Q27E 01-0.1038E-Ol 0.13bQE 02 0.1503E 04 0.15Q2E 04 
88 0.1540E 00 0.1112E 00 0.&42bE-Ol 0.54QbE-Ol 0.1823E-Ol 0.100bE OQ 0.5Q12E 01~0.1042E-Ol 0.1371E 02 0.1504E 04 0.lb02E 04 
8Q 0.1518E 00 0.108Q[ 00 0.b245E-Ol 0.5374E-Ol 0.17blE-01 0~Q514E 08 0.S8QbE 01-0.1044E-Ol 0.1373E 02 0.1505E 04 0.lb13E 04 
QO 0.14Q7E 00 0.10bbE 00 0.bO&5E-Ol 0.5248E-Ol 0.1700E-Ol 0.8Qb4E 08 0.5S80E 01-0.1043E-Ol 0.137bE 02 0.1505E 04 0.lb23E 04 
Ql 0.1475E 00 0.1042E 00 0.58Q2E-Ol 0.5115E-Ol 0.lb44E-Ol 0.8415E 08 0.58b4E 01-0.1040E-Ol 0.1378E 02 0.150bE 04 0.1&33E 04 
Q2 0.1453E 00 0.101QE 00 0.5727E-Ol 0.4Q82E-Ol 0.15Q7E-Ol 0.7Qb2E 08 0.5848E 01-0.1033E-Ol 0.1380E 02 0.1507E 04 0.lb44E 04 
Q3 0.1432E 00 0.QQQ8E-Ol 0.555QE-Ol 0.4848E-Ol 0.1550E-Ol 0.7bObE 08 0.5832E 01-0.1024E-Ol 0.1383E 02 0.1508E 04 0.1&54E 04 
Q4 0.1415E 00 0.Q7Q5E-Ol 0.53QOE-Ol 0.470bE-Ol 0.150&E-Ol 0.7382E 08 0.581bE 01-0.1011E-Ol 0.1385E 02 0.150QE 04 0.1&&4E 04 
q5 0.13Q7E 00 0.Q57&E-Ol 0.521QE-Ol 0.45&8E-Ol 0.14b3E-Ol 0.71Q7E 08 0.5800E 01-0.QQblE-02 0.1388E 02 0.1510E 04 0.lb74E 04 
Q& 0.1377E 00 0.Q345E-Ol 0.5051E-Ol 0.4431E-Ol 0.1420E-Ol 0.bQ8bE 08 0.5784E 01-0.Q783E-02 0.13QOE 02 0.1510E 04 0.lb84E 04 
Q7 0.1357E 00 0.Ql01E-Ol 0.4881E-Ol 0.4287E-Ol 0.1382E-Ol 0.b8QQE 08 0.57b8E 01-0.Q578E-02 0.13Q3E 02 0.1511E 04 0.1~Q4E 04 
Q8 0.1337E 00 0.8844E-Ol 0.4715E-Ol 0.4150E-Ol 0.1352E-Ol 0.&834E 08 0.5752E 01-0.Q348E-02 0.13Q5E 02 0.1512E 04 0.1704E 04 
QQ 0.1317E 00 0.857&E-Ol 0.4557E-Ol 0.4008E-Ol 0.1323E-Ol 0.b7b2E 08 0.5737E 01-0.QOQ5E-02 0.13Q8E 02 0.1513E 04 0.1714E 04 

100 0.12Q7E 00 0.8303E-Ol 0.43QQE-Ol 0.38b7E-Ol 0.12~bE-Ol 0.bbQ3E 08 0.5721E 01-0.8817E-02 0.1400E 02 0.1514E 04 0.1724E 04 
101 0.1278E 00 0.802&E-Ol 0.424QE-Ol 0.3728E-Ol 0.12b8E-Ol 0.b700E 08 0.570bE 01-0.851QE-02 0.1403E 02 0.1515E 04 0.1733E 04 
102 0.12&OE 00 0.774&E-Ol 0.4104E-Ol 0.35Q2E-Ol 0.1238E-Ol 0.&751E 08 0.5bQ2E 01-0.8200E-02 0.1405E 02 0.151&E 04 0.1742E 04 



o 

14 O.04Sb2 
13 0.04328 
12 0.040q4 
11 0.0371q 
10 0.03437 
q 0.0321Q 
8 0.03031 
7 0.02b87 
b 0.02187 
5 0.01b2S 
4 0.010b2 
3 0.00Sb2 
2 O.OOlSb 
1-0.0015b 

I = 
X = 

0.00 0.00-Q.24E-02 4.40E-02 b.25E-02 8.77E-02 Q.10E-02 7.72E-02 5.88[-02 4.2QE-02 2.82E-02 1.80E-02 
0.00 0.00-7.02E-02 1 . 35E-02 5.81E-02 8.3bE-02 8.22E-02 b.bOE-02 4.b2E-02 2.Q5E-02 1 .42E-02 2.72E-03 
0.00 0.00-3.QQE-02-1 .3QE-03 4.8bE-02 7.25E-02 b.8QE-02 5.15E-02 3.13E-02 1 .43E-02-1 .11E-03-1.33E-02 
0.00-1 .28E-01-5.38E-02-1 .84E-02 3.00E-02 4.44E-02 3.87E-02 2.18E-02 3.03E-01-~.30E-02-2.74E-02-4.04E-02 
0.00-1 .18E-01-8.13E-02-3.81E-02 4.51E-03 1.38E-02 1.05E-02-4.80E-03-2.1QE-02-3.b3E-02-4.Q3E-02-b.lbE-02 
0.00-1 .10E-Ol-Q.b5E-02-5.b2E-02-2.0QE-02-1 .12E-02-1.42E-02-2.77E-02-4.25E-02-5.58E-02-b.78E-02-7.8QE-02 
0.00-1.14E-Ol-l .08E-01-7.b8E-02-4.70E-02-3.4bE-02-3.b7E-02-4.83E-02-b.10E-02-7.31E-02-8.38E-02-Q.40E-02 
0.00-1.42E-01-1 .40E-01-1.1QE-01-8.QQE-02-8.02E-02-8.13E-02-8.81E-02-Q.b5E-02-1 .05E-Ol-l.13E-Ol-l .21E-Ol 
0.00-1.Q2E-Ol-l .Q4E-Ol-l .70E-Ol-1 .55E-Ol-l .51E-Ol-1.48E-Ol-l.47E-Ol-l .48E-Ol-l .4QE-01-1 .52E-Ol-l .57E-Ol 
0.00-2.50E-01-2.48E-01-2.48E-01-2.37E-01-2.27E-01-2.18E-01-2.0QE-01-2.00E-Ol-1 .Q4E-Ol-l .Q1E-Ol-l .Q1E-Ol 
0.00-3.11E-01-3.0QE-01-3.20E-01-3.07E-01-2.Q1E-01-2.74E-01-2.57E-0~-2.42E-01-2.2QE-01-2.20E-01-2.1bE-Ol 
0.00-3.57E-01-3.58E-01-3.b2E-01-3.50E-01-3.2QE-01-3.07E-01-2.8bE-01-2.bbE-01-2.4QE-01-2.38E-01-2.31E-01 
0.00-3.80E-01-3.81E-01-3.7QE-01-3.b7E-01-3.44E-01-3.1QE-01-2.~7E-01-2.7bE-01-2.57E-01-2.44E-01-2.3bE-Ol 
O.CO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 lb 17 18 lQ 20 21 22 23 
0.1578b 0.182bo 0.2101Q 0.24075 0.274b7 0.31232 0.35411 0.3Q5~0 0.437bQ 0.47Q48 0.52127 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 1.13E-Ol 1.15E-Ol 1.17E-01 1.20E-Ol 1.2bE-01 1.34E-Ol 1.42E-Ol 1.45E-Ol 1.4bE-Ol 1.47E-Ol 0.00 
lQ 0.05q37 q.80E-02 q.84E-02 1.00E-Ol 1.03E-01 1.10E-01 1.1qE-Ol 1.27E-Ol 1.31E-01 1.32E-Ol 1.34E-Ol 0.00 
180.055q4 7.b2E-02 7.43E-02 7.50E-02 7.77E-02 8.3qE-02 Q.17E-02 Cj.8qE-02 1.03E-Ol 1.04E-Ol 1.05E-Ol 0.00 
17 0.05344 b.01E-02 5.blE-02 5.b4E-02 5.85E-02 b.37E-02 7.04E-02 7.b4E-02 7.q3E-02 7.qqE-02 8.03E-02 0.00 
lb 0.05078 4.2qE-02 3.71E-02 3.b3E-02 3.78E-02 4.18E-02 4.71E-02 5.15E-02 5.33E-02 5.33E-02 5.31E-02 0.00 
15 0.04812 2.52E-02 1.7bE-02 1.bOE-02 1.bqE-02 1 .q7E-02 2.31E-02 2.bOE-02 2.bbE-02 2.blE-02 2.55E-02 0.00 
140.045b2 8.17E-03-8.0bE-04-3.05E-03-2.51E-03-1 .12E-03 3.35E-04 1.bQE-03 1.25E-03 1 .lbE-04-1 .87E-04 0.00 
13 0.04328 -8.14E-03-1 .7qE-02-2.0qE-02-2.0qE-02-2.07E-02-2.08E-02-2.12E-02-2.24E-02-2.40E-02-2.3qE-02 0.00 
12 0.040q4 -2.47E-02-3.50E-02-3.85E-02-3.8qE-02-4.03E-02-4.20E-02-4.3qE-02-4.b2E-02-4.78E-02-4.72E-02 0.00 
11 0.0371q -5.22E-02-b.22E-02-b.58E-02-b.74E-02-7.07E-02-7.55E-02-8.00E-02-8.33E-02-8.48E-02-8.34E-02 0.00 
10 0.03437 -7.33E-02-8.2bE-02-8.blE-02-8.83E-02-Q.30E-02-q.qCjE-02-1.0bE-Ol-1.10E-Ol-1 .11E-Ol-1 .0CjE-Ol 0.00 
Q 0.0321Q -8.QQE-02-Q.81E-02-1 .02E-Ol-1 .04E-Ol-l .10E-Ol-l .18E-Ol-1.2bE-Ol-1 .30E-Ol-l .31E-Ol-1 .27E-Ol 0.00 
8 0.03031 -1.04E-Ol-l.11E-Ol-l.15E-Ol-l.18E-Ol-1.24E-Ol-1 .33E-Ol-1 .41E-01-1 .4bE-Ol-l .47E-Ol-l .43E-Ol 0.00 
7 0.02b87 -1.2QE-Ol-1 .34E-Ol-l.38E-Ol-l.41E-Ol-l .4QE-Ol-1 .bOE-Ol-l .bQE-Ol-l .75E-Ol-1 .75E-Ol-l .bQE-Ol 0.00 
b 0.02187 -1.blE-Ol-1 .b5E-Ol-l .b7E-Ol-l .71E-Ol-1 .81E-Ol-1 .Q4E-01-2.05E-01-2.10E-01-2.0QE-01-2.03E-Ol 0.00 
5 0.01b25 -1.Q3E-Ol-1.Q3E-Ol-1.Q5E-01-2.00E-Ol -2.11E-01-2.2bE-01-2.38E-01-2.42E-01-2.40E-01-2.33E-01 0.00 
4 0.010b2 -2.1bE-01-2.14E-01-2.15E-01-2.21E-0~-2.33E-01-2.4CjE-Ol-2.b1E-01-2.bSE-01-2.b2E-01-2.54E-Ol 0.00 
3 O.005b2 -2.28E-01-2.27E-01-2.27E-01-2.33E-01-2.4bE-01-2.b2E-Ol-2.74E-01-2.77E-01-2.74E-01-2.bbE-01 0.00 
2 0.00156 -2.33E-01-2.31E-01-2.31E-01-2.38E-01-2.50E-01-2.bbE-Ol-2.78E-01-2.82E-01-2.78E-01-2.70E-01 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040Q~ 0.052Q4 O.Obb20 0.080Q2 0.OQ72b 0.1153Cj 0.13552 
o J Y 

21 O.Ob312 
20 0.Ob187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 
lb 0.05078 
15 0.04812 
14 0.045b2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 4.38E 00 4.07E 00 3.28E 00 2.7bE 00 2.54E 00 2.80E 00 3.42E 00 3.83E 00 
0.00 0.00 0.00 0.00 2.4bE 01 2.b8E 01 2.10E 01 1.b3E 01 1 .3QE 01 1.54E 01 1.CjOE 01 2.0CjE 01 
0.00 0.00 0.00 0.00 3.8CjE 01 3.15E 01 2.48E 01 2.05E 01 2.01E 01 2.47E 01 2.Cj8E 01 3.13E 01 
0.00 0.00 0.00 1.2CjE 01 2.b4E 01 2.48E 01 2.2CjE 01 2.25E 01 2.blE 01 3.24E 01 3.b8E 01 3.72E 01 
0.00 0.00 0.00 4.50E 01 3.28E 01 2.71E 01 2.54E 01 2.83E 01 3.50E 01 4.12E 01 4.40E 01 4.28E 01 
0.00 0.00 0.00 4.28E 01 3.05E 01 2.78E 01 3.04E 01 3.7bE 01 4.50E 01 4.CjbE 01 5.05E 01 4.78E 01 
0.00 0.00 1.88E 01 2.b7E 01 2.78E 01 3.11E 01 3.87E 01 4.77E 01 5.3CjE 01 5.b5E 01 5.58E 01 5.1CjE 01 
0.00 0.00 5.15E 01 3.0bE 01 3.11E 01 3.78E 01 4.77E 01 5.b2E 01 b.08E 01 b.1CjE 01 5.CjCjE 01 5.50E 01 
0.00 0.00 3.4CjE 01 2.50E 01 3.40E 01 4.45E 01 5.53E 01 b.27E 01 b.bOE 01 b.bOE 01 b.32E 01 5.7bE 01 
0.00 2.4bE 01 1.Cj7E 01 2.37E 01 4.24E 01 5.55E 01 b.40E 01 b.Cj5E 01 7.14E 01 7.05E 01 b.70E 01 b.ObE 01 
0.00 5.40E 01 1.Cj5E 01 2.80E 01 5.47E 01 5.CjOE 01 b.5CjE 01 7.11E 01 7.31E 01 7.22E 01 b.85E 01 b.1CjE 01 



o J Y 
11 1.00000 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 
10 O.~OOOO 4.82E-01 4.81E-01 4.80E-01 4.80E-01 4.80E-01 4.80E-01 4.80E-01 4.80E-01 4.80E-01 4.80E-01 4.80E-01 
~ 0.80000 4.b4E-01 4.b2E-01 4.bOE-01 4.bOE-01 4.5~E-01 4.5~E-01 4.5~E-01 4.5~E-01 4.5~E-01 4.bOE-01 4.bOE-01 
8 0.70000 4.4bE-01 4.42E-01 4.40E-01 4.38E-01 4.38E-01 4.37E-01 4.37E-01 4.38E-01 4.38E-01 4.38E-01 4.38E-01 
70.bOOOO 4.2bE-01 4.21E-01 4.18E-01 4.1bE-01 4.14E-01 4.14E-01 4.14E-01 4.14E-01 4.14E-01 4.14E-01 4.14E-01 
b 0.50000 4.05E-01 3.~~E-01 3.~4E-01 3.~1E-01 3.8~E-01 3.88E-01 3.87E-01 3.87E-01 3.87E-01 3.88E-01 3.88E-01 
5 0.40000 3.82E-01 3.73E-01 3.b7E-01 3.b3E-01 3.bOE-01 3.58E-01 3.57E-01 3.5bE-01 3.57E-01 3.57E-01 3.57E-01 
4 0.30000 3.55E-01 3.45E-01 3.3&E-01 3.30E-01 3.2bE-01 3.23E-01 3.21E-01 3.20E-01 3.20E-01 3.20E-01 3.20E-01 
3 0.20000 3.23E-01 3.0~E-01 2.~8E-01 2.88E-01 2.82E-01 2.78E-01 2.7bE-01 2.74E-01 2.74E-01 2.74E-01 2.74E-01 
2 0.10000 2.80E-01 2.&OE-01 2.43E-01 2.2~E-01 2.20E-01 2.14E-01 2.0~E-01 2.07E-0~ 2.0bE-01 2.05E-01 2.05E--Ol 
10.00000 1.85E-01 1.04E-01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-* .. *-*-*-* 
o I = 1 2 3 4 5 b 7 8 ~ 10 11 -,2 

X = -0.03148 0.03148 0.0~443 0.1b430 0.24187 O.327~b 0.42352 0.52~bO 0.b4735 0.77804 0.~2311 1.08415 
o J Y 

21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
lb 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 

o 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1b 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 5.~3E 05 b.10E 05 5.87E 05 5.84E 05 S.~1E 05 5.~~E 05 b.05E 05 b.10E 05 
0.00 0.00 0.00 0.00 5.78E 05 b.OOE 05 5.78E 05 5.7bE 05 5.83E 05 5.~1E 05 5.~bE 05 5.~~E 05 
0.00 0.00 0.00 0.00 5.48E 05 5.82E 05 5.b3E 05 5.b3E O~ 5.71E 05 5.78E 05 5.81E 05 5.82E 05 
0.00 0.00 0.00 5.83E 05 5.43E 05 5.b1E 05 5.4~E 05 5.53E 05 5.b1E 05 5.b7E 05 5.b~E 05 5.b~E 05 
0.00 0.00 0.00 5.3~E 05 5.3~E 05 5.3bE 05 5.32E 05 5.40E 05 5.4~E 05 5.54E 05 5.55E 05 5.54E 05 
0.00 0.00 0.00 4.83E 05 5.22E 05 5.11E 05 5.14E 05 5.2bE 05 5.35E 05 5.3~E 05 5.3~E 05 5.38E 05 
0.00 0.00 b.2bE 05 4.80E 05 4.~4E 05 4.87E 05 4.~bE OS 5.11E 05 5.20E 05 5.24E 05 5.24E 05 5.22E 05 
0.00 0.00 5.b2E 05 4.8~E 05 4.b~E 05 4.b5E 05 4.7~E 05 4.~5E 05 5.04E 05 5.08E 05 S.08E 05 5.07E 05 
0.00 0.00 4.70E 05 4.74E 05 4.47E 05 4.44E 05 4.b1E 05 4.78E 05 4.R7E 05 4.~1E 05 ".~2E 05 4.~1E 05 
0.00 5.30E 05 4.27E 05 4.2~E 05 4.0~E 05 4.13E 05 4.32E 05 4.47E 05 4.57E 05 4.b2E 05 4.b4E 05 4.b5E 05 
0.00 4.11E 05 4.17E 05 3.~8E 05 3.82E 05 3.~2E 05 4.08E 05 4.23E 05 4.32E 05 4.38E 05 4.43E 05 4.4SE 05 
0.00 2.~1E 05 3.~OE O~ 3.74E 05 3.b4E 05 3.75E 05 3.8qE 05 4.03E 05 4.13E 05 4.20E 05 4.2bE 05 4.30E 05 
0.00 2.3~E 05 3.b1E 05 3.58E 05 3.4~E 05 3.bOE 05 3.72E 05 3.85E 05 3.~bE 05 4.04E 05 4.11E 05 4.17E 05 
0.00 2.44E 05 3.21E 05 3.27E 05 3.24E 05 3.31E 05 3.41E 05 3.53E 05 3.b4E 05 3.75E 05 3.85E 05 3.~3E 05 
0.00 2.2bE 05 2.74E 05 2.7~E 05 2.83E 05 2.~OE 05 2.~8E 05 3.0~E 05 3.21E 05 3.35E 05 3.4~E 05 3.blE 05 
0.00 1.8SE 05 2.25E 05 2.38E 05 2.41E 05 2.47E 05 2.55E 05 2.bSE 05 2.80E 05 2.~bE 05 3.14E 05 3.30E 05 
0.00 1.25E 05 1.78E 05 1.8bE 05 2.03E 05 2.13E 05 2.21E 05 2.33E 05 2.48E 05 2.b7E 05 2.87E 05 3.07E 05 
0.00 4.34E 04 1.54E 05 1.b4E 05 1.80E 05 1 .~2E 05 2.02E 05 2.14E 05 2.30E 05 2.50E 05 2.72E 05 2.~4E 05 
0.00 0.00 1.2bE 05 1.53E 05 1 .12E 05 1.85E 05 1 .~5E 05 2.07E 05 2.23E 05 2.43E 05 2.bbE 05 2.8~E 05 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 

13 14 15 lb 17 18 1~ 20 21 22 23 
1 .2b28~ 1.4b130 1.b8153 1 .~25~8 2.1~733 2.4~852 2.83285 3.1b718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
b.13E 05 b.15E 05 b.15E 05 b.13E 05 b.llE 05 b.07E 05 b.03E 05 5.~~E 05 5.~5E 05 5.~lE 05 
b.01E O~ b.01E 05 b.OOE 05 5.~8E 05 5.~bE 05 5.~3E 05 5.8~E 05 5.8&E 05 5.82E 05 5.78E 05 
5.82E 05 5.81E 05 5.7~E 05 5.77E 05 5.74E 05 5.71E 05 5.b8E 05 5.&5E 05 5.b2E 05 5.5~E 05 
5.b7E 05 5.bbE 05 5.b3E 05 5.~lE 05 5.58E 05 5.5bE 05 5.53E 05 5.50E 05 5.48E 05 5.4bE 05 
5.52E 05 5.4~E 05 5.47E 05 5.44E 05 S.42E 05 5.40E 05 5.37E 05 5.35E 05 5.33E 05 5.31E 05 
5.35E 05 5.33E 05 5.30E 05 5.28E 05 5.2bE 05 5.24E 05 5.22E 05 5.20E 05 5.1~E 05 5.17E 05 
5.20E 05 5.17E 05 5.15E 05 5.13E 05 5.11E 05 5.0~E 05 5.08E 05 5.07E 05 5.0bE 05 5.05E 05 
5.05E 05 5.02E 05 5.00E 05 4.~~E 05 4.~7E 05 4.~bE 05 4.~5E 05 4.q5E 05 4.~4E 05 4.~4E 05 
4.~OE 05 4.88E 05 4.8&E 05 4.85E 05 4.84E 05 4.84E 05 4.83E 05 4.83E 05 4.83E 05 4.83E 05 
4.b5E 05 4.b5E 05 4.b4E 05 4.b4E 05 4.b4E 05 4.b5E 05 4.b5E 05 4.bbE 05 4.bbE 05 4.b7E 05 
4.47E 05 4.48E 05 4.4~E 05 4.4~E 05 4.50E 05 4.51E 05 4.53E 05 4.54E 05 4.55E 05 4.5bE 05 
4.33E 05 4.35E 05 4.37E 05 4.38E 05 4.40E 05 4.42E 05 4.43E 05 4.45E 05 4.4bE 05 4.48E 05 
4.21E 05 4.24E 05 4.27E 05 4.2qE 05 4.32E 05 4.34E 05 4.3bE 05 4.38E 05 4.40E 05 4.42E 05 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



x 0.50 + 

X 0.52 0 

X 0.54 

X 0.5& 

X 0.58 0 

X 0.&0 + 

X 0.&2 

X 0.&4 

X 0.&& 0 

X 0.&8 

X 0.70 + 

X 0.72 

X 0.74 0 

X 0.7& 

X 0.78 

X 0.80 + 

X 0.82 

X 0.84 0 

X 0.8& 

X 0.88 

X 0.C30 + 

X 0.C32 0 

X 0.C34 

X 0.C3& 

x 0.C38 

2 

2 

2 

2 

2 

2 

4 8 

4 8 

4 8 

4 8 

4 8 

4 8 

+ 0.50 

0.52 

0.54 

0.5& 

0.58 

+ 0.&0 

0.&2 

0.&4 

0.&& 

0.&8 

+ 0.70 

0.72 

0.74 

0.7& 

0.78 

+ 0.80 

0.82 

0.84 

0.8& 

0.88 

+ 0.<30 

0.CJ2 

0.94 

0.<3& 

0.<38 

Xl. 00 O ......... + ......... + ......... + •........ + ......... + .... 2 .... + ......... + 4 ........ + .. b . ..... + . 8 ....... 1 1. 00 
0.0 0.1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 0.<3 1.0 



20 0.48500 
1C3 0.4&125 
18 0.43750 
17 0.41&87 
1& 0.3C35&2 
15 0.37500 
14 0.355&2 
13 0.33&87 
12 0.31250 
11 0.28&25 
10 0.2&&25 

C3 0.25000 
8 0.22875 
7 0.1C3500 
& 0.15250 
5 0.10750 
4 0.0&500 
3 0.02875 
2 0.00000 

0.00 0.00 0.00 0.00 4.51E-02 2.75E-02 &.14E-03-1.&5E-03-3.20E-03-2.&OE-03-1.7&E-03-1.53E-03 
0.00 0.00 0.00 0.00 1.41E-01 &.4&E-02 1.44E-02-4.54E-03-8.33E-03-7.18E-03-5.87E-03-5.2&E-03 
0.00 0.00 0.00 0.00 2.&4E-01 Q.48E-02 1.Q5E-02-8.85E-03-1.44E-02-1.31E-02-1.13E-02-Q.5QE-03 
0.00 0.00 0.00 1.44E-Ol 2.&4E-01 1 .11E-Ol 2.12E-02-1.38E-02-2.08E-02-1.Q3E-02-1.&2E-02-1.33E-02 
0.00 0.00 0.00 2.80E-01 2.82E-01 1.25E-01 2.1QE-02-1.Q2E-02-2.80E-02-2.5&E-02-2.08E-02-1 .&7E-02 
0.00 0.00 0.00 4.1QE-01 3.03E-01 1.33E-01 1.Q5E-02-2.&OE-02-3.4QE-02-3.05E-02-2.43E-02-1.Q5E-02 
0.00 0.00 1.&1E-01 4.22E-01 3.1&E-01 1.3&E-01 1.~'4E-02-3.37E-02-4.01E-02-3.37E-02-2.&7E-02-2.1&E-02 
0.00 0.00 2.QQE-01 4.48E-01 3.2&E-01 1 .34E-01 4.34E-03-4.05E-02-4.33E-02-3.55E-02-2.83E-02-2.32E-02 
0.00 0.00 4.8&E-01 4.Q1E-01 3.34E-01 1.22E-01-1.0&E-02-4.73E-02-4.53E-02-3.&&E-02-2.Q7E-02-2.48E-02 
0.00 1.83E-Ol 5.4QE-Ol 5.33E-01 3.31E-Ol Q.03E-02-2.7QE-02-4.Q1E-02-4.42E-02-3.&2E-02-3.01E-02-2.5&E-02 
0.00 3.5QE-Ol &.04E-Ol 5.48E-Ol 3.13E-Ol 5.85E-02-3.&4E-02-4.77E-02-4.23E-02-3.53E-02-2.QQE-02-2.58E-02 
0.00 5.47E-01 &.35E-Ol 5.4QE-Ol 2.88E-01 3.27E-02-3.Q5E-02-4.54E-02-4.03E-02-3.42E-02-2.Q4E-02-2.5&E-02 
0.00 5.0QE-Ol &.44E-Ol 5.35E-Ol 2.44E-Ol 1.54E-03-4.01E-02-4.1&E-02-3.73E-02-3.25E-02-2.8&E-02-2.52E-02 
0.00 4.83E-Ol &.41E-Ol 4.QOE-01 1 .42E-01-3.03E-02-3.53E-02-3.4&E-02-3.21E-02-2.Q2E-02-2.&5E-02-2.3&E-02 
0.00 4.81E-Ol &.13E-01 3.72E-01-1 .0&E-02-2.Q5E-02-2.73E-02-2.&OE-02-2.53E-02-2.41E-02-2.24E-02-2.03E-02 
0.00 4.87E-Ol 5.38E-01 Q.11E-02-3.11E-02-~.37E-02-1.Q3E-02-1 .7QE-02-1 .78E-02-1.77E-02-1.&8E-02-1.53E-02 
0.00 4.&3E~01 3.00E-01-4.&8E-02-2.&QE-02-1.&OE-02-1.1QE-02-1 .07E-02-1 .08E-02-1.10E-02-1.0&E-02-Q.&2E-03 
0.00 3.23E-01 2.27E-02-1 .QOE-02-1.28E-02-7.47E-03-5.35E-03-4.73E-03-4.7&E-03-4.88E-03-4.75E-03-4.32E-03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o 
1 0.00000 

I = 
X = o J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00' 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 lQ 2021 22 23 

1.2&28Q 1.4&130 1.&8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 -1 .48E-03-1 .20E-03-8.1C3E-04-5.04E-04-3.03E-04-1 .C32E-04-1 .1~E-04-7<57E-05-1 .18E-05 5.75E-0& 0.00 
lC3 0.4&125 -4.50E-03-3.3&E-03-2.20E-03-1 .30E-03-7.32E-04-4.00E-04-1.77E-04-4.05E-05 8.~3E-05 1.2&E-05 0.00 
18 0.43750 -7.71E-03-5.5C3E-03-3.&2E-03-2.1&E-03-1.21E-03-&.53E-04-2.72E-04-3.88E-05 1.45E-04 1.72E-05 0.00 
17 0.41&87 -1 .04E-02-7.51E-03-4.87E-03-2.C32E-03-1.&&E-03-C3.05E-04-3.8&E-04-&.Q1E-05 1 .70E-04 2.03E-05 0.00 
1& 0.3C35&2 -1 .30E-02-C3.38E-03-&.12E-03-3.71E-03-2.15E-03-1.1qE-03-5.2qE-04-·1.28E-04 1.&qE-04 2.27E-05 0.00 
15 0.37500 -1 .53E-02-1 .10E-02-7.27E-03-4.4&E-03-2.&1E-03-1 .47E-03-&.83E-04··2.05E-04 1 .50E-04 2.43E-05 0.00 
14 0.355&2 -1 .71E-02-1 .24E-02-8.25E-03-5.11E-03-3.04E-03-1.74E-03-8.34E-04-2.88E-04 1.1qE-04 2.52E-05 0.00 
13 0.33&87 -1 .85E-02-1 .3&E-02-q.llE-03-5.70E-03-3.42E-03-1.qqE-03-q.7qE-04-3.72E-04 8.30E-05 2.5&E-05 0.00 
12 0.31250 -2.00E-02-1 .4qE-02-1 .01E-02-&.38E-03-3.88E-03-2.2qE-03-1 .1&E-03-4.81E-04 3.01E-05 2.55E-05 0.00 
11 0.28&25 -2.0qE-02-1.57E-02-1.08E-02-&.qlE-03-4.2&E-03-2.54E-03-1.32E-03-5.85E-04-2.72E-05 2.45£-05 0.00 
10 0.2&&25 -2.13E-02-1.&lE-02-1 .11E-02-7.1qE-03-4.4&E-03-2.&qE-03-1.42E-03-&.52E-04-&.77E-05 2.33E-05 0.00 
q 0.25000 -2.13E-02-1.&2E-02-1.13E-02-7.32E-03-4.S7E-03-2.77E-03-1.48E-03-&.q&E-04-q.73E-05 2.20E-05 0.00 
8 0.22875 -2.11E-02-1 .&2E-02-1.14E-02-7.42E-03-4.&&E-03-2.85E-03-1.54E-03-7.43E-04-1 .32E-04 2.03E-05 0.00 
7 0.lq500 -2.00E-02-1.5&E-02-1.10E-02-7.2&E-03-4.&1E-03-2.84E-03-1.55E-03-7.7&E-04-1 .72E-04 1.73E-05 0.00 
& 0.15250 -1.73E-02-1 .3&E-02-q.7qE-03-&.4qE-03-4.15E-03-2.58E-03-1.43E-03-7.34E-04-1.88E-04 1.32E-05 0.00 
5 0.10750 -1.31E-02-1 .04E-02-7.&1E-03-5.05E-03-3.25E-03-2.03E-03-1.14E-03-5.q4E-04-1 .&5E-04 8.q4E-0& 0.00 
4 0.0&500 -8.2qE-03-&.~1E-03-4.8&E-03-3.24E-03-2.0qE-03-1.31E-03-7.38E-04-3.8qE-04-1 .13E-04 5.15E-0& 0.00 
3 0.02875 -3.73E-03-2.Q8E-03-2.20E-03-1.47E-03-Q.47E-04-5.q4E-04-3.3&E-04-1 .78E-04-5.25E-05 2.20E-0& 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.b4735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50500 
20 0.4C3500 
1Q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 
0.00 0.00 4.83E-Ol 4.83E-Ol 4.82E-Ol 
0.00 0.00 5.01E-Ol 4.Q7E-Ol 4.Q7E-Ol 
0.00 0.00 5.18E-Ol 5.05E-Ol 5.01E-01 
0.00 5.85E-Ol 5.43E-Ol 5.18E-Ol 5.0QE-Ol 
0.00 &.O&E-Ol 5.52E-Ol 5.1QE-Ol 5.12E-Ol 

0.00 
4.81E-Ol 
4.QQE-Ol 
5.03E-Ol 
5.0QE-Ol 
5.15E-Ol 

0.00 0.00 0.00 0.00 
4.7QE-Ol 4.7QE-Ol 4.88E-Ol 5.18E-Ol 
5.01E-Ol 5.0&E-Ol 5.23E-Ol 5.55E-Ol 
5.07E-Ol 5.1QE-01 5.45E-Ol 5.77E-01 
5.15E-01 5.35E-Ol 5.&4E-01 5.88E-01 
5.2QE-Ol 5.57E-Ol 5.83E-01 5.QQE-01 



x o. 12 0 2 4 0 8 1 O. 12 
X 0.14 0 2 4 0 8 1 O. 14 
X O. 1& 0.10 
X 0.18 0 2 4 0 8 1 0.18 
X 0.20 + + 0.20 
X 0.22 0 2 4 0 8 0.22 
X 0.24 0.24 
X 0.2& 0 2 '4 0 8 0.20 
X 0.28 0.28 
X 0.30 + 0 2 4 0 8 + 0.30 
X 0.32 · 0.32 
X 0.34 0 2 4 0 8 0.34 
X 0.3& 0.30 
X 0.38 · 0.38 
X 0.40 0 2 4 8 + 0.40 
X 0.42 0.42 
X 0.44 · 0.44 
X 0.4& 0 2 4 8 0.40 
X 0.48 0.48 
X 0.50 + + 0.50 
X 0.52 0 2 4 8 0.52 
X 0.54 0.54 
X 0.5& · 0.50 
X 0.58 0 2 4 8 1 0.58 
X 0.&0 + + 0.00 
X 0.02 0.02 
X 0.04 · 0.04 
X 0.00 0 2 4 8 0.00 
X 0.08 0.08 
:< 0.70 + + 0.70 
X 0.72 · 0.72 
X 0.74 0 2 4 8 0.74 
X 0.70 0.70 
X 0.78 0.78 
X 0.80 + + 0.80 
X 0.82 · 0.82 
X 0.84 0 2 4 8 0.84 
X 0.80 0.80 
X 0.88 0.88 
X 0.C30 + + 0.C30 
X 0.C32 0 2 4 8 0.C32 
X 0.C34 0.C34 
X 0.C30 0.'30 
X 0.C38 · . 0.'38 
X 1.00 0 ......... + .•••••.•• + ••.. 2 .... + ••• 4 ..... 0 .... 8 .... 1 ......... + ..•...... + ......... + .•...•... + ......... + 1 .00 

0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.7 0.8 0.'3 1 .0 

DIMENSIONLESS STREAMLINE PLOT 
lX-AXIS IS XI 

Y-AXES ARE 00 02 04 00 08 10 
SYMBOL 0 2 4 0 8 1 
MAXIMUM VALUES O.333E 02 0.381E 02 0.415E 02 0.444E 02 0.472E 02 0.500E 02 



COMPUTED INLET SWIRL NUMBER = 1 . 1566 

COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- u VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o 1= 1 2 3 4 5 6 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01617 0.0253q 0.03561 0.04bQ7 0.05Q57 0.07356 0.08QOQ 0.10632 0.12545 
o J Y 

21 0.06312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 0.00 0.00 0.00 0.00 0.00 ~.12E 00 1.37E 01 1.47E 01 1 .40E 01 1 .31E 01 1.22E 01 1 .15E 01 
lq 0.05q37 0.00 0.00 0.00 0.00 0.00 1 .10E 01 1.53E 01 1.60E 01 1.53E 01 1.42E 01 1.31E 01 1.21E 01 
180.055q4 0.00 0.00 0.00 0.00 0.00 1.40E 01 1.6qF. 01 1 .70E 01 1.5qE 01 1 .46E 01 1.32E 01 1.20E 01 
17 0.05344 0.00 0.00 0.00 0.00 1.8qE 01 1.67E 01 1 .76E 01 1 .71E 01 1.57E 01 1.41E 01 1.27E 01 1 .16E 01 
16 0.05078 0.00 0.00 0.00 0.00 1.63E 01 1.62E 01 1.65E 01 1 .58E O~ 1.44E 01 1.30E 01 1 .1qE 01 1 .11E 01 
15 0.04812 0.00 0.00 0.00 0.00 1 .61E 01 1.58E 01 1.50E 01 1 .37E 01 1.24E 01 1 .15E 01 1.0qE 01 1.03E 01 
140.045b2 0.00 0.00 0.00 2.22E 01 1 .73E 01 1.50E 01 1.2qE 01 1 .12E 01 1.03E 01 q.q8E 00 q.7qE 00 Q.56E 00 
13 0.04328 0.00 0.00 0.00 1.73E 01 1.58E 01 1 .31E 01 1.03E 01 8.66E 00 8.3qE 00 8.5qE 00 8.75E 00 8.76E 00 
120.040Q4 0.00 0.00 0.00 1.57E 01 1.4qE 01 1.12E 01 7.61E 00 6.2qE 00 6.61E 00 7.24E 00 7.6qE 00 7.q2E 00 
110.0371Q 0.00 0.00 1.80E 01 1.62E 01 1.37E 01 8.20E 00 3.35E 00 3.01E 00 4.12E 00 5.21E 00 5.qqE 00 6.50E 00 
10 0.03437 0.00 0.00 1.66E 01 1.65E 01 1.20E 01 3.q5E 00 4.87E-Ol 1.07E 00 2.d8E 00 3.77E 00 4.72E 00 5.41E 00 
Q 0.0321q 0.00 0.00 1 .88E 01 1.68E 01 1.03E 01 1 .33E 00-1 .18E 00-2.16E-Ol 1 .32E 00 2.68E 00 3.74E 00 4.55E 00 
8 0.03031 0.00 3.00E 01 2.21E 01 1.67E 01 8.38E 00-b.llE-01-2.32E 00-1 .1qE 00 3.76E-Ol 1.78E 00 2.qlE 00 3.83E 00 
70.02b87 0.00 3.00E 01 2.34E 01 1.56E 01 5.15E 00-3.61E 00-3.q3E 00-2.72E 00-1.21E 00 2.11E-Ol 1.44E 00 2.51E 00 
6 0.02187 0.00 3.00E 01 2.36E 01 1.28E 01-1 .q3E 00-b.12E 00-5.b7E 00-4.58E 00-3.24E 00-1.87E 00-5.54E-Ol 7.07E-Ol 
50.01b25 0.00 3.00E 01 2.14E 01 5.24E 00-q.80E 00-8.2qE 00-7.2qE 00-6.2qE 00-5.14E 00-3.85E 00-2.47E 00-1.05E 00 
40.010b2 0.00 3.00E 01 1.54E 01-q.88E 00-1.10E 01-Q.75E 00-8.57E 00-7.58E 00-6.54E 00-5.33E 00-3.Q1E 00-2.38E 00 
30.005b2 0.00 3.00E 01-1.0QE 00-1.3QE 01-1 .20E 01-1 .0bE 01-Q.32E 00-8.30E 00-7.31E 00-6.14E 00-4.72E 00-3.12E 00 
2 0.00156 0.00 3.00E 01-1 .71E 01-1 .54E 01·1 .24E 01-1 .OQE 01-Q.5QE 00-8.56E 00-7.5QE 00-6.43E 00-5.02E 00-3.3QE 00 
1-0.00156 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 16 11 18 1Q 20 21 22 23 
X = 0.1466Q 0.17026 0.lQ643 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.4167Q 0.45858 0.50037 

o J Y 
21 0.Ob312 
20 0.Ob187 
lQ 0.05Q37 
18 0.055Q4 
17 0.05344 
16 0.05078 
15 0.04812 
14 0.045b2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 

Q 0.03219 
8 0.03031 
7 0.02b87 
6 0.02187 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.07E 01 1.01E 01 Q.56E 00 Q.22E 00 Q.03E 00 8.Q2E 00 8.84E 00 8.80E 00 8.78E 00 8.7QE 00 8.80E 00 
1 .11E 01 1.04E 01 Q.87E 00 Q.54E 00 Q.35E 00 Q.25E 00 Q.22E 00 Q.23E 00 Q.28E 00 Q.33E 00 Q.33E 00 
1 .11E 01 1.03E 01 Q.a3E 00 Q.4QE 00 Q.28E 00 Q.15E 00 Q.OQE 00 Q.08E 00 Q.OQE 00 Q.12E 00 Q.13E 00 
1.08E 01 1.02E 01 Q.b8E 00 Q.35E 00 Q.13E 00 8.QQE 00 8.Q1E 00 8.87E 00 8.86E 00 8.88E 00 8.88E 00 
1.04E 01 Q.85E 00 Q.43E 00 Q.12E 00 8.Q1E 00 8.77E 00 8.b7E 00 8.blE 00 8.5QE 00 8.58E 00 8.58E 00 
Q.87E 00 q.45E 00 q.l1E 00 8.84E 00 8.64E 00 8.50E 00 8.40E 00 8.34E 00 8.30E 00 8.28E 00 8.28E 00 
Q.28E 00 Q.OOE 00 8.74E 00 8.52E 00 8.35E 00 8.22E 00 8.12E 00 8.06E 00 8.01E 00 7.QQE 00 7.QQE 00 
8.b7E 00 8.52E 00 8.35E 00 8.1QE 00 8.05E 00 7.Q4E 00 7.85E 00 7.7QE 00 7.74E 00 7.71E 00 7.71E 00 
8.00E 00 7.Q8E 00 7.Q2E 00 7.82E 00 7.72E 00 7.64E 00 7.57E 00 7.51E 00 7.47E 00 7.44E 00 7.44E 00 
6.84E 00 7.04E 00 7.14E 00 7.17E 00 7.16E 00 7.13E 00 7.0QE 00 7.05E 00 7.02E 00 6.QQE 00 6.QQE 00 
5.Q3E 00 6.30E 00 6.53E 00 6.65E 00 b.71E 00 b.73E 00 6.73E 00 b.71E 00 6.6QE 00 6.66E 00 6.66E 00 
5.21E 00 5.70E 00 6.04E 00 6.24E 00 6.3bE 00 6.42E 00 b.45E 00 6.45E 00 6.44E 00 6.42E 00 b.42E 00 
4.5QE 00 5.1QE 00 5.61E 00 5.8QE 00 6.06E 00 6.16E 00 6.22E 00 6.23E 00 b.23E 00 6.21E 00 6.21E 00 
3.46E 00 4.25E 00 4.84E 00 5.25E 00 5.52E 00 5.6QE 00 5.80E 00 5.85E 00 5.86E 00 5.85E 00 5.85E 00 
1.8QE 00 2.Q3E 00 3.75E 00 4.34E 00 4.76E 00 5.04E 00 5.23E 00 5.33E 00 5.37E 00 5.38E 00 5.37E 00 



o I = i 3 14 15 1 & 17 18 1 C3 20 21 22 23 
X = 0.14&&q 0.1702& 0.lq&43 0.22547 0.25771 0.2q34q 0.33321 0.37500 0.41&7q 0.45858 0.50037 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 q.73E-Ol q.75E-Ol q.7&E-Ol ~.77E-01 q.77E-01 q.77E-01 q.77E-01 q.77E-Ol q.77E-Ol q.77E-Ol q.77E-Ol 
lq 0.05Q37 8.&OE-Ol 8.&QE'-01 8.75E-Ol 8.80E-Ol 8.82E-Ol 8.83E-Ol 8.84E-Ol 8.84E-Ol 8.84E-Ol 8.84E-Ol 8.84E-Ol 
180.055Q4 7.10E-Ol 7.2QE-Ol 7.42E-Ol 7.51E-Ol 7.5&E-Ol 7.5qE-Ol 7.&OE-01 7.&OE-Ol 7.&OE-Ol 7.5qE-Ol 7.5qE-Ol 
17 0.05344 &.08E-Ol &.33E-Ol &.51E-Ol &.&3E-01 &.70E-Ol &.74E-Ol &.7&E-Ol &.7&E-Ol &.7&E-Ol &.75E-Ol &.75E-Ol 
1& 0.05078 5.07E-Ol 5.38E-Ol 5.&lE-Ol 5.7&E-Ol 5.85E-Ol 5.qOE-Ol 5.q3E-Ol 5.q4E-Ol 5.q3E-Ol 5.q2E-Ol 5.q2E-Ol 
15 0.04812 4.17E-Ol 4.52E-Ol 4.78E-01 4.q5E-Ol 5.0&E-Ol 5.13E-Ol 5.1&E-Ol 5.18E-Ol 5.18E-Ol 5.1&E-Ol 5.1&E-Ol 
14 0.045&2 3.40E-Ol 3.78E-Ol 4.0&E-Ol 4.2&E-Ol 4.38E-Ol 4.4&E-Ol 4.50E-Ol 4.52E-0~ 4.52E-Ol 4.51E-Ol 4.51E-Ol 
13 0.04328 2.7&E-Ol 3.1&E-Ol 3.45E-Ol 3.&&E-Ol 1 80E-Ol 3.88E-Ol 3.q3E-Ol 3.q&E-Ol 3.q&E-Ol 3.q5E-Ol 3.q5E-Ol 
120.040Q4 2.20E-Ol 2.&OE-Ol 2.qlE-Ol 3.12E-Ol ~,?&E-Ol 3.3&E-Ol 3.41E-Ol 3.44E-Ol 3.45E-Ol 3.44E-Ol 3.44E-Ol 
110.0371q 1.45E-01 1.85E-Ol 2.15E-01 2.37E-01 2.~2E-Ol 2.&2E-Ol 2.&8E-Ol 2.71E-Ol 2.72E-Ol 2.72E-Ol 2.72E-Ol 
10 0.03437 1.01E-Ol 1.3QE-Ol 1.&8E-Ol 1.8qE-Ol 2.04E-Ol 2.14E-Ol 2.20E-Ol 2.24E-Ol 2.25E-Ol 2.25E-Ol 2.25E-Ol 
Q 0.0321q 7.3&E-02 1.0QE-Ol 1.37E-Ol 1.57E-01 1.72E-Ol '.81E-Ol 1.88E-Ol 1.q1E-Ol 1.Q3E-Ol 1.Q3E-Ol 1.Q3E-Ol 
8 0.03031 5.40E-02 8.70E-02 1.13E-Ol 1.33E-Ol 1.47E-Ol 1.5&E-01 1.&2E-01 1.&&E-01 1.&7E-01 1.&7E-Ol 1.&7E-01 
7 0.02&87 2.b8E-02 5.51E-02 7.82E-02 Q.55E-02 1.08E-01 1.1&E-Ol 1.22F.-01 1.25E-01 1.27E-01 1.27E-01 1.27E-Ol 
& 0.02187 3.85E-03 2.47E-02 4.20E-02 5.52E-02 &.47E-02 7.13E-02 7.58E-02 7.84E-02 7.Q7E-02 8.00E-02 7.QQE-02 
5 0.01&25 -5.1QE-03 7.41E-03 1.80E-02 2.&2E-02 3.22E-02 3.&4E-02 3.Q3E-02 4.0QE-02 4.18E-02 4.20E-02 4.20E-02 
4 0.010&2 -4.&lE-03 1 .12E-03 5.QQE-03 Q.81E-03 1.2&E-02 1.4&E-02 1.5QE-02 1.&7E-02 1.72E-02 1.73E-02 1.73E-02 
3 0.005&2 -1.&8E-03-1 .QQE-05 1 .40E-03 2.52E-03 3.35E-03 3.Q3E-03 4.33E-03 4.57E-03 4.70E-03 4.74E-03 4.73E-03 
2 0.0015& -1.44E-04-1 .40E-05 Q.74E-05 1.8&E-04 2.51E-04 2.Q7E-04 3.2QE-04 3.48E-04 3.58E-04 3.&lE-04 3.&lE-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STR£AMLINES -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*--* 
o I = 1 2 3 4 5 & 7 '8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q ~.035&1 0.04&Q7 0.05Q57 0.0735& 0.08QOQ 0.10&32 0.12545 
o J Y 

11 1.00000 0.00 3.12E-02 3.Q1E-02 4.&QE-02 5.47E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.QOOOO 0.00 2.Q&E-02 3.&7E-02 4.53E-02 5.32E-02 5.Q8E-02 &.08E-02 &.OQE-02 &.08E-02 &.07E-02 &.05E-02 &.04E-02 
Q 0.80000 0.00 2.7QE-02 3.43E-02 4.3&E-02 5.1&E-02 5.77E-02 5.Q1E-02 5.Q3E-02 5.Q1E-02 5.8QE-02 5.8&E-02 5.83E-02 
8 0.70000 0.00 2.&1E-02 3.1QE-02 4.1&E-02 4.Q8E-02 5.57E-02 5.75E-02 5.78E-02 5.75E-02 5.71E-02 5.&7E-02 5.&2E-02 
7 0.&0000 0.00 2.41E-02 2.Q&E-02 3.Q3E-02 4.80E-02 5.40E-02 5.&OE-02 5.&2E-02 5.5QE-02 5.53E-02 5.47E-02 5.40E-02 
& 0.50000 0.00 2.21E-02 2.73E-02 3.70E-02 4.&1E-02 5.22E-02 5.44E-02 5.4bE-02 5.42E-02 5.35E-02 5.25E-02 5.1&E-02 
5 0.40000 0.00 1.Q&E-02 2.48E-02 3.45E-02 4.42E-02 5.05E-02 5.28E-02 5.30E-02 5.24E-02 5.14E-02 5.02E-02 4.8QE-02 
4 0.30000 0.00 1.70E-02 2.23E-02 3.18E-02 4.~OE-02 4.87E-02 5.12E-02 5.13E-02 5.05E-02 4.Q1E-02 4.75E-02 4.58E-02 
3 0.20000 0.00 1.37E-02 1 .QOE-02 2.88E-02 3.Q&E-02 4.&7E-02 4.Q4E-02 4.Q4E-02 4.83E-02 4.&4E-02 4.43E-02 4.21E-02 
2 0.10000 0.00 Q.&QE-03 1 .52E-02 2.53E-02 3.&QE-02 4.45E-02 4.74E-02 4.72E-02 4.5&E-02 4.2QE-02 4.00E-02 3.72E-02 
1 0.00000 0.00 0.00 &.74E-03 2.03E-02 3.3&E-02 4.1QE-02 4.50E-02 4.45E-02 4.17E-02 3.77E-02 3.32E-02 2.77E-02 

o I = 13 14 15 1& 17 18 1Q 20 21 22 23 
X = 0.14&&Q 0.1702& 0.lQ&43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
11 1.00000 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.QOOOO &.03E-02 &.01E-02 &.00E-02 5.QQE-02 5.QQE-02 5.Q8E-02 5.Q8E-02 5.Q8E-02 5.Q8E-02 5.Q8E-02 5.Q8E-02 
Q 0.80000 5.80E-02 5.77E-02 5.74E-02 5.73E-02 5.71E-02 5.71E-02 5.71E-02 5.70E-02 5.71E-02 5.71E-02 5.71E-02 
8 0.70000 5.57E-02 5.52E-02 5.48E-02 5.45E-02 5.43E-02 5.42E-02 5.42f.-02 5.41E-02 5.42E-02 5.42E-02 5.42E-02 
7 0.&0000 5.32E-02 5.25E-02 5.1QE-02 5.15E-02 5.13E-02 5.11E-02 5.10E-02 5.10E-02 5.10E-02 5.10E-02 5.10E-02 
& 0.50000 5.0&E-02 4.Q&E-02 4.88E-02 4.83E-02 4.7QE-02 4.77E-02 4.75E-02 4.75E-02 4.75E-02 4.75E-02 4.75E-02 
5 0.40000 4.7&E-02 4.&4£-02 4.54E-02 4.4&E-02 4.41E-02 4.38E-02 4.3&E-02 4.35E-02 4.34E-02 4.35E-02 4.35E-02 
4 0.30000 4.42E-02 4.2&E-02 4.13E-02 4.03E-02 3.Q&E-02 3.Q1E-02 3.88E-02 3.87E-02 3.8&E-02 3.8&E-02 3.8&E-02 
3 0.20000 3.QQE-02 3.80E-02 3.&3E-02 3.50E-02 3.41E-02 3.34E-02 3.30E-02 3.28E-02 3.27E-02 3.27E-02 3.27E-02 
2010000 3.43E-02 3.14E-02 2.QOE-02 2.73E-02 2.&OE-02 2.51E-02 2.45E-02 2.42E-02 2.40E-02 2.40E-02 2.40E-02 
10.00000 1.Q5E-025.71E-03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 



21 0.50500 
20 0.4q500 
1q 0.47500 
18 0.44750 
17 0.42750 
1b 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

01= 
X = 

o J Y 
21 0.50500 
20 0.4q500 
1q 0.47500 
18 0.44750 
17 0.42750 
1b 0.40b25 
15 0.38500 
14 0.3b500 
13 0.34b25 
12 0.32750 
11 0.2q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
b 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.q1E 01 1.7qE 01 1.b2E 01 1.50E 01 1.41E 01 1.40E 01 1.52E 01 1 .b7E 01 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 3.2qE 02 3.40E 02 2.qOE 02 2.45E 02 2.17E 02 2.3qE 02 3.SbE 02 4.b2E 02 
1.00E GO 1.00E 00 1.00E 00 1.00E 00 3.Q2E 02 3.27E 02 2.Q2E 02 2.72E 02 2.83E 02 4.23E 02 7.08E 02 Q.28E 02 
1.00E 00 1.00E 00 1.00E 00 b.OOE 01 1.Q2E 02 2.13E 02 2.3bE 02 2.b2E 02 3.S0E 02 b.O&E 02 Q.40E 02 1 .18E 03 
1.00E 00 1.00E 001 .OOE 00 3.77E 02 2.71E 02 2.42E 02 2.47E 02 3.0SE 02 S.03E 02 8.33E 02 1.17E 03 1 .40E 03 
1.00E 00 1.00E 00 1.00E 00 3.S4E 02 2.2SE 02 2.20E 02 2.&8E 02 4.2SE 02 7.22E 02 1.0&E 03 1.37E 03 1 .SQE 03 
'.OOE 00 1.00E 00 &.Q2E 01 1.44E 02 1 .72E 02 2.24E 02 3.S2E 02 b.14E 02 Q.43E 02 1.2&E 03 1.S4E 03 1 .7SE 03 
1.00E 00 1.00E 00 3.SQE 02 1.81E 02 1.88E 02 2.QOE 02 S.02E 02 8.17E 02 1 .14E 03 1.43E 03 1.&QE 03 1 .88E 03 
1.00E 00 1.00E 00 3.03E 02 1.2QE 02 1.Q4E 02 3.7SE 02 &.81E 02 1.01E 03 1 .31E 03 1.S8E 03 1.82E 03 2.00E 03 
1.00E 00 1.1QE 02 Q.17E 01 8.73E 01 2.28E 02 S.7QE 02 Q.QOE 02 1.2QE 03 1.SSE 03 1.80E 03 2.01E 03 2.17E 03 
1.00E 00 4.0SE 02 8.32E 01 8.&4E 01 3.1&E 02 7.QOE 02 1.18E 03 1.4SE 03 1.&QE 03 1.Q3E 03 2.14E 03 2.28E 03 
1.00E 00 3.74E 02 3.42E 01 8.78E 01 4.23E 02 Q.44E 02 1.30E 03 1.S5E 03 1.7QE 03 2.02E 03 2.22E 03 2.3SE 03 
1.00E 00 7.02E 00 Q.&2E 00 1.03E 02 5.30E 02 1.07E 03 1.3QE 03 1.&3E 03 1.87E 03 2.09E 03 2.28E 03 2.41E 03 
1.00E 00 7.02E 00 1.29E 01 1.S4E 02 7.44E 02 1.27E 03 1.54E 03 1.77E 03 1.99E 03 2.21E 03 2.39E 03 2.S1E 03 
1.00E 00 7.09E 00 2.3&E 01 2.8&E 02 1 .1SE 03 1.53E 03 1.74E 03 1.94E 03 2.15E 03 2.3&E 03 2.52E 03 2.&2E 03 
1.00E 00 7.38E 00 &.22E 01 &.27E 02 1.41E 03 1.7&E 03 1.93E 03 2.11E 03 2.31E 03 2.49E 03 2.&4E 03 2.72E 03 
1.00E 00 8.b4E 00 2.1SE 02 8.31E 02 1.&7E 03 1.94E 03 2.09[ 03 2.25E 03 2.43E 03 2.&OE 03 2.73E 03 2.80E 03 
1.00E 00 1.52E 01 1.27E 03 1.20E 03 1.8&E 03 2.07E 03 2.21E 03 2.3&E 03 2.53E 03 2.&9E 03 2.81E 03 2.87E 03 
1.00E 00 4.80E 01 1.53E 03 1.52E 03 2.01E 03 2.17E 03 2.30E 03 2.4&E OJ 2.&3E 03 2.78E 03 2.90E 03 2.95E 03 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 

13 14 15 1& 17 18 19 20 21 22 '-3 
1.2b289 1.4&130 1.&8153 1.92598 2.19733 2.49852 2.83285 3.1&718 3.50150 3.83583 4.17015 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 
1.73E 01 1 .72E 01 1.&7E 01 1.&OE 01 1.53E 01 1.47E 01 1.42E 01 1 .38E 01 1 .~5E 01 1 .34E 01 1.00E 00 
4.88E 02 4.57E 02 3.9&E 02 3.27E 02 2.&OE 02 2.02E 02 1.57E 02 1.2&E 02 1.04E 02 1 .12E 02 1 .OOE 00 
9.91E 02 9.43E 02 8.37E 02 7.10E 02 5.85E 02 4.71E 02 3.7QE 02 3.10E 02 2.58E 02 2.84E 02 1.00E 00 
1.2bE 03 1 .21E 03 1.09E 03 9.45E 02 7.95E 02 &.5&E 02 5.42E 02 4.54E 02 3.8&E 02 4.27E 02 1 .OOE 00 
1.4QE 03 1 .44E 03 1.32E 03 1 .1&E 03 9.89E 02 8.32E 02 7.02E 02 &.OOE 02 5.21E 02 5.73E 02 1 .OOE 00 
1.b8E 03 1.&3E 03 1.50E 03 1 .33E 03 1.1&E 03 9.87E 02 8.4~E 02 7.32E 02 &.45E 02 7.0&E 02 1.00E 00 
1.83E 03 1 .78E 03 1.&5E 03 1.48E 03 1.29E 03 1 .11E 03 9.&2E 02 8.43E 02 7.50E 02 8.1&E 02 1.00E 00 
1.95E 03 1.90E 03 1.77E 03 1.59E 03 1.40E 03 1.22E 03 1.0&E 03 9.3&E 02 8.38E 02 9.07E 02 1.00E 00 
2.0&E 03 2.01E 03 1.87E 03 1.&9E 03 1.49E 03 1.31E 03 1.15E 03 1.02E 03 9.17E 02 9.87E 02 1.00E 00 
2.22E 03 2.1&E 03 2.01E 03 1.82E 03 1.&2E 03 1.43E 03 1.2bE 03 1 .13E 03 1 .02E 03 1.09E 03 1.00E 00 
2.32E 03 2.25E 03 2.10E 03 1.91E 03 1 .10E 03 1.51E 03 1.34E 03 1.20E 03 1 .09E 03 1 .1bE 03 1.00E 00 
2.38E 03 2.31E 03 2.1&E 03 1.97E 03 1 .7bE 03 1.5&E 03 1.39E 03 1.25E 03 1 .14E 03 1.21E 03 1.00E 00 
2.44E 03 2.3&E 03 2.21E 03 2.01E 03 1.80E 03 1.&OE 03 1.43E 03 1 .29E O~ 1 .17E 03 1 .24E 03 1.00E 00 
2.S3E 03 2.44E 03 2.28E 03 2.08E 03 1.87E 03 1.&&E 03 1.49E 03 1 .34E 03 1.23E 03 1.29E 03 1.00E 00 
2.&3E 03 2.54E 03 2.37E 03 2.1bE 03 1.94E 03 1 .74E 03 1.5&E 03 1 .41E 03 1.29E 03 1 .34E 03 1.00E 00 
2.72E 03 2.&3E 03 2.45E 03 2.23E 03 2.01E 03 1.80E 03 1.&2E 03 1.47E 03 1 .35E 03 1 .38E 03 1.00E 00 
2.79E 03 2.&9E 03 2.52E 03 2.29E 03 2.0bE 03 1.85E 03 1.bbE 03 1 .51E 03 1 .38E 03 1 .41E 03 1.00E 00 
2.85E 03 2.75E 03 2.57E 03 2.33E 03 2.09E 03 1.88E 03 1.b8E 03 1.53E 03 1.40E 03 1 .43E 03 1 .UOE 00 
2.92E 03 2.80E 03 2.&lE 03 2.3bE 03 2.12E 03 1.90E 03 1.70E 03 1.54E 03 1 .41E 03 1 .45E 03 1.00E 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 

XID S.S.COEFF. 

2 3.148E-02 9.794E-03 

3 9.443E-02 b.821E-03 



103 0.1242E 00 0.747bE-Ol 0.3~bOE-Ol 0.345~E-01 0.120~E-01 0.b847E 08 0.5b77E 01-0.78b3E-02 0.1407E 02 0.1517E 04 0.1752E 04 
104 0.1223E 00 0.7237E-Ol 0.3820E-Ol 0.3327E-Ol 0.1182E-01 0.b~17E 08 0.5bb3E 01-0.7510E-02 0.1410E 02 0.1518E 04 0.17bOE 04 
105 0.1203E 00 0.7001E-Ol 0.3b82E-Ol 0.31~bE-01 0.115~E-01 0.7045E 08 0.5b50E 01-0.7142E-02 0.1412E 02 0.151~E 04 0.17b~E 04 
10b 0.1184E 00 0.b7b4E-01 0.3552E-Ol 0.30b8E-01 0.113~E-01 0.7107E 08 0.5b3bE 01-0.b7b1E-02 0.1415E 02 0.151~E 04 0.1778E 04 
107 0.11b4E 00 0.b520E-01 0.342bE-0~ 0.2~47E-01 0.1118E-01 0.7251E 08 0.5b23E 01-0.b3b~E-02 0.1417E 02 0.1520E 04 0.178bE 04 
108 0.114bE 00 0.b272E-Ol 0.3304E-01 0.2823E-01 0.10~5E-01 0.7442E 08 0.5b11E 01-0.5~b7E-02 0.1419E 02 0.1521E 04 0.17~4E 04 
109 0.1128E 00 0.b023E-01 0.3187E-01 0.2704[-0' 0.1070E-01 0.7b41E 08 0.5599E 01-0.5559E-02 0.1422E 02 0.1522E 04 0.1802E 04 
110 0.1111E 00 0.5772E-01 0.3072E-01 0.25~OE-01 0.1045E-01 0.7795E 08 0.5588E 01-U.5144E-02 0.1424E 02 0.1523E 04 0.180~E 04 
111 0.10~4E 00 0.5525E-Ol 0.2~blE-01 0.2480E-01 0.1020E-01 0.7940E 08 0.5577E 01-0.4727E-02 0.142bE 02 0.1524E 04 0.1817E 04 
112 0.107bE 00 0.5277E-Ol 0.2857E-Ol 0.2370E-01 0.99b4E-02 0.8095E 08 0.55b7E 01-0.4307E-02 0.1428E 02 0.1525E 04 0.1824E 04 
113 0.1058E 00 0.5033E-01 0.2758E-Ol 0.22b8E-Ol 0.974bE-02 0.8239E 08 0.5557E 01-·0.3887E-02 0.1430E 02 0.152&E 04 0.1831E 04 
114 0.1042E 00 0.4804E-01 0.2b70E-01 0.21b7E-Ol 0.9399E-02 0.7779E 08 0.5548E 01-0.3490E-02 0.1432£ 02 0.1527E 04 0.1838E 04 
115 0.102bE 00 0.4bOOE-Ol 0.2588E-Ol 0.2059E-01 0.9072E-02 0.7789E 08 0.5539E 01-0.3103E-02 0.1434E 02 0.1528E 04 0.1844E 04 
l1b 0.1011E 00 0.4407E-Ol 0.2509E-01 0.19b5E-01 0.8770E-02 0.7912E 08 0.5531E 01-0.2719E-02 0.143&E 02 0.1528E 04 0.1850E 04 
117 0.~~b3E-01 0.4215E-01 0.2432E-01 0.1877E-01 0.8490E-02 0.809&E 08 0.5523E 01-0.233&E-02 0.1438E 02 0.1529E 04 0.185&E 04 
118 0.~823E-01 0.4030E-01 0.2359E-01 0.181&E-01 0.8238E-02 0.8702E 08 0.5514E 01-0.2153E-02 0.1440E 02 0.1530E 04 0.18b2E 04 
119 0.~544E-01 0.4457E-01 0.2290E-01 0.1737E-01 0.8013E-02 0.9202E 08 C.5507E 01-0.1777E-02 0.1442E 02 0.1531E 04 0.18&7E 04 
120 0.~3~2E-01 0.41&bE-01 0.2229E-01 0.1&48E-01 0.7807E-02 0.9&54E OR 0.5499E 01-0.13&5E-02 0.1444E 02 0.1532E 04 0.1871E 04 
121 0.~201E-01 0.3~80E-01 0.2170E-01 0.1579E-01 0.7b18E-02 0.98&9E 08 0.5493E 01-0.917&E-03 0.1445E 02 0.1533E 04 0.187&E 04 
122 0.~045E-01 0.3721E-01 0.211&E-01 0.1512E-01 0.7448E-02 0.9910E 08 0.5487E 01-0.4753E-03 0.~447E 02 0.1534E 04 0.1880E 04 
123 0.8888E-01 0.3488E-01 0.2070E-01 0.144&E-01 0.7301E-02 0.9851E 08 0.5482E 01-0.3&82E-04 0.1449E 02 0.1535E 04 0.1885E 04 
124 0.8742E-01 0.3270E-01 0.202&E-01 0.138&E-01 0.7152E-02 0.9878E 08 0.5478E 01 0.387&E-03 0.1450E 02 0.153&E 04 O.1888E 04 
125 0.8b08E-01 0.3072E-01 0.1~85E-01 0.132&E-01 0.&998E-02 0'9881E 08 0.5475E 01 0.7995E-03 0.1452E 02 0.1537E 04 0,1892E 04 
12& 0.848&E-01 0.2889E-01 0.1945E-01 0.12&8E-01 0.&84&E-02 0.9955E 08 0.5472E 01 0.1195E-02 0.1453E 02 0.1538E 04 0.189&E 04 
127 0.83b3E-01 0.2711E-01 0.1910E-01 0.121&E-01 0.&&93E-02 0.9982E 08 0.5470E 01 0.1574E-02 0.1455E 02 0.1539E 04 0.1899E 04 
128 0.8238E-01 0.2540E-01 0.1877E-01 0.11&&E-Ol 0.&541E-02 0.1002E 09 0.54&8E 01 0.1 Q33E-02 0.145&E 02 0.1539E 04 0.1902E 04 
129 0.8123E-01 0.2375E-01 0.1850E-01 0.1119E-01 0.&393E-02 0.100&E 09 0.54&7E 01 0.2274E-02 0.1457E 02 0.1540E 04 0.1905E 04 
130 0.8015E-01 0.2220E-01 0.182&E-01 0.1072E-01 0.&257E-02 0.1008E 09 0.54&7E 01 0.2594E-02 O.1459E 02 0.1541E 04 0.1908E 04 
131 0.7~11E-01 0.2077E-01 0.180&E-01 0.1031E-01 0.&138E-02 0.1010E 09 0.54&7E 01 0.2895E-02 0.14&OE 02 0.1542E 04 0.1911E 04 
132 0.7811E-01 0.19~bE-01 0.1785E-01 0.1002E-Ol 0.&057E-02 0.1058E 09 0.54&8E 01 0.3&45E-02 0.14&1E 02 0.1543E 04 0.1913E 04 
133 0.7b25E-Ol 0.220:E-01 0.1770E-Ol 0.9&48E-02 0.59&5E-02 0.1104E 09 0.5470E 01 0.4055E-02 0.14&2E 02 0.1544E 04 0.1915E 04 
134 0.7531E-Ol 0.1928E-01 0.1758E-Ol 0.92&1E-02 0.587&E-02 0.1141E 09 0.5472E 01 0.4375E-02 0.14&3E 02 0.1545E 04 0.1917E 04 
135 0.7392E-01 0.1852E-01 0.1745E-Ol 0.8888E-02 0.577&E-02 0.114&E 09 0.5475E 01 0.4&14E-02 0.14&4E 02 0.154&E 04 0.1919E 04 
13& 0.7280E-Ol 0.1713E-01 0.173&E-Ol 0.8593E-02 0.5&75E-02 0.1142E 09 0.547QE 01 0.4824E-02 0.14&5E 02 0.1547E 04 0.1921E 04 
137 0.71&&E-Ol 0.1&30E-Ol 0.1729E-Ol 0.83&4E··02 0.5585E-02 0.1128E 09 0.5483E 01 0.5002E-02 0.14&&E 02 0.1547E 04 0.1922E 04 
138 0.7048E-01 0.1559E-01 0.1723E-Ol 0.8077E-02 0.550&E-02 0.1121E 09 0.5488E 01 0.51&lE-02 0.14&7E 02 0.1548E 04 0.1924E 04 
139 0.&924E-Ol 0.1509E-Ol 0.1718E-Ol 0.7814E-02 0.543&E-02 0.1119E 09 0.5493E 01 0.529&E-02 0.14&7E 02 0.1549E 04 0.1925E 04 
140 0.&797E-Ol 0.1477E-Ol 0.1714E-01 0.7&18E-02 0.53&8E-02 0.1119E 09 0.54Q8E 01 0.5411E-02 0.14&8E 02 0.1550E 04 0.192&E 04 
141 0.&&71E-Ol 0.1470E-Ol 0.1710E-Ol 0.7418E-02 0.5301E-02 0.1120E 09 0.5504E 01 0.5505E-02 0.14&9E 02 0.1551E 04 0.1927E 04 
142 0.&544E-Ol 0.1491E-Ol 0.1707E-Ol 0.72&3E-02 0.5235E-02 0.1117E 09 0.5510E 01 0.5580E-02 0.1470E 02 0.1552E 04 0.1928E 04 
143 0.&414E-01 0.1522(-01 0.1707E-01 0.7077E-02 0.5172E-02 0.1117E 09 0.S517E 01 0.5&3&E-02 0.1471E 02 0.1553E 04 0.1929E 04 
144 0.b284E-01 0.1551E-01 0.1711E-01 0.&957E-02 0.5127E-02 0.1113E 09 0.5524E 01 0.5&73E-02 0.1471E 02 0.1553E 04 0.1930E 04 
145 0.b153E-01 0.1578E-01 0.1717E-Ol 0.&808E-02 0.5087E-02 0.1114E 09 0.5531E 01 0.5&92E-02 0.1472E 02 0.1554E 04 0.1930E 04 
14& 0.&022E-01 0.1&04E-01 0.1724E-Ol 0.&734E-02 0.5045E-02 0.1111E 09 0.5538E 01 0.5&Q4E-02 0.1473E 02 0.1555E 04 0.1931E 04 
147 0.588~E-Ol 0.1&27E-01 0.1732E-01 0.&&07E-02 0.500&E-02 0.1110E 09 0.5545E 01 0.5&80E-02 0.1473E 02 0.155&E 04 0.1931E 04 
148 0.5755E-Ol 0.1&52E-Ol 0.1742E-01 0.&584E-02 0.4982E-02 0.1111E 09 0.5553E 01 0.5&50E-02 0.1474E 02 0.1557E 04 0.1932E 04 
149 0.5&22E-01 0.1&71E-01 0.1755E-01 0.&523E-02 0.4955E-02 0.110&E 09 0.55&OE 01 0.5&05E-02 0.1474E 02 0.1557E 04 0.1932E 04 
150 0.5489E-01 0.1&90E-01 0.1771E-Ol 0.&498E-02 0.492&E-02 0.1108E 09 0.55&8E 01 0.5547E-02 0.1475E 02 0.1558E 04 0.1932E 04 
151 0.5357E-01 0.1703E-01 0.1789E-01 0.&449E-02 0.4891E-02 0.110&E 09 0.5575E 01 0.547&E-02 0.147&E 02 0.1559E 04 0.1933E 04 
152 0.5225E-Ol 0.1712E-01 0.180&E-01 0.&425E-02 0.4852E-02 0.1103E 09 0.5583E 01 0.5392E-02 0.147&E 02 0.15&OE 04 0.1933E 04 
153 0.5093E-01 0.1719E-01 0.1822E-01 0.&449E-02 0.4810E-02 0.1103E 09 0.5591E 01 0.5299E-02 0.1477E 02 0.15&OE 04 0.1933E 04 
154 0.49&3E-01 0.1721E-01 0.1838E-01 0.&440E-02 0.47&lE-02 0.1102E 09 O.5599E 01 0.519&E-02 0.1477E 02 0.15&1E 04 0.1933E 04 
155 0.4834E-01 0.1722E-01 0.1854E-01 0.&427E-02 0.4713E-02 0.1101E 09 0.5&0&E 01 0.5082E-02 0.1478E 02 0.15&2E 04 0.1933E 04 
15& 0.470&E-Ol 0.1722E-01 0.18&9E-01 0.&447E-02 0.4&&3E-02 0.1098E 09 0.5&14E 01 0.49&1E-02 0.1478E 02 0.15&3E 04 0.1933E 04 



o 

q 0.0321q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

I = 
X = 

0.00 3.&2E 01 1.30E 01 3.28E 01 5.8QE 01 5.Q3E 01 &.5&E 01 7.0qE 01 7.32E 01 7.2&E 01 &.qlE 01 &.25E 01 
2.70E 01 Q.O&E 00 1.02E 01 3.Q3E 01 &.05E 01 5.85E 01 &.4&E 01 7.00E 01 7.27E 01 7.25E 01 &.qlE 01 &.2&E 01 
2.70E 01 Q.llE 00 1.3&E 01 5.05E 01 &.02E 01 5.&8E 01 &.21E 01 &.77E 01 7.11E 01 7.15E 01 &.85E 01 &.23E 01 
2.70E 01 Q.32E 00 2.17E 01 7.0qE 01 5.32E 01 5.42E 01 5.85E 01 &.40E 01 &.7QE 01 &.8QE 01 &.&5E 01 &.08E 01 
2.70E 01 1.00E 01 4.04E 01 7.24E 01 5.02E 01 5.18E 01 5.53E 01 &.OlE 01 &.40E 01 &.53E 01 &.33E 01 5.82E 01 
2.70E 01 1.27E 01 7.47E 01 5.75E 01 4.Q1E 01 5.00E 01 5.30E 01 5.70E 01 &.05E 01 &.1QE 01 &.02E 01 5.55E 01 
2.70E 01 2.23E 01 7.38E 01 5.13E 01 4.83E 01 4.Q1E 01 5.l7E 01 5.54E 01 5.85E 01 5.Q8E 01 5.82E 01 5.38E 01 
2.70E 01 3.4QE 01 7.04E 01 5.00E 01 4.81E 01 4.8QE 01 5.15E 01 5.50E 01 5.80E 01 5.Q2E 01 5.77E 01 5.34E 01 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1Q 20 21 22 23 

0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47Q48 0.52127 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 3.8&E 00 3.&~E 00 3.34E 00 3.04E 00 2.78E 00 2.5&E 00 2.3qE 00 2.25E 00 2.13E 00 2.12E 00 2.70E 01 
lq 0.05q37 2.02E 01 1.78E 01 1.4qE 01 1.20E 01 q.5qE 00 7.&3E 00 &.17E 00 5.1&E 00 4.4&E 00 5.04E 00 2.70E 01 
180.055q4 2.Q3E 01 2.54E 01 2.10E 01 1.&8E 01 1.33E 01 1.05E 01 8.3qE 00 &.8qE 00 5.82E 00 &.q8E 00 2.70E 01 
17 0.05344 3.41E 01 2.q3E 01 2.40E 01 1.q2E 01 1.51E 01 1 .1qE 01 q.54E 00 7.84E 00 &.&2E 00 8.15E 00 2.70E 01 
1& 0.05078 3.S5E 01 3.27E 01 2.&&E 01 2.12E 01 1.&7E 01 1 .32E 01 1.0&E 01 8.70E 00 7.37E 00 q.21E 00 2.70E 01 
15 0.04812 4.23E 01 3.5&E 01 2.88E 01 2.2qE 01 1.80E 01 1.42E 01 1.14E 01 q.42E 00 8.00E 00 1 .01E 01 2.70E 01 
14 0.045&2 4.54E 01 3.7qE 01 3~0&E 01 2.42E 01 1 .Q1E 01 1.50E 01 1.21E 01 Q.QQE 00 8.51E 00 1.07E 01 2.70E 01 
13 0.04328 4.78E 01 3.Q7E 01 3.20E 01 2.53E 01 1 .QQE 01 1.57E 01 1.2&E 01 1 .04E 01 8.QOE 00 1 .12E 01 2.70E 01 
120.040Q4 4.Q8E 01 4.12E 01 3.31E 01 2.&2E 01 2.0&E 01 1 .&2E 01 1.30E 01 1.08E 01 Q.23E 00 1 .1&E 01 2.70E 01 
11 0.0371Q 5.22E 01 4.30E 01 3.45E 01 2.72E 01 2.14E 01 1.&QE 01 1.3&E 01 1 .13E 01 Q.&2E 00 1 .1QE 01 2.70E 01 
10 0.03437 5.33E 01 4.3QE 01 3.51E 01 2.77E 01 2.18E 01 1 .72E 01 1.38E 01 1 .15E 01 Q.82E 00 1.20E 01 2.70E 01 
q 0.0321Q 5.37E 01 4.43E 01 3.55E 01 2.80E 01 2.20E 01 1 .73E 01 1.40E 01 1 .1&E 01 Q.Q1E 00 1.21E 01 2.70E 01 
8 0.03031 5.3QE 01 4.44E 01 3.5&E 01 2.81E 01 2.21E 01 1 .74E 01 1.40E 01 1 .17E 01 Q.q&E 00 1 .20E 01 2.70E 01 
7 0.02&87 5.38E 01 4.44E 01 3.5&E 01 2.81E 01 2.21E 01 1 .74E 01 1.41E 01 1 .17E 01 Q.q7E 00 1 .18E 01 2.70E 01 
& 0.02187 5.27E 01 4.37E 01 3.51E 01 2.77E 01 2.18E 01 1 .73E 01 1.3QE 01 1 .1&E 01 q.87E 00 1 .14E 01 2.70E 01 
5 0.01&25 5.07E 01 4.23E 01 3.41E 01 2.70E 01 2.13E 01 1.&QE 01 1.37E 01 1 .13E 01 Q.&8E 00 1 .OQE 01 2.70E 01 
4 0.010&2 4.87E 01 4.08E 01 3.31E 01 2.&3E 01 2.08E 01 1.&5E 01 1.34E 01 1 .11E 01 Q.48E 00 1.04E 01 2.70E 01 
3 0.005&2 4.74E 01 3.QQE 01 3.25E 01 2.5qE 01 2.05E 01 1.&3E 01 1.32E 01 1 .10E 01 q.38E 00 1.01E 01 2.70E 01 
2 0.0015& 4.70E 01 3.q7E 01 3.24E 01 2.58E 01 2.04E 01 1.&3E 01 1.32E 01 1 .10E 01 q.41E 00 1.01E 01 2.70E 01 
1-0.0015& 0.00 0.00 C.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 q 10 11 12 
X = -0.003q3 0.003q3 0.01180 0.02054 0.OJ023 0.040qq 0.052Q4 0.0&b20 0.080q2 0.Oq72& 0.1153q 0.13552 

o J Y 
21 0.0&312 
20 0.0&187 
lCJ 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 O.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 5.77E 03 5.1bE 03 3.74E 03 2.88E 03 2.54E 03 2.Q4E 03 3.Q7E 03 4.71E 03 
0.00 0.00 0.00 0.00 Q.8QE 03 1.05E 04 7.42E 03 5.13E 03 3.82E 03 3.&lE 03 4.15E 03 4.54E 03 
0.00 0.00 0.00 0.00 1.Q7E 04 1 .45E 04 Q.7&E 03 b.78E 03 5.33E 03 5.13E 03 5.30E 03 5.14E 03 
0.00 0.00 0.00 1 .4&E 04 1.&lE 04 1 .17E 04 8.Q1E 03 7.2&E 03 b.b8E 03 &.&3E 03 &.41E 03 5.7QE 03 
0.00 0.00 0.00 2.71E 04 1 .72E 04 1 .1QE 04 Q.40E 03 8.&QE 03 8.71E 03 8.47E 03 7.&QE 03 &.53E 03 
0.00 0.00 0.00 2.51E 04 1 .&4E 04 1 .20E 04 1.07E 04 1 .11E 04 1 .11E 04 1 .03E 04 8.88E 03 7.24E 03 
0.00 0.00 2.5&E 04 2.10E 04 1 .5&E 04 1 .30E 04 1 .30E 04 1 .37E 04 1.32E 04 1 .17E 04 Q.81E 03 7.81E 03 
0.00 0.00 3.&QE 04 2.0&E 04 1.&3E 04 1.4&E 04 1.53E 04 1 .57E 04 1.4&E 04 1.27E 04 1.05E 04 8.22E 03 
0.00 0.00 2.0&E 04 1 .74E 04 1.73E 04 1.&OE 04 1.&8E 04 1.&QE 04 1.54E 04 1 .33E 04 1 .OQE 04 8.50E 03 
0.00 2.5&E 04 2.11E 04 1.Q&E 04 2.11E 04 1 .7&E 04 1 .77E 04 1 .75E 04 1.5QE 04 1 .3&E 04 1 .12E 04 8.72E 03 
0.00 3.Q5E 04 2.38E 04 2.38E 04 2.43E 04 1.&7E 04 1.&8E 04 1.&8E 04 1.54E 04 1 .34E 04 1 .11E 04 8.&8E 03 
o 00 2.17E 04 2.45E 04 2.83E 04 2.38E 04 1.52E 04 1.5&E 04 1.58E 04 1.48E 04 1 .30E 04 1.0QE 04 8.5&E 03 

4.4QE 05 8.18E 04 3.1&E 04 3.31E 04 2.20E 04 1 .38E 04 1.44E 04 1 .48E 04 1.41E 04 1 .2bE 04 1 .O&E 04 8.40E 03 
4.4QE 05 8.21E 04 3.&7E 04 3.88E 04 1.74E 04 1 .17E 04 1.23E 04 1 .2QE 04 1.27E 04 1 .1&E 04 Q.QQE 03 8.01E 03 
4.4QE 05 8.32E 04 4.&5E 04 4.53E 04 1.13E 04 Q.41E 03 Q.Q5E 03 1.07E 04 1.08E 04 1 .02E 04 8.Q&E 03 7.30E 03 
4.4QE 05 8.71E 04 &.3QE 04 2.34E 04 8.32E 03 7.&QE 03 8.11E 03 8.71E 03 Q.01E 03 8.71E 03 7.7QE 03 &.4&E 03 



7 0.21500 4.00E OS 4.05E 05 4.10E OS 4.14E 05 4.17E OS 4.20E OS 4.23E OS 4.2&E OS 4.28E OS 4.31E OS 0.00 
& 0.17500 3.72E OS 3.80E OS 3.87E OS 3.q3E OS 3.q8E OS 4.03E OS 4.07E OS 4.11E OS 4.14E OS 4.17E OS 0.00 
5 0.13000 3.45E OS 3.57E OS 3.&7E OS 3.75E OS 3.82E OS 3.88E OS 3.q3E OS 3.q7E OS 4.01E OS 4.0SE OS 0.00 
4 0.08500 3.25E OS 3.40E OS 3.52E OS 3.&lE OS 3.&qE OS 3.7&E OS 3.82E OS 3.88E OS 3.q2E OS 3.q7E OS 0.00 
3 0.04500 3.13E OS 3.30E OS 3.43E OS 3.S4E OS 3.&3E OS 3.70E OS 3.77E OS 3.82E OS 3.87E OS 3.q2E OS 0.00 
2 0.01250 3.0qE OS 3.2&E OS 3.40E OS 3.S1E OS 3.&OE OS 3.&8E OS 3.7SE OS 3.80E OS 3.8SE OS 3.qOE OS 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0:00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 S & 7 8 q 10 11 12 

X = -0.03148 0.03148 0.Oq443 0.1&430 0.24187 0.327q& 0.423S2 0.S2q&0 0.&473S 0.77804 0.q2311 1.0841S 
o J Y 

21 0.50500 
20 0.4qSOO 
lq 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 . 
13 0.34&25 
12 0.327S0 
11 0.2q7S0 
10 0.27S00 
q 0.2S7S0 
8 0.24250 
7 0.21500 
& O. 17S00 
SO.13000 
4 0.08500 
3 0.04S00 
2 0.01250 

o 
1-0.01250 

I = 
X :: 

o J Y 
21 0.50500 
20 0.4qSOO 
1q 0.47500 
18 0.447S0 
17 0.42750 
1& 0.40&2S 
lS 0.38S00 
14 0.3&SOO 
13 0.34&25 
12 0.327S0 
11 0.2q7S0 
10 0.27S00 
q 0.2S7S0 
8 0.24250 
7 0.21S00 
& O. 17S00 
SO.13000 
4 0.08S00 
3 0.04S00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 4.87E-03 4.S2E-03 3.&5E-03 3.07E-03 2.82E-03 3.11E-03 3.80E-03 4.2&E-03 
0.00 0.00 0.00 0.00 2.74E-02 2.Q7E-02 2.33E-02 1.81E-02 1.SSE-02 1 .71E-02 2.12E-02 2.33E-02 
0.00 0.00 0.00 0.00 4.33E-02 3.S0E-022.7&E-02 2.28E-02 2.24E-02 2.7SE-02 3.31E-02 3.48E-02 
0.00 0.00 0.00 1.44E-02 2.Q3E-02 2.7SE-02 2.S4E-02 2.S0E-02 2.Q1E-02 3.&OE-02 4.0QE-02 4.13E-02 
0.00 0.00 0.00 S.00E-02 3.&4E-02 3.01E-02 2.82E-02 3.1SE-02 3.8qE-02 4.S7E-02 4.8QE-02 4.7&E-02 
0.00 0.00 0.00 4.7SE-02 3.3QE-02 3.08E-02 3.38[-02 4.18E-02 S.00E-02 S.SlE-02 S.&lE-02 S.31E-02 
0.00 0.00 2.0QE-02 2.Q7E-02 3.08E-02 3.4&E-02 4.30E-02 S.30E-02 S.QQE-02 &.28E-02 &.20E-02 S.7&E-02 
0.00 0.00 S.73E-02 3.3QE-02 3.4&E-02 4.20E-02 S.30E-02 &.2SE-02 &.7SE-02 &.87E-02 &.&&E-02 &.11E-02 
0.00 0.00 3.88E-02 2.77E-02 3.77E-02 4.Q4E-02 &.14E-02 &.Q7E-02 7.33E-02 7.33E-02 7.02E-02 &.40E-02 
0.00 2.74E-02 2.1QE-02 2.&3E-02 4.71E-02 &.1&E-02 7.11E-02 7.72E-02 7.q4E-02 7.84E-02 7.44E-02 &.74E-02 
0.00 S.QQE-02 2.17E-02 3.11E-02 &.08E-02 &.S&E-02 7.32E-02 7.qOE-02 8.12E-02 8.02E-02 7.&lE-02 &.88E-02 
0.00 4.02E-02 1.44E-02 3.&SE-02 &.S4E-02 &.SQE-02 7.2qE-02 7.87E-02 8.13E-02 8.07E-02 7.&7E-02 &.Q4E-02 

3.00E-02 1.01E-02 1.14E-02 4.3&E-02 &.72E-02 &.SOE-02 7.17E-02 7.77E-02 8.08E-02 8.0SE-02 7.&8E-02 &.Q&E-02 
3.00E-02 1.01E-02 1.SlE-02 S.&lE-02 o.&QE-02 &.31E-02 &.QOE-02 7.S2E-02 7. QOE-02 7.q4E-02 7.&2E-02 &.Q2E-02 
3.00E-02 1.04E-02 2.41E-02 7.88E-02 S.Q2E-02 &.02E-02 &.SlE-02 7.11E-02 7.5SE-02 7.&&E-02 7.3QE-02 &.7SE-02 
3.00E-02 1 .12E-02 4.4QE-02 8.0SE-02 5.S1E-02 S.7SE-02 &.lSE-02 &.&7E-02 7.11E-02 7.2&E-02 7.04E-02 &.4&E-02 
3.00E-02 1.41E-02 8.30E-02 &.3qE-02 S.4SE-02 5.S&E-02 S.8qE-02 &.33E-02 &.72E-02 &.88E-02 &.&qE-02 &.17E-02 
3.00E-02 2.48E-02 8.20E-02 5.70E-02 S.3&E-02 S.4SE-02 S.7SE-02 &.lSE-02 &.50E-02 &.&4E-02 &.47E-02 S.q8E-02 
3.00E-02 3.88E-02 7.82E-02 5.S&E-02 S.34E-02 S.43E-02 S.73E-02 &.11E-02 &.45E-02 &.58E-02 &.41E-02 S.q3E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 lS 1& 17 18 lQ 20 21 22 23 

1.2&28Q 1.4&130 1.&81S3 1.Q25Q8 2.1Q733 2.4Q8S2 2.8328S 3.1&718 3.S01S0 3.83583 4.1701S 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4.2QE-03 4.0SE-03 3.71E-03 3.38E-03 3.0QE-03 2.84E-03 2.&SE-03 2.S0E-03 2.37E-03 2.35E-03 
2.24E-02 1.Q8E-02 1.&SE-02 1.34E-02 1 .07E-02 8.47E-03 &.8&E-03 S.73E-03 4.Q5E-03 5.&OE-03 
3.2&E-02 2.82E-02 2.33E-02 1.87E-02 1.48E-02 1.17E-02 Q.32E-03 7.&&E-03 &.47E-03 7.7&E-03 
3.7QE-02 3.2SE-02 2.&7E-02 2.13E-02 1.&8E-02 1.33E-02 1.0&E-02 8.71E-03 7.3&E-03 Q.0&E-03 
4.28E-02 3.&3E-02 2.Q&E-02 2.3&E-02 1.8&E-02 1.4&E-02 1 .17E-02 Q.&&E-03 8.1QE-03 1.02E-02 
4.70E-02 3.QSE-02 3.20E-02 2.54E-02 2.00E-02 1.S8E-02 1.27E-02 1.0SE-02 8.8QE-03 1.12E-02 
S.04E-02 4.21E-02 3.40E-02 2.&QE-02 2.12E-02 1.&7E-02 1.34E-02 1 .11E-02 Q.4SE-03 1.1QE-02 
S.31E-02 4.41E-02 3.SSE-02 2.81E-02 2.21E-02 1.74E-02 1.40E-02 1 .1&E-02 Q.8QE-03 1.25E-02 
S.S4E-02 4.58E-02 3.&8E-02 2.Q1E-02 2.28E-02 1.80E-02 1.4SE-02 1.20E-02 1.03E-02 1.2QE-02 
S.80E-02 4.78E-02 3.83E-02 3.02E-02 2.37E-02 1.87E-02 1.S1E-02 1.25E-02 1.07E-02 1.33E-02 
S.Q2E-02 4.88E-02 3.Q1E-02 3.08E-02 2.42E-02 1.Q1E-02 1.S4E-02 1.28E-02 1.0QE-02 1.34[-02 
S.Q7E-02 4.Q2E-02 3.Q4E-02 3.11E-02 2.44E-02 1.Q3E-02 1.SSE-02 1.2QE-02 1 .10E-02 1.34E-02 
S.QQE-02 4.Q4E-02 3.QSE-02 3.12E-02 2.4SE-0? 1.Q4E-02 1.S&E-02 1.2QE·-02 1 .11E-02 1.33E-02 
S.Q7E-02 4.Q3E-02 3.QSE-02 3.12E-02 2.45E-02 1.Q4E-02 1.S&E-02 1.30E-02 1 .11E-02 1.31E-02 
S.8&E-02 4.8SE-02 3.QOE-02 3.08E-02 2.42E-02 1.Q2E-02 1.S5E-02 1.28E-02 1.10E-02 1.27E-02 
S.&4E-02 4.70E-02 3.7QE-02 3.00E-02 2.37E-02 1.88E-02 1.S2E-02 1.2&E-02 1.08E-02 1.21E-02 
S.41E-02 4.S4E-02 3.&8E-02 2.Q2E-02 2.31E··02 1.84E-02 1.4QE-02 1.23E-02 1.0SE-02 1.1SE-02 
S.2&E-02 4.43E-02 3.&lE-02 2.87E-02 2.27E-02 1.81E-02 1.47E-02 1.22E-02 1.04E-02 1.12E-02 

0.00 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 
3.00E-02 



alTER 
NO 

1--
UMON 

DIMENSIONLESS STREAMLINE PLOT 
ABSOLUTE RESIDUAL SOURCE SUMS ---I 1--- FIELD VALUES AT MONITORING LOCATION(22, 81 ---I 

VMON WMON MASS TKIN DISP U V W P 0 

1 0.1578E-01 0.1545E-01 0.14&&E 00 0.558&E-02 0.8554E-02 0.5085E 10 0.5782E 01 0.487qE-04 0.1505E 02 0.15qOE 04 0.lq35E 04 
2 0.1535E-01 0.17q3E 00 0.1250E 00 0.lq4qE-01 0.137qE-01 0.8745E 10 0.5782E 01 0.31q8E-04 0.1505E 02 0.1773E 04 0.lq35E 04 
3 0.q220E-01 0.258&E 00 0.1127E 00 0.2831E-01 0.1742E-01 0.108qE 11 0.5783E 01-U.8485E-05 0.150&E 02 0.lq41E 04 0.lq35E 04 
4 0.234&E 00 0.234&E 00 0.1050E 00 0.1843E-01 0.lqOqE-01 0.1025E 11 0.5783E 01-0.3282E-04 0.150&E 02 0.lq05E 04 0.lq35E 04 
5 0.244~E 00 0.252qE 00 0.100&E 00 0.lq20E-01 0.lq88E-01 0.831qE 10 0.5783E 01-0.4&lqE-04 0.1507E 02 0.18&&E 04 0.lq35E 04 
& 0.2&7&E 00 0.2534E 00 0.q84&E-01 0.2035E-01 0.2130E-01 0.7485E 10 0.5783E 01··0.5834E-04 0.1507E 02 0.1823E 04 0.lq35E 04 
7 0.2772E 00 0.2558E 00 0.q733E-01 0.2071E-01 0.217qE-01 0.7102E 10 0.5783E 01-0.7043E-04 0.1508E 02 0.1787E 04 0.lq35E 04 
8 0.280&E 00 0.2558E 00 0.q&21E-01 0.2085E-01 0.21qOE-01 0.&83&E 10 0.5783E 01-0.81&lE-04 0.1508E 02 0.175qE 04 0.lq3&E 04 
~ 0.283~E 00 0.25&lE 00 0.q4q&E-01 0.2113E-01 0.21q4E-01 0.&40qE 10 0.5783E 01-0.q1&3E-04 0.150qE 02 0.1737E 04 0.lq3&E 04 

10 0.284~E 00 0.25&2E 00 0.q3&5E-01 0.2154E-01 0.220qE-01 0.5707E 10 0.5783E 01-0.1014E-03 0.150qE 02 0.1722E 04 0.lq3&E 04 
11 0.2853E 00 0.25&3E 00 0.q287E-01 0.2228E-01 0.2234E··01 0.5247E 10 0.5783E 01-0.1111E-03 0.15iOE 02 0.1712E 04 0.lq3&E 04 
12 0.2877E 00 0.2554E 00 0.q231E-01 0.2323E-01 0.2274E-01 0.5038E 10 0.5783E 01-0.11q4E-03 0.1510[ 02 0.170&E 04 0.lq3&E 04 
13 0.2QO&E 00 0.2522E 00 0.Q1&8E-01 0.242QE-01 0.2324E-01 0.48Q&E 10 0.5783E 01-0.12&QE-03 0.1511E 02 0.1703E 04 0.lQ3&E 04 
14 0.2Q3&E 00 0.247&E 00 0.Q14QE-01 0.2534E-01 0.23Q&E-01 0.47Q2E 10 0.5783E 01-0.1338E-03 0.1511E 02 0.1702E 04 0.lQ3&E 04 
15 0.2Q52E 00 0.2417E 00 0.Q120E-01 0.2&30E-01 0.2474E~01 0.4702E 10 0~5783E 01··0.1401E-03 0.1512E 02 0.1702E 04 0.lQ3&E 04 
1& 0.2Q55E 00 0.2353E 00 0.Q123E-01 0.2710E-01 0.255&E-01 0.4&1&E 10 0.5783E 01-0.145QE-03 0.1512E 02 0.1703E 04 0.lQ3&E 04 
17 0.2~55E 00 0.227QE 00 0.Q125E-01 0.2777E-01 0.2&3QE-01 0.452&E 10 0.5783E 01-0.150&E-03 0.1513E 02 0.1704E 04 0.lQ37E 04 
18 0.2Q54E 00 0.220&E 00 0.Q117E-01 0.2813E-01 0.2710E-01 0.4430E 10 0.5784E 01-0.1552E-03 0.1513E 02 0.170&E 04 0.lQ37E 04 
1~ 0.2Q48E 00 0.2134E 00 0.QOQ&E-01 0.2822E-01 0.2775E-01 0.432QE 10 0.5784E ~1-0.1582E-03 0.1514E 02 0.1708E 04 0.lQ37E 04 
20 0.2Q3&E 00 0.~071E 00 0.QO&3E-01 0.281&E-01 0.2844E-01 0.4221E 10 0.5784E 01-0.1&11E-03 0.1514E 02 0.1710E 04 0.lQ37E 04 
21 0.2Q15E P0 0.2021E 00 0.Q037E-01 0.27Q3E-Ol 0.28Q8E-01 0.4107E 10 0.5784E 01-0.1~38E-03 0.1515E 02 0.1712E 04 0.lQ37E 04 
22 0.28Q4E 00 0.lQ8QE 00 0.Q008E-01 0.275QE-01 0.2Q3QE-01 0.3Q8&E 10 0.5784E 01-0.1&&OE-03 0.1515E 02 0.1714E 04 0.lQ38E 04 
23 0.287QE 00 0.lQ58E 00 0.8Q70E-Ol 0.2702E-01 0.2Q78E-Ol 0.385QE 10 0.5784E 01-0.1&7QE-03 0.151&E 02 0.171&E 04 0.lQ38E 04 
24 0.285&E 00 0.lQ2&E 00 0.8Q40E-01 0.2&Q5E-Ol 0.300QE-Ol 0.3722E 10 0.5784E 01-0.1&Q7E-03 0.151&E 02 0.171QE 04 0.lQ38E 04 
25 0.2830E 00 0.lQ10E 00 0.88Q2E-Ol 0.2&&5E-Ol 0.3031E-Ol 0.35Q1E 10 0.5784E 01-0.1702E-03 0.1517E 02 0.1721E 04 0.lQ3QE 04 
2& 0.280~E 00 0.18Q&E 00 0.8827E-01 0.2&28E-Ol 0.30&OE-Ol 0.3447E 10 0.5783E 01-0.1705E-03 0.1518E 02 0.1723E 04 0.lQ3QE 04 
27 0.2781E 00 0.187&E 00 0.87&8E-01 0.25Q5E-Ol 0.307&E-Ol 0.32Q2E 10 0.5783E 01-0.1700E-03 0.1518E 02 0.172&E 04 0.lQ3QE 04 
28 0.2751E 00 0.1857E 00 0.8707E-Ol 0.25&QE-Ol 0.30Q4E-Ol 0.312&E 10 0.5783E 01-0.1701E-03 0.151QE 02 0.1728E 04 0.lQ40E 04 
2~ 0.2717E 00 0.1830E 00 0.8&32E-Ol 0.2550E-Ol 0.3118E-Ol 0.2Q52E 10 0.5783E 01-0.1701E-03 0.151QE 02 0.1730E 04 0.lQ40E 04 
30 0.2&74E 00 0.1800E 00 0.855QE-Ol 0.2555E··01 0.313QE-Ol 0.2772E 10 0.5783E 01-0.1&QQE-03 0.1520E 02 0.1732E 04 0.lQ41E 04 
31 0.2&42E 00 0.1772E 00 0.8481E-Ol 0.2572E-Ol U.3171E-Ol 0.2585E 10 0.5783E 01-0.1705E-03 0.1520E 02 0.1733E 04 0.lQ41E 04 
32 0.2&13E 00 0.1747E 00 0.8402E-Ol 0.2583E-Ol 0.3200E-Ol 0.2414E 10 0.5783E 01-0.171&E-03 0.1521E 02 0.1735E 04 O.lQ41E 04 
33 0.2577E 00 0.1720E 00 0.8321E-01 0.2&07E-Ol 0.3238E-Ol 0.2240E 10 0.5783E 01-0.1741E-03 0.1522E 02 0.173&E 04 0.lQ42E 04 
34 0.25<2E 00 0.1&Q3E 00 0.8240E-Ol 0.2&25E-Ol 0.32QQE-Ol 0.20&3E 10 0.5783E 01-0.178&E-03 0.1522E 02 0.1738E 04 0.lQ43E 04 
35 0.2503E 00 0.1&71E 00 0.81&7E-01 0.2&41E-Ol 0.33&lE-Ol O.lQl&E 10 0.5783E 01-0.18&4E-03 0.1523E 02 0.173QE 04 0.lQ43E 04 
3& 0.24&3E 00 0.1&50E 00 0.80Q&E-Ol 0.2&80E-Ol 0.3431E-Ol 0.17Q3E 10 0.5783E 01-0.lQ&8E-03 0.1523E 02 0.1740E 04 0.lQ44E 04 
37 0.2418E 00 0.1&31E 00 0.8038E-Ol 0.272QE-Ol 0.350QE-Ol 0.1&70E 10 0.5783E 01-0.2114E-03 0.1524E 02 0.1741E 04 0.lQ44E 04 
38 0.23&8E 00 0.1&10E 00 0.7Q77E-Ol 0.27Q1E-Ol 0.3581E-Ol 0.1542E 10 0.5783E 01-0.2302E-03 0.1524E 02 0.1742E 04 0.lQ45E 04 
3~ 0.232&E 00 0.1584E 00 0.7Q22E-Ol 0.285QE-Ol 0.3&&OE-Ol 0.1408E 10 0.5783E 01-0.2547E-03 0.1525E 02 0.1742E 04 0.lQ4&E 04 
40 0.2278E 00 0.155&E 00 0.7881E-Ol 0.2Q31E-Ol 0.3735E-Ol 0.128&E 10 0.5783E 01-0.284&E-03 0.152&E 02 0.1743E 04 0.lQ47E 04 
41 0.2222E 00 0.1533E 00 0.7855E-Ol 0.2Q83E-Ol 0.37Q3E-Ol 0.1155E 10 0.5783E 01-0.3151E-03 0.152&E 02 0.1744E 04 0.lQ48E 04 
42 0.2175E 00 0.14Q1E 00 0.7832E-Ol 0.3015E-Ol 0.3844E-Ol 0.1020E 10 0.5782E 01-0.3501E-03 0.1527E 02 0.1744E 04 0.lQ4QE 04 
43 0.2138E 00 0.1455E 00 0.7807E-Ol 0.30&3E-Ol 0.388QE-Ol 0.Q313E OQ 0.5782E 01-0.3Q07E-03 0.1527E 02 0.1745E 04 0.lQ50E 04 
44 0.2102E 00 0.1421E 00 0.7780E-Ol 0.311&E-Ol 0.3Q3QE-Ol 0.8502E Oq 0.5782E 01-0.43&lE-03 0.1528E 02 0.1745E 04 0.lQ51E 04 
45 0.20&&E 00 0.1385E 00 0.77&7E-Ol 0.3170E-Ol 0.3Q82E-Ol 0.8200E OQ 0.5781E 01-0.4878E-03 0.152QE 02 0.174&E 04 0.lQ52E 04 
4& 0.202~E 00 0.1347E 00 0.775&E-Ol 0.3231E-Ol 0.401&E~01 0.807&E OQ 0.5781E 01-0.54&7E-03 0.152QE 02 0.174&E 04 0.lQ53E 04 
47 0.lQQ7E 00 0.1314E 00 0.7737E-Ol 0.32QOE-Ol 0.403QE-Ol 0.7881E OQ 0.5780E 01-0.&117E-03 0.1530E 02 0.174&E 04 0.lQ55E 04 
48 0.lQ&8E 00 0.1287E 00 0.7717E-Ol 0.335QE-Ol 0.4055E-Ol 0.75Q7E OQ 0.5780E 01-0.&841E-03 0.1530E 02 0.174&E 04 0.lQ5&E 04 
4~ 0.lQ37E 00 0.1258E 00 0.7&Q3E-Ol 0.3432E-Ol 0.4057E-Ol 0.7238E OQ 0.577QE 01-0.7&32E-03 0.1531E 02 0.174&E 04 0.lQ58E 04 



o 

15 0.38500 
14 0.30500 
13 0.34£»25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
o 0.17500 

.5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 0.00 0.31E-Ol 5.58E-Ol 5.18E-Ol 5.\2E-Ol 5.23E-Ol 5.50E-Ol 5.81E-Ol 5.QQE-Ol 
0.00 0.00 7.58E-Ol &.03E-Ol 5.02E-Ol 5.10E-Ol 5.14E-Ol 5.38E-Ol 5.75E-Ol o.OOE-Ol 0.10E-Ol 
0.00 0.00 7.87E-Ol 0.08E-Ol 5.57E-Ol 5.11E-Ol 5.1QE-Ol 5.58E-Ol 5.QoE-Ol 0.15E-Ol o.loE-Ol 
0.00 0.00 8.21E-Ol 0.73E-Ol 5.51E-Ol 5.08E-Ol 5.31E-Ol 5.80E-Ol &.14E-Ol &.24E-Ol o.IQE-Ol 
0.00 1.04E 00 8.78E-Ol 0.80E-Ol 5.43E-Ol 5.0QE-Ol 5.5QE-Ol 0.12E-Ol 0.31E-Ol &.28E-Ol 0.12E-Ol 
0.00 1 .0qE 00 q.04E-Ol 0.70E-Ol 5.)OE-Ol 5.1&E-Ol 5.83E-Ol 0.24E-Ol 0.32E-Ol 0.20E-Ol 5.QQE-Ol 
0.00 1 .10E 00 q.21E-Ol 0.03E-Ol 5.17E-Ol 5.2&E-Ol 5.QoE-Ol 0.20E-Ol 0.2&E-Ol &.OQE-Ol 5.84E-Ol 

1.43E 00 1.23E 00Q.23E-Ol 0.44E-Ol 5.07E-Ol 5.37E-Ol o.OIE-Ol &.21E-Ol b.15E-Ol 5.Q5E-Ol 5.08E-Ol 
1.43E 00 1.22E 00 8.QOE-Ol o.OQE-Ol 4.Q7E-Ol 5.51E-Ol 5.Q2E-Ol 5.Q7E-Ol 5.83E-Ol 5.5QE-Ol 5.30E-Ol 
1.43E 00 1.18E 00 8.18E-Ol 5.50E-Ol 4.8&E-Ol 5.2QE-Ol 5.38E-Ol 5.30E-Ol 5.12E-Ol 4,87E-Ol 4.5QE-Ol 
1.43E 00 1.10E 00 7.00E-Ol 4.oQE-Ol 4.40E-Ol 4.41E-Ol 4.33E-Ol 4.21E-0~ 4.04E-Ol 3.83E-Ol 3.&OE-Ol 
1.43E 00 ~.8qE-Ol 5.34E-Ol 2.Q2E-Ol 3.27E-Ol 3.10E-Ol 2.QQE-Ol 2.88E-Ol 2.70E-Ol 2.01E-Ol 2.45E-Ol 
1.43E 00 8.04E-Ol 2.70E-Ol 1.8&E-Ol 1.8&E-Ol 1.71E-Ol 1.&3E-Ol 1.57E-Ol 1.50E-Ol 1.42E-Ol 1.33E-Ol 
1.43E 00 2.23E-Ol 7.50E-02 5.1&E-02 5.1&E-02 4.7&E-02 4.54E-02 4.3&E-02 4.17E-02 3.Q5E-02 3.71E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 lQ 20 21 22 23 

1.2028Q 1.4&130 1.&8153 1 .~25Q8 2.1Q733 2.4Q852 2.832853.1&718 3.50150 3.83583 4.17015 
o J Y 

21 0.50500 0.00 0.00 0.00 ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4~500 5.&OE-Ol 5.~~E-Ol &.2~E-Ol &.47E-Ol &.54E-Ol &.52E-Ol &.43E-Ol &.2qE-Oi &.14E-Ol &.03E-Ol 0.00 
lq 0.47500 5.~3E-Ol &.2&E-Ol &.52E-Ol &.&8E-Ol &.7&E-Ol &.78E-Ol &.74E-Ol &.&7E-Ol &.5qE-Ol &.4qE-Ol 0.00 
18 0.44750 &.O&E-Ol &.30E-Ol &.48E-Ol &.5qE-Ol &.&4E-Ol &.&4E-Ol &.&OE-Ol &.54E-Ol &.47E-Ol &.38E-Ol 0.00 
17 0.42750 &.OqE-Ol &.27E-Ol &.40E-Ol &.47E-Ol &.4qE-Ol &.47E-Ol 0.42E-Ol &.3&E-Ol &.28E-Ol &.lqE-Ol 0.00 
1& 0.40&25 &.11E-Ol &.21E-Ol &.28E-Ol &.31E-Ol &.30E-Ol &.2&E-Ol &.lqE-Ol &.12E-Ol &.04E-Ol 5.q4E-Ol 0.00 
15 0.38500 &.10E-Ol &.13E-Ol &.14E-Ol &.13E-Ol &.OqE-Ol &.02E-Ol 5.q5E-Ol 5.8&E-Ol 5.77E-Ol 5.&7E-Ol 0.00 
14 0.3&500 &.O&E-Ol &.03E-Ol 5.~qE-Ol 5.q4E-Ol 5.87E~01 5.7qE-Ol 5.70E-Ol 5.&OE-Ol 5.~IE-Ol 5.41E-Ol 0.00 
13 0.34&25 &.OOE-Ol 5.qlE-Ol 5.83E-Ol 5.75E-Ol 5.&5E-Ol 5.5&E-Ol 5.4&E-Ol 5.3&E-Ol 5.2&E-Ol 5.15E-Ol 0.00 
12 0.32750 5.~IE-Ol 5.78E-Ol 5.&&E-Ol 5.54E-Ol 5.43E-Ol 5.32E-Ol 5.21E-Ol 5.10E-Ol 5.00E-Ol 4.qOE-Ol 0.00 
11 0.2q750 5.70E-Ol 5.51E-Ol 5.34E-01 5.18E-Ol 5.04E-Ol 4.qlE-Ol 4.7qE-Ol 4.&8E-Ol 4.57E-Ol 4.47E-Ol 0.00 
10 0.27500 5.4~E-Ol 5.27E-Ol 5.07E-Ol 4.8qE-Ol 4.74E-Ol 4.&OE-Ol 4.47E-Ol 4.35E-Ol 4.25E-Ol 4.15E-Ol 0.00 
q 0.25750 5.30E-Ol 5.0&E-Ol 4.84E-Ol 4.&5E-Ol 4.4qE-Ol 4.34E-Ol 4.21E-Ol 4.10E-Ol 3.qqE-Ol 3.8qE-Ol 0.00 
8 0.24250 5.11E-Ol 4.8&E-Ol 4.&3E-Ol 4.44E-Ol 4.27E-Ol 4.12E-Ol 3.qqE-Ol 3.87E-Ol 3.77E-Ol 3.&7E-Ol 0.00 
7 0.21500 4.72E-Ol 4.4&E-Ol 4.22E-Ol 4.02E-Ol 3.85E-Ol 3.70E-Ol 3.57E-Ol 3.4&E-Ol 3.3&E-Ol 3.27E-Ol 0.00 
& 0.17500 4.04E-Ol 3.7qE-Ol 3.5&E-Ol 3.37E-Ol 3.20E-Ol 3.0&E-Ol 2.Q5E-Ol 2.85E-Ol 2.7&E-Ol 2.&8E-Ol 0.00 
5 0.13000 3.14E-Ol 2.Q3E-Ol 2.73E-Ol 2.57E-0~ 2.43E-Ol 2.31E-Ol 2.22E-Ol 2.14E-Ol 2.07E-Ol 2.00E-Ol 0.00 
4 0.08500 2.13E-Ol I.Q8E-Ol 1.84E-Ol 1.72E-Ol l.b2E-Ol 1.54E-Ol 1.47E-Ol 1.41E-Ol 1.3&E-Ol 1.32E-Ol 0.00 
3 0.04500 1.1&E-Ol 1.07E-Ol Q.Q3E-02 Q.2&E-02 8.71E-02 8.2&E-02 7.88E-02 7.57E-02 7.30E-02 7.07E-02 0.00 
2 0.01250 3.21E-02 2.q7E-G2 2.7&E-02 2.57E-02 2.42E-02 2.2QE-02 2.1QE-02 2.10E-02 2.03E-02 I.QbE-02 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

&.O&E-Ol 
&.OQE-Ol 
&.OQE-Ol 
&.05E-Ol 
5.Q1E-Ol 
5.74E-Ol 
5.5&E-Ol 
5.3QE-Ol 
5.01E-Ol 
4.31E-Ol 
3.37E-Ol 
2.2QE-Ol 
1 .24E-Ol 
3.4&E-02 

0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAMLINE COORDS -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.0&2Q5 0.12Q37 0.20308 0.284Ql 0.37574 0.47b5b 0.58847 0.712&Q 0.85058 1.003&3 
o J Y 

11 1.00000 
10 O.qOOOO 
Q 0.80000 
8 0.70000 
7 0.&0000 
& 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 
1 0.00000 

0.00 2.50E-Ol 3.12E-Ol 3.75E-Ol 
0.00 2.37E-Ol 2.87E-Ol 3.57E-Ol 
0.00 2.23E-Ol 2.&4E-Ol 3.38E-Ol 
0.00 2.0QE-Ol 2.45E-Ol 3~I&E-Ol 
0.00 I.Q3E-Ol 2.27E-Ol 2.Q4E-Ol 
0.00 1.77E-Ol 2.0QE-Ol 2.72E-Ol 
0.00 1.57E-Ol 1.8QE-Ol 2.51E-Ol 
0.00 1.3&E-Ol 1.&8E-Ol 2.2QE-Ol 
0.00 1.10E-Ol 1.42E-Ol 2.04E-Ol 
0.00 7.75E-02 1.0QE-Ol 1.7&E-Ol 
0.00 0.00 2.51E-02 1.32E-Ol 

4.37E-Ol 5.00E-Ol 
4.22E-Ol 4.7&E-Ol 
4.0&E-Ol 4.5&E-Ol 
3.87E-Ol 4.38E-Ol 
3.&QE-Ol 4.21E-Ol 
3.50E-01 4.04E-Ol 
3.2QE-Ol 3.87E-Ol 
3.08E-Ol 3.&8E-Ol 
2.84E-Ol 3.48E-Ol 
2.5QE-Ol 3.2&E-Ol 
2.25E-Ol 2.QQE-Ol 

5.00E-Ol 
4.84E-Ol 
4.&QE-Ol 
4.55E-Ol 
4.40E-Ol 
4.2&E-Ol 
4.11E-Ol 
3.Q4E-Ol 
3.77E-Ol 
3.57E-Ol 
3.32£-01 

5.00E-Ol 
4,8&E-Ol 
4.72E-Ol 
4.58E-Ol 
4.44E-Ol 
4.30E-Ol 
4.15E-Ol 
3.QQE-Ol 
3.81E-Ol 
3.&OE-Ol 
3.33E-Ol 

5.00E-Ol 
4.85£-01 
4.71E-Ol 
4.57E-Ol 
4.42E-Ol 
4.28E-Ol 
4.12E-Ol 
3.Q4E-Ol 
3.74E-Ol 
3.4QE-Ol 
3.11E-Ol 

5.00E-Ol 
4.84E-Ol 
4.&QE-Ol 
4.54[-01 
4.3QE-Ol 
4.23E-Ol 
4.05E-Ol 
3.85E-Ol 
3.&2E-Ol 
3.31E-Ol 
2.81E-Ol 

5.00E-Ol 
4.83E-Ol 
4.&7E-Ol 
4.51E-Ol 
4.34E-Ol 
4.10E-Ol 
3.Q7E-Ol 
3.74E-Ol 
3.47E-Ol 
3.0QE-Ol 
2.45E-Ol 

5.00E-Ol 
4.83E-Ol 
4.&&E-Ol 
4.48E-Ol 
4.30E-Ol 
4. 10E-Ol 
3.88E-Ol 
3.&2E-Ol 
3.31E-Ol 
2.8QE-Ol 
1 . Q7E-Ol 



RADIAL POSITION 2R/D 

0 0.0 O. 1 0.2 0.3 0.4 0.5 0.0 0.7 0.8 O.q 1.0 

X 0.00 O ......... + ......... +.2 ....... +4 ....... 0+ .... 8 .... 1 ......... + ......... + ......... + ......... + .......... 0.00 

X 0.02 0 2 4 0 8 0.02 

X 0.04 0 2 4 0 8 1 0.04 

X 0.0& 0 2 4 0 8 1 0.00 

X 0.08 0 2 4 0 8 0.08 

X 0.10 + 0 2 4 0 8 0.10 

X 0.12 0 2 4 0 8 O. 12 

X 0.14 0 2 4 0 8 0.14 

X 0.1& 0.10 

X 0.18 0 2 4 8 0.18 

X 0.20 + +. 0.20 

X 0.22 0 2 4 8 0.22 

X 0.24 0.24 

X 0.2& 0 2 4 8 0.20 

X 0.28 0.28 

X 0.30 + 0 2 4 8 0.30 

X 0.32 0.32 

X 0.34 0 2 4 8 0.34 

X 0.3& 0.30 

X 0.38 0.38 

X 0.40 0 2 4 8 0.40 

X 0.42 0.42 

X 0.44 0.44 

X 0.4& 0 2 4 8 1 0.40 



5 0.01&25 3.52E-Ol 1.&2E 00 2.&&E (0 3.45E 00 4.02E 00 4.41E 00 4.&SE 00 4.S3E 00 4.qlE 00 4.q2E 00 4.q2E 00 
4 0.010&2 -S.2&E-Ol &.O~E-Ol 1.S2E 00 2.7&E 00 3.45E 00 3.~4E 00 4.27E 00 4.4&E 00 4.5&E 00 4.SQE 00 4.5~E 00 
3 0.005&2 -1 .4~E 00 3.~3E-02 1.34E 00 2.37E 00 3.13E 00 3.&7E 00 4.04E 00 4.2SE 00 4.37E 00 4.40£ 00 4.40E 00 
2 0.0015& -1.73E 00-1.&~E-Ol 1.17E 00 2.23E 00 3.02E 00 3.S7E 00 3.~SE 00 4.1SE 00 4.30E 00 4.34E 00 4.33E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*~*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 S & 7 S ~ 10 11 12 
X = -0.003~3 0.003~3 0.011S0 0.020S4 0.03023 0.040~~ 0.OS2~4 0.0&&20 U.OSOq2 0.Oq72& 0.11S3q 0.13S52 

a J Y 
21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 0.00 0.00 0.00 0.00 1.S1E 00 ~.2~E-Ol 1 .S7E-01-S.~7E-02-1.20E-Ol-q.13E-02-7.3SE-02-&.74E-02 
1~ 0.057&& 0.00 0.00 0.00 0.00 4.SSE 00 2.12E 00 3.32E-01-2.S~E-01-3.3SE-01-2.SSE-01-2.43E-01-2.04E-01 
lS 0.054&~ 0.00 0.00 0.00 0.00 q.32E 00 3.02E 00 3.&lE-Ol-S.0SE-Ol-&.lqE-Ol-S.43E-01-4.44E-01-3.S1E-01 
17 0.05211 0.00 0.00 0.00 S.43E 00 ~.20E 00 3.40E 00 2.SqE-01-7.S7E-01-q.lqE-01-7.S3E-01-&.1&E-01-4.73E-01 
1& 0.04~45 0.00 0.00 0.00 1.0SE 01 q.&SE 00 3.&&E 00 1 .10E-Ol-1 .10E 00-1.22E 00-q.~SE-01-7.&7E-Ol-S.SSE-01 
150.04&S7 0.00 0.00 0.00 1.S7E 01 1.01£ 01 1.&7E 00-1 .SqE-Ol-1.40E 00-1 .44E 00-1.1SE 00-S.SlE-Ol-&.7SE-Ol 
140.0444S 0.00 0.00 &.&SE 00 1.S3E 01 1.01E 01 3.40E OO-S.OlE-Ol-l .&3E 00-1 .S7E 00-1 .24E 00-q.SSE-01-7.44E-Ol 
13 0.04211 0.00 0.00 1.20E 01 1.S7E 01 1.01E 01 2.qSE 00-S.33F.-01-1 .77E 00-1.&3E 00-1.2qE 00-1.01E 00-7.q&E-Ol 
12 0.03~0& 0.00 0.00 1.SqE 01 1.&7E 01 q.72E 00 2.21E 00-1.23E 00-1.S4E 00-1.&3E 00-1 .31E 00-1.0SE 00-S.47E-Ol 
110.0357S 0.00 7.S3E 00 2.00E 01 1 .73E 01 S.7&E 00 q.42E-Ol-l .43E 00-1 .73E 00-1 .S4E 00-1 .27E 00-1.0&E 00-S.70E-01 
100.0332S 0.00 1 .3~E 01 2.14E 01 1.73E 01 7.37E 00 2.21E-Ol-l .42E 00-1.&OE 00-1.44E 00-1 .22E 00-1.04E 00-S.72E-01 
q 0.03125 0.00 1 .~SE 01 2.23E 01 1.70E 01 &.OlE 00-2.2SE-Ol-l .3SE 00-1.47E 00-1 .3SE 00-1 .17E 00-1.02E 00-S.&4E-01 
S 0.02S5~ 0.00 1.SSE 01 2.2&E 01 1.&lE 01 4.13E OO-&.&qE-Ol-l .23E 00-1 .30E 00-1 .22E 00-1 .10E 00-q.S1E-01-8.4SE-Ol 
7 0.02437 0.00 1.83E 01 2.22E 01 1.3&E 01 q.20E-Ol-q.17E-01-1.00E 00-1.03E 00-1.01E 00-q.&&E-01-8.q3E-01-7.S7E-Ol 
& O.OlqO& 0.00 1.S4E 01 2.0SE 01 7.7SE 00-1.30E 00-q.30E-01-7.S7E-01-7.3&E-01-7.&5E-01-7.73E-01-7.44E-01-&.&8E-01 
5 0.01344 0.00 1.8&E 01 1.SQE 01-&.7SE-02-8.4&E-01-7.17E-01-S.34E-01-4.SSE-Ol-S. 1 QE-01-S.S2E-01-S.4QE-01-S.01E-Ol 
4 0.00812 0.00 1 .77E 01 4.S8E 00-Q.43E-01-S.&OE-01-4.SSE-01-3.28E-01-2.8&E-01-3.0&E-01-3.34E-01-3.41E-01-3.13E-Ol 
3 0.0035Q 0.00 1.07E 01-3.57E-01-S.85E-01-2.&7E-01-2.0&E-Ol-l .4&E-01-1 .2SE-Ol-1 .34E-01-1 .48E-01-1 .S3E-01-1 .41E-Ol 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 lS 1& 17 18 1Q 20 21 22 23 
X = 0.lS78b 0.182&& 0.2101Q 0.2407S 0.274b7 0.31232 0.3S411 0.3QSQO 0.437bQ 0.47Q48 0.S2127 

o J Y 
21 0.Ob250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&Ob2 -5.50E-02-3.73E-02-2.17E-02-1 .lSE-02-b.04E-03-3.S2E-03-1 .8QE-03-Q.Q3E-04 b.Q4E-04 Q.S4E-OS 
1Q 0.057&& -1.54E-Ol-l.01E-Ol-S.7QE-02-3.00E-02-1 .44E-02-b.31E-03-1 .01E-03 2.0SE-03 4.73E-03 2.00E-04 
18 0.054bQ -2.5bE-Ol-l .bbE-Ol-Q.b8E-02-S.1bE-02-2.5bE-02-1 .lSE-02-2.13E-03 3.3SE-03 7.28E-03 2.b7E-04 
17 0.05211 -3.41E-01-2.23E-Ol-l.32E-01-7.1QE-02-3.70E-02-1 .7bE-02-4.S4E-03 3.11E-03 8.3bE-03 3.14E-04 
lb 0.04Q45 -4.23E-01-2.7QE-Ol-1.&7E-01-Q.38E-02-S.01E-02-2.52E-02-8.2bE-03 1 .b3E-03 8.4bE-03 3.S2E-04 
15 0.04&87 -4.Q3E-01-3.2QE-01-2.01E-Ol-1 .lSE-01-&.35E-02-3,34E-02-1 .27E-02-b.S1E-04 7.81E-03 3.81E-04 
14 0.04445 -5.SOE-01-3.71E-01-2.30E-Ol-1.35E-01-7.bOE-02-4.13E-02-1 .73E-02-3.2~E-03 b.74E-03 4.00E-04 
13 0.04211 -5.~&E-01-4.07E-01-2.S&E-Ol-1 .S3E-01-8.78E-02-4.QOE-02-2.1QE-02-b.08E-03 S.43E-03 4.12E-04 
12 0.03~Ob -&.44E-01-4.47E-01-2.87E-Ol-1.74E-Ol-l.02E-01-5.8bE-02-2.7QE-02-Q.8SE-03 3.4QE-03 4.1bE-04 
11 0.0357S -&.73E-01-4.7SE-01-3.10E-Ol-l .~lE-Ol-1 .lSE-Ol-b.71E-02-3.34E-02-1 .3bE-02 1.3bE-03 4.01E-04 
10 0.03328 -&.S3E-01-4.aaE-01-3.22E-01-2.01E-01-1.22E-01-7.22E-02-3.&QE-02-1 .bOE-02-1 .70E-04 3.aOE-04 
Q 0.0312S -&.S3E-01-4.~3E-01-3.2aE-01-2.0bE-Ol-l .2&E-01-7.SSE-02-3.Q2E-02-1.77E-02-1 .30E-03 3.S7E-04 
a 0.0285Q -&.7bE-01-4.~3E-01-3.32E-01-2.11E-Ol-l.30E-01-7.a&E-02-4.1&E-02-1.QbE-02-2.b4E-03 3.2bE-04 
7 0.02437 -b.40E-01-4.7SE-01-3.25E-01-2.0QE-Ol-l .31E-01-7.QaE-02-4.32E-02-2.13E-02-4.23E-03 2.74E-04 
& O.OlQO& -5.53E-01-4.17E-01-2.Q1E-01-1.aQE-Ol-l.l~E-01-7.37E-02-4.07E-02-2.0aE-02-S.0QE-03 2.0QE-04 
5 0.01344 -4.1~E-01-3.20E-01-2.2bE-Ol-l.4QE-Ol-Q.44E-02-s.a7E-02-3.2aE-02-1 .71E-02-4.&aE-03 1.44E-04 
4 0.00812 -2.&4E-01-2.03E-Ol-1.4SE-Ol-~.&3E-02-b.l0E-02-3.aOE-02-2.14E-02-1 . 13E-02-3.2&E-03 S.S2E-OS 
3 0.0035~ -1.1~E-Ol-Q.l~E-02-&.S7E-02-4.3aE-02-2.77E-02-1 .73E-02-Q.7QE-03-S.20E-03-1 .54E-03 3.73E-05 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



o 1=1 234 5 & 7 8 q 10 11 12 
X = 0.00000 0.00000 O.0&2q5 0.12q37 0.20308 0.284ql 0.37574 0.47&5& 0.58847 0.712&q 0.85058 1.003&3 

o J Y 

o 

21 0.50500 
20 0.4q500 
1<~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2q750 
10 0.27500 

c:t 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 2.71E-01 4.55E-Ol 4.QOE-01 4.&8E-01 4.3&E-01 4.08E-01 3.83E-Ol 
0.00 0.00 0.00 0.00 0.00 3.&8E-01 5.11E-Ol 5.34E-01 5.0QE-Ol 4.73E-01 4.37E-Ol 4.03E-Ol 
0.00 0.00 0.00 0.00 0.00 4.&8E-01 5.&4E-Ol 5.&&E-Ol 5.31E-Ol 4.85E-Ol 4.40E-01 4.00E-01 
0.00 0.00 0.00 0.00 &.31E-Ol 5.55E-01 5.88E-01 5.&QE-Ol 5.23E-Ol 4.71E-Ol 4.24E-01 3.88E-Ol 
0.00 0.00 0.00 0.00 5.42E-Ol 5.40E-Ol 5.51E-Ol 5.2&E-01 4.80E-Ol 4.33E-01 3.q7E-Ol 3.&qE-Ol 
0.00 0.00 0.00 0.00 5.37E-Ol 5.28E-Ol 5.01E-01 4.57E-Ol 4.14E-Ol 3.83E-Ol 3.&2E-Ol 3.45E-Ol 
0.00 0.00 0.00 7.3qE-Ol 5.7&E-01 5.00E-Ol 4.2qE-Ol 3.73E-0~ 3.44E-01 3.33E-01 3.2&E-01 3.1qE-Ol 
0.00 0.00 0.00 5.7&E-01 5.27E-Ol 4.38E-Ol 3.42E-Ol 2.8QE-Ol 2.80E-Ol 2.8&E-Ol 2.Q2E-Ol 2.Q2E-Ol 
0.00 0.00 0.00 5.23E-Ol 4.Q&£-01 3.74E-Ol 2.54E-Ol 2.10E-01 2.20E-Ol 2.41E-Ol 2.5&E-Ol 2.&4E-Ol 
0.00 0.00 5.QQE-01 5.40E-Ol 4.57E-Ol 2.73E-Ol 1.12E-Ol 1.00E-Ol 1.37E-Ol 1.74E-01 2.00E-Ol 2.17E-Ol 
0.00 0.00 5.53E-Ol 5.50E-Ol 4.02E-Ol 1.32E-Ol 1.&2E-02 3.55E-02 8.28E-02 1.2&E-Ol 1.57E-Ol 1.80E-Ol 
0.00 0.00 &.2&E-Ol 5.&OE-01 3.43E-Ol 4.44E-02-3.Q3E-02-7.21E-03 4.3QE-02 8.Q4E-02 1.25E-Ol 1.52E-01 
0.00 1 .OOE 00 7.3&E-01 5.55E-01 2.7QE-01-2.04E-02-7.75E-02-3.Q&E-02 1 .25E-02 5.Q4E-02 Q.70E-02 1.28E-Ol 
0.00 1.00E 00 7.80E-Ol 5.21E-01 1 .72E-Ol-1.20E-01-1 .31E-Ol-Q.0&E-02-4.02E-02 7.05E-03 4.7QE-02 8.37E-02 
0.00 1.00E 00 7.85E-Ol 4.25E-Ol-L.44E-02-2.04E-Ol-l.8QE-Ol-1 .53E-Ol-1 .08E-Ol-&.24E-02-1.85E-02 2.3&E-02 
0.00 1.00E 00 7.12E-Ol 1 .75E-01-3.27E-01-2.7&E-01-2.43E-01-2.10E-Oi-l .71E-Ol-l.28E-01-8.23E-02-3.4QE-02 
0.00 1.00E 00 5.12E-01-3.2QE-01-3.&&E-01-3.25E-01-2.8&E-01-2.53E-Ol-2.18E-Ol-l .78E-Ol-l.30E-01-7.Q2E-02 
0.00 1.00E 00-3.&4E-02-4.&3E-01-3.QQE-01-3.53E-01-3.11E-01-2.77E-01-2.44E-01-2.05E-Ol-l .57E-Ol-l .04E-Ol 
0.00 1.00E 00-5.&QE-01-5.14E~01-4.14E-01-3.&3E-01-3.20E-01-2.85E-01-2.53E-01-2.14E-Ol-l .&7E-Ol-1 .13E-01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 lQ 20 21 22 23 
1.17352 1.3&20Q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.&&5&Q 3.00001 3.3~434 3.&&8&& 4.002QQ 

o J Y 
21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.4q500 3.58E-01 3.3&E-Ol 3.1qE-01 3.07E-Ol 3.01E-01 2.q7E-01 2.q5E-01 2.q3E-Ol 2.q3E-Ol 2.q3E-Ol 2.q3E-Ol 
1c:t 0.47500 3.72E-01 3.47E-01 3.2qE-01 3.18E-01 3.12E-Ol 3.08E-01 3.07E-Ol 3.08E-Ol 3.0qE-Ol 3.11E-Ol 3.11E-Ol 
18 0.44750 3.&QE-Ol 3.45E-Ol 3.28E-Ol 3.1&E-Ol 3.0QE-Ol 3.05E-Ol 3.03E-Ol 3.03E-Ol 3.03E-Ol 3.04E-Ol 3.04E-Ol 
17 0.42750 3.&OE-Ol 3.38E-Ol 3.23E-Ol 3.12E-Ol 3.04E-01 3.00E-Ol 2.Q7E-01 2.Q&E-Ol 2.Q5E-01 2.Q&E-01 2.Q&E-Ol 
1& 0.40&25 3.47E~01 3.28E-Ol 3.14E-Ol 3.04E-01 2.Q7E-01 2.Q2E-01 2.8QE-01 2.87E-Ol 2.8&E-01 2.8&E-Ol 2.8&E-Ol 
15 0.38500 3.2QE-01 3.15E-01 3.04E-01 2.Q5E-01 2.88E-01 2.83E-01 2.80E-Ol 2.78E-01 2.77E-01 2.7&E-01 2.7&E-01 
14 0.3&500 3.0QE-01 3.00E-01 2.Q1E-01 2.84E-0~ 2.78E-01 2.74E-01 2.71E-01 2.&QE-01 2.&7E-01 2.&&E-Ol 2.&&E-Ol 
13 0.34&25 2.8QE-Ol 2.84E-01 2.78E-01 2.73E-01 2~b8E-01 2.&5E-01 2.&2E-01 2.&OE-Ol 2.58E-01 2.57E-Ol 2.57E-Ol 
12 0.32750 2.&7E-Ol 2.&&E-Ol 2.&4E-01 2.&lE-Ol 2.57E-Ol 2.55E-Ol 2.52E-Ol 2.50E-Ol 2.4QE-Ol 2.48E-Ol 2.48E-Ol 
11 0.2Q750 2.28E-01 2.35E-01 2.38E-01 2.3QE-Ol 2.3QE-01 2.38E-Ol 2.3&E-Ol 2.35E-Ol 2.34E-Ol 2.33E-Ol 2.33E-01 
10 0.27500 1.Q8E-Ol 2.10E-Ol 2.18E-Ol 2.22E-Ol 2.24E-Ol 2.24E-Ol 2.24E-Ol 2.24E-Ol 2.23E-Ol 2.22E-01 2.22E-Ol 
q 0.25750 1.74E-Ol 1.QOE-01 2.01E-01 2.08E-01 2.12E-01 2.14E-01 2.15E-01 2.15E-Ol 2.15E-Ol 2.14E-01 2.14E-01 
8 0.24250 1.53E-01 1.73E-01 1.87E-Ol 1.Q&E-01 2.02E-01 2.05E-01 2.07E-Ol 2.08E-Ol 2.08E-Ol 2.07E-Ol 2.07E-Ol 
7 0.21500 1.15E-01 1.42E-01 1.&lE-Ol 1.75E-01 1.84E-01 1.QOE-Ol 1.Q3E-Ol 1.Q5E-Ol 1.Q5E-01 1.Q5E-01 1.Q5E-Ol 
& 0.17500 &.30E-02 Q.75E-02 1.25E-01 1.45E-Ol 1.5QE-01 1.&8E-01 1.74E-01 1.78E-Ol 1.7QE-Ol 1.7QE-Ol 1.7QE-Ol 
5 0.13000 1.17E-02 5.3QE-02 8.8&E-02 1.15E-Ol 1.34E-Ol 1.47E-Ol 1.5&E-Ol 1.&lE-Ol 1.&4E-Ol 1.&4E-Ol 1.&4E-Ol 
4 0.08500 -2.75E-02 2.03E-02 &.0&E-02 Q.21E-02 1.15E-01 1.31E-01 1.42E-Ol 1.4QE-Ol 1.52E-Ol 1.53E-Ol 1.53E-Ol 
3 0.04500 -4.Q&E-02 1 .31E-03 4.48E-02 7.Q1E-02 1.04E-01 1.22E-Ol 1.35E-Ol 1.42E-Ol 1.4&E-Ol 1.47E-Ol 1.47E-Ol 
2 0.01250 -5.7&E-02-5.&2E-03 3.QOE-02 7.43E-02 1.01E-Ol 1.1QE-Ol 1.32E-Ol 1.3QE-Ol 1.43E-Ol 1.45E-Ol 1.44E-Ol 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- OIMENSIONLfSS V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o 1= 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.Oq443 0.1&430 0.24187 0.327q& 0.42352 0.52q&0 0.&4735 0.77804 0.q2311 1.08415 
o J Y 

21 0.50000 
20 0.48500 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 5.04E-02 3.10E-02 5.24E-03-2.QQE-03-3.QQE-03-3.04E-03-2.45E-03-2.25E-03 



4 1.b43E-01 

5 2.41~E-01 

b 3.280E-01 

7 4.235E-01 

8 5.2'3bE-01 

'3 b.473E-01 

10 7.780E-01 

1 1 '3.231E-01 

12 1.084E 00 

13 1 .2b3E 00 

14 1 .4b1 E 00 

15 1.b82E 00 

1b 1 . '32bE 00 

17 2.1'37E 00 

18 2.4'3'3E 00 

1'3 2.833E 00 

20 3. 1 b 7E 00 

21 3.502E 00 

;'2 3.83bE 00 
0- - -
lX.-AXIS IS XI 
Y-AXES ARE 
SYt1:JOL 

4.70bE-03 

2.b'32E-03 

2.'354E-03 

2.'3'32E-03 

2.811E-03 

2.bl0E-03 

2.542E-03 

2.7blE.-03 

3.111E-03 

3.35'3E-03 

3.4b4E-03 

3.455E-03 

3.374E-03 

3.253E-03 

3.112E-03 

2.'3b7E-03 

2.831E-03 

2.705E-03 

2.b51E-03 
- - - - - - -

00 02 04 Ob 08 1 0 
024 b 8 1 

MAXIMUM VALUES 0.3bOE 00 0.3'35E 00 O.424E 00 0.450E 00 0.474E 00 O.500E 00 

o 
X 0.00 
X 0.02 
X 0.04 
X O.Ob 
X 0.08 
X 0.10 
X 0.12 

RADIAL POSITION RID 

0.0 0.1 0.2 0.3 0.4 0.5 O.b 0.7 0.8 O.q 1.0 
O •••••.••• +2 •••• 4 .• b+ .8 .• 1 ••.. + ...•••... + •..•..•.. + .......•. + ....•.... + .•....... + •........ + . . . . . . . . .. 0 .00 

o 2 4 b 8 1 0.02 
o 2 4 b 8 1 0.04 

o 2 4 b 8 1 O.Ob 
o 2 4 b 8 1 0.08 

+ o 2 4 b 8 1 + 0.10 
o 2 4 b 8 1 0.12 



157 0.4580E-01 0.1720E-01 0.1883E-01 0.b50qE-02 0.4b24E-02 0.10q7E Oq 0.5b21E 01 0.4831E-02 0.147qE 02 0.15b3E 04 0.1q33E 04 
1580.445bE-01 0.1717E-01 0.18q7E-01 0.b525E-02 0.45q2E-02 0.10q2E Oq 0.5b2qE 01 0.4bq5E-02 0.147qE 02 0.15b4E 04 0.1q33E 04 
15q 0.4333E-01 0.1714E-01 0.1qOqE-01 0.b5SqE-02 0.45b3E-02 0.1088E Oq 0.5b3bE 01 0.4554E-02 0.1480E 02 0.15b5E 04 0.1q33E 04 
1&0 0.4214E-01 0.170&E-01 0.1q21E-01 0.b&14E-02 0.4530E-02 0.108qE Oq 0.5b43E 01 0.4408E-02 0.1480E 02 0.15bbE 04 0.1q33E 04 
1&1 0.40q&E-01 0.1bq8E-01 0.1q32E-01 0.bb3qE-02 0.44q3E-02 0.1083E Oq 0.5b50E 01 0.4257E-02 0.1481E 02 0.15&bE 04 0.1q33E 04 
1&2 0.3~81E-01 0.1b88E-01 0.1q42r-01 0.bbbbE-02 0.4453E-02 0.1081E Oq 0.5b57E 01 0.4102E-02 0.1481E 02 0.15b7E 04 0.1q33E 04 
1&3 0.38&~E-01 0.1b77E-01 0.1q5IE-01 0.b73bE-02 0.4410E-02 0.1074E Oq 0.5bb4E 01 0.3q45E-02 0.1482E 02 0.15&8E 04 0.1q33E 04 
1&4 0.3758E-01 0.1bbbE-01 0.1q~~E-01 0.b7b8E-02 0.43b4E-02 0.1071E Oq 0.5b70E 01 U.3785E-02 0.1483E 02 0.15b8E 04 0.1q32E 04 
1&5 0.3&51E-01 0.1b54E-01 0.1qbbE-01 0.b785E-02 0.4318E-02 0.1070E Oq 0.5b77E 01 0.3b23E-02 0.1483E 02 0.15bqE 04 0.1Q32E 04 
1&b 0.3547E-01 0.1b43E-01 0.1Q72E-01 0.b848E-02 0.42bQE-02 0.10b5E OQ 0.5b83E 01 0.34b2E-02 0.1484E 02 0.1570E 04 0.1q32E 04 
1&7 0.3444E-01 0.1b33E-01 0.1Q77E-01 0.b888E-02 0.4218E-02 0.105~E O~ 0.5b8QE 01 0.3301E-02 0.1484E 02 0.1570E 04 0.1Q32E 04 
1&8 0.334&E-01 0.1b24E-01 0.1Q81E-01 0.bQ43E-02 0.41bbE-02 0.1058E O~ 0.5bQ4E 01 0.313QE-02 0.1485E 02 0.1571E 04 0.1Q32E 04 
1bQ 0.324~E-01 0.1&17E-01 0.1Q85E-01 0.bQ58E-02 0.4112E-02 0.1050E OQ 0.5700E 01 0.2Q7QE-02 0.1485E 02 0.1572E 04 0.1Q32E 04 
170 0.315bE-01 0.1b08E-01 0.1Q87E-01 0.bQQQE-020.405bE-02 0.1047E OQ 0.5705E 01 0.2820E-02 0.148bE 02 0.1572E 04 0.1Q31E 04 
171 0.30&bE-01 0.1b03E-01 0.1Q88E-01 0.7053E-02 0.4000E-02 0.1041E OQ 0.5710E 01 0.2bb3E-02 0.148bE 02 0.1573E 04 0.1Q31E 04 
172 0.2Q78E-Q1 0.15Q7E-01 0.1~88E-01 0.7087E-·02 0.3Q41E-02 0.1033E OQ 0.5715E 01 0.250QE-02 0.1487E 02 0.1574E 04 0.1Q31E 04 
173 0.2Q01E-01 0.15Q5E-01 0.1Q87E-01 0.7130E-02 0.3824E-02 0.Q474E 08 0.5720E 01 0.23b5E-02 0.1487E 02 0.1574E 04 0.1Q31E 04 
174 0.2825E-01 0.15Q2E-01 0.1Q85E-01 0.718QE-02 0.3730E-02 0.Q280E OR 0.5724E 01 0.2228E-02 0.1488E 02 0.1575E 04 0.1Q31E 04 
175 0.2753E-01 0.158QE-01 0.1Q83E-01 0.7218E-02 0.3b51E-02 0.~312E 08 0.572QE 01 0.20Q4E-02 0.148QE 02 0.157bE 04 0.1q31E 04 
17b 0.2&82E-01 0.1587E-01 0.1Q7qE-01 0.7274E-02 0.357QE-02 0.q32qE 08 0.5733E 01 0.1qb4E-02 0.148qE 02 0.157bE 04 0.1q31E 04 
177 0.2&13E-01 0.1584E-01 0.1Q75E-01 0.7321E-02 0.3512E-02 0.~313E 08 0.5737E 01 0.183bE-02 0.14qOE 02 0.1577E 04 0.1q31E 04 
178 0.2547E-01 0.1582E-01 0.1Q70E-01 0.73bbE-02 0.3452E-02 0.q274E 08 0.5740E 01 0.1711E-02 0.14qOE02 0.1578E 04 0.1q31E 04 
17Q 0.2481E-01 0.1583E-01 0.1Qb4E-01 0.7355E-02 0.33q4E-02 0.q271E 08 0.5744E 01 0.15qOE-02 0.14q1E 02 0.1578E 04 0.1q31E 04 
180 0.2418E-01 0.158bE-01 0.1Q58E-01 0.73qOE-02 0.3338E-02 0.~1q3E 08 0.5747E 01 0.1472E-02 0.14q2E 02 0.157qE 04 0.1Q31E 04 
181 0.2358E-01 0.1588E-01 0.1Q51E-01 0.73Q3E-02 0.3285E-02 0.Q151E 08 0.5750E 01 0.1357E-02 0.14Q2E 02 0.157QE 04 0.1Q31E 04 
182 0.2300E-01 0.15Q1E-01 0.1Q43E-01 0.7411E-02 0.3233E-02 0.Q080E 08 0.5753E 01 0.1?47E-02 0.14Q3E 02 0.1580E 04 0.1Q31E 04 
183 0.2244E-01 0.15Q2E-01 0.1Q35E-01 0.7448E-02 0.3181E-02 0.Q023E 08 0.575bE 01 0.1141E-02 0.14Q3E 02 0.1581E 04 0.1Q31E 04 
184 0.21QOE-01 0.15Q4E-01 0.1Q2bE-01 0.7432E-02 0.3130E-02 0.8Q70E 08 0.5758E 01 0.1040E-02 0.14Q4E 02 0.1581E 04 0.1Q32E 04 
185 0.2138E-01 0.15QbE-01 0.1Q1bE-Ol 0.7425E-02 0.3080E-02 0.88Q8E 08 0.57b1E 01 0.Q42bE-03 0.14Q5E 02 0.1582E 04 0.1Q32E 04 
18b 0.2088E-01 0.1SQ8E-01 0.1QObE-01 0.7453E-02 0.3030E-02 0.8812E 08 0.57b3E 01 0.8503E-03 0.14Q5E 02 0.1582E 04 0.1Q32E 04 
187 0.2041E-01 0.1bOOE-01 0.18QbE-01 0.7455E-02 0.2Q78E-02 0.873QE 08 0.57b5E 01 0.7b37E-03 0.14QbE 02 0.1583E 04 0.1Q32E 04 
188 0.1QQ7E-01 0.1b02E-01 0.1885E-01 0.741QE-02 0.2Q28E-02 0.8bb8E 08 0.57b7E 01 0.b815E-03 0.14Q7E 02 0.1583E 04 0.1Q32E 04 
18Q 0.1Q54E-01 0.1b04E-01 0.1873E-01 0.73Q1E-02 0.287QE-02 0.8b12E 08 0.57bQE 01 0.b044E-03 0.14Q7E 02 0.1584E 04 0.1Q32E 04 
1QO 0.1Q12E-01 0.1b03E-01 0.18b2E-01 0.73Q4E-02 0.282QE-02 0.8532E 08 0.5771E 01 0.5318E-03 0.14Q8E 02 0.1585E 04 0.1Q33E 04 
1Q1 0.1873E-01 0.1b03E-01 0.184QE-01 0.7404E-02 0.277QE-02 0.844QE 08 0.5772E 01 0.4b48E-03 0.14Q8E 02 0.1585E 04 0.1Q33E 04 
1Q2 0.1837E-01 0.1b01E-01 0.1837E-01 0.7383E-02 U.2728E-02 0.837QE 08 0.5774E 01 0.4021E-03 0.14QQE 02 0.158bE 04 0.1Q33E 04 
1Q3 0.1801E-01 0.15QQE-01 0.1824E-01 0.7330E-02 0.2b78E-02 0.8300E 08 0.5775E 01 0.3438E-03 0.1500E 02 0.158bE 04 0.1Q33E 04 
1Q4 0.17b8E-01 0.15Q5E-01 0.1811E-01 0.7348E-02 0.2b32E-02 0.8242E 08 0.577bE 01 0.2Q04E-03 0.1500E 02 0.1587E 04 0.1Q34E 04 
1Q5 0.1735E-01 0.15QOE-01 0.17Q7E-01 0.7280E-02 0.2583E-02 0.8177E 08 0.5777E 01 0.2423E-03 0.1501E 02 0.1587E 04 0.1Q34E 04 
1Qb 0.170bE-01 0.1584E-01 0.1784E-01 0.730bE-02 0.2537E-02 0.8074E 08 0.5778E 01 0.1Q7bE-03 0.1502E 02 0.1588E 04 0.1Q34E 04 
1Q7 0.1&7&E-01 0.1578(-01 0.1770E-01 0.7258E-02 0.24QOE-02 0.8033E 08 0.S77QE 01 0.1575E-03 0.1502E 02 0.1588E 04 0.1Q34E 04 
1Q8 0.1b50E-01 0.1571E-01 0.175bE-01 0.723QE-02 0.2443E··02 0.7Q1bE 08 0.5780E 01 0.1215E-03 0.1503E 02 O.158QE 04 0.1Q35E 04 
1QQ 0.1&24E-01 0.15b3E-01 0.1742E-01 0.7202E-02 0.2400£-02 0.7870E 08 0.5781E 01 0.8Q3bE-04 0.1504E 02 0.158QE 04 0.1Q35E 04 
200 0.1&00E-01 0.1554E-01 0.1728E-01 0.7188E-02 0.235&E-02 0.7700E 08 0.5781E 01 0.0010E-04 0.1504E 02 0.15QOE 04 0.1Q35E 04 

0- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SWIRL CASE WITH LFS = 5 
AND NSBR = 0 

CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 1 .500 

OR IF NSBR = 0 TO SWIRL VANE ANGLE = 05.000 



o 

4 0.010&2 
3 0.005&2 
2 0.0015& 
1-0.0015& 

I = 
x = 

4.4QE OS Q.QOE 04 8.28E 04 1.27E 04 &.Q4E 03 6.SQE 03 6.QOE 03 7.37E 03 7.6&E 03 7.S1E 03 &.81E 03 S.72E 03 
4.4QE OS 1.2QE OS 3.28E 04 8.&SE 03 &.lQE 03 S.QQE 03 6.2SE 03 &.64E 03 6.8QE 03 6.78E 03 6.21E 03 S.26E 03 
4.4QE OS 1.S6E OS 2.12E 04 7.11E 03 S.82E 03 S.70E 03 S.QSE 03 6.30E 03 6.S2E 03 &.42E 03 S.Q1E 03 S.02E 03 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1 & 17 18 1 Q 20 21 22 23 

0.15786 0.1826& 0.2101Q 0.24075 0.27467 0.31232 0.35411 0.3QSQO 0.4376Q 0.47Q48 0.52127 
o J Y 

21 0.0&312 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 4.77E 03 4.38E 03 3.84E 03 3.33E 03 2.qlE 03 2.S7E 03 2.31E 03 2.11E 03 1.qSE 03 1.q4E 03 4.4qE 05 
1q 0.OSq37 4.37E 03 3.82E 03 3.18E 03 2.SqE 03 2.11E 03 1 .73E 03 1.4SE 03 1.2SE 03 1.11E 03 1.22E 03 4.4qE 05 
180.0SSq4 4.S&E 03 3.7&E 03 2.q&E 03 2.2qE 03 1 .77E 03 1 .37E 03 1.0qE 03 8.8qE 02 7.S1E 02 q.10E 02 4.4qE 05 
17 0.05344 4.8&E 03 3.8SE 03 2.qSE 03 2.21E 031 .&&E 03 1.2SE 03 q.68E 02 7.74E 02 6.40E 02 8.22E 02 4.4qE 05 
1& 0.05078 S.2SE 03 4.02E 03 2.qqE 03 2.20E 03 1 .61E 03 1 .1qE 03 q.05E 02 7.13E 02 S.82E 02 7.81E 02 4.4qE 05 
15 0.04812 S.&3E 03 4.20E 03 3.0&E 03 2.21E 03 1.SqE 03 1 .16E 03 8.71E 02 6.80E 02 S.SOE 02 7.60E 02 4.4qE 05 
14 0.045&2 S.q4E 03 4.3&E 03 3.13E 03 2.22E 03 1.SqE 03 1 .1SE 038.S2E 02 6.61E 02 S.32E 02 7.4&E 02 4.4qE 05 
13 0.04328 &.17E 03 4.48E 03 3.18E 03 2.24E 03 1.SqE 03 1 .14E 03 8.40E 02 6.48E 02 S.20E 02 7.34E 02 4.4qE 05 
120.040q4 &.34E 03 4.S6E 03 3.22E 03 2.2SE 03 1.S8E 03 1 .13E 03 8.2qE 02 6.37E 02 S.11E 02 7.1qE 02 4.4qE 05 
11 0.0371q &.47E 03 4.63E 03 3.24E 03 2.2SE 03 1.S7E 03 1 .11E 03 8.12f. 02 6.21E 02 4.q&E 02 6.qlE 02 4.4qE 05 
10 0.03437 &.4SE 03 4.&1E 03 3.21E 03 2.22E 03 1.SSE 03 1.0qE 03 'l.q6E 02 6.07E 02 4.84E 02 6.&5E 02 4.4qE 05 
q 0.0321q &.38E 03 4.SSE 03 3.17E 03 2.20E 03 1.S3E 03 1.07E 03 7,81E 02 S.qSE O~ 4.73E 02 6.42E 02 4.4qE 05 
8 0.03031 &.27E 03 4.4qE 03 3.13E 03 2.16E 03 1.S0E 03 1.06E 03 7.&7E 02 S.84E 02 4.64E 02 6.21E 02 4.4qE 05 
7 0.02687 &.02E 03 4.32E 03 3.02E 03 2.0QE 03 1.45E 03 1.02E 03 7.3QE 02 S.61E 02 4.45E 02 S.81E 02 4.4QE 05 
& 0.02187 S.S6E 03 4.02E 03 2.82E 03 1.Q5E 03 1 .36E 03 Q.S5E 02 6.Q3E 02 S.2SE 02 4.15E 02 S.20E 02 4.4QE 05 
5 0.01625 4.QQE 03 3.6SE 03 2.S8E 03 1.7QE 03 1.2SE 03 8.84E 02 6.42E 02 4.87E 02 3.84E 02 4.58E 02 4.4QE 05 
4 0.010&2 4.4QE 03 3.33E 03 2.37E 03 1.66E 03 1 .16E 03 8.24E 02 6.00E 02 4.55E 02 3.SQE 02 4.0QE 02 4.4QE 05 
3 0.005&2 4.16E 03 3.12E 03 2.24E 03 1.SSE 03 1 .11E 03 7.QOE 02 5.77E 02 4.38E 02 3.~6E 02 3.82E 02 4.4QE 05 
2 0.0015& 4.00E 03 3.02E 03 2.1QE 03 1.S4E 03 1.0QE 03 7.81E 02 S.73E 02 4.37E 02 3.45E 02 3.73E 02 4.4QE 05 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAM FUNCTION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 6 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01617 0.02S3Q 0.03561 0.046Q7 0.OSQS7 0.07356 0.08QOQ 0.10632 0.12545 
o J Y 

o 

21 0.06312 
20 0.06187 
1Q 0.OSQ37 
18 0.OSSQ4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.04562 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02687 
& 0.02187 
5 0.01&25 
4 0.010&2 
3 0.00562 
2 0.00156 
1-0.0015& 

I = 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 Q.81E-Ol Q.6SE-Ol Q.63E-Ol Q.65E-Ol Q.68E-01 Q.70E-01 Q.72E-01 
0.00 0.00 0.00 0.00 0.00 8.77E-Ol 8.07E-Ol 7.Q8E-Ol 8.10E-Ol 8.2SE-01 8.38E-01 8.S0E-Ol 
0.00 0.00 0.00 0.00 0.00 6.87E-Ol S.6QE-Ol S.61E-Ol S.Q2E-Ol 6.28E-Ol 6.60E-Ol 6.87E-Ol 
0.00 0.00 0.00 0.00 Q.02E~01 S.21E-Ol 3.8QE-Ol 3.Q1E-Ol 4.3QE-Ol 4.Q2E-Ol S.38E-Ol S.7&E-Ol 
0.00 0.00 0.00 0.00 7.06E-Ol 3.3QE-Ol 2.08E-Ol 2.24E-Ol 2.Q1E-Ol 3.61E-Ol 4.20E-Ol 4.&7E-Ol 
0.00 0.00 0.00 0.00 5.32E-Ol 1.71E-Ol S.16E-02 8.40E-02 1.67E-Ol 2.48E-Ol 3.1SE-Ol 3.6QE-01 
0.00 0.00 0.00 8.Q6E-Ol 3.70E-Ol 2.88E-02-6.7QE-02-1 .Q3E-02 7.22E-02 1.SQE-Ol 2.30E-Ol 2.87E-01 
0.00 0.00 0.00 7.17E-Ol 2.2QE-01-8.00E-02-1.S1E-Ol-Q.06E-02 3.21E-03 8.Q7E-02 1.61E-Ol 2.20E-01 
0.00 0.00 0.00 5.7QE-Ol 1 .12E-Ol-1 .61E-01-2.05E-Ol-1 .40E-01-4.Q1E-02 3.36E-02 1.03E-01 1.&lE-Ol 
0.00 0.00 8.8QE-Ol 3.88E-01-3.Q6E-02-2.37E-01-2.44E-Ol-1.82E-Ol-1 .04E-01-3.20E-02 3.0QE-02 8.&4E-02 
0.00 0.00 7.38E-Ol 2.63E-Ol-1.21E-01-2.S6E-01-2.4SE-Ol-1.Q2E-Ol-l .2&E-01-6.3QE-02-7.22E-03 4.42E-02 
0.00 0.00 6.42E-01 1.80E-Ol-1 .62E-01-2.S2E-01-2.35E-Ol-1 .QOE-Ol-1 .34E-01-7.Q8E-02-2.86E-02 1.QOE-02 
0.00 Q.41E-Ol S.60E-Ol 1.18E-Ol-l .83E-01-2.40E-01-2.22E-Ol-1 .83E-Ol-l .36E-01-8.81E-02-4.18E-02 2.21E-03 
0.00 7.40E-Ol 4.12E-Ol 2.34E-02-1 .Q4E-01-2.0QE-Ol-l.Q1E-Ol-1 .64E-Ol-1 .30E-Ol-Q.2QE-02-S.54E-02-1.8SE-02 
0.00 4.QOE-Ol 2.2&E-01-6.70E-02-1 .64E-Ol-1 .S4E-Ol-1 .40E-Ol-1.2SE-01-1 .OSE-01-8.20E-02-S.6SE-02-3.02E-02 
0.00 2.70E-Ol 7.63E-02-Q.44E-02-1 .03E-01-Q.27E-02-8.43E-02-7.68E-02-6.77E-02-S.S8E-02-4.lSE-02-2.61E-02 
0.00 1.16E-01-2.02E-03-S.71E-02-4.84E-02-4.24E-02-3.84E-02-3.S4E-02-3.1QE-02-2.72E-02-2.11E-02-1 .42E-02 
0.00 3.24E-02-1.2SE-02-1.63E-02-1.42E-02-1 .24E-02-1 .12E-02-1 .03E-02-Q.43E-03-8.1SE-03-&.46E-03-4.4QE-03 
0.00 2.S0E-03-1 .71E-03-1 .31E-03-1 . 12E-03-Q.71E-04-8.76E-04-8.12E-04-7.4SE-04-6.48E-04-S. 18E-04-3.&SE-04 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 16 17 18 lQ 20 21 22 23 



20.012S0 S.23E-02 4.41E-02 3.bOE-02 2.87E-02 2.27E-02 1.81E-02 1.47E-02 1.22E-02 1.0SE-02 1 .12E-02 3.00E-02 
1-0.012S0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 2 3 4 5 b 7 8 q 10 11 12 13 

X = 0.003q3 0.01180 0.020S4 0.03023 0.040qq 0.052q4 0.Ob&20 0.080q2 0.Oq72& 0.1153q 0.13552 0.1578& 
o J Y 

21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
lq 0.OSq37 0.00 0.00 0.00 1.q8E-Ol 2.10E-Ol 2.07E-Ol 2.05E-Ol 2.17E-Ol 2.&8E-01 3.20E-Ol 3.38E-01 3.33E-Ol 
180.05Sq4 0.00 0.00 0.00 1.q8E-Ol 1.q5E-Ol 2.03E-01 2.1qE-Ol 2.71E-Ol 3.83E-Ol 4.qOE-Ol 5.45E-Ol 5.57E-Ol 
170.0S344 0.00 0.00 5.10E-02 1.34E-Ol 1.b8E-Ol 1.q&E-Ol 2.3&E-Ol 3.20E-0~ 4.45E-Ol 5.57E-Ol &.28E-Ol &.57E-Ol 
1& 0.05078 0.00 0.00 1.78E-Ol 1.74E-Ol 1.8qE-Ol 2.18E-Ol 2.78E-Ol 3.80E-Ol 4.qqE-Ol &.08E-Ol &.87E-Ol 7.30E-Ol 
15 0.04812 0.00 0.00 1.78E-Ol 1.&5E-Ol 1.q5E-Ol 2.50E-Ol 3.33E-Ol 4.3bE-Ol 5.44E-Ol &.47E-Ol 7.30E-Ol 7.84E-Ol 
140.045b2 0.00 5.10E-02 1.05E-Ol 1.50E-Ol 2.14E-Ol 2.q&E-Ol 3.8&E-Ol 4.81E-Ol 5.81E-Ol &.80E-Ol 7.b5E-Ol 8.24E-Ol 
13 0.04328 0.00 1 .bOE-Ol 1.31E~01 1.71E-Ol 2.54E-Ol 3.44E-Ol 4.30E-Ol 5.1qE-Ol b.14E-Ol 7.10E-Ol 7.q4E-Ol 8.57E-Ol 
120.040Q4 0.00 1.bOE-Ol 1.15E-Ol 1.83E-01 2.QbE-Ol 1.Q1E-Ol 4.71E-Ol 5.55E-Ol &.4&E-Ol 7.3QE-Ol 8.22E-Ol 8.87E-Ol 
11 0.0371Q 7.b4E-02 b.b3E-02 9.40E-02 2.0QE-Ol 3.75E~01 4.&2E-Ol 5.30E-01 &.OQE-Ol &.Q&E-Ol 7~85E-Ol 8.bbE-01 Q.32E-Ol 
10 0.03437 1.bOE-Ot 5.80E-02 Q.Q7E-02 2.b&E-Ol 4.35E-Ol 5.09E-Ol 5.72E-Ol &.48E-Ol 7.32E-Ol 8.18E-Ol 8.Q8E-Ol Q.b4E-Ol 
Q 0.0321Q 1.bOE-Ol 3.05E-02 1.0bE-Ol 3.04E-Ol 4.81E-Ol 5.45E-Ol &.04E-Ol b.78E-Ol 7.&OE-Ol 8.45E-Ol Q.23E-Ol 9.88E-Ol 
8 0.03031 5.34E-03 1.&5E-02 1.19E-Ol 3.42£-01 5.20E-Ol 5.77E-Ol &.33E-Ol 7.05E-0. 7.85E-Ol 8.b7E-Ol Q.44E-Ol 1 .01E 00 
70.02b87 5.3bE-03 2.18E-02 1.48E-Ol 4.28E-Ol 5.87E-Ol &.3&E-Ol &.88E-Ol 7.55E-Ol 8.30E-Ol Q.OQE-Ol Q.83E-Ol 1.05E 00 
& 0.02187 5.47E-03 3.4bE-02 2.11E-Ol 5.51E-Ol b.78E-Ol 7.20E-Ol 7.b8E-Ol 8.28E-Ol 8.Q7E-Ol 9.&QE-Ol 1 .04E 00 1.10£ 00 
50.01b25 5.85E-03 c.42E-02 4.22E-Ol &.83E-Ol 7.74E-Ol 8.12E-Ol 8.55E-Ol Q.08E-Ol 9.70E-Ol 1.04E 00 1 .10E 00 1 .1bE 00 
4 0.010&2 7.27E-03 1.25E-Ol 5.49E-Ol 7.Q3E-Ol 8.5QE-Ol 8.94E-Ol 9.34E-Ol Q.82E-Ol 1.04E 00 1 .10E 00 1 .1bE 00 1.21E 00 
30.005b2 1 .31E-02 3.10E-Ol &.80E-Ol 8.&7E-Ol 9.1QE-Ol 9.53E-Ol 9.Q2E-Ol 1.04E 00 1.0QE 00 1 .14E 00 1 .20E 00 1.25E 00 
2 0.0015& 2.12E-02 4.4&E-Ol 7.95E-Ol 9.17E-Ol Q.&OE-Ol Q.Q5E-Ol 1.04E 00 1.08E 00 1 .14E 00 1 .1QE 00 1 .24E 00 1 .29E 00 

o I = 14 15 lb 17 18 19 20 21 22 23 
X = 0.182b& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3Q5QO 0.437&Q 0.47948 0.52127 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 5.00E-03 
19 0.05937 3.14E-Ol 2.88E-Ol 2.57E-Ol 2.25E-Ol 1.Q5E-Ol 1.&QE-Ol 1.50E-Ol 1.3&E-Ol 1.49E-Ol 5.00E-03 
18 0.05594 5.45E-Ol 5.18E-Ol 4.82E-Ol 4.40E-Ol 3.Q7E-Ol 3.58E-Ol 3.25E-Ol 2.99E-Ol 3.25E-Ol 5.00E-03 
17 0.05344 b.57E-Ol b.38E-01 &.07E-Ol 5.&8E-Ol 5.2&E-01 4.87E-Ol 4.54E-01 4.2bE-Ol 4.53E-Ol 5.00E-03 
1& 0.05078 7.43E-Ol 7.35E-Ol 7.11E-Ol &.79E-0~ &.42E-Ol &.O&E-Ol 5.7&E-Ol 5.50E-Ol 5.73E-Ol 5.00E-03 
15 0.04812 8.08E-Ol 8.09E-Ol 7.95E-Ol 7.&QE-Ol 7.JeE-Ol 7.07E-Ol &.81E-Ol &.58E-Ol &.74E-Ol 5.00E-03 
140.045b2 8.5bE-Ol 8.&&E-Ol 8.58E-Ol 8.3QE-Ol 8.14E-Ol 7.88E-Ol 7.&5E-Ol 7.4&E-Ol 7.54E-Ol 5.00E-03 
13 0.04328 8.95E-Ol Q.l0E-Ol Q.08E-Ol 8.Q5E-Ol 8.74E-Ol 8.53E-Ol 8.33E-Ol 8.17E-Ol 8.19E-Ol 5.00E-03 
120.040Q4 9.28E-Ol 9.48E-Ol 9.51E-Ol Q.43E-Ol 9.27E-Ol 9.09E-Ol 8.Q2E-Ol 8.78E-Ol 8.7&E-Ol 5.00E-03 
110.03719 9.77E-Ol 1.00E 00 1.01E 00 1.01E 00 9.Q8E-Ol Q.85E-Ol 9.73E-Ol Q.&3E-Ol 9.54E-Ol 5.00E-03 
10 0.03437 1 ,O'E 00 1.04E 00 1.05E 00 1.05E 00 1.04E 00 1.03E 00 1.03E 00 1.02E 00 1.01E 00 5.00E-03 
Q 0.0321Q 1.04E 00 1.0bE 00 1.08E 00 1.08E 00 1.08E 00 1.07E 00 1 .O&E 00 1.05E 00 1.04E 00 5.00E-03 
8 0.03031 1.0&E 00 ~ .OQE 00 1.10E 00 1.10E 00 1 .10E 00 1 .10E 00 1.09E 00 1.08E 00 1.07E 00 5.00E-03 
70.02b87 1.09E 00 1.12E 00 1.14E 00 1.15E 00 1.15E 00 1 .14E 00 1.14E 00 1 .13E 00 1 .12E 00 5.00E-03 
& 0.02187 1 .15E 00 1.18E 00 1 .19E 00 1.20E 00 1.20E 00 1.20E 00 1.20E 00 1.20E 00 1 .19E 00 5.00E-03 
50.01b25 1 .21E 00 1.24E 00 1.25E 00 1.2&E 00 1.2&E 00 1.2&E 00 1.2&E 00 1.25E 00 1.25E 00 5.00E-03 
40.010b2 1 .2bE 00 1.29E 00 1.30E 00 1.30E 00 1 .30E 00 1 .30E 00 1 .30E 00 1 .30E 00 1 .31E 00 5.00E-03 
30.005b2 1 .29E 00 1.32E 00 1.34E 00 1.34E 00 1 .33E 00 1 .33E 00 1 .33E 00 1 .33E 00 1 .35E 00 5.00E-03 
20.0015b 1.32E 00 1 .35E 00 1.3bE 00 1.35E 00 1.35E 00 1 .34E 00 1.34E 00 1 .34E 00 1 .37E 00 5.00E-03 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS EFF. VISCOSITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.09443 0.1&430 0.24187 0.327Q& 0.42352 0.529&0 0:&4735 0.77804 0.Q2311 1.08415 
o J Y . 
210.50500 1.00E 00 l~OOE 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 



SO 0.1~07E 00 0.1228E 00 0.7&77E-01 0.350~E-01 0.4048E-01 0.&857E O~ 0.5778E 01-0.84~5E-03 0.1532E 02 0.174&E 04 0.1~59E 04 
51 0.1879E 00 0.1205E 00 0.7&57E-01 0.358&E-01 0.402~E-01 0.&&18E Oq 0.5777E 01-0.q437E-03 0.1532E 02 0.174&E 04 0.1q&1E 04 
52 0.1853E 00 0.1188E 00 0.7&2~E-Ol 0.3&72E-01 0.4002E-01 0.&31&E O~ 0.577&E 01-0.1045E-02 0.1533E 02 0.174&E 04 0.1q&3E 04 
53 0.1828E 00 0.1173E 00 0.75~7E-01 0.3754E-Ol 0.3q70E-01 0.5~&8E Oq 0.5775E 01-0.1154E-02 0.1533E 02 0.174&E 04 0.1q&5E 04 
54 0.1803E 00 0.11&4E 00 0.75&8E-Ol 0.3842E-01 0.3q32E-01 0.557~E Oq 0.5774E 01-0.1270E-02 0.1534E 02 0.174&E 04 0.1q&7E 04 
55 0.1778E 00 0.1155E 00 0.7535E-Ol 0.392qE-Ol 0.3887E-01 0.51&4E Oq 0.5772E 01-0.13q5E-02 0.1535E 02 0.174&E 04 0.1q&9E 04 
5~ 0.1758E 00 0.1148E 00 0.751&E-01 0.4020E-Ol 0.383qE-01 0.4734E Oq 0.5770E 01-0.1527E-02 0.1535E 02 0.174&E 04 0.lq72E 04 
57 0.1742E 00 0.1142E 00 0.748~E-Ol 0.410&E-Ol 0.378&E-Ol 0.4348E Oq 0.57&qE 01-U.1&&5E-02 0.153&E 02 0.174&E 04 0.1q74E 04 
58 0.1728E 00 0.113&E 00 0.7454E-Ol 0.4188E-Ol 0.3734E-Ol 0.4157E Oq 0.57&7E 01-0.1811E-02 0.1537E 02 0.1745E 04 0.1977E 04 
5~ 0.1711E 00 0.1132E 00 0.7408E-Ol 0.42&~E-Ol 0.3&80E-Ol 0.3q70E Oq 0.57&4E 01-0.1q&5E-02 0.1537E 02 0.1745E 04 0.1q80E 04 
&0 0.1&95E 00 0.1128E 00 0.735&E-Ol 0.435&E-Ol 0.3&23E-Ol 0.3784E Oq 0.57&2E 01'-0.2125E-02 0.1538E 02 0.1745E 04 0.1q83E 04 
&1 0.1&77E 00 0.112&E 00 0.730~E-Ol 0.4440E-01 0.35&3E-01 0.3&23E Oq 0.575qE 01-0.22qOE-02 0.153qE 02 0.1745E 04 0.1q8&E 04 
&2 0.1&&2E 00 0.1129E 00 0.72&5E-01 0.4522E-Ol 0.34qqE-Ol 0.3448E Oq 0.575&E 01-0.24&3E-02 0.1540E 02 0.1745E 04 0.1q90E 04 
&3 0.1&50E 00 0.1127E 00 0.723&E-Ol 0.4&02E-Ol 0.3433E-01 0.32&lE Oq 0.5753E 01-0.2&42E-02 0.1540E 02 0.174&E 04 0.1q94E 04 
&4 0.1&40E 00 0.1123E 00 0.71~7E-Ol 0.4&82E-Ol 0.33&3E-Ol 0.30&OE Oq 0.5750E 01-0.2825E-02 0.1541E 02 0.174&E 04 0.1997E 04 
&5 0.1&25E 00 0.1121E 00 0.7148E-Ol 0.4752E-01 0.3292E··01 0.285qE Oq 0.574&E 01-0.3014E-02 0.1542E 02 0.174&E 04 0.2001E 04 
&& 0.1&12E 00 0.1118E 00 0.708~E-Ol 0.4825E-Ol 0.321qE-Ol 0.2&88E Oq 0.5742E 01-0.3208E-02 0.1543E 02 0.174&E 04 0.200&E 04 
&7 0.15~&E 00 0.1115E 00 0.7021E-01 0.488qE-01 0.3145E-01 0.255qE Oq 0.5738E 01-0.3405E-02 0.1544E 02 0.174&E 04 0.2010E 04 
&8 0.157~E 00 0.1111E 00 0.&q47E-Ol 0.4q4qE-01 0.3070E-Ol 0.2455E Oq 0.5733E 01-0.3&05E-02 0.1545E 02 0.174&E 04 0.2015E 04 
&9 0.15&4~ 00 0.1110E 00 0.&8&7E-Ol 0.5008E-Ol 0.2qq4E-01 0.2421E Oq 0.5728E 01'·0.3808E-02 0.1545E 02 0.174&E 04 0.2020E 04 
70 0.1552E 00 0.1112E 00 0.&803E-Ol 0.5055E-Ol 0.2q19E-01 0.2407E Oq 0.5723E 01-0.40':~E-02 0.154&E 02 0.1747E 04 0.2025E 04 
71 0.1541E 00 0.1115E 00 0.&745E-Ol 0.5104E-Ol 0.2841E-01 0.2377E Oq 0.5718E 01-0.4~lqE-02 0.1547E 02 0.1747~ 04 0.2030E 04 
72 0.1527E 00 0.1115E 00 0.&&78E-Ol 0'5142E-Ol 0.27&2E-Ol 0.2355E OQO.5712E 01-0.44~bE-02 0.1548E 02 0.1747E 04 0.203&E 04 
73 0.1513E 00 0.1113E 00 O.&&O&E-Ol 0.5177E-Ol 0.2&82E-Ol 0.2328E OQ 0.570&E 01-0.4&31L-02 0.154QE 02 0.1748E 04 0.2042E 04 
74 0.14~7E 00 0.1110E 00 0.&524E-Ol 0.51q8E-Ol 0.2&03E-Ol 0.2281E OQ 0.5700E 01-0.4835l-02 0.1550E 02 0.1748E 04 0.2048E 04 
75 0.1481E 00 0.1105E 00 0.&437E-Ol 0.5218E-Ol 0.2524E-Ol 0.2230E OQ 0.5&Q3E 01-0.5n37E-02 0.1552E 02 0.1748E 04 0.2054E 04 
7& 0.14&8E 00 0.10~8E 00 0.&341E-Ol 0.5230E-Ol 0.244&E-01 0.215QE OQ 0.5&8&E 01-0.523&E-02 0.1553E 02 0.174QE 04 0.20&lE 04 
77 0.1457E 00 0.10QOE 00 0.&240E-Ol 0.5234E-Ol 0.23&8E-01 0.208&E OQ 0.5&7QE 01-0.5431E-02 0.1554E 02 0.174QE 04 0.20&8E 04 
78 0.1444E 00 0.1081E 00 0.&137E-01 0.5228E-Ol 0.22QOE-01 0.2004E OQ 0.5&71E 01-0.5&20E-02 0.1555E 02 0.1750E 04 0.2075E 04 
79 0.1431E 00 0.1077E 00 0.&044E-Ol 0.5215E-Ol 0.2213E-Ol 0.1Q32E OQ 0.5&&3E 01-0.5803E-02 0.155&E 02 0.1750E 04 0.2082E 04 
80 0.1418E 00 0.1073E 00 0.5Q5&E-Ol 0.5202E-01 0.2137E-Ol 0.1852E OQ 0.5&55E 01-0.5Q78E-02 0.1558E 02 0.1751E 04 0.208QE 04 
81 0.1402E 00 0.10&&E 00 0.58&OE-Ol 0.5174E-Ol 0.20&3E-Ol 0.1772E OQ 0.5&47E 01-0.&145E-02 0.155QE 02 0.1752E 04 0.20Q7E 04 
82 0.1383E 00 0.1057E 00 0.575QE-Ol 0.5148E-Ol 0.lQ8QE-Ol 0.1&80E OQ 0.5&38E 01-0.&303E-02 0.15&OE 02 0.1752E 04 0.2104E 04 
83 0.13&7E 00 0.104&E 00 0.5&51E-Ol 0.5108E-Ol 0.1Q18E-Ol 0.1588E OQ 0.5&2QE 01-0.&451E-02 0.15&lE 02 0.1753E 04 0.2112E 04 
84 0.1354E 00 0.1033E 00 0.5541E-Ol 0.50&2E··01 0.184QE-Ol 0.1508E OQ 0.5&lQE 01-0.&588E-02 0.15&3E 02 0.1754E 04 0.2120E 04 
85 0.1341E 00 0.101QE 00 0.5430E-Ol 0.5010E-Ol U.178&E-01 0.1434E OQ 0.5&10E 01-0.&7~3E-02 0.15&4E 02 0.1754E 04 0.212QE 04 
8& 0.1327E 00 0.1003E 00 0.531&E-Ol 0.4Q54E-Ol 0.172&E-01 0.13&OE OQ 0.5&00E 01-0.&825E-02 O.15&&E 02 0.175SE 04 0.2137E 04 
87 0.1311E 00 0.98&&E-01 0.5200E-01 0.488QE-Ol 0.1&&7E-01 0.128&E OQ O.55QOE 01-0.&Q23E-02 0.15&7E 02 0.175&E 04 0.2145E 04 
88 0.12Q7E 00 0.Q&Q&E-01 0.5083E-01 0.4823E-Ol 0.1&11E-01 0.1212E OQ 0.557QE 01-0.7007E-02 0.15&QE 02 0.1757E 04 0.2154E 04 
89 0.1280E 00 0.q553E-01 0.4Q71E-01 0.474QE-Ol 0.15&5E-Ol 0.1140E OQ 0.55&QE 01-0.707&E-02 0.1570E 02 0.1757E 04 0.21&3E 04 
qO 0.12&3E 00 0.q42qE-01 0.48&OE-01 0.4&&QE-01 0.1520E-Ol 0.1085E OQ 0.5558E 01-0.7130E-02 0.1572E 02 0.1758E 04 0.2172E 04 
Q1 0.124&E 00 0.Q2Q1E-01 0.4745E-01 0.4587E-01 0.1477E-01 0.1043E OQ 0.5547E 01-0.71&7E-02 0.1573E 02 0.175QE 04 0.2180E 04 
Q2 0.1233E 00 0.9138E-01 0.4&30E-01 0.4502E-01 0.1435E-01 0.1005E OQ 0.553&E 01-0.7188E-02 0.1575E 02 0.17&OE 04 0.218QE 04 
Q3 0.1219E 00 0.8Q&QE-Ol 0.4518E-01 0.4410E-Ol 0.13Q4E-01 0.Q740E 08 0.5525E 01-0.71Q3E-02 0.1577E 02 0.17&lE 04 0.21Q8E 04 
q4 0.1204E 00 0.8788E-01 0.4404E-Ol 0.431&E-Ol 0.1357E-Ol 0.Q&2QE 08 0.5514E 01-0.717QE-02 0.1578E 02 0.17&2E 04 0.2208E 04 
Q5 0.1187E 00 0.85Q2E-01 0.4287E-Ol 0.4220E-Ol 0.1328E-Ol 0.Q571E 08 0.5503E 01-0.714~E-02 0.1580E 02 0.17&2E 04 0.2217E 04 
q& 0.1172E 00 0.8382E-01 0.4170E-Ol 0.411&E-Ol 0.1302E-Ol 0.Q4Q&E 08 0.54Q2E 01-0.7101E-02 0.1582E 02 0.17&3E 04 0.222&E 04 
97 0.115&E 00 0.81&5E-Ol 0.4053E-Ol 0.401QE-Ol 0.1277E-Ol 0.Q473E 08 0.5480E 01-0.703&E-02 0.1583E 02 0.17&4E 04 0.2235E 04 
98 0.1140E 00 0.7Q40E-01 0.3Q37E-Ol 0.3Q13E-Ol 0.1250E-Ol 0.Q410E 08 0.54&QE 01-0.&Q54E-02 0.1585E 02 0.17&5E 04 0.2244E 04 
Q9 0.1123E 00 0.770QE-Ol 0.3824E-Ol 0.380QE-Ol 0.1222E-Ol 0.Q40QE 08 0.5458E 01-0.&855E-'02 0.1587E 02 0.17&&E 04 0.2253E 04 

100 0.1108E 00 0.74Q9E-Ol 0.3717E-Ol 0.3700E-Ol 0.11Q3E-Ol 0.Q381E 08 0.5447E 01-0.&73QE-02 0.158QE 02 0.17&7E 04 0.22&2E 04 
101 0.10Q3E 00 0.7311E-Ol 0.3&1&E-Ol 0.3593E-Ol 0.11&8E-Ol 0.9357E 08 0.543&E 01-0.&&07E·~02 O.lSQOE 02 0.17&8E 04 0.2270E 04 
102 0.1078E 00 0.7125E-Ol 0.3515E-01 0.348&E-Ol 0.1148E-Ol 0.Q41&E 08 0.5424E 01-0.&45QE-02 0.15Q2E 02 0.17&QE 04 0.227QE 04 
103 0.10&lE 00 0.&Q2QE-Ol 0.3413E-Ol 0.3377E-Ol 0.1132E-Ol 0.Q4&8E 08 0.5414E 01-0.&2Q7E-02 0.15Q4E 020.1770E 04 0.2288E 04 



o 1 = ,3 14 15 1& 17 18 113 20 21 22 23 
X = 1.17352 1.3&20q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.&&5bq 3.00001 3.33434 3.&&8&& 4.0021313 o J Y 

11 1.00000 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 5.00£-01 
100.qOOOO 4.82£-01 4.81£-01 4.80£-01 4.7q£-01 4.78£-01 4.78£-01 4.78£-01 4.78£-01 4.79£-01 4.78£-01 4.78£-01 
q 0.80000 4.&3£-01 4.&1£-01 4.5q£-01 4.57£-01 4.5&£-01 4.SS£-01 4.55£-01 4.55£-01 4.55£-01 4.55£-01 4.55E-Ol 
8 0.70000 4.45£-01 4.41£-01 4.38£-01 4.35£-01 4.33£-01 4.32£-01 4.31£-01 4.31£-01 4.31£-01 4.31£-01 4.31£-01 
7 0.&0000 4.25£-01 4.1q£-01 4.14£-01 4.11£-01 4.08£-01 4.0&£-01 4.0S£-01 4.04£-01 4.04£-01 4.05£-01 4.05£-01 
& 0.50000 4.03£-01 3.q&£-01 3.8q£-01 3.84£-01 3.80£-01 3.78£-01 3.7&£-01 3.75£-01 3.75£-01 3.75£-01 3.7S£-01 
5 0.40000 3.78E-Ol 3.&q£-01 3.&1£-01 3.54£-01 3.4q£-01 3.4&£-01 3.44£-01 3.42£-01 3.42£-01 3.42£-01 3.42£-01 
4 0.30000 3.50£-01 3.38£-01 3.28£-01 3.1Q£-01 3.12£-01 3.08£-01 3.05£-01 3.03£-0~ 3.03£-01 3.03£-01 3.03£-01 
3 0.20000 3.15£-01 3.00£-01 2.8&£-01 2.75£-01 2.&7£-01 2.&1£-01 2.58£-01 2.S5£-01 2.54£-01 2.54£-01 2.54£-01 
2 0.10000 2.&7£-012.45£-012.2&£-012.12£-012.00£-01 1.Q3£-01 1.8Q£-01 1.87£-01 1.85£-01 1.85£-01 1.8S£-01 
10.00000 1.31£-01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONL£SS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 13 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 O.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.132311 1.08415 
o J Y 

a 

21 0.50500 
20 0.4Q500 
lQ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
Q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4QSOO 
lQ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 4.4&£ as 4.53£ as 4.33£ 05 4.2&£ 05 4.28£ as 4.32£ as 4.35£ 05 4.38£ as 
0.00 0.00 0.00 0.00 4.37£ as 4.47£ 05 4.28£ 05 4.22£ as 4.24£ O~ 4.28£ as 4.31£ as 4.34£ 05 
0.00 0.00 0.00 0.00 4.20£ as 4.3&£ as 4.20£ as 4.15£ as 4.18£ 05 4.22£ os 4.25£ 05 4.2&£ as 
0.00 0.00 0.00 4.3q£ as 4.17£ as 4.25£ as 4.12£ as 4.013£ as 4.13£ as 4.17£ as 4.113£ as 4.20£ 05 
0.00 0.00 0.00 4.17£ as 4.15£ as 4.12£ as 4.03£ as 4.03£ as 4.07£ as 4.11E as 4.12£ as 4.13£ 05 
0.00 0.00 0.00 3.qO£ as 4.0&£ as 3.qq£ as 3.133£ as 3.qS£ as 4.00£ as 4.04£ as 4.05£ as 4.05£ as 
0.00 0.00 4.21£ as 3.82£ as 3.q2E as 3.87£ as 3.83£ as 3.88£ as 3. Q3£ as 3.Q&£ as 3.137£ as 3.Q7£ as 
0.00 0.00 3.Q3£ 05 3.82E as 3.80£ as 3.74E as 3.74£ as 3.80£ as 3.85£ as 3.88£ 05 3.8Q£ 05 3.813£ as 
0.00 0.00 3.52£ as 3.71£ as 3.&7£ as 3.&3E 05 3.&5£ as 3.72£ as 3.77E as 3.713£ as 3.80£ 05 3.81£ 05 
0.00 2.QOE as 3.13E 05 3.45E as 3.45E as 3.43£ as 3.413£ as 3.5&£ as 3.&1£05 3.&4£ as 3.&S£ as 3.&&£ 05 
0.00 2.31£ as 2.Q8E as 3.2&£ as 3.28E as 3.28E as 3.3&E as 3.43£ as 3.48£ as 3.51£ 05 3.54£ as 3.5&E 05 
0.00 1.&3E as 2.83E as 3.11£ as 3.14E as 3.17£ as 3.2&E as 3.33£ as 3.37£ as 3.41£ as 3.44£ os 3.47£ 05 
0.00 1.41E as 2.&5£ as 2.QQE as 3.04£ as 3.08£ as 3.1&£ as 3.23£ as 3.28£ as 3.32£ as 3.3&E as 3.40£ as 
0.00 1.&4E as 2.44£ as 2.7Q£ as 2.8&E as '2.131£ as 2.138£ as 3.05£ as 3.10£ as 3.1&£ as 3.21£ as 3.2&E 05 
0.00 1.&Q£ as 2.21£ as 2.51£ as 2.58£ as 2.&5£ as 2.71£ as 2.78£ as 2.85£ as 2.Q3E as 3.01E as 3.08£ 05 
0.00 1.52£ as 1.Q5£ as 2.18£ as 2.30E as 2.3&£ as 2.43£ as 2.51£ as 2.&0£ as 2.70£ as 2.80E 05 2.qOE 05 
0.00 1.11E as 1.&Q£ as 1.Q4E as 2.03£ as 2.11£ as 2.20£ as 2.213£ as 2.40£ as 2.52£ as 2.&5E 05 2.77£ 05 
0.00 4.40£ 04 1.4&£ as 1.&5£ as 1.84E as 1.Q&£ as 2.0&£ as 2.17£ as 2.213£ as 2.42£ as 2.5&£ as 2.&13£ as 
0.00 0.00 1.3&£ as 1.58E as 1.77£ as 1.QO£ as 2.01£ as 2.12£ 05 2.25£ as 2.38£ as 2.52£ 05 2.&&£ as 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1& 17 18 113 20 21 22 23 
1.2&28Q 1.4&130 1.&8153 1.q25Q8 2.1Q733 2.413852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4.40£ as 4.42£ as 4.43£ as 4.43£ as 4.42£ as 4.41£ as 4.313£ 05 4.37£ as 4.35£ as 4.33£ 05 
4.35£ as 4.3&£ as 4.3&£ as 4.3&£ 05 4.35E as 4.34£ as 4.32£ as 4.30£ 05 4.28£ as 4.2&£ as 
4.27£ as 4.27£ 05 4.2&£ as 4.25£ as 4.24£ as 4.23£ as 4.21£ as 4.20£ as 4.18£ as 4.1&E as 
4.20£ as 4.113£ as 4.18£ as 4.17£ as 4.1&£ 05 4.15£ as 4.13£ 05 4.12£ as 4.11£ 05 4.0Q£ 05 
4.12£ 05 4.11£ 05 4.10£ as 4.0Q£ as 4.08E as 4.0&£ as 4.05£ 05 4.04£ as 4.03£ 05 4.02E as 
4.04£ 05 4.03£ os 4.02£ 05 4.01£ 05 3.QQ£ 05 3.Q8£ as 3.137£ 05 3.13&£ 05 3.135£ 05 3.Q4£ 05 
3.Q&E as 3.QS£ as 3.134£ 05 3.Q3£ as 3.132£ as 3.131£ 05 3.qOE 05 3.813£ as 3.88£ as 3.88E os 
3.88E as 3.88£ as 3.87E as 3.8&£ as 3.85£ 05 3.84£ as 3.83£ as 3.83£ as 3.82£ as 3.82£ as 
3.80£ 05 3.80E as 3.713£ as 3.78£ as 3.78£ 05 3.77£ as 3.77£ 05 3.77£ as 3.7&£ 05 3.7&£ 05 
3.&7£ as 3.&8£ 05 3.&7£ 05 3.&7£ 05 3.&7E 05 3.&7£ 05 3.&7£ 05 3.&7£ 05 3.&7£ 05 3.&8£ as 
3.57£ 05 3.58£ as 3.5Q£ as 3.513£ as 3.&0£ 05 3.&0£ as 3.&0£ as 3.&1£ as 3.&1£ as 3.&2£ as 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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0.0 o. 1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 1.0 



0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 q 10 11 12 
X = -0.003q3 0.003q3 0.01180 0.02054 0.03023 0.040qq O.052q4 0.0&&20 0.080q2 0.Oq72& 0.1153q 0.13552 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 1.&&E 01 1.&&E 01 1.&&E 01 1.&7E 01 1.&7E 01 1.&qE 01 1.77E 01 1.qlE 01 
lq 0.OS~37 0.00 0.00 0.00 0.00 1.72E 01 1 .71E 01 1 .71E 01 1.73E 01 1.74E 01 1 .7qE 01 1.8qE 01 2.02E 01 
18 0.OSS~4 0.00 0.00 0.00 0.00 1 .77E 01 1 .74E 01 1 .74E 01 1.75E 01 1.78E 01 1 .8&E 01 1.q7E 01 2.08E 01 
170.0S344 0.00 0.00 0.00 1.qqE 01 1.8&E 01 1.7qE 01 1.77E 01 1 .7qE 01 1.84E 01 1.q3E 01 2.02E 01 2.11E 01 
1& 0.OS078 0.00 0.00 0.00 2.0&E 01 1.8qE 01 1.80E 01 1.80E 01 1.84E 01 1.q2E 01 2.01E 01 2.08E 01 2.13E 01 
15 0.04812 0.00 0.00 0.00 2.14E 01 1.qlE 01 1.81E 01 1.82E 01 1 .qOE O~ 2.01E 01 2.08E 01 2.12E 01 2.14E 01 
140.04S&2 0.00 0.00 2.5qE 01 2.25E 01 1.q2E 01 1.81E 01 1.8&E 01 1.q8E 01 2.08E 01 2.14E 01 2.15E 01 2.15E 01 
130.04328 0.00 0.00 2.&8E 01 2.25E 01 1.8qE 01 1.80E 01 1.qOE 01 2.05E 01 2.14E 01 2.17E 01 2.1&E 01 2.14E 01 
12 0.040~4 0.00 0.00 2.80E 01 2.25E 01 1.87E 01 1 .81E 01 1.q&E 01 2.11E 01 2.18E 01 2.1qE 01 2.1&E 01 2.12E 01 
110.0371q 0.00 3.&3E 01 2.qqE 01 2.25E 01 1.83E 01 1.84E 01 2.05E 01 2.18E 01 2.21E 01 2.1qE 01 2.13E 01 2.0&E 01 
10 0.03437 0.00 3.82E 01 3.03E 01 2.1qE 01 1 .7qE 01 , .8qE 01 2.0qE 01 2.1qE 01 2.1qE 01 2.15E 01 2.07E 01 1.qqE 01 
~ 0.0321~ 0.00 4.05E 01 3.0&E 01 2.13E 01 1.7&E 01 1.q2E 01 2.0qE 01 2.17E 01 2.1&E 01 2.10E 01 2.02E 01 1.q3E 01 
80.03031 5.20E 01 4.30E 01 3.04E 01 2.0&E 01 1.75E 01 1.q3E 01 2.08F. 01 2.13E 01 2.11E 01 2.05E 01 1.q&E 01 1.87E 01 
7 0.02&87 5.20E 01 4.23E 01 2.q1E 01 1.q5E 01 1.74E 01 1.qlE 01 2.00E 01 2.02E 01 1.q8E 01 1.qlE 01 1.82E 01 1 .73E 01 
& 0.02187 5~20E 01 4.0&E 01 2.&&E 01 1.7&E 01 1 .&8E 01 1 .75E 01 1.77E 01 1.77E Oi 1.73E 01 1.&&E 01 1.58E 01 1.4qE 01 
5 0.01&25 5.20E 01 3.15E 01 2.25E 01 1.4&E 01 1.44E 01 1.43E 01 1.41E 01 1.3qE 01 1.35E 01 1.30E 011.23E 01 1 .1&E 01 
4 0.010&2 5.20E 01 3.31E 01 1.&7E 01 1.05E 01 1.02E 01 q.q3E 00 q.&4E ·00 q.43E 00 q.18E 00 8.82E 00 8.37E 00 7.85E 00 
30.00S&2 5.20E 01 2.&5E 01 4.5qE 00 &.18E 00 5.&qE 00 5.4&E 00 5.2&E 00 5.12E 00 4 i qqE 00 4.80E 00 4.55E 00 4.27E 00 
2 0.0015& 5.20E 01 7.37E 00 1.27E 00 1 .72E 00 1.58E 00 1.52E 00 1.4&E 00 1 .42E 00 1.3qE 00 1 .33E 00 1.2&E 00 1.1qE 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 18 1q 20 21 22 23 
X = 0.1578& 0.182&& 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.0&E 01 2.1qE 01 2.28E 01 2.32E 01 2.33E 01 2.31E 01 2.27E 01 2.21E 01 2.15E 01 2.12E 01 0.00 
1~ 0.05~37 2.1&E 01 2.27E 01 2.34E 01 2.3qE 01 2.41E 01 2.40E 01 2.38E 01 2.3&E 01 2.32E 01 2.2qE 01 0.00 
180.05Sq4 2.18E 01 2.2&E 01 2.32E 01 2.35E 01 2.3&E 01 2.35E 01 2.34E 01 2.31E 01 2.28E 01 2.25E 01 0.00 
17 0.05344 2.18E 01 2.24E 01 2.28E 01 2.30E 01 2.30E 01 2.2qE 01 2.27E 01 2.25E 01 2.22E 01 2.1qE 01 0.00 
1& 0.OS078 2.18E 01 2.21E 01 2.23E 01 2.24E 01 2.23E 01 2.21E 01 2.1qE 01 2.1&E 01 2.13E 01 2.10E 01 0.00 
15 0.04812 2.1&E 01 2.17E 01 2.18E 01 2.17E O~ 2.15E 01 2.13E 01 2.10E 01 2.07E 01 2.04E 01 2.01E 01 0.00 
140.04S&2 2.14E 01 2.13E 01 2.12E 01 2.10E 01 2.07E 01 2.04E 01 2.01E 01 1.q8E 01 1.q5E 01 1 .q1E 01 0.00 
13 0.04328 2.11E 01 2.08E 01 2.0&E 01 2.02E 01 1.qqE 01 1.q&E 01 1.q2E 01 1.8qE 01 1.8&E 01 1.82E 01 0.00 
12 0.040~4 2.07E 01 2.03E 01 1.qqE 01 1.q5E 01 1.q1E 01 1.87E 01 1.83E 01 1.80E 01 1.77E 01 1 .73E 01 0.00 
110.0371q 1.qqE 01 1.q3E 01 1.87E 01 1.82E 01 1 .77E 01 1.73E 01 1.&qE 01 1.&5E 01 1.&1E 01 1.58E 01 0.00 
10 0.03437 1.q1E 01 1.84E 01 1.77E 01 1.71E 01 1.&&E 01 1.&1E 01 1.57E 01 1.53E 01 1.50E 01 1 .47E 01 0.00 
q 0.0321q 1.84E 01 1.7&E 01 1.&qE 01 1.&3E 01 1.57E 01 1.52E 01 1.48E 01 1.44E 01 1 .41E 01 1 .38E 01 0.00 
8 0.03031 1.77E 01 1.&qE 01 1.&2E 01 1.55E 01 1.4qE 01 1.44E 01 1.40E 01 1.3&E 01 1 .33E 01 1 .30E 01 0.00 
7 0.02&81 1.&4E 01 1.55E 01 1.47E 01 1 .40E 01 1.34E 01 1 .30E 01 1.25E 01 1.22E 01 1 .1qE 01 1 .1&E 01 0.00 
& 0.02187 1.40E 01 1.31E 01 1.23E 01 1.17E 01 1.12E 01 1.07E 01 1.03E 01 1.00E 01 q.71E 00 q.4&E 00 0.00 
5 0.01&25 1.08E 01 1.01E 01 q.45E 00 8.qOE 00 8.45E 00 8.07E 00 7.7&E 00 7.50E 00 7.27E 00 7.0&E 00 0.00 
4 0.010&2 7.32E 00 &.80E 00 &.33E 00 5.q4E 00 5.&1E 00 5.35E 00 5.13E 00 4.q5E 00 4.7qE 00 4.&5E 00 0.00 
3 0.005&23.q7E 00 3.&8E 00 3.42E 00 3.20E 00 3.02E 00 2.88E 00 2.75E 00 2.&5E 00 2.57E 00 2.4qE 00 0.00 
2 0.0015& 1.10E 00 1.02E 00 q.51E-01 8.8qE-01 8.3qE-Ol 7.qqE-01 7.&4E-01 7.37E-01 7.12E-01 &.q1E-01 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = -0.003q3 0.003q3 0.01180 0.02054 0.03023 0.040qq 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153q 0.13552 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



o 

1~ 0.4&125 
18 0.43750 
17 0.41&87 
1& 0.3~5&2 
15 0.37500 
14 0.355&2 
13 0.33&87 
12 0.31250 
11 0.28&25 
10 0.2&&25 
~ 0.25000 
8 0.22875 
7 0.1<)500 
& 0.15250 
5 0.10750 
4 0.0&500 
3 0.02875 
2 0.00000 
1 0.00000 

I = 
X = 

o J Y 

0.00 0.00 0.00 0.00 1.&3E-01 7.08E-02 1.11E-02-8.&4E·-03-1.12E-02-<).50E-03-8.0<)E-03-&.81E-03 
0.00 0.00 0.00 0.00 3.11E-01 1.01E-01 1.20E-02-1.&8E-02-2.0&E-02-1.81E-02-1.48E-02-1.17E-02 
0.00 0.00 0.00 1.81E-01 3.07E-01 1.13E-01 8.&3E-03-2.&2E-02-3.0&E-02-2.&1E-02-2.05E-02-1.58E-02 
0.00 0.00 0.00 3.51E-01 3.23E-01 1.22E-01 3.&&E-03-3.&&E-02-4.05E-02-3.33E-02-2.5&E-02-1.<)5E-02 
0.00 0.00 0.00 5.25E-01 3.38E-01 1.22E-01-5.31E-03-4.&8E-02-4.80E-02-3.83E-02-2.<)4E-02-2.25E-02 
0.00 0.00 2.22E-01 5.0<)E-01 3.38E-01 1.13E-01-1.&7E-02-5.45E-02-5.24E-02-4.14E-02-3.1<)E-02-2.48E-02 
0.00 0.00 4.01E-01 5.25E-01 3.35E-01 <).<)5E-02-2.78E-02-5.<)1E-02-5.43E-02-4.2<)E-02-3.37E-02-2.&5E-02 
0.00 0.00 &.32E-01 5.57E-01 3.24E-01 7.35E-02-4.10E-02-&.12E-02-5.43E-02-4.35E-02-3.50E-02-2.82E-02 
0.00 2.&lE-01 &.&5E-01 5.77E-01 2.<)2E-01 3. 14E-02-4.78E-02-5.78E-02-5.13E-02-4.24E-02-3.52E-02-2.<)OE-02 
0.00 4.&3E-01 7.14E-01 5.78E-01 2.4&E-01 7.38E-03-4.74E-02-5.33E-02-4.80E-02-4.08E-02-3.47E-02-2.<)1E-02 
0.00 &.&OE-01 7.44E-01 5.&&E-01 2.00E-01-7.&OE-03-4.51E-02-4.<)1E-02-4.50E-02-3.<)2E-02-3.40E-02-2.88E-02 
0.00 &.28E-01 7.53E-01 5.3&E-Ol 1.38E-01-2.23E-02-4.10E-02-4.34E-02-4.07E-02-3.&7E-02-3.27E-02-2.82E-02 
0.00 &.08E-01 7.40E-01 4.54E-01 3.07E-02-3.0&E-02-3.33E-02-3.43E-02-3.38E-02-3.22E-02-2.<)8E-02-2.&2E-02 
0.00 &.13E-Ol &.84E-01 2.5<)E-01-4.34E-02-3.10E-02-2.52E-02-2.45E-02-2.55E-02-2.58E-02-2.48E-02-2.23E-02 
0.00 &.20E-Ol 5.31E-01-2.2&E-03-2.82E-02-2.3<)E-02-1.78E-02-1 .&3E-02-1.73E-02-1.84E-02-1.83E-02-1.&7E-02 
0.00 5.8<)E-01 1.&3E-01-3.14E-02-1.87E-02-'.52E-02-1.0<)E-02-<).54E-03-1.02E-02-1.11E-02-1.14E-02-1 .04E-02 
0.00 3.58E-01-1.1<)E-02-1.<)5E-02-8.<)1E-03-&.8&E-03-4.88E-03-4. 17E-03-4.4&E-03-4.<)2E-03-5.0<)E-03-4.&8E-03 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1 & 17 18 1 <) 20 21 22 23 
1.2&28<) 1.4&130 1.&8153 1.<)25<)8 2.1<)733 2.4<)852 2.83285 3.1&718 3.50150 3.83583 4.17015 

21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 -1.83E-03-1.24E-03-7.22E-04-3.84E-04-2.01E-04-1.17E-04-&.2<)E-05-3.31E-05 2.31E-05 3.18E~0& 0.00 
1~ 0.4&125 -5.14E-03-3.3&E-03-1.<)3E-03-1.00E-03-4.78E-04-2.10E-04-3.31E-05 &.83E-05 1.58E-04 &.&5E-0& 0.00 
18 0.43750 -8.53E-03-5.54E-03-3.23E-03-1.72E-03-8~52E-04-3.84E-04-7.10E-05 1.12E-04 2.43E-04 8.<)2E-0& 0.00 
17 0.41&87 -1.14E~02-7.43E-03-4.3<)E-03-2.40E-03-1 .23E-03-5.88E-04-1.51E-04 1.04E-04 2.7<)E-04 1.05E-05 0.00 
1& 0.3<)5&2 -1.41E-02-<).2<)E-03-5.58E-03-3.13E~03-1.&7E-03-8.41E-04-2.75E-04 5.44E-05 2.82E-04 1.17E-05 0.00 
15 0.37500 -1.&4E-02-1.10E-02-&.&<)E-03-3.84E-03-2.12E-03-1.11E-03-4.24E-04-2.17E-05 2.&OE-04 1.27E-05 0.00 
14 0.355&2 -1.83E-02-1.24E-02-7.&7E-03-4.4<)E-03-2.53E-03-1.38E-03-5.77E-04-1.10E-04 2.25E-04 1.33E-05 0.00 
13 0.33&87 -1.<)<)E-02-1 .3&E-02-8.54E-03-5.08E-03-2.<)3E-03-1.&3E-03-7.31E-04-2.03E-04 1.81E-04 1.37E-05 0.00 
12 0.31250 -2.15E-02-1.4<)E-02-<).55E-03-5.7<)E-03-3.41E-03-1.<)5E-03-<).2<)E-04-3.28E-04 1.1&E-04 1.3<)E-05 0.00 
11 0.28&25 -2.24E-02-1 .58E-02-1.03E-02-&.37E-03-3.82E-03-2.24E-03-1.11E-03-4.52E-04 4.52E-05 1.34E-05 0.00 
10 0.2&&25 -2.28E-02-1.&3E-02-1.07E-02-&.70E-03-4.0&E-03-2.41E-03-1.23E-03-5.34E-04-5.&&E-0& 1.27E-05 0.00 
~ 0.25000 -2.28E-02-1.&4E-02-1.0<)E-02-&.88E-03-4.21E-03-2.52E-03-1.31E-03-5.<)1E-04-4.32E-05 1.1<)E-05 0.00 
8 0.22875 -2.25E-02-1.&4E-02-1.11E-02-7.03E-03-4.J4E-03-2.&2E-03-1.3<)E-03-&.54E-04-8.7<)E-05 1.0<)E-05 0.00 
7 0.1<)500 -2.13E-02-1.58E-02-1.08E-02-&.<)7E-03-4.35E-03-2.&&E-03-1.44E-03-7.10E-04-1 .41E-04 <).12E-0& 0.00 
& 0.15250 -1.84E-02-1.3<)E-02-<).&<)E-03-&.31E-03-3.<)8E-03-2.4&E-03-1.3&E-03-&.<)2E-04-1.70E-04 &.<)7E-0& 0.00 
5 0.10750 -1.40E-02-1.07E-02-7.55E-03-4.<)7E-03-3.15E-03-1.<)&E-03-1.0<)E-03-5.71E-04-1 .5&E-04 4.7<)E-0& 0.00 
4 0.0&500 -8.81E-03-&.78E-03-4.83E-03-3.21E-03-2.03E-03-1.27E-03-7.14E-04-3.77E-04-1 .0<)E-04 2.84E-0& 0.00 
3 0.02875 -3.<)7E-03-3.0&E-03-2.1<)E-03-1.4&E-03-<).25E-04-5.77E-04-3.2&E-04-1.73E-04-5.12E-05 1.24E-0& 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 <) 10 11 12 

X = -0.03148 0.03148 0.0<)443 0.1&430 0.24187 0.327<)& 0.42352 0.52<)&0 0.&4735 0.77804 0.<)2311 1.08415 
o J Y 

21 0.50500 
20 0.4<)500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 5.53E-01 5.54E-01 5.55E-01 5.55E-01 5.5&E-01 5.&4E-01 5.<)1E-01 &.38E-01 
0.00 0.00 5.72E-01 5.&<)E-01 5.71E-01 5.75E-01 5.81E-01 5.<)7E-01 &.30E-0~ &.75E-01 
0.00 0.00 5.<)1E-01 5.7<)E-01 5.78E-01 5.83E-01 5.<)5E-01 &.20E-01 &.5&E-01 &.<)3E-01 
0.00 &.&2E-01 &.20E-01 5.<)&E-01 5.<)1E-01 5.<)&E-01 &.13E·-01 &.44E-01 &.75E-01 7.02E-01 
0.00 &.8&E-01 &.2<)E-01 &.01E-01 &.00E-01 &.13E-01 &.40E-01 &.70E-01 &.<)3E-01 7.10E-01 
0.00 7.14E-Ol &.37E-Ol &.03E-Ol &.08E-01 &.35E-Ol &.&<)E-Ol &.<)4E-Ol 7.07E-01 7.14E-Ol 



x 0.14 0 2 4 & 8 1 O. 14 
X 0.1& 0.1& 
X 0.18 0 2 4 & 8 1 0.18 
X 0.20 + + 0.20 
X 0.22 0 2 4 & 8 1 0.22 
X 0.24 0.24 
X 0.2& 0 2 4 & 8 0.2& 
X 0.28 0.28 
X 0.30 + 0 2 4 & 8 + 0.30 
X 0.32 0.32 
X 0.34 0 2 4 & 8 0.34 
X 0.3& 0.3& 
X 0.38 · 0.38 
X 0.40 0 2 4 8 1 + 0.40 
X 0.42 0.42 
X 0.44 · 0.44 
X 0.4& 0 2 4 8 1 0.4& 
X 0.48 0.48 
X 0.50 + + 0.50 
X 0.52 0 2 4 8 0.52 
X 0.54 0.54 
X 0.5& · 0.5& 
X 0.58 0 2 4 8 1 0.58 
X 0.&0 + + 0.&0 
X 0.&2 0.&2 
X 0.&4 · 0.&4 
X 0.&& 0 2 4 8 1 0.&& 
X 0.&8 0.&8 
X 0.70 + + 0.70 
X 0.72 · 0.72 
X 0.74 0 2 4 8 1 0.74 
X 0.7& 0.7& 
X 0.78 0.78 
X 0.80 + + 0.80 
X 0.82 · 0.82 
X 0.84 0 2 4 8 1 0.84 
X 0.8& 0.8& 
X 0.88 0.88 
X O.~O + + O.~O 
X 0.~2 0 2 4 8 0.~2 
X 0.~4 0.~4 
X O.~& O.~& 
X 0.~8 · . 0.~8 
X 1.00 o ......... + ......... + ..•.. 2 ... + ..•• 4 ... . +& .... 8 ... 1 ......... + ......... + ......... + ......... + ......... + 1.00 

0.0 O. 1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 O.~ 1.0 

DIMENSIONLESS STREAMLINE PLOT 
lX-AXIS IS XI 
Y-AXES ARE 00 02 04 0& 08 10 
SYMBOL 0 2 4 & 8 1 
MAXIMUM VALUES 0.3&OE 02 0.3~5E 02 0.424E 02 0.450E 02 0.474E 02 O.SOOE 02 



COMPUTED INLET SWIRL NUMBER = 1 .4320 

COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253q 0.035&1 0.04&q7 0.05q57 0.0735& 0.08qOq 0.10&32 0.12545 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 0.00 0.00 8.11E 00 1.42E 01 1.51E 01 1.42E 01 1 .32E 01 1.23E 01 1.15E 01 
lq 0.05q37 0.00 0.00 0.00 0.00 0.00 '.20E 01 1.&4E 01 1.&8E 01 1.57E 01 1.44E 01 1 .31E 01 1.20E 01 
180.055q4 0.00 0.00 0.00 0.00 0.00 1.&2E 01 1.88E 01 1.82E 01 1.&&E 01 1.48E 01 1 .32E 01 1.20E 01 
17 0.05344 0.00 0.00 0.00 0.00 2.22E 01 1.q5E 01 1.q8F. 01 1.83E 01 1.&3E 01 1.43E 01 1.2qE 01 1.18E 01 
1& 0~05078 0.00 0.00 0.00 0.00 1.q4E 01 1.qOE 01 1.85E 01 1.&qE 01 1 .4qE 01 1 .33E 01 1.21E 01 1 .13E 01 
15 0.04812 0.00 0.00 0.00 0.00 1.q4E 01 1.84E 01 1.&4E 01 1.43E 01 1.28E 01 1 .1qE 01 1 .12E 01 1.0&E 01 
14 0.045&2 0.00 0.00 0.00 2.85E 01 2.11E 01 1.70E 01 1 .34E 01 1.14E 01 1.07E 01 1.04E 01 1.02E 01 q.8&E 00 
13 0.04328 0.00 0.00 0.00 2.1&E 01 1.84E 01 1.35E 01 q.77E 00 8.55E 00 8.&8E 00 q.01E 00 q.14E 00 q.07E 00 
120.040q4 0.00 0.00 0.00 1.qlEOl 1.&4E 01 1.03E 01 &.30E 00 5.qlE 00 &.80E 00 7.&lE 00 8.05E 00 8.21E 00 
110.0371q 0.00 0.00 2.47E 01 1.q3E 01 1.38E 01 4.73E 00 1 .3&E 00 2.40E 00 4.10E 00 5.41E 00 &.23E 00 &.71E 00 
10 0.03437 0.00 0.00 1.qOE 01 1.71E 01 q.85E 004.71E-Ol-l .26E 00 3.05E-Ol 2.27E 00 3.80E 00 4.83E 00 5.52E 00 
q 0.0321Q 0.00 0.00 1.q4E 01 1.&lE 01 &.58E 00-2.0qE 00-2.82E 00-1.0qE 00 q.47E-Ol 2.57E 00 3.74E 00 4.5qE 00 
8 0.03031 0.00 3.00E 01 2.18E 01 1.50E 01 3.&8E 00-3.71E 00-3.8qE 00-2.15E 00-1.21E-Ol 1.55E 00 2.81E 00 3.78E 00 
7 0.02&87 0.00 3.00E 01 2.2&E 01 1.30E 01-&.1&E-01-5.77E 00-5.3qE 00-3.81E 00-1.q2E 00-2.40E-Ol 1 .15E 00 2.32E 00 
& 0.02187 0.00 3.00E 01 2.1QE 01 8.2QE 00-7.37E 00-7.&8E 00-7.00E 00-5.78E 00-4.22E 00-2.&2E 00-1 .11E 00 2.87E-Ol 
5 0.01&25 0.00 3.00E 01 1.85E 01-2.3QE 00-Q.&4E 00-Q.23E 00-8.45E 00-7.52E 00-&.32E 00-4.88E 00-3.30E 00-1 .70E 00 
4 0.010&2 0.00 3.00E 01 1.00E 01-1.4&E 01-1.20E 01-1.0&E 01-Q.5QE 00-8.7QE 00-7.84E 00-&.55E 00-4.Q&E 00-3.22E 00 
3 0.005&2 0.00 3.00E 01-8.0QE 00-1.4QE 01-1 .30E 01-1.14E 01-1 .03E 01-Q.4QE 00-8.&5E 00-7.4&E 00-5.8QE 00-4.07E 00 
2 0.0015& 0.00 3.00E 01-2.05E 01-1.57E 01-1 .34E 01-1 .17E 01-1 .05E 01-Q.74E 00-8.Q4E 00-7.78E 00-&.22E 00-4.38E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 Q 20 21 22 23 
X = 0.14&&Q 0.1702& 0.lQ&43 0.22547 0.2~771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
21 0.0&312 
20 0.0&187 
1<3 0.05Q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 
1.07E 01 1.02E 01 Q.81E 00 Q.&3E 00 Q.55E 00 Q.53E 00 Q.51E 00 Q.52E 00 Q.53E 00 Q.57E 00 Q.57E 00 
1.12E 01 1.05E 01 1.01E 01 Q.Q2E 00 Q.83E 00 Q.81E 00 Q.83E 00 Q.88E 00 Q.Q5E 00 1.00E 01 1.00E 01 
1.11E 01 1.05E 01 1.01E 01 Q.81E 00 Q.&&E 00 Q.58E 00 Q.55E 00 Q.5&E 00 Q.5QE 00 Q.&2E 00 Q.&2E 00 
1.0QE 01 1.03E 01 Q.Q1E 00 Q.&3E 00 Q.44E 00 Q.33E 00 Q.27E 00 Q.24E 00 Q.24E 00 Q.25E 00 Q.25E 00 
1.0&E 01 1.00E 01 Q.&4E 00 Q.35E 00 Q.15E 00 Q.02E 00 8.Q3E 00 8.87E 00 8.85E 00 8.84E 00 8.84E 00 
1.01E 01 Q.&4E 00 Q.28E 00 Q.01E 00 8.81E 00 8.&&E 00 8.5&E 00 8.4QE 00 8.45E 00 8.43E 00 8.43E 00 
Q.51E 00 Q.17E 00 8.88E 00 8.&4E 00 8.45E 00 8.30E 00 8.20E 00 8.12E 00 8.07E 00 8.04E 00 8.04E 00 
8.8QE 00 8.&7E 00 8.45E 00 8.24E 00 8.08E 00 7.Q5E 00 7.84E 00 7.77E 00 7.72E 00 7.&8E 00 7.&8E 00 
8.20E 00 8.11E 00 7.Q7E 00 7.82E 00 7.&8E 00 7.57E 00 7.48E 00 7.41E 00 7.3&E 00 7.32E 00 7.32E 00 
&.Q8E 00 7.0QE 00 7.11E 00 7.07E 00 7.01E 00 &.Q5E 00 &.8QE 00 &.84E 00 &.7QE 00 &.7&E 00 &.7&E 00 
5.QQE 00 &.28E 00 &.43E 00 &.48E 00 &.4QE 00 &.47E 00 &.44E 00 &.41E 00 &.38E 00 &.35E 00 &.34E 00 
5.21E 00 5.&3E 00 5.88E 00 &.02E 00 &.08E 00 &.10E 00 b.l0E 00 &.OQE 00 &.07E 00 &.04E 00 &.04E 00 
4.53E 00 5.0&E 00 5.41E 00 5.&2E 00 5.73E 00 5.7QE 00 5.82E 00 5.82E 00 5.81E 00 5.78E 00 5.78E 00 
3.28E 00 4.03E 00 4.54E 00 4.8QE 00 5.10E 00 5.23E 00 5.31E 00 5.35E 00 5.35E 00 5.34E 00 5.33E 00 
1.54E 00 2.5&E 00 3.33E 00 3.87E 00 4.23E 00 4.47E 00 4.&3E 00 4.72E 00 4.75E 00 4.75E 00 4.75E 00 

-1.Q3E-Ol 1.10E 00 2.12E 00 2.8&E 00 3.38E 00 3.74E 00 3.Q8E 00 4.12E 00 4.18E 00 4.1QE 00 4.1QE 00 



x = 0.i4&&q 0.1702& 0.1q&43 0.22547 0.25771 0.2q34q 0.33321 0.37500 0.41&7q 0.45858 0.50037 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 q.73E-Ol q.75E-Ol q.75E-01 q.7&E-01 q.7&E-Ol q.7&E-Ol q.7&E-Ol q.7&E-01 q.75E-01 q.15E-Ol q.75E-01 
1q 0.05q37 8.&OE-Ol 8.&8E-Ol 8.72E-Ol 8.75E-01 8.75E-01 8.7&E-Ol 8.7&E-01 8.75E-01 8.75E-01 8.74E-01 8.74E-01 
180.055q4 7.0QE-Ol 7.25E-01 7.35E-01 7.41E-01 7.44E-01 7.44E-01 7.44E-01 7.44E-01 7.43E-01 7.41E-01 7.41E-01 
17 0.05344 &.O&E-Ol &.28E-01 &.42E-01 &.50E-01 &.54E-01 &.5&E-01 &.57E-01 &.5&E-01 &.55E-01 &.53E-01 &.53E-01 
1& 0.05078 5.05E-Ol 5.32E-01 5.50E-01 5.&1E-01 5.&&E-01 5.&QE-01 5.71E-01 5.70E-Ol 5.&qE-01 5.&8E-01 5.&8E-01 
15 0.04812 4.12E-Ol 4.44E-01 4.&5E-01 4.78E-01 4.8&E-01 4.QOE-01 4.q2E-01 4.q2E-01 4.Q2E-01 4.qOE-01 4.qOE-01 
14 0.045&2 3.33E-01 3.&8E-01 3.Q2E-01 4.08E-01 4.17E-01 4.22E-01 4.25E-01 4.2&E-01 4.25E-01 4.24E-01 4.24E-01 
13 0.04328 2.&8E-Ol 3.05E-Ol 3.31E-Ol 3.47E-01 3.58E-01 3.&4E-Ol 3.&8E-01 3.&qE-01 3.&qE-01 3.&8E-01 3.&8E-Ol 
120.040Q4 2.10E-Ol 2.48E-Ol 2.75E-Ol 2.Q3E-Ol 3.05E-Ol 3.12E-Ol 3.1&E-Ol 3.18E-Ol 3.18E-Ol 3.18E-Ol 3.18E-Ol 
110.0371Q 1.34E-Ol 1.72E-Ol 2.00E-Ol 2.1QE-Ol 2.31E-Ol 2.3qE-Ol 2.44E-Ol 2.47E-Ol 2.48E-Ol 2.47E-01 2.47E-Ol 
10 0.03437 8.q3E-02 1.2&E-Ol 1.53E-Ol 1.72E-Ol 1.85E-01 1.q3E-Ol 1.qqE-01 2.01E-Ol 2.02E-Ol 2.02E-Ol 2.02E-Ol 
Q 0.0321Q &.14E-02 Q.&3E-02 1.22E-01 1.41E-Ol 1.54E-Ol 1.&2E-01 1.&7E-Ol 1.70E-Ol 1.71E-01 1.71E-Ol 1.71E-Ol 
8 0.03031 4.1qE-02 7.48E-02 Q.Q8E-02 1.18E-01 1.30E-Ol '.38E-Ol 1.43E-01 1.4&E-Ol 1.48E-Ol 1.48E-Ol 1.47E-Ol 
7 0.02&87 1.55E-02 4.41E-02 &.&3E-02 8.23E-02 q.34E-02 1.01E-Ol 1.0&E-Ol 1.0qE-Ol 1.10E-01 1.10E-Ol 1.10E-Ol 
& 0.02187 -5.33E-03 1.&lE-02 3.30E-02 4.55E-02 5.42E-02 &.03E-02 &.43E-02 &.&&E-02 &.78E-02 &.7qE-02 &.7QE-02 
5 0.01&25 -1.12E-02 1.Q3E-03 1.24E-02 2.03E-02 2.5QE-02 2.Q8E-02 3.24E-02 3.40E-02 3.47E-02 3.4QE-02 3.4QE-02 
4 0.010&2 -7.48E-03-1.4&E-03 3.42E-03 7.11E-03 Q.78E-03 1.1&E-02 1.2QE-02 1.3&E-02 1.40E-02 1.41E-02 1.41E-02 
3 0.005&2 -2.54E-03-7.82E-04 &.4QE-04 1.74E-03 2.53E-03 3.08E-03 3.45E-03 3.&8E-03 3.7QE-03 3.82E-03 3.82E-03 
2 0.0015& -2.12E~04-7.43E-05 3.85E-05 1.25E-04 1.87E-04 2.31E-04 2.&lE-04 2.78E~04 2.88E-04 2.QOE-04 2.QOE-04 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- RADIAL COORDINATE OF STREAMLINES -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.0253Q 0.035&1 0.04&Q7 O.05Q57 0.0735& 0.08QOQ 0.10&32 0.12545 
o J Y 

11 1.00000 0.00 3.12E-02 3.Q1E-02 4.&QE-02 5.47E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.QOOOO 0.00 2.Q&E-02 3.Q1E-02 4.&QE-02 5.34E-02 5.QQE-02 &.OQE-02 &.OQE-02 &.08E-02 &.07E-02 &.05E-02 &.04E-02 
Q 0.80000 0.00 2.7QE-02 3.55E-02 4.44E-02 5.21E-02 5.80E-02 5.Q3E-02 5.Q4E-02 5.Q2E-02 5.8QE-02 5.8&E-02 5.83E-02 
8 0.70000 0.00 2.&lE-02 3.35E-02 4.30E-02 5.07E-02 5.&2E-02 5.78E-02 5.80E-02 5.7&E-02 5.72E-02 5.&7E-02 5.&2E-02 
7 0.60000 0.00 2.41E-02 3.12E-02 4.13E-02 4.Q2E-02 5.4&E-02 5.&4E-02 5.&5E-02 5.&lE-02 5.54E-02 5.47E-02 5.40E~02 
& 0.50000 0.00 2.21E-02 2.8QE-02 3.Q4E-02 4.7&E-02 5.31E-02 5.50E-02 5.50E-02 5.44E-02 5.3&E-02 5.2&E-02 5.1&E-02 
5 0.40000 0.00 1.Q&E-02 2.&&E-02 3.74E-02 4.&lE-02 5.17E-02 5.3&E-02 5.3&E-02 5.27E-02 5.1&E-02 5.03E-02 4.QOE-02 
4 0.30000 0.00 1.70E-02 2.3QE-02 3.52E-02 4.45E-02 5.02E-02 5.21E-02 5.20E-02 5.0QE-02 4.Q3E-02 4.77E-02 4.&OE-02 
3 0.20000 0.00 1.37E-02 2.0QE-02 3.27E-02 4.27E-02 4.8&E-02 5.0&E-02 5.03E-02 4.88E-02 4.&8E-02 4.4&E-02 4.25E-02 
2 0.10000 0.00 Q.&QE-03 1.71E-02 2.Q7E-02 4.0&E-02 4.&QE-02 4.8QE-02 4.84E-02 4.&4E-02 4.3&E-02 4.08E-02 3.7QE-02 
10.00000 0.00 0.00 1.08E-02 2.5&E-02 3.82E-02 4.50E-02 4.70E-02 4.&lE-02 4.31E-02 3.QOE-02 3.4QE-02 2.QQE-02 

o I = 13 14 15 1 & 17 18 1 Q 20 21 22 23 
X = 0.14&&Q 0.1702& 0.lQ&43 0.22547 0.25771 0.2Q34Q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
11 1.00000 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 &.25E-02 
10 O.QOOOO &.03E-02 &.01E-02 &.00E-02 &.00E-02 &.00E-02 &.00E-02 &.00E-02 &.00E-02 &.00E-02 &.00E-02 &.00E-02 
Q 0.80000 5.80E-02 5.77E-02 5.7&E-02 5.75E-02 5.74E-02 5.74E-02 5.74E-02 5.74E-02 5.74E-02 5.75E-02 5.75E-02 
8 0.70000 5.57E-02 5.53E-02 5.50E-02 5.48E-02 5.47E-02 5.47E-02 5.47E-02 5.47E-02 5.47E-02 5.48E-02 5.48E-02 
7 0.&0000 5.33E-02 5.27E-02 5.22E-02 5.1QE-02 5.18E-02 5.17E-02 5.17E-02 5.17E-02 5.17E-02 5.18E-02 5.18E-02 
& 0.50000 5.07E-02 4.Q8E-02 4.Q2E-02 4.88E-02 4.8&E-02 4.85E-02 4.84E-02 4.84E-02 4.84E-02 4.85E-02 4.85E-02 
5 0.40000 4.77E-02 4.&7E-02 4.5QE-02 4.53E-02 4.50E-02 4.47E-02 4.4&E-02 4.4&E-02 4.4&E-02 4.4&E-02 4.4&E-02 
4 0.30000 4.44E-02 4.31E-02 4.20E-02 4.12E-02 4.07E-02 4.03E-02 4.01E-02 4.00E-02 4.00E-02 4.00E-02 4.00E-02 
3 0.20000 4.04E-02 3.8&E-02 3.72E-02 3.&lE-02 3.53E-02 3.48E-02 3.45E-02 3.43E-02 3.42E-02 3.42E-02 3.42E-02 
2 0.10000 3.50E-02 3.25E-02 3.03E-02 2.8&E-02 2.75E-02 2.&8E-02 2.&2E-02 2.58E-02 2.57E-02 2.57E-02 2.57E-02 
10.00000 2.32E-021.30E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS U VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 



20 0.4q500 
1q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.3S500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& O. 17500 
5 0.13000 
4 0.OS500 
3 0.04500 
2 0.01250 
1-0.01250 

o I = 
X = 

o J Y 
21 0.50500 
20 0.4Q500 
1q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 2.12E 01 2.05E 01 1.85E 01 1.70E 01 1.&4E 01 1.71E 01 1.88E 01 1.qqE 01 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 3.72E 02 4.12E 02 3.&OE 02 3.14E 02 3.08E 02 3.qqE 02 5.2qE 02 5.87E 02 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 4.&8E 02 4.15E 02 3.83E 02 3.77E 02 4.&2E 02 7.22E 02 1.01E 03 1.15E 03 
1.00E 00 1.00E 00 1.00E 00 7.04E 01 2.&2E 02 3.17E 02 3.5&E 02 4.24E 02 &.21E 02 Q.&OE 02 1.28E 03 1.45E 03 
1.00E 00 1.00E 00 1.00E 00 4.53E 02 3.78E 02 3.74E 02 4.1&E 02 5.&lE 02 8.52E 02 1 .21E 03 1.53E 03 1.70E 03 
1.00E 00 1.00E 00 1.00E 00 4.42E 02 3.4&E 02 3.qOE 02 5.22E 02 7.75E 02 1.11E 03 1.45E 03 1 .74E 03 1.q1E 03 
1 .OOE 00 1.00E 00 8.47E 01 2.07E 02 :~.OOE 02 4.53E 02 &.q7E 02 1.01E 03 1.34E 03 1.&5E 03 1 .q2E 03 2.0qE 03 
1.00E 00 1.00E 00 4.37E 02 2.75E 02 3.&2E 02 5.q2E 02 q.01E 02 1.22E 03 1.53E 03 1.83E 03 2.08E 03 2.23E 03 
1 .OOE 00 1.00E 00 3.&OE 02 2.18E 02 4.05E 02 7.4qE 02 1.10E 03 1.41E 03 1.71E 03 1.qqE 03 2.22E 03 2.3&E 03 
1 .OOE 00 1.45E 02 1.12E 02 1.74E 02 5.17E 02 1.0&E 03 1.40E 03 1.&7E 03 1.q5E 03 2.21E 03 2.43E 03 2.SSE 03 
1.00E 00 4.47E 02 q.7SE 01 2.01E 02 7.4&E 02 1.27E 03 1.5&E 03 1.83E 03 2.10E 03 2.35E 03 2.5&E 03 2.&8E 03 
1.00E 00 3.&&E 02 4.25E 01 2.32E 02 8.84E 02 1.40E 03 1.&7E 03 1.q3E 03 2.20E 03 2.45E 03 2.&&E 03 2.7&E 03 
1.00E 00 7.08E 00 2.10E 01 2.83E 02 1.01E 03 1.51E 03 1.7SE 03 2.01E 03 2.28E 03 2.S3E 03 2.73E 03 2.83E 03 
1.00E 00 7.12E 00 3.14E 01 4.00E 02 1.2&E 03 1.&7E 03 1.qOE 03 2.14E 03 2.41E 03 2.&&E 03 2.85E 03 2.q4E 03 
1.00E 00 7.32E 00 &.20E 01 &.73E 02 1.52E 03 1.8qE 03 2.0qE 03 2.32E 03 2.58E 03 2.82E 03 2.qqE 03 3.0&E 03 
1.00E 00 8.01E 00 1.55E 02 1.3&E 03 1.83E 03 ~.11E 03 2.2qE 03 2.51E 03 2.75E 03 2.q7E 03 3.12E 03 3.18E 03 
1 .OOE 00 1.0SE 01 4.10E 02 1.58E 03 2.10E 03 2.30E 03 2.4&E 03 2.&7E 03 2.8qE 03 3.0qE 03 3.22E 03 3.2&E 03 
1.00E 00 2.44E 01 1.01E 03 1.85E 03 2.28E 03 2.44E 03 2.5qr. 03 2.7qE 03 3.01E 03 3.1qE 03 3.31E 03 3.34E 03 
1.00E 00 4.84E 01 1.42E 03 2.13E 03 2.41E 03 2.54E 03 2.70E 03 2.q1E 03 3.13E 03 3.31E 03 3.41E 03 3.44E 03 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 

13 14 15 1 & 17 18 1 q 20 21 22 23 
1.2&28q 1.4&130 1.&8153 1.q25q8 2.1q733 2.4q852 2.83285 3.1&718 3.50150 3.83583 4.17015 

1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 
2.00E 01 1.q4E 01 1.8&E 01 1.78E 01 1.71E 01 1.&4E 01 1.5~E 01 1.55E 01 1.51E 01 1.50E 01 1.00E 00 
5.&7E 02 5.03E 02 4.21E 02 3.3qE 02 2.&5E 02 2.04E 02 1.&OE 02 1 .30E 02 1 .10E 02 1.28E 02 1 .OOE 00 
1.14E 03 1.04E 03 8.qqE 02 7.4qE 02 &.08E 02 4.87E 02 3.q3E 02 3.24E 02 2.74E 02 3.2&E 02 1 .OOE 00 
1.45E 03 1 .35E 03 1.18E 03 1.01E 03 8.37E 02 &.8qE 02 5.70E 02 4.82E 02 4.17E 02 4.q1E 02 1 .OOE 00 
1.72E 03 1.&1E 03 1.44E 03 1.24E 03 1.05E 03 8.83E 02 7.47E 02 &.44E 02 5.&7E 02 &.5qE 02 1 .OOE 00 
1.q3E 03 1.82E 03 1.&5E 03 1.44E 03 1.24E 03 1.05E 03 q.05E 02 7.q2E 02 7.0&E 02 8.11E 02 1 .OOE 00 
2.10E 03 2.00E 03 1.81E 03 1.&OE 03 1.3qE 03 1.20E 03 1.04E 03 q.1&E 02 8.25E 02 q.3&E 02 1.00E 00 
2.24E 03 2.13E 03 1.q5E 03 1.73E 03 1.51E 03 1.31E 03 1.15E 03 1.02E 03 q.24E 02 1.04E 03 1.00E 00 
2.37E 03 2.2&E 03 2.07E 03 1.84E 03 1.&2E 03 1.41E 03 1.24E 03 1.11E 03 1.01E 03 1 .13E 03 1.00E 00 
2.55E 03 2.43E 03 2.23E 03 2.00E 03 1 .7&E 03 1.55E 03 1.37E 03 1.24E 03 1 .13E 03 1.25E 03 1 .OOE 00 
2.&&E 03 2.53E 03 2.33E 03 2.0qE 03 1.8&E 03 1.&4E 03 1.4&E 03 1 .32E 03 1 .21E 03 1 .32E 03 1 .OOE 00 
2.74E 03 2.&1E 03 2.40E 03 2.1&E 03 1 .~2E 03 1.70E 03 1.51E 03 1 .37E 03 1.2&E 03 1 .37E 03 1 .OOE 00 
2.81E 03 2.&7E 03 2.45E 03 2.21E 03 1.q7E 03 1 .74E 03 1.5&E 03 1.41E 03 1.30E 03 1.41E 03 1 .OOE 00 
2.q1E 03 2.7&E 03 2.54E 03 2.2qE 03 2.04E 03 1.81E 03 1.&2E 03 1.47E 03 1.3&E 03 1.4&E 03 1 .OOE 00 
3.02E 03 2.88E 03 2.&4E 03 2.38E 03 2.12E 03 1.8qE 03 1.70E 03 1.54E 03 1.42E 03 1.52E 03 1 .OOE 00 
3.12E 03 2.q7E 03 2.73E 03 2.4&E 03 2.20E 03 1.q&E 03 1.7&E 03 1.&OE 03 1 .48E 03 1 .5&E 03 1 .OOE 00 
3.20E 03 3.04E 03 2.80E 03 2.53E 03 2.25E 03 2.01E 03 1.80E 03 1.&4E 03 1.52E 03 1.&OE 03 1 .OOE 00 
3.27E 03 3.0qE 03 2.85E 03 2.57E 03 2.2qE 03 2.04E 03 1.83E 03 1.&7E 03 1.54E 03 1.&2E 03 1 .OOE 00 
3.35E 03 3.1&E 03 2.qOE 03 2.&2E 03 2.32E 03 2.0&E 03 1.85E 03 1.&qE 03 1.5&E 03 1 .&5E 03 1 .OOE 00 
1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 

X/D S.S.COEFF. 

2 3.148E-02 1.38&E-02 

3 q.443E-02 q.531E-03 

4 1.&43E-01 &.273E-03 



104 0.104&E 00 0.&72~E-01 0.3311E-01 0.3271E-01 0.1113E-01 0.~4~~E 08 0.5403E 01-0.&120E-02 0.15~&E 02 0.1771E 04 0.22~&E 04 
105 0.1030E 00 0.&520E-01 0.3208E-01 0.31&3E-01 0.10~3E-01 0.q701E 08 0.53q2E 01-0.5q2qE-02 0.15~7E 02 0.1772E 04 0.2305E 04 
10& 0.1014E 00 0.&304E-01 0.3107E-01 0.305&E-01 0.1070E-01 0.qq5&E 08 0.5382E 01-0.572&E-02 0.15~qE 02 0.1772E 04 0.2313E 04 
107 0.~~82E-01 0.&088E-01 0.300~E-01 0.2~53E-01 0.1045E-01 0.1017E O~ 0.5372E 01-0.550qE-02 0.1&01E 02 0.1773E 04 0.2321E 04 
108 0.~830E-01 0.5877E-01 0.2~15E-01 0.28&5E-01 0.1024E-01 0.10q1E Oq 0.53&OE 01-0.5qq3E-02 0.1&03E 02 0.1775E 04 0.2330E 04 
10~ 0.~44~E-01 0.&324E-01 0.282&E-01 0.2773E-01 0.1005E-01 0.11&2E O~ 0.5348E 01-0.5q21E-02 0.1&04E 02 0.177&E 04 0.2337E 04 
110 0.~344E-01 0.&040E-01 0.2740E-01 0.2&51E-01 0.qq11E-02 0.1221E O~ 0.533&E 01-0.5703E-02 0.1&0&E 02 0.1777E 04 0.2345E 04 
111 0.~10&E-01 0.5857E-01 0.2&57E-01 0.2552E-01 0.~772E-02 0.1257E O~ 0.5325E 01-U.5374E-02 0.1&08E 02 0.1778E 04 0.2353E 04 
112 0.8~4~E-01 0.55~OE-01 0.257~E-01 0.2447E-01 0.~458E-02 0.1183E Oq 0.5315E 01-0.504qE-02 0.1&OqE 02 0.1778E 04 0.23&1E 04 
113 0.87&8E-01 0.5357E-01 0.2501E-01 0.233&E-01 0.q153E-02 0.115qE Oq 0.5305E 01-0.4712E-02 0.1&11E 02 0.177qE 04 0.23&8E 04 
114 0.85~7E-01 0.5130E-01 0.2425E-01 0.2237E-01 0.8870E-02 0.11&OE Oq 0.52q5E 01'-0.4370E-02 0.1&13E 02 0.1780E 04 0.2375E 04 
115 0.8427E-01 0.4~08E-01 0.2351E-01 0.214&E-01 0.8&20E-02 0.1177E Oq 0.528&E 01-0.4023E-02 0.1b14E 02 0.1781E 04 0.2382E 04 
11& 0.82&1E-Ol 0.4&87E-01 0.2281E-01 0.205~E-01 0.83q5E-02 0.11qOE Oq 0.5277E 01-0.3&71E-02 0.1&1&E 02 0.1782E 04 0.2388E 04 
117 0.808&E-01 0.44&&E-01 0.2217E-01 0.1~77E-01 0.81~7E-02 0.1201E O~ 0.52&8E 01-0.3314E-02 0.1&17E 02 0.1783E 04 0.23~4E 04 
118 0.7~11E-01 0.424~E-01 0.215~E-01 0.18~4E-Ol 0.8032E-02 0.1214E O~ 0.52&1E 01-0.2q54E-02 0.1&1qE 02 0.1784E 04 0.2400E 04 
11~ 0.7737E-Ol 0.4037E-Ol 0.2105E-01 0.183&E--01 0.7q2qE-02 0.128bE Oq 0.5252E 01-0.2873E-02 0.1&21E 02 0.1785E 04 0.240&E 04 
120 0.7424E-01 0.4307E-Ol 0.2053E-01 0.17&3E-01 0.781&E-02 0.1343E Oq 0.5244E 01-0.253qE-02 0.1&22E 02 0.178&E 04 0.2411E 04 
121 0.72&OE-Ol 0.4030E-Ol 0.2003E-Ol 0.1&81E-Ol 0.7&q4E-02 0.1388E Oq 0.523&E 01-0.2174E-02 0.1&23E 02 0.1788E 04 0.2417E 04 
122 0.704~~-01 0.3875E-Ol 0.1~54E-Ol 0.1&10E-Ol 0.7558E-02 0.140&E Oq 0.5230E 01-0.174&E-02 0.1&25E 02 0.1788E 04 0.2422E 04 
123 0.&885E··01 0.3&27E-Ol O.l~O~E-Ol 0.1545E-01 0.7414E-02 0.13q7E Oq 0.5224E 01'-0.132&E-02 0.1&2&E 02 0.178qE 04 0.242&E 04 
124 0.~714E-Ol 0.3414E-Ol 0.18&8E-Ol 0.1478E-Ol 0.72&7E-02 0.1388E Oq 0.521qE 01-0.8q83E-03 0.1&28E 02 0.17qOE 04 0.2431E 04 
125 0.&553E-Ol 0.320~E-01 0.1833E-Ol 0.1418E-Ol 0.7123E-02 0.1377E Oq 0.5214E 01-0.4844E-03 0.1&2qE 02 0.17q1E 04 0.2435E 04 
12& 0.&3~&E-Ol 0.3020E-Ol 0.1801E-Ol 0.1358E-Oi 0.&qq&E-02 0.1380E Oq 0.5210E 01-0.8050E-04 0.1&30E 02 0.17q2E 04 0.243~E 04 
127 0.&247E-01 0.2848E-Ol 0.1770E-Ol 0.1305E-Ol 0.b873E-02 0.1373E Oq 0.5207E 01 0.3085E-03 0.1&31E 02 0.17q3E 04 0.2443E 04 
128 0.&112E-Ol 0.2&80E-Ol 0.1743E-01 0.1251E-Ol 0.&738E-02 0.137&E Oq 0.5204E 01 0.&822E-03 0.1&32E 02 0.17q4E 04 0.2447E 04 
12~ 0.5~~3E-01 0.2525E-01 0.171&E-Ol 0.11q~E-Ol 0.&5Q&E-02 0.1378E Oq 0.S202E 01 0.1n3qE-02 0.1&34E 02 0.17~5E 04 0.2451E 04 
130 0.587&E-01 0.2382E-Ol 0.1&~3E-Ol 0.1150E-01 0.b450E-02 0.137&E Oq 0.5201E 01 0.1377E-02 0.1&35E 02 0.17Q&E 04 0.24S4E 04 
131 0.57&2E-01 0.2257E-01 0.1&72E-01 0.1108E-Ol 0.b2Q8E-02 0.1373E OQ 0.5200E 01 0.1&Q7E-02 0.1b3bE 02 0.17Q7E 04 0.2457E 04 
132 0.5&5~E-01 0.214QE-Ol 0.1&55E-01 0.10b5E-01 0.b147E-02 0.137&E OQ 0.5200E 01 0.1QQ7E-02 0.1b37E 02 0.17Q8E 04 0.24&0£ 04 
133 0.55&lE-01 0.204QE-Ol 0.1b3QE-01 0.1027E-01 0.5QQ8E-02 0.1372E OQ 0.5201E 01 0.2278E-02 0.1b38E 02 0.17QQE 04 0.24b3E 04 
134 0.5471E-01 0.1~58E-01 0.1b24E-01 0.Q8Q2E-02 0.585&E-02 0.1371E OQ 0.5202E 01 0.253QE-02 0.1b3QE 02 0.1800E 04 0.24&bE 04 
135 0.53Q1E-01 0.187&E-01 0.1b11E-01 0.Q5&4E-02 0.571QE-02 0.1375E OQ 0.5203( 01 0.277QE-02 0.1b40E 02 0.1801E 04 0.24b3E 04 
13& 0.5312E-01 0.1802E-01 0.15QQE-01 0.Q222E-02 0.5588E-02 0.1372E OQ 0.5205E 01 0.3000E-02 0.1&40E 02 0.1802E 04 0.2471E 04 
137 0.5230E-Ol 0.1741E-01 0.158QE-01 0.8Q2QE-02 0.545bE-02 0.1373E OQ 0.5207E 01 0.3201E-02 0.1041E 02 0.1803E 04 0.2473E 04 
138 0.5144E-01 0.1&Q5E-01 0.1581E-01 0.8b72E·-02 0.5325E-02 0.1375E OQ 0.5210E 01 0.3381E-02 0.1b42E 02 0.1804E 04 0.2475E 04 
13Q 0.50&2E-01 0.1&54E-Ol 0.1574E-01 0.840QE-02 O.51Q3E-02 0.1373E OQ 0.5213E 01 0.3543E-02 0.1b43E 02 0.1805E 04 0.2477E 04 
140 0.4Q7~E-01 0.1b28E-01 0.15&QE-01 0.817QE-02 0.50b3E-02 0.1375E OQ 0.5217E 01 0.3b8&E-02 0.1b44E 02 0.180bE 04 0.247QE 04 
141 0.48~3E-01 0.1&20E-01 0.15&5E-01 0.8025E-02 0.4Q3QE-02 0.1380E OQ 0.5221E 01 0.380QE-02 0.1&44E 02 0.1807E 04 0.2480E 04 
142 0.480&E-01 0.1&28E-01 0.15b1E-01 0.7843E-02 0.4821E-020.1372E OQ 0.5225E 01 0.3Q14E-02 0.1&45E 02 0.1807E 04 0.2482E 04 
143 0.471~E-01 0.1&47E-01 0.155QE-01 0.7b&&E-02 0.4711E-02 0.1371E OQ 0.522QE 01 0.4001E-02 0.1b4bE 02 0.1808E 04 0.2484E 04 
144 0.4&31E-01 0.1&&8E-01 0.15b2E-01 0.753bE-02 0.4b11E-02 0.1373E OQ 0.S234E 01 0.4071E-02 0.1b47E 02 0.180QE 04 0.248SE 04 
145 0.4541E-01 0.1&Q1E-01 0.15&5E-01 0.74&OE-02 0.4513E-02 O.1372E OQ 0.523QE 01 0.4125E-02 0.1b47E 02 0.1810E 04 0.248&E 04 
14& 0.4449E-01 0.1712E-01 0.1572E-01 0.7352E-02 0.441&E-02 0.13bQE OQ 0.5244E 01 0.41&3E-02 0.1&48E 02 0.1811E 04 0.2487E 04 
147 0.4358E-01 0.1731E-01 0.1580E-01 0.7255E-02 0.432bE-02 0.13bbE OQ 0.524QE 01 0.4185E-02 0.1b4QE 02 0.1812E 04 0.248QE 04 
148 0.42&7E-01 0.1748E-01 0.15QOE-01 0.7227E-02 0.4247E-02 0.13b8E OQ 0.5255E 01 O.41Q2E-02 0.1&4QE 02 0.1812E 04 0.24QOE 04 
149 0.417&E-01 0.17&3E-01 0.1&00E-01 0.715QE-02 0.4181E-02 0.13b4E OQ 0.52&OE (1 0.4i87E-02 0.1&50E 02 0.1813E 04 0.24Q1E 04 
150 0.4084E-01 0.1775E-01 0.1&10E-01 0.7134E-02 0.4118E-02 0.13&OE OQ 0.52bbE 01 0.41b8E-02 0.1b50E 02 0.1814E 04 O.24Q1E 04 
151 0.3992E-01 0.178&E-01 0.1&20E-01 0.7152E-02 0.40&2E-02 0.135&E OQ 0.5272E 01 0.4137E-02 0.1&51E 02 0.1815E 04 0.24Q2E 04 
152 0.3900E-01 0.17QbE-01 0.1&30E-01 0.7125E-02 0.4015E-02 0.1351E OQ 0.5278E 01 0.40Q3E-02 0.1b52E 02 0.181&E 04 0.24Q3E 04 
153 0.3808E-01 0.1804E-01 0.1&40E-01 0.7131E-02 0.3Q73E-02 0.1345E OQ 0.5283E 01 0.4040E-02 0.1&52E 02 0.181&E 04 0.24~4E 04 
154 0.3717E-01 0.1808E-01 0.1b49E-01 0.7128E-02 0.3Q31E-02 0.1344E OQ 0.528QE 01 0.3Q7&E-02 0.1&53E 02 0.1817E 04 0.24~5E 04 
155 0.3&33E-01 0.1812E-01 0.1b57E-01 0.7171E-02 0.3823E-02 0.1232E OQ 0.52Q5E 01 0.3Q10E-02 0.1b53E 02 0.1818E 04 0.24Q5E 04 
15& 0.3550E-01 0.1810E-01 0.1&&5E-01 0.71Q2E-02 0.3742E-02 0.1207E OQ 0.5301E 01 0.3837E-02 0.1&54E 02 0.181QE 04 0.24QbE 04 
157 0.34&8E-01 0.1807E-01 0.1&73E-01 0.72&3E-02 0.3&7&E-02 0.1207E OQ 0.5307E 01 0.3757E-02 0.1b54E 02 0.181QE 04 0.249bE 04 



q 0.25750 3.4qE 05 3.51E 05 3.52E 05 3.53E 05 3.54E 05 3.55E 05 3.55E 05 3.5&E 05 3.57E 05 3.57E 05 0.00 
8 0.24250 3.43E 05 3.45E 05 3.47E 05 3.48E 05 3.4qE 05 3.50E 05 3.51E 05 3.52E 05 3.53E 05 3.54E 05 0.00 
7 0.21500 3.31E 05 3.35E 05 3.37E 05 3.40E 05 3.41E 05 3.43E 05 3.44E 05 3.4&E 05 3.47E 05 3.48E 05 0.00 
& 0.i7500 3.15E 05 3.20E 05 3.25E 05 3.28E 05 3.31E 05 3.33E 05 3.3&E 05 3.37E 05 3.3qE 05 3.41E 05 0.00 
5 0.13000 2.qqE 05 3.07E 05 3.13E 05 3.18E 05 3.22E 05 3.25E 05 3.28E 05 3.30E 05 3.32E 05 3.34E 05 0.00 
4 0.08500 2.87E 05 2.q7E 05 3.04E 05 3.10E 05 3.15E 05 3.18E 05 3.22E 05 3.25E 05 3.27E 05 3.30E 05 0.00 
3 0.04500 2.81E 05 2.q1E 05 2.qqE 05 3.0&E 05 3.11E 05 3.15E 05 3.1qE 05 3.22E 05 3.24E 05 3.27E 05 0.00 
2 0.01250 2.78E 05 2.8qE 05 2.q7E 05 3.04E 05 3.0QE 05 3.14E 05 3.18E 05 3.21E 05 3.23E 05 3.2&E 05 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

O*-*-*-*-*-*-*-*-*~*-*-*-*-*-*-*-*- DIMENSIONLESS TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 . Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352' 0.52~&0 0.&4735 0.77804 0.~2311 1.08415 
o J Y 

o 

21 0.50500 
20 0.4Q500 
1Q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4~500 
1<3 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 2.~7E-03 2.4~E-03 2.07E-03 1.7~E-03 1.5~E-03 1.47E-03 1.54E-03 1.~5E-03 
0.00 0.00 0.00 0.00 1.51E-02 '.44E-02 1.11E-02 8.4~E-03 &.&4E-03 5.57E-03 &.48E-03 ~.57E-03 
0.00 0.00 0.00 0.00 1.~~E-02 1.48E-02 1.15E-02 ~.1&E-03 7.53E-03 7.30E-03 1.07E-02 1.54E-02 
0.00 0.00 0.00 7.02E-03 1.1&E-02 ~.83E-03 8.5~F.-03 7.74E-03 7.2~E-03 ~.40E-03 1.48E-02 1.~5E-02 
0.00 0.00 0.00 2.27E-02 1.38E-02 ~.~4E-03 8.01E-03 7.21E-03 8.22E-03 1.35E-02 1.~8E-02 2.38E-02 
0.00 0.00 0.00 1.~5E-02 1~15E-02 8.&~E-03 7.27E-03 7.43E-OJ 1.18E-02 1.~2E-02 2.50E-02 2.7~E-02 
0.00 0.00 8.7~E-031 .17E-02 ~.&5E-03 8.35E-03 7.70E-03 1.01E-02 1 .75E-02 2.4~E-02 2.~&E-02 3.13E-02 
0.00 0.00 2.57E-02 1.33E-02 1.00E-02 ~.32E-03 ~.~4E-03 1.54E-02 2.3&E-02 2.~~E-02 3.33E-02 3.41E-02 
0.00 0.00 2.08E-02 1 .10E-02 1.01E-021.0~E-02 1.40E-02 2.17E-02 2.~2E-02 3.42E-02 3.&5E-02 3.&4E-02 
0.00 1.25E-02 1.41E-02~.2&E-03 1.13E-02 1 .4~E-02 2.34E-02 3.17E-02 3.&8E-02 3.~&E-02 4.04E-02 3.~3E-02 
0.00 4.27E-02 1 .&3E-02 ~.21E-03 1.42F.-02 2.2~E-02·3.07E-02 3.&&E-02 4.03E-02 4.22E-02 4.23E-02 4.07E-02 
0.00 4.53£-02 1.14E-02 8.&4E-03 1 .80E-02 2.81E-02 3.44E-02 3.~OE-02 4.?OE-02 4.34E-02 4.33E-02 4.14E-02 

3.00£-02 ~.~7E-034.80E-03 ~.27E-03 2.25E-02 3.17E-02 3.&3E-02 4.01E-02 4.28E-02 4.41E-02 4.38E-02 4.18E-02 
3.00£-02 ~.~4E-03 5.4&E-03 1.28E-02 3.04E-02 3.57E-02 3.7~E-02 4.11£-02 4.35E-02 4.45E-02 4.40E-02 4.1<3E-02 
3.00(-02 ~.~&E-03 7.32E-03 2.14E-02 4.&2£-02 3.&4£-02 3.83£-02 4.10£-02 4.32£-02 4.41£-02 4.34£-02 4.13E-02 
3.00£-02 1.00£-02 1.30£-02 4.15£-02 3.&&£-02 3.57E-02 3.75£-02 3.~8E-02 4.17E-02 4.25E-02 4.18E-02 3.~8E-02 
3.00£-02 1.03£-02 2.~~£-02 &.4&E-02 3.4&£-02 3.50E-02 3.&4£-02 3.83£-02 3.~~E-02 4.0&E-02 4.00E-02 3.82E-02 
3.00£-02 1.15£-02 7.18£-02 4.~7£-02 3.45£-02 3.45E-02 3.5&£-02 3.72E-02 3.87E-02 3.~4E-02 3.8~E-02 3.72E-02 
3.00E-02 1.~8£-02 5.33£-02 4.54E-02 3.45E-02 3.43£-02 3.54E-02 3.70£-02 3.84E-02 3.~1E-02 3.85E-02 3.b~E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 1~ 20 21 22 23 

1.2&28~ 1.4&130 1.&8153 i.~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 
2.33£-03 2.44E-03 2.35E-03 2.18E-03 2.00E-03 1.83E-03 1.70E-03 1.5~E-03 1.50E-03 1.47E-03 3.00E-02 
1.18£-02 1.21E-02 1.11E-02 ~.43E-03 7.74E-03 &.23E-03 5.02E-03 4.12E-03 3.4&E-03 3.52E-03 3.00E-02 
1.78E-02 1.7&£-02 1.58E-02 1.33E-02 1.08E-02 8.&5E-03 &.~1E-03 5.&1E-03 4.&4E-03 4.8~E-03 3.00E-02 
2.14£-02 2.0&E-02 1.82E-02 1.52E-02 1.23E-02 ~.84E-03 7.8&E-03 &.38E-03 5.28E-03 5.&8E-03 3.00E-02 
2.48£-02 2.33£-02 2.03E-02 1 .&~E-02 1 .3&E-02 1.0~E-02 8.&8E-03 7.0&E-03 5.8&E-03 &.3~E-03 3.00E-02 
2.7~£-02 2.5&£-02 2.21E-02 1.83E-02 1.47E-02 1.17E-02 ~.37E-03 7.&4E-03 &.3&E-03 &.~8E-03 3.00E-02 
3.04E-02 2.75£-02 2.35E-02 1.~4E-02 1.5&E-02 1.24E-02 ~.~2E-03 8.10E-03 &.7&E-03 7.42E-03 3.00E-02 
3.25E-02 2.~1E-02 2.47E-02 2.03E-02 1.&3E-02 1 .2~E-02 1.04E-02 8.47E-03 7.07E-03 7.7&E-03 3.00E-02 
3.42£-02 3.03£-02 2.57E-02 2.10E-02 1.&8E-02 1.34E-02 1.07E-02 8.77E-03 7.34E-03 8.02E-03 3.00E-02 
3.&3E-02 3.1~£-02 2.&8£-02 2.1~E-02 1.75E-02 1.39E-02 1.12E-02 ~.1&E-03 7.&8E-03 8.30E-03 3.00E-02 
3.74£-02 3.27£-02 2.74E-02 2.23E-02 1.7~E-02 1.42E-02 1.14E-02 ~.38E-03 7.87E-03 8.42E-03 3.00E-02 
3.7~£-02 3.30E-02 2.77E-02 2.2&£-02 1.81E-02 1.44E-02 1.1&E-02 ~.50E-03 7.~7E-03 8.4&E-03 3.00E-02 
3.81£-02 3.32E-02 2.78E-02 2.27£-02 1.82E-02 1.45E-02 1.17E-02 ~.57E-03 8.04E-03 8.4&E-03 3.00E-02 
3.82£-02 3.32£-02 2.78E-02 2.27E-02 1.83E-02 1.4&E-02 1.17E-02 ~.&5E-03 8.10E-03 8.40E-03 3.00E-02 
3.77£-02 3.28E-02 2.75£-02 2.25£-02 1.81E-02 1 .. 45£-02 1.17E-02 ~.&&E-03 8.12E-03 8.21E-03 3.00E-02 
3.&5£-02 3.1~E-02 2.&8£-02 2.20E-02 1.78E-02 1.44E-02 1.1&E-02 ~.5~E-03 8.07E-03 7.~5E-03 3.00£-02 



OITER 
NO 

1--
UMON 

DIMENSIONLESS STREAMLINE PLOT 
ABSOLUTE RESIDUAL SOURCE SUMS. ---I 1--- FIELD VALUES AT MONITORING LOCATION(22, 81 ~--I 

"MON WMON MASS TKIN DISP U V W P 0 

1 0.1031E-01 0.5~75E-02 0.1857E 00 0.2804E-02 0.5508E-02 0.47&&E 10 0.&454E 01 U.&34&E-03 0.1102E 02 0.11&5E 04 0.~5~7E 03 
. 2 0.1030E-01 0.1534E 00 0.1&1&E 00 O.183~E-01 0.848&E-02 0.71~OE 10 0.&45&E 01 0.&544E-03 0.1103E 02 0.1347E 04 0.~5~7E 03 
3 0.77~1E-01 0.2200E 00 0.1452E 00 0.2851E-01 0.1025E-01 0.7882E 10 0.&457E 01 0.2855E-03 0.1103E 02 0.1534E 04 0.~5~&E 03 
4 0.204&E 00 0.1~7&E 00 0.133&E 00 0.1~1&E-01 0.1072E-01 0.&3&OE 10 0.&457E 01 0.1847E-03 0.1104E 02 0.1524E 04 0.~5~7E 03 
5 0.2141E 00 0.2127E 00 0.12&5E 00 0.2178E-01 0.11&7E-01 0.441~E 10 0.&457E 01 0.17~8E-03 0.1104E 02 0.14~8E 04 0.~5~7E 03 
& 0.2351E 00 0.2178E 00 0.1224E 00 0.2372E-01 0.1282E-01 0.4815E 10 0.&458E 010.18&5E-030.1105E 02 0.14&OE 04 0.~5~8E 03 
7 0.2473E 000.2210E 00 0.1201E 00 0.252&E-01 0.1353E-01 0.4804E 10 0.&458E 01 0.1~&1E-03 0.110&E 02 0.1421E 04 0.~5~~E 03 
8 0.2540E 00 0.2244E 00 0.1185E 00 0.2&&7E-01 0.13~~E-01 0.4~2~E 10 0.&45~E 01 0.2072E-03 0.110&E 020.1385E 04 O.~&OOE 03 
~ 0.2&02E 00 0.2257E 00 O.1175E 00 0.27&5E-01 0.142~E-01 0.45&4E 10 0.&45~E 01 0.2172E-03 0.1107E 02 0.1352E 04 0.~&01E 03 

10 0.2&55E 00 0.2254E 000.11&5E 00 0.2875E-01 0.1453E-01 0.4028E 10 0.&4&OE 01 0.2285E-03 0.1107E 02 0.1324E 04 0.~&02E 03 
11 0.2&87E 00 0.2252E 00 0.11&OE 00 0.2~4~E-01 0.1478E-01 0.351&E 10 0.&4&OE 01 0.23~~E-03 0.1108E 02 0.1300E 04 0.Q&03E 03 
12 0.271&E 00 0.225~E 00 0.1155E 00 0.3027E-01 0.150~E-01 0.3282E 10 0.&4&1E 01 0.2515E-03 0.1108E 02 0.1281E 04 0.~&04E 03 
13 0.274~E 00 0.2250E 00 0.1151E 00 0.3105E-01 0.1547E-01 0.3120E 10 0.&4&2E 01 0.2&30E-03 0.110~E 02 0.12&&E 04 O.~&O&E 03 
14 0.2773E 00 0.2228E 00 0.114&E 00 0.3180E-01 0.15Q1E-01 0.2~q&E 10 0.&4&2E 01 0.275&E-03 0~110qE 02 0.125&E 04 0.q&07E 03 
15 0.27q1E 00 0.2200E 00 0.1147E 00 0.3280E-01 0.1&45E~01 0.28q5E 10 0.&4&3E 01 0.2884E-03 0.11'10E 02 0.124qE 04 O.~&O~E 03 
1& 0.2802E 00 0.21&&E 00 0.1150E 00 0.335&E-01 0.1703E-01 0.280&E 10 0.&4&4E 01 0.301&E-03 0.111.1E 02 0.1245E 04 0.q&11E 03 
17 0.2811E 00 0.213&E 00 0.1152E 00 0.340qE-01 0.17&5E-01 0.2725E 10 0.&4&4E 01 0.3155E-03 0.1111E 02 0.1243E 04 0.q&13E03 
18 0.281&E 00 0.20~~E 00 0.1152E 000.3458E-01 0.1842E-01 0.2&4qE 10 0.&4&5E 01 0.3284E-03 0.1112E 02 0.1243E 04 0.q&14E 03 
1~ 0.2815E 00 0.20&8E 00 0.1153E 00 0.3480E-01 O.1q22E-01 0.2577E 10 0.&4&&E 01 0.34 1qE-03 0.1112E 02 0.1244E 04 0.q&1&E 03 
20 0.280qE 00 0.2040E 00 0.1153E 00 0.3500E-01 0.1qq5E~01 0.2507E 10 0.&4&7E 01 0.3548E-03 0.1113E 02 0.1245E 04 0.q&18E 03 
21 0.2800E 00 0.201&E 00 0.1153E 00 0.3488E-01 0.2051E-01 0.243qE 10 0.&4&7E 01 0.3&8&E-03 0.1113E 02 0.1247E 040.q&20E 03 
22 0.27~1E 00 0.1q88E 00 0.1152E 00 0.344qE-01 0.2105E-01 0.2372E 10 0.b4&8E 01 0.3813E-03 0.1114E 02 0.1250E 04 0.q&22E 03 
23 0.2780E 00 0.1q5qE 00 0.1150E 00 0.3381E-01 0.2157E-01 0.2304E 10 0.&4&qE 01 0.3q32E-03 0.1115E 02 0.1252E 04 0.q&24E 03 
24 0.2774E 00 0.1q2qE 00 0.1147E 00 0.334qE-01 0.21q&E-01 0.223&E 10 0.&470E 01 0.4050E-03 0.1115E 02 0.1255E 04 0.q&27E 03 
25 0.27&5E 00 0.1q04E 00 0.1144E 00 0.3285E-01 0.2223E-01 0.21&5E 10 0.&471E 01 0.415qE-03 0.111&E 02 0.1258E 04 0.Q&2QE 03 
2& 0.2745E 00 0.187&E 00 0.113QE 00 0.3240E-01 0.225QE-01 0.20Q4E 10 O.&472E 01 0.425QE-03 0.111&E 02 0.12&1E 04 0.~&31E 03 
27 0.271&E 00 0.1845E 00 0.1134E 00 0.3170E-01 0.2278E-01 0.2023E 10 O.&473E 01 0.4345E-03 0.1117E 02 0.12&3E 04 0.~&34E 03 
28 0.2&Q3E 00 0.180~E 00 0.112QE 00 0.30&QE··01 0.2285E-01 0.1Q55E 10 C.&474E 01 0.440QE-03 0.1117E 02 0.12&&E 04 0.Q&3&E 03 
2~ 0.2&&1E 00 0.1774E 00 0.1123E 00 0.30&2E-01 U.2307E-01 0.188QE 10 0.&475E 01 0.44&5E-03 0.1118E 02 0.12&8E 04 0.Q&3QE 03 
30 0.2&32E 00 0.1745E 00 0.1117E 00 0.3057E-01 0.2327E-01 0.1817E 10 0.&47&E 01 0.4487E-03 0.111QE 02 0.12&QE 04 0.Q&42E 03 
31 0.2&00E 00 0.1720E 00 0.1111E 00 0.30&8E-01 0.233&E-01 0.1740E 10 0.&477E 01 0.44Q2E-03 0.111QE 02 0.1271E 04 0.Q&45E 03 
32 0.2558E 00 0.1&8qE 00 0.1104E 00 0.3054E-01 0.2350E-01 0.1&&OE 10 0.&478E 01 0.4453E-03 0.1120E 02 0.1272E 04 0.Q&48E 03 
33 0.2518E 00 0.1&54E 00 0.10Q8E 00 0.30&1E-01 0.2381E-01 0.1577E 10 0.&47QE 01 0.4383E-03 0.1120E 02 0.1273E 04 0.Q&52E 03 
34 0.2480E 00 0.1&1&( 00 0.10QOE 00 0.307QE-01 0.2418E-01 0.14Q1E 10 0.&480E 01 0.42&QE-03 0.1121E 02 0.1274E 04 0.Q&5&E 03 
35 0.243QE 00 0.1582E 00 0.1082E 00 0.3115E-01 0.2454E-01 0.1404E 10 0.&481E 01 0.4105E-03 0.1122E 02 O.1275E 04 O.Q&&OE 03 
3& 0.23Q&E 00 0.1552E 00 0.1074E 00 0.3133E-01 0.24Q5E-01 0.132&E 10 0.&482E 01 0.3872E-03 0.1122E 02 0.1275E o' 0.Q&&4E 03 
37 0.2352E 00 0.1524E 00 0.10&5E 00 0.3145E-01 0.2545E-01 0.1248E 10 0.&483E 01 0.3575E-03 0.1123E 02 0.1275E 04 O.Q&&QE 03 
38 0.230QE 00 0.14QOE 00 0.1058E 00 0.3183E-01 0.25Q5E-01 0.11&&E 10 0.&484E 01 0.31Q8E-03 0.1123E 02 0.127&E 04 0.~&74E 03 
3Q 0.22&7E 00 0.145&E 00 0.1052E 00 0.3228E-01 0.2&41E-01 0.1082E 10 0.&485E 01 0.2738E-03 0.1124E 02 0.127&E 04 0.~&80E 03 
40 0.2222E 00 0.1423E 00 0.1045E 00 0.32Q1E-01 O.2&Q4E-01 0.1003E 10 0.&48&E 01 0.217&E-03 0.1124E 02 0.127&E 04 0.Q&87E 03 
41 0.2175E 00 0.13Q5E 00 0.1037E 00 0.3331E-01 0.273QE-01 0.Q180E OQ 0.&487E 01 0.1507E-03 0.1125E 02 0.1275E 04 0.Q&Q4E 03 
42 0.2131E 00 0.1353E 00 O.1031E 00 0.3353E-01 0.2774E-01 0.830QE OQ 0.&488E 01 0.7538E-04 0.112&E 02 0.1275E 04 0.Q701E 03 
43 0.2082E 00 0.1315E 00 0.1027E 00 0.338&E-01 0.2807E-01 0.7455E OQ 0.&488E 01-0.7&80E-05 0.112&E 02 0.1275E 04 0.Q70QE 03 
44 0.203QE 00 0.1274E 00 0.1022E 00 0.3418E-01 0.2835E-01 0.&7&7E OQ 0.&48QE 01-0.Q840E-04 0.1127E 02 0.1275E 04 0.Q718E 03 
45 0.1QQ7E 00 0.1237E 00 0.1017E 00 0.345&E-01 0.2853E-01 0.&121E OQ 0.&48QE 01-0.1Q&4E-03 0.1127E 02 0.1275E 04 0.Q728E 03 
4& 0.1Q&OE 00 0.1204E 00 0.1011E 00 0.3500E-01 0.28&8E-01 0.554&E OQ 0.&4QOE 01-0.3031E-03 0.1128E 02 0.1275E 04 0.Q738E 03 
47 0.1Q25E 00 0.1174E 00 0.100&E 00 0.3544E-01 0.2881E-01 0.515&E OQ 0.&4QOE 01-0.4178E-03 0.112QE 02 0.1275E 04 0.Q74QE 03 



20 0.0&187 0.00 0.00 0.00 0.00 1.3&E 03 1.3~E 03 1 .32E 03 1.31E 03 1.32E 03 1.34E 03 1.3SE 03 1.3&E 03 
1~ 0.OS~37 0.00 0.00 0.00 0.00 1.32E 03 1.3&E 03 1.31E 03 1 .2~E 03 1.31E 03 1.32E 03 1.33E 03 1.34E 03 
18 0.055~4 0.00 0.00 0.00 0.00 1.2&E 03 1.33E 03 1.27E 03 1.27E 03 1.28E 03 1.30E 03 1.31E 03 1.31E 03 
17 0.05344 0.00 0.00 0.00 1.34E 03 1.2SE 03 1.28E 03 1.2SE 03 1.2SE 03 1.2&E 03 1.28E 03 1.2~E 03 1.2~E 03 
1& 0.05078 0.00 0.00 0.00 1.2&E 03 1.2SE 03 1.24E 03 1 .21E 03 1.22E 03 1.24E 03 1.2&E 03 1.2&E 03 1.2&E 03 
15 0.04812 0.00 0.00 0.00 1.lSE 03 1.21E 03 1.1~E 03 1 .18E 03 1.20E 03 1.22E 03 1.23E 03 1;23E 03 1.23E 03 
14 0.045&2 0.00 0.00 1.37E 03 1.13E 03 1.1&E 03 1.14E 03 1.14E 03 1 .17E 03 1.1~E 03 1.20E 03 1.20E 03 1.20E 03 
13 0.04328 0.00 0.00 1.2SE 03 1.1SE 03 1.12E 03 1.l0E 03 1.11E 03 1 .14E 03 1.1&E 03 1.17E 03 1.17E 03 1 .17E 03 
12 0.040~4 0.00 0.00 1.08E 03 1.11E 03 1.07E 03 1.0&E 03 1.08E 03 1 .11E 03 1.13E 03 1.14E 03 1.14E 03 1 .14E 03 
11 0.0371~ 0.00 1.03E 03 ~~72E 02 1.02E 03 ~.~6E 02 ~.~3E 02 1.02E 03 1.0SE 03 1.07E 03 1.08E 03 1.0~E 03 1.0~E 03 
10 0.03437 0.00 8.07E 02 ~.37E 02 ~.&1E 02 ~.40E 02 ~.4&E 02 ~.7&E 02 1.00E 03 1.02E 03 1.04E 031.04E 03 1.0SE 03 
~ 0.0321~ 0.00 5.&8E 02 8.82E 02 ~.11E 02 8.~7E 02 ~.12E 02 ~.40E 02 ~.&SE 02 ~.84E 02 ~.~~E 02 1.01E 03 1.02E 03 
8 0.03031 0.00 4.78E 02 8.21E 02 8.74E 02 8.&4E 02 8.83E 02 ~.OlE 02 ~.31E 02 ~.S1E 02 ~.&7E 02 ~.82E 02 ~.~4E 02 
7 0.02&87 0.00 S.24E 02 7.44E 02 8.0~E 02 8.0&E02 8.2&E 02 8.4&E 02 8.&8E 02 8.8~E 02 ~.10E 02 ~.2~E 02 ~.47E 02 
& 0.02187 0.00 S.l&E 02 &.S7E 02 7.10E 02 7.28E 02 7.40E 02 7.S7E 02 7.7~E 02 8.03E 02 8.30E 02 8.S7E 028.82E 02 
S 0.01&2S 0.00 4.43E 02 S.&&E 02 &.03E 02 &.22E 02 ~.47E 02 &.&&E02 &.~OE 02 7.18E 02 7.S1E 02 7.8&E 02 8.1~E 02 
4 0.010&2 0.00 3.10E 02 4.&1E 02 5.24E 02 5.43E 02 5.70E 02 5.~5E 02 &.21E 02 &.53E 02 &.~1E 02 7.31E 02 7.71E 02 
30.00S&2 0.00 1.24E 02 4.08E 02 4.&1E 02 4.~4E 02 5.25E 02 5.53f. 02 5.81E 02 &.1&E 02 &.5&E 02 7.00E 02 7.43E 02 
2 0.0015& 0.00 0.00 3.34E 02 4.33E 02 4.74E 02 5.08E 02 S.37E 02 5.&7E 02 &.02E 02 &.43E 02 &.88E 02 7.33E 02 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I =13 14 15 1 & 17 18 1 ~ 20 21 22 23 
x = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~S~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.06312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.37E 03 1.37E 03 1.38E 03 1.38E 03 1.37E 03 1.37E 03 1.36E 03 1.3SE 03 1.35E 03 1.34E 03 0.00 
1~ 0.05~37 1.35E 03 1 .35E 03 1.35E03 1.35E 03 1.34E 03 1.34E 03 1.33E 03 1 .33E 03 1.~2E 03 1.31E 03 0.00 
18 0.055434 1.31 E 03 1.31 E 03 1. 31 E 03 1. 31 E 03 1. 30E 03 1. 30E 03 1. 2~E 03. 1 . 2~E 03 1. 28E 03 1. 28E 03 0 .00 
17 0.05344 1.2~E 03 1.2~E 03 1.28E03 1.28E 03 1.27E 03 1.27E 03 1 .2&E 03 1.2&E 03 1.2SE 03 1.2SE 03 0.00 
1& 0.05078 1.2&E 03 1.25E 03 1.25E 03 1.2SE 03 1.24E 03 1.24E 03 1.23E 03 1.23E 03 1.22E 03 1.22E 03 0.00 
15 0.04812 1.23E 03 1.22E 03 1·.22E 03 1.21E 03 1.21E 03 1.21E 03 1.20E 03 1.20E 03 1.20E 03 1 .1~E 03 0.00 
14 0.045&2 1.20E 03 1.1~E 03 1.1~E 03 1.1~E 03 1.18E 03 1 .18E 03 1.18E 03 1 .17E 03 1.17E 03 1.17E 03 0.00 
13 0.04328 1.17E 03 1.17E 03 1.1&E 03 1.1&E 03 1.1&E 03 1.15E 03 1.1SE 03 1 .1SE 03 1.lSE 03 1.1SE 03 0.00 
12 0.040~4 1.14E 03 1.14E 03 1.13E 03 1.13E 03 1.13E 03 1.13E 03 1.13E 03 1 .13E 03 1.13E 03 1.13E 03 0.00 
11 0.0371~ 1.0~E 03 1 .O~E 03 1.0~E 03 1 .O~E 03 1.0~E 03 1.0~E 03 1.0~E 03 1 .O~E 03 1.0~E 03 1 .O~E 03 0.00 
10 0.03437 1.0&E 03 1.0&E 03 1.0&E 03 1.0&E 03 1.0&E 03 1.0&E 03 1.07E 03 1 .07E 03 1.07E 03 1.07E 03 0.00 
~ 0.Oj21~ 1.03E 03 1.03E 03 1.04E 03 1.04E 03 1.04E 03 1.04E 03 1 .OSE 03 1.0SE 03 1.0SE 03 1.0&E 03 0.00 
8 0.03031 1.00E 03 1 .01E 03 1.02E 03 1.02E 03 1.02E 03 1.03E 03 1 .03E 03 1 .04E 03 1.04E 03 1.04E 03 0.00 
7 0.02&87 q.&2E 02 ~.73E 02 ~.82E 02 ~.e~E 02 ~.~&E 02 1.00E 03 1.01E 03 1 .01E 03 1 .02E 03 1.02E 03 0.00 
& 0.02187 ~.04E 02 ~.22E 02 ~.3&E 02 ~.48E 02 ~.S8E 02 ~.&7E 02 ~.74E 02 ~.81E 02 ~.87E 02 ~.~3E 02 0.00 
5 0.01&25 8.4~E 02 8.74E 02 8.~4E 02 ~.10E 02 ~.24E 02 ~.35E 02 ~.4SE 02 ~.S4E 02 ~.&2E 02 ~.&~E 02 0.00 
4 0.010&2 8.07E 02 8.37E 02 8.&2E 02 8.82E 02 8.~~E 02 ~.12E 02 ~.24E 02 ~.34E 02 ~.43E 02 ~.S2E 02 0.00 
30.00S&2 7.83E 02 8.17E 02 8.44E 02 8.&7E 02 8.8SE 02 ~.OOE 02 ~.13E 02 ~.24E 02 ~.33E 02 ~.42E 02 0.00 
2 0.0015& 7.74E 02 8.0~E 02 8.3eE 02 8.&lE 02 8.80E 02 8.~SE 02 ~.O~E 02 ~.20E 02 ~.2~E 02 ~.3~E 02 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 S & 7 8 ~ 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.020S4 0.03023 0.040~~ 0.OS2~4 0.0&&20 0.080~2 0.0~72& 0.11S3~ 0.13SS2 
o J Y 

21 0.0&312 
20 0.0&187 
1~ 0.05~37 
18 0.055~4 
17 0.05344 
1& 0.05078 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 2.0SE-02 1.&7E-02 4.42E-02 S.lSE-02 4.87E-02 4.S1E-02 4.S2E-02 4.80E-02 
0.00 0.00 2.&3E-02 1.80E-02 4.38E-02 S.00E-02 4.72E-02 4.34E-02 4.21E-02 4.34E-02 
0.00 0.00 3.78E-02 2.21E-02 4.42E-02 4.82E-02 4.4&E-02 4.00E-02 3.72E-02 3.&3E-02 
0.00-1 .0~E-02 3.30E-02 2.~3E-02 4.S7E-02 4.70E-02 4.2&E-02 3.70E-02 3.31E-02 3.0&E-02 
0.00 3.2SE-03 2.4SE-02 3.S0E-02 4.70E-02 4.S&E-02 3.~8E-02 3.34E-02 2.82E-02 2.42E-02 



o 

14 0.3E»500 
13 0.34E»25 
12 0.32750 
11 0.24:3750 
10 0.27500 

C3 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 8.E»2E-Ol 7.50E-01 b.41E-01 b.03E-01 b.20E-01 b.bOE-Ol b.~4E-Ol 7.12E-Ol 7.17E-01 7.15E-01 
0.00 0.00 8.~3E-Ol 7.50E~01 b.31E-Ol b.00E-01 b.35E-01 b.83E-01 7.14E-01 7.24E-01 7.21E-01 7.12E-01 
0.00 0.00 ~.33E-Ol 7.50E-Ol b.22E-Ol b.02E-Ol b.53E-01 7.04E-01 7.28E-01 7.31E-01 7.21E-01 7.05E-01 
0.00 1 .21E 00 ~.~7E-Ol 7.4~E-Ol b.11E-01 b.13E-01 b.84E-Ol 7.2bE-01 7.38E-01 7.2~E-01 7.0~E-Ol b.8bE-01. 
0.00 1.27E 00 1.01E 00 7.30E-Ol 5~~bE-01 b.2~E-01 b.~7E-Ol 7.2~E-01 7.32E-01 7.1bE-01 b.~2E-01 b.b4E-01 
0.00 1.35E 00 1.02E 00 7.10E-015.87E-01 b.3~E-01 b.~8E-01 7.22E-01 7.1~E-01 7.00E-01 b.73E-01 b.43E-01 

1.73E 00 1.43E 00 1.01E 00 b.87E-01 5.83E-Ol b.43E-01 b.~3E-01 7.10E-01 7.03E-01 b.82E-01 b.53E-01 b.22E-01 
1.73E 00 1 .41E 00 ~.72E-Ol b.50E-01 5.7~E-01 b.35E-01 b.bbE-01 b.73E-01 b.b1E-01 b.38E-01 b.08E-01 5.71E-01 
1.73E 00 1 .35E 00 8.85E-01 5.8bE-01 5.5~E-01 5.84E-01 5.~1E-01 5.8~E-01 5.75E-01 5.53E-01 5.25E-01 4.~bE~01 
1.73E 00 1.25E 007.51E-01 4.85E-01 4.81E-01 4.7bE-01 4.70E-01 4.b3E-01 4.51E-01 4.33E-01 4.11E-01 3.8bE-Ol 
1.73E 00 1.10E 00 5.58E-01 3.52E-01 3.42E-01 3.31E-01 3.21E-01 3.14E-0~ 3.0bE-01 2.~4E-01 2.7~E-01 2.b2E-01 
1.73E 00 8.84E-Ol 1.53E-01 2.0bE-Ol 1.~OE-01 1.82E-01 1.75E-01 1.71E-01 1.bbE-01 1.bOE-01 1.52E-01 1.42E-01 
1.73E 00 2.4bE-01 4.25E-02 5.72E-02 5.2bE-02 5.05E-02 4.81E-02 4.74E-02 4.b2E-02 4.44E-02 4.22E-02 3.~5E-02 

0.00 0.00 0.00 0.00 0;00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1b 1718 1~ 20 21 22 23 

1.2b28~ 1.4b130 1.b8153 1 .~25~8 2.1~7332.4~852 2.83285 3.1b718 3.50150 3.83583 4.17015 
o J Y 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4~500 b.88E-01 7.30E-Ol 7.5~E-01 7.74E-01 7.77E-01 7.b~E-01 7.55E-01 7.37E-01 7.17E-01 7.05E-01 0.00 
1C3 0.47500 7.1~E-Ol 7.5bE-Ol 7.82E-01 7.~7E-01 8.03E-01 8.01E-01 7.~5E-01 7.85E-0. 7.74E-01 7.b3E-01 0.00 
18 0.44750 7.27E-Ol 7.54E-01 7.73E-01 7.83E-01 7.87E-01 7.85E-01 7.7~E-01 7.71E-01 7.b1E-01 7.51E-01 0.00 
11 0.42750 7.27E-01 1.41E-01 7.bOE-01 7.b7E-01 7.b7E-01 7.b4E-01 7.57E-01 7.4~E-01 7.3~E-01 7.2~E-01 0.00 
1& 0.40b25 7.25E-Ol 1.37E-01 7.44E-01 7.4bE-01 7.43E-01 7.38E-01 7.30E-01 7.21E-01 7.11E-01 7.00E-01 0.00 
15 0.38500 7.20E-01 1.24E-01 7.25E-01 7.22E-01 7.17E-01 7.0~E-01 7.00E-01 b.~OE-01 b.80E-01 b.b~E-01 0.00 
140.3b500 7.13E-01 1.10E-01 7.05E-01 b.~~E-01 b.~OE-01 b.81E-01 b.70E-01 b.bOE-01 b.4~E-01 b.38E-01 0.00 
13 0.34&25 7.03E-01b.~4E-01 b.85E-01 b.75E-01 b.b4E-01 b.53E-01 b.41E-01 b.30E-01 b.1~E-01 b.08E-01 0.00 
12 0.32750 b.~OE-01 b.7bE-01 b.b3E-01 b.50E-01 b.37E-01 b.24E-01 b.12E-01 b.00E-01 5.88E-01 5.77E-01 0.00 
11 0.2~750 b.b3E-01 b.43E-01 b.24E-01 b.ObE-01 5.~OE-01 5.7bE-01 5.b2E-01 5.50E-01 5.38E-01 5.27E-01 0.00 
10 0.27500 b.38E-01 b.13E-01 5.~1E-01 5.11E-01 5.54E-01 5.38E-01 5.24E-01 5.11E-01 5.00E-01 4.8~E-01 0.00 

C3 0.25150 b.14E-01 5.81E-01 5.b3E-01 5.42E-01 5.24E-01 5.08E-01 4.~3E-01 4.81E-01 4.b~E-01 4.5~E-01 0.00 
8 0.24250 5.~2E-01 5.b3E-01 5.38E-01 5.17E-01 4.~8E-01 4.82E-01 4.b7E-01 4.55E-01 4.43E-01 4.33E-01 0.00 
1 0.21500 5.45E-01 5.1bE-01 4.~OE-01 4.b7E-01 4.48E-01 4.32E-01 4.18E-01 4.0bE-01 3.~5E-01 3.85E-01 0.00 
& 0.11500 4.bbE-01 4.31E-01 4.12E-01 3.~OE-01 3.72E-01 3.57E-01 3.44E-01 3.33E-01 3.24E-01 3.15E-01 0.00 
5 0.13000 3.b1E-01 3.37E-01 3.15E-01 2.~1E-01 2.82E-01 2.b~E-01 2.5~E-01 2.50E-01 2.42E-01 2.35E-01 0.00 
4 0.08500 2.44E-01 2.27E-01 2.11E-01 1.~8E-0~ 1.87E-01 1.78E-01 1.71E-01 1.b5E-01 1.bOE-01 1.55E-01 0.00 
3 0.04500 1.32E-01 1.23E-01 1.14E-01 1.07E-01 1 .01E-01 ~.5~E-02 ~.18E-02 8.85E-02 8.55E-02 8.30E-02 0.00 
2 0.01250 3.b8E-02 3.41E-02 3.17E-02 2.~bE-02 2.80E-02 2.bbE-02 2.55E-02 2.4bE-02 2.37E-02 2.30E-02 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OC 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS STREAMLINE COORDS -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 b 7 8 ~ 10 11 12 

X = 0.00000 0.00000 0.Ob2~5 0.12~37 0.20308 0.284~1 0.37574 O.47b5b 0.58847 0.712b~ 0.85058 1.003b3 
o J Y 

o 

11 1 .00000 
10 O.~OOOO 
~ 0.80000 
8 0.70000 
1 O.bOOOO 
& 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 
1 0.00000 

I = 

0.00 2.50E-01 3.12E-01 3.75E-01 
0.00 2.37E-01 2.~4E-01 3.b2E-01 
0.00 2.23E-01 2.75E-01 3.4~E-01 
0.00 2.0~E-01 2.55E-01 3.33E-01 
0.00 1.~3E-01 2.37E-01 3.15E-01 
0.00 1.71E-01 2.1~E-01 2.~bE-01 
0.00 1.51E-01 1.~~E-01 2.7bE-01 
0.00 1.3bE-01 1.78E-01 2.54E-01 
0.00 1.10E-01 1.52E-01 2.31E-01 
0.00 7.75E-02 1.21E-01 2.02E-01 
0.00 0.00 5.3~E-02 1.b3E-01 

13 14 15 1b 

4.37E-01 
4.25E-01 
4.12E-01 
3.~~E-01 
3.84E-01 
3.b~E-01 
3.53E-01 
3.3bE-01 
3.17E-01 
2.~5E-01 
2.b~E-01 

17 

5.00E-01 
4.7~E-01 
4.b2E-01 
4.4bE-01 
4.32E-01 
4.18E-01 
4.04E-01 
3.8~E-01 
3.73E-01 
3.5bE-01 
3.35E-01 

18 

5.00E-01 
4.8bE-01 
4.73E-01 
4.bOE-01 
4.48E-01 
4.35E-01 
4.23E-01 
4.0~E-01 
3.~5E-01 
3.7~E-01 
3.bOE-01 
1~ 

5.00E-01 
4.87E-01 
4.74E-01 
4.b2E-01 
4.50E-01 
4.37E-01 
4.24E-01 
4.11 E-01 
3.~5E-01 
3.78E-01 
3.5bE-01 
20 

5.00E-01 
4.8bE-01 
4.73E-01 
4.bOE-01 
4.47E-01 
4.34E-01 
4.1~E-01 
4.04E-01 
3.8bE-01 
3.b5E-01 
3.33E-01 

21 

5.00E-01 
4.85E-01 
4.71E-01 
4.57E-01 
4.43E-01 
4.28E-01 
4.11E-01 
3.~3E-01 
3.71E-01 
3.43E-01 
3.01E-01 

22 

5.00E-01 
4.84E-01 
4.b~E-01 
4.54E-01 
4.37E-01 
4.20E-01 
4.01E-'01 
3.80E-01 
3.54E-01 
3.20E-01 
2.bbE-01 

23 

5.00E-01 
4.83E-01 
4.b7E-01 
4.50E-01 
4.32E-01 
4.12E-01 
3.~1E-01 
3.b7E-01 
3.37E-01 
2.~8E-01 
2.21E-01 



0 

X 0.00 

X 0.02 

X 0.04 

X 0.0& 

X 0.08 

X 0.10 

X 0.12 

X 0.14 

X 0.1& 

X o ~ 18 

X ·0.20 

X 0.22 

X 0.24 

X 0.2& 

X 0.28 

X 0.30 

X 0.32 

X 0.34 

X 0.3& 

X 0.38 

X 0.40 

X 0.42 

X 0.44 

X 0.4& 

X 0.48 

RADIAL POSITION 2R/D 

0.0 o. 1 0.2 0.3 0.4 0.5 0.& 0.7 0.8 0.13 1.0 

o. . . . . . . . . + • • • • • • • • . + . 2 . . . . . . . + 4 . . . . . . . & + . . . . 8. . . . 1 . . . . . . . . . + . . . • • • • . • + . • . . . • . . . + . . . . . . . . . +. . . . . . . . .. 0 . 00 

o 2 
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+ o 

o 

o 

o 

4 

2 

o 

o 

o 

8 

4 

2 

2 

o 
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2 
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o 
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2 

4 

o 
o 

2 

2 

4 

4 

4 

1 

2 

2 

4 

4 

2 

2 

4 

4 

8 

4 

1 

4 

4 & 

4 & 

.8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0.02 

·0.04 

0.0& 

1 0.08 

0.10 

0.12 

1 0.14 

0.1& 

0.18 

+ 0.20 

0.22 

0.24 

1 0.2& 

0.28 

1 0.30 

0.32 

0.34 

0.3& 

0.38 

0.40 

0.42 

0.44 

0.4& 

0.48 



4 0.010&2 -1.52E 00-2.38E-02 1.18E 00 2.0~E 00 2.74E 00 3.1~E 00 3.50E 00 3.&7E 003.77E 00 3.7~E 00 3.7~E 00 
3 0.005&2 -2.27E 00-&.&OE-01 &.55E-01 1.&5E 00 2.38E 00 2.88E 00 3.23E 00 3.43E 00 3.53E 00 3.5&E 00 3.5&E 00 
2 0.0015& -2.55E 00-8.~2E-01 4.&2E-01 1.4~E 00 2.25E 00 2.77E 00 3.13EOO 3.34E 00 3.45E 00 3.48E 00 3.4SE 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 S ~ 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&200.0S0~2 0.0~72& 0.1153~ 0.13552 
o J Y 

21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 0.00 0.00 0.00 0.00 1.51E 00 1.02E 00 1.34E-01-1.17E-01-1.2SE-01-~.74E-02-S.24E-02-&.7SE-02 
1~ 0.057&& 0.00 0.00 0.00 0.00 5.17E 00 2.2&E 00 2.31E-01-3.&OE-01-3.~3E-01-3.23E-01-2.&1E-01-1 .~SE-01 
18 0.054&~ 0.00 0.00 0.00 0.00 1.03E 01 3.07E 00 1.0&E-01-7.35E-01-7.&&E-01-&.14E-01-4.&&E-01-3.37E-01 
17 0.05211 0.00 0.00 0.00 &.35E 00 1.01E 01 3.2SE 00-1.S4E-01-1.1&E 00-1.13E 00-S.72E-01-&.40E-01-4.5&E-01 
1& 0.04~45 0.00 0.00 0.00 1.24E 01 1.0&E 01 3.33E 00-5.4SE-01-1.&1E 00-1.4SE 00-1.10E 00-7.~SE-01-5.70E-01 
15 0.04&87 0.00 0.00 0.00 1.S7E 01 1.0~E 01 3.04E 00-1 .01E 00-1.~a~ 00-1.72E 00-1.27E 00-~.23E-01-&.&7E-01 
14 0.04445 0.00 0.00 8.55E 00 1.77E 01 1.05E 01 :?42E 00-1 .4&E 00-2.22E 00-1.S&E 00-1.37E 00-1 .01E 00-7.44E-01 
13 0.04211 0.00 0.00 1.53E 01 1.7~E 01 ~.~1E 00 1.75E 00-1.77E 00-2.32E 00-1.~1E 00-1.43E 00-1.0SE 00-S.05E-01 
12 0.03~0&. 0.00 0.00 2.3SE 01 1.S3E 01 S.SOE 00 7.73E-01-2.01F. 00-2.30E 00-1.~OE 00-1.4&E 00-1 .14E OO-S.&~E-Ol 
110.03578 0.00 1.0SE 01 2.37E 01 1.S0E 01 &.57E 00-1.7&E-Ol-l.~lE 00-2.0~E 00-1.7SE 00-1.43E 00-1 .15E 00-~.05E-Ol 
10 0.03328 0.00 1.7SE 01 2.4~E 01 1.73E 01 4.&SE 00-5.S5E-Ol-l.73E 00-1.S~E 00-1.&&E 00-1.3SE 00-1.15E 00-q.1&E-01 
~ 0.03125 0.00 2.42E 01 2.57E 01 1.&2E 01 3.21EOO-7.57£-01-1 .55E 00-1.70E 00-1.55E 00-1.33E 00-1.13E 00-q.14E-Ol 
S 0.02S5~ 0.00 2.35E 01 2.5SE 01 1.43E 01 1.50E 00-S.71E-Ol-1 .31E 00-1.4&E 00-1.3qE 00-1.25E 00-1.0qE 00-q.01E-Ol 
7 0.02437 0.00 2.32E 01 2.50E 01 1.00E 01-5.52E-01-S.72E-Ol-q.&4E-Ol-l .0qE 00-1 .13E 00-1 .10E 00-1.00E 00-S.4qE-Ol 
& 0.01~0& 0.00 2.35E 01 2.20E 01 2.55E 00-S.q2E-01-7.52E-Ol-&.4SE-01-7.1qE-01~S.2SE-01-S.73E-01-S.3SE-01-7.2qE-Ol 
5 0.01344 ·0.00 2.35E 01 1.40E 01-1.74E 00-q.q1E-01-&.00E-01-4.20E-01-4.3SE-01-5.41E-01-&.1&E-01-&.21E-01-5.50E-01 

.40.00812 0.00 2.0qE 01 2.21E 00-S.47E-01-&.74E-01-3.q&E-01-2.4SE-01-2.42E-01-3. 1 0E-01-3.70E-01-3.S&E-01-3.4&E-01 
3 0.0035~ 0.00 1.15E 01-1.05E 00-4.35E-01-3.14E-01-1 .S2E-01-1 .OqE~01-1.03E-01-1 .34E-01-1.&3E-01-1.72E-01-1.5&E~01 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 & 17 18 1 q 20 21 22 23 
X = 0.1578& 0.182&& 0.2101Q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q4S 0.52127 

o J Y 
21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 -4.&3E-02-2.58E-02-1.1qE-02-4.53E-03-1.37E-03-5.70E-04 1.&5E-04 4.7qE-04 2.01E-03 3.4qE-05 0.00 
lq 0.057&& -1.30E-01-7.31E-02-3.4QE-02-1.3&E-02-3.22E-03 Q.00E-04 4.02E-03 5.57E-03 7.02E-03 3.Q2E-05 0.00 
1S 0.054&~ -2.20E-Ol-l.27E-Ol-&.43E-02-2.S5E-02-1 .01E-02-1.&OE-03 4.&7E-03 7.Q7E-03 1.00E-02 3.Q2E-05 0.00 
17 0.05211 -2.QQE-01-1.7&E-Ol-Q.31E-02-4.48E-02-1 .SQE-02-&.12E-03 3.21E-03 8.22E-03 1.13E-02 4.83E-05 0.00 
1& 0.04~45 -3.7SE-01-2.27E-01-1.25E-Ol-&.3QE-02-3.03E-02-1.27E-02 5.QOE-0& &.Q4E-03 1.15E-02 &.7&E-05 0.00 
15 0.04&S7 -4.4QE-01-2.7&E-01-1.57E-Ol-S.40E-02-4.28E-02-2.04E-02-4.25E-03 4.&5E-03 1 .OQE-02 Q.2&E-05 0.00 
14 0.04445 -5.0QE-01-3.1QE-01-1.S&E-01-1.03E-01-5.51E-02-2.S3E-02-8.88E-03 1 .Q1E-03 Q.S3E-03 1.17E-04 0.00 
13 0.04211 -5.&OE-01-3.57E-01-2.13E-01-1.21E-01-&.71E-02-3.&OE-02-1 .3&E-02-1 .0&E-03 S.47E-03 1.38E-04 0.00 
12 0.03QO& -&.17E-01-4.02E-01-2.4&E-01-1.44E-Ol-·8.23E-02-4.&lE-02-1 .QQE-02-5.12E-03 &.42E-03 1.53E-04 0.00 
11 0.03578 -&.5&E-01-4.37E-01-2.73E-Ol-l.&4E-01-Q.&OE-02-5.53E-02-2.&OE-02-Q.23E-03 4.0SE-03 1.45E-04 0.00 
10 0.0332S -&.74E-01-4.55E-01-2.SSE-Ol-1.7&E-01-1.05E-01-&.12E-02-3.01E-02-1 .20E-02 2.37E-03 1.22E-04 0.00 
Q 0.03125 -&.SOE-01-4.&4E-01-2.Q7E-Ol-l.83E-Ol-l .10E-01-&.50E-02-3.28E-02-1 .40E-02 1 .OSE-03 Q.&&E-05 0.00 
S 0.02S5Q -&.SOE-01-4.70E-01-3.05E-01-1.QOE-Ol-l .15E-01-&.Q1E-02-3.58E-02-1 .&2E-02-4.Q4E-04 &.01E-05 0.00 
7 0.02437 -&.54E-01-4.&lE-01-3.04E-01-1.Q2E-01-1 .1SE-01-7.17E-02-3.S3E-02-1 .85E-02-2.47E-03 1.25E-05 0.00 
& O.OlQO& -5.73E-01-4.12E-01-2.77E-01-1.7SE-01-1.10E-01-&.74E-02-3.&QE-02-1.8&E-02-3.7QE-03-1 .S5E-05 0.00 
5 0.01344 -4.40E-01-3.21E-01-2.1SE-01-1.42E-01-S.85E-02-5.43E-02-3.02E-02-1 .5&E-02-3.81E-03-2.33E-05 0.00 
4 0.00S12 -2.7QE-01-2.05E-Ol-l.41E-01-Q.20E-02-5.77E-02-3.55E-02-1 .QQE-02-1 .04E-02-2.7&E-03-1 .35E-05 0.00 
3 0.0035Q -1.2&E-01-Q.30E-02-&.38E-02-4.1QE-02-2.&3E-02-1.&2E-02-Q.11E-03-4.7QE-03-1 .32E-03-4.40E-0& 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 



x = 0.00000 0.00000 0.0&2qS 0.12q37 0.20308 0.284q1 0.37574 0.47&5& 0.58847 0.712&Q 0.85058 1.003&3 
o J Y 

21 0.50500 
20 0.4Q500 
1Q 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2Q750 
10 0.27500 
Q 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

o I = 
X = 

o J Y 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 2.70E-01 4.74E-01 5.04E-01 4.75E-01 4.40E-01 4.11E-01 3.83E-01 
0.00 0.00 0.00 0.00 0.00 4.01E-01 5.47E-01 5.&OE-01 5.23E-01 4.7QE-01 4.38E-01 4.01E-01 
0.00 0.00 0.00 0.00 0.00 5.40E-01 &.2&E-01 &.07E-01 5.52E-01 4.Q3E-01 4.41E-01 4.01E-01 
0.00 0.00 0.00 0.00 7.3QE-01 &.51E-01 &.5QE-01 &.12E-01 5.43E-01 4.78E-01 4.2QE-01 3.Q2E-01 
0.00 0.00 0.00 0.00 &.45E-01 &.33E-01 &.1&£-01 5.&2E-01 4.Q7E-01 4.43E-01 4.05E-01 3.7&E-01 
0.00 0.00 0.00 0.00 &.48E-01 &.15E-01 5.47E-01 4.78E-01 4.28E-01 3.Q&E-01 3.73E-01 3.54E-01 
0.00 0.00 0.00 Q.51E-01 7.04E-01 5.&&E-01 4.4&E-01 3.80E-01 3.5&E-01 3.47E-01 3.3QE-01 3.2QE-01 
0.00 0.00 0.00 7.20E-01 &.12E-01 4.51E-01 3.2&E-01 2.85E-01 2.8QE-01 3.00E-01 3.05E-01 3.02E-01 
0.00 0.00 0.00 &.35E-01 5.4&E-01 3.43E-01 2.10E-01 1.Q7E-01 2.27E-01 2.54E-01 2.&8E-01 2.74E-01 
0.00 0.00 8.22E-01 &.42E-01 4.&OE-01 1.58E-01 4.52E-02 8.01E-02 1.37E-01 1.80E-01 2.08E-01 2.24E-01 
0.00 0.00 &.35E-01 5.72E-01 3.28E-01 1.57E-02-4.20E-02 1.02E-02 7.5&E-02 1.27E-01 1.&1E-01 1.84E-01 
0.00 0.00 &.4&E-01 5.3&E-01 2.1QE-01-&.Q&E-02-~.38E-02-3.&3E-02 3.1&E-02 8.58E-02 1.25E-01 1.53E-01 
0.00 1.00E 00 7.25E-01 5.00E-01 1.23E-01-'.24E-01-1.30E-01-7.1&E-02-4.02E-03 5.18E-02 Q.38E-02 1.2&E-01 
0.00 1.00E 00 7.52E-01 4.32E-01-2.05E-02-1 .Q2E-01-1 .80E-01-1 .27E-01-&.41E-02-7.QQE-03 3.84E-02 7.72E-02 
0.00 1.00E 00 7.32E-01 2.7&E-01-2.4&E-01-2.5&E-01-2.33E-01-1.Q3E-01-1.41E-01-8.74E-02-3.72E-02 Q.55E-03 
0.00 1.00E 00 &.18E-01-7.Q5E-02-3.21E-01-3.08E-01-2.82E-01-2.51E-01-2.11E-01-1 .&3E-01-1.10E-01-5.&7E-02 
0.00 1.00E 00 3.35E-01-4.87E-01-3.Q8E-01-3.52E-01-3.20E-01-2.Q3E-Oi-2.&1E-01-2.18E-01-1.&5E-01-1 .07E-01 
0.00 1.00E 00-2.70E-01-4.Q&E-01-4.34E-01-3.7QE-01-3.42E-01-3.1&E-01-2.88E-01-2.4QE-01-1 .Q&E-01-1 .3&E-01 
0.00 1.00E 00-&.85E-01-5.23E-01-4.48E-01-3~8QE-01-3.50E~01-3.25E-01-2.Q8E-01-2.5QE-01-2.07E-01-1 .4&E-01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1 & 17 18 1 Q 20 21 22· 23 
1.17352 1.3&20Q 1.57141 1.8037& 2.0&1&& 2.347Q3 2.&&~&Q 3.00001 3;33434 3.&&8&~ 4.002QQ 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.4Q500 3.58E-01 3.3QE-01 3.27E-01 3.21E-01 3.18E-01 3.18E-01 3.17E-01 3.17E-01 3.18E-01 3.1qE-01 3.1qE-01 
1~ 0.47500 3.72E-01 3.51E-01 3.38E-01 3.31E-01 3.28E-01 3.27E-01 3.28E-01 3.2qE-01 3.32E-01 3.34E-01 3.34E-01 
18 0.44750 3.71E-01 3.50E-01 3.3&E-01 3.27E-01 3.22E-01 3.1qE-01 3.18E-01 3.1qE-01 3.20E-01 3.21E-01 3.21E-01 
17 0.42750 3.&5E-01 3.44E-01 3.30E-01 3.21E-01 3.15E-01 3.11E-01 3.0qE-01 3.08E-01 3.08E-01 3.08E-01 3.08E-01 
1& 0.40&25 3.53E-01 3.35E-01 3.21E-01 3.12E-01 3.05E-01 3.01E-01 2.q8E-01 2.q&E-01 2.q5E-01 2.q5E-01 2.q5E-01 
15 0.38500 3.3&E-01 3.21E-01 3.0QE-01 3.00E-01 2.q4E-01 2.8qE-01 2.85E-01 2.83E-01 2.82E-01 2.81E-01 2.81E-01 
14 0.3&500 3.17E-01 3.0&E-01 2.q&E-01 2.88E-01 2.82E-01 2.77E-01 2.73E-01 2.71E-01 2.&qE-01 2.&8E-01 2.&8E-01 
13 0.34&25 2.q&E-01 2.8QE-01 2.82E-01 2.75E-0~ 2.&qE-01 2.&5E-01 2.&1E-01 2.5qE-01 2.57E-01 2.5&E-01 2.5&E-01 
12 0.32750 2.73E-01 2.70E-01 2.&&E-01 2.&1E-01 2.~&E-01 2.52~-01 2.4QE-01 2.47E-01 2.45E-01 2.44E-01 2.44E-01 
11 0.2Q750 2.33E-01 2.3&E-01 2.37E-01 2.3&E-01 2.34E-01 2.32E-01 2.30E-01 2.28E-01 2.2&E-01 2.25E-01 2.25E-01 
10 0.27500 2.00E-01 2.0qE-01 2.14E-01 2.1&E-01 2.1&E-01 2.1&E-01 2.15E-01 2.14E-01 2.13E-01 2.12E-01 2.11E-01 
Q 0.25750 1.74E-01 1.88E-01 1.Q&E-01 2.01E-01 2.03E-01 2.03E-01 2.03E-01 2.03E-01 2.02E-01 2.01E-01 2.01E-01 
8 0.24250 1.51E-01 1.&QE-01 1.80E-~1 1.87E-01 1.Q1E-01 1.Q3E-01 1.Q4E-01 1.q4E-Ol 1.Q4E-01 1.q3E-01 1.Q3E-01 
7 0.21500 1.0QE-01 1.34E-01 1.51E-01 1.&3E-01 1.70E-01 1.74E-01 1.77E-01 1.78E-01 1.78E-01 1.78E-01 1.78E-01 
& 0.17500 5.12E-02 8.53E-02 1.11E-01 1.2QE-01 1.41E-01 1.4QE-01 1.54E-01 1.57E-01 1.58E-01 1.58E-01 1.58E-01 
5 0.13000 -&.42E-03 3.&7E-02 7.05E-02 Q.53E~·02 1.13E-01 1.25E-01 1.33E-01 1.37E-01 1.3QE-01 1.40E-01 1.40E-01 
4 0.08500 -5.07E-02-7.Q2E-04 3.q4E-02 &.Q&E-02 Q.13E-02 1.0&E-01 1.17E-01 1.22E-01 1.2&E-01 1.2&E-01 1.2&E-01 
3 0.04500 -7.58E-02-2.20E-02 2.18E-02 5.51E-02 7.Q2E-02 Q.&OE-02 1.08E-01 1.14E-01 1.18E-01 1.1QE-01 1.1QE-01 
2 0.01250 -8.4QE-02-2.Q7E-02 1.54E-02 4.Q8E-02 7.48E-02 Q.23E-02 1.04E-01 1.11E-01 1.15E-01 1.1&E-01 1.1&E-01 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS V VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 Q 10 11 12 

X = -0.03148 0.03148 0.OQ443 0.1&430 0.24187 0.327Q& 0.42352 0.52Q&0 0.&4735 0.77804 0.Q2311 1.08415 
o J Y 

21 0.50000 
20 0.48500 
1Q 0.4&125 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 5.03E-02 3.41E-02 4.4&E-03-3.QOE-03-4.25E-03-3.25E-03-2.75E-03-2.2&E-03 
0.00 1.72E-01 7.52E-02 7.&8E-03-1 .20E-02-1 .31E-02-1 .08E-02-8.70E-03-&.&OE-03 



5 

& 

7 

8 

C:t 

10 

1 1 

12 

13 

14 

15 

1& 

17 

18 

lC:t 

20 

21 

22 

2. 41«:tE -01 

3.280E-01 

4.235E-01 

5.2C:t&E-01 

&.473E-01 

7.780E-01 

C:t.231E-01 

1.084E 00 

1.2b3E 00 

1.4&1E 00 

1.&82E 00 

1 . C:t2&E 00 

2. 1 C:t7E 00 

2.4C:tC:tE 00 

2.833E 00 

3.1 &7E 00 

3.502E 00 

3.83&E 00 

3.43&E-03 

3.773E-03 

3.7&5E-03 

3.520E-03 

3.351E-03 

3.50&E-03 

3.C:t4C:tE-03 

4.354E-03 

4.57&E-03 

·4.&24E-03 

4.547E-03 

4.3C:t8E-03 

4.213E-03 

4.012E-03 

3.813E-03 

3.&2C:tE-03 

3.4&3E-03 

3.410E-03 
0- - -
1X-AXIS IS XI 

Y-AXES ARE 
SYMBOL 
MAXIMUM VALUES 

00 
o 

0.37&E 00 

02 
2 

0.405E 00 

o 0.0 O. 1 0.2 

04 0& 08 10 
4 & 8 1 

0.42C:tE 00 0.452E 00 0.475E 00 0.500E 00 

RADIAL POSITION RID 

0.3 0.4 0.5 0.& 0.7 0.8 1 .0 
X 0.00 
X 0.02 
X 0.04 
X 0.0& 
X 0.08 
X 0.10 
X 0.12 
X 0.14 

O .•....•.. +2 .•.. 4 .. b+ .8 .. 1 .... + ..•.•.... + ......... + ......... + ....•.... + ......... + ......... + . . . . . . . . .. 0 .00 
0 2 4 e, 8 1 

0 2 4 
0 

+ 

& 8 1 
2 4 & 8 1 

0 2 4 & 8 
0 2 4 & 8 

0 2 4 & 
0 2 4 & 8 

1 
1 

8 1 
1 

0.02 
0.04 
0.0& 
0.08 

+ 0.10 
0.12 
0.14 



158 0.3387E-01 0.1802E-01 0.1&80E-01 0.7271E-02 0.3622E-02 0.1214E Oq 0.5312E 01 0.3&71E-02 0.1&55E 02 0.1820E 04 0.24q7E 04 
15~ 0.330&E-01 0.17q5E-01 0.1&87E-01 0.7341E-02 0.3571E-02 0.1218E Oq 0.5318E 01 0.3577E-02 0.1&55E 02 0.1821E 04 0.24q7E 04 
1&0 0.3225E-01 0.1785E-01 0.1&q3E-01 0.73q2E-02 0.3523E-02 0.1217E Oq 0.5323E 01 0.3477E-02 0.1&5&E 02 0.1822E 04 0.24q8E 04 
1&1 0.3145E-Ol 0.1775E-01 0.1&qqE-01 0.7434E-02 0.347&E-02 0.1210E Oq 0.532qE 01 0.3372E-02 0.1&5&E 02 0.1822E 04 0.24q8E 04 
1&2 0.30&5E-01 0.17&7E-01 0.1705E-01 0.7502E-02 0.3431E-02 0.120&E Oc, 0.5334E 01 0.32&2E-02 0.1&57E 02 0.1823E 04 0.24qqE 04 
1&3 0.2q87E-01 0.1757E-01 0.170qE-01 0.7570E-02 0.33QOE-02 0.120;£ Oq 0.533qE 01 0.3147E-02 0.1&57E 02 0.1824E 04 0.24QQE 04 
1&4 0.2q10E-01 0.1747E-01 0.1713E-01 0.75q7E-02 0.335qE-02 0.11QOE Oq 0.5344E 01 O.302QE-02 0.1&58E 02 0.1824E 04 0.2500E 04 
1&5 0.2833E-01 0.173&E-01 0.171&E-01 0.7&41E-02 0.3334E-02 0.1187E OQ 0.534qE 01 U.2QOqE-02 0.1&5QE 02 0.1825E 04 0.2500E 04 
1&& 0.27&OE-01 0.1724E-Ol 0.171qE-01 0.7&&&E-02 0.3308E-02 0.1177E Oq 0.5354E 01 0.2785E-02 0.1&5QE 02 0.182&E 04 0.2501E 04 
1&7 0.2&87E-01 0.1713E-01 0.1721E-Ol 0.7710E-02 0.328&E-02 0.1171E Oq 0.535qE 01 0.2&&OE-02 0.1&&OE 02 0.182&E 04 0.2501E 04 
1&8 0.2&1&E-01 0.1703E-01 0.1722E-01 0.7757E-02 0.32&4E-02 0.11&3E Oq 0.53&3E 01 0.2534E-02 0.1&&OE 02 0.1827E 04 0.2502E 04 
1&~ 0.2547E-01 0.1&Q2E-01 0.1722E-01 0.77&7E-02 0.3240E-02 0.1153E OQ 0.53&8E 01 0.2407E-02 0.1&&1E 02 0.1828E 04 0.2502E 04 
170 0.2480E-Ol 0.1&83E-Ol 0.1722E-01 0.7805E-02 0.321&E-02 0.1143E OQ O.5372E 01 0.2281E-02 0.1&&1E 02 0.1828E 04 0.2503E 04 
171 0.241&E-01 0.1&75E-01 0.1721E-01 0.7850E-02 0.31Q1E-02 0.113&E OQ 0.537&E 01 0.2155E-02 0.1&&2E 02 0.182QE 04 0.2503E 04 
172 0.2353E-01 0.1&&&E-01 0.171QE-Ol 0.7858E-02 0.31&5E-02 0.1127E OQ 0.5380E 01 0.202QE-02 0.1&&2E 02 0.1830E 04 0.2504E 04 
173 0.22Q2E-01 0.1&57E-Ol 0.1717E-Ol 0.78Q&E-·02 0.3137E-02 0.1113E OQ 0.5384E 01 0.1QO&E-02 0.1&&3E 02 0.1830E 04 0.2504E 04 
174 0.2234E-01 0.1&48E-01 0.1713E-01 0.7QO&E-02 0.3110E-02 0.1107E OQ 0.5387E 01 0.1783E-02 0.1&&3E 02 0.1831E 04 0.2505E 04 
175 0.2177E-Ol 0.1&40E-01 0.1710E-01 O.7Q22E-02 0.307QE-02 0.10Q8E Oq 0.53QOE 01 0.1&&3E-02 0.1&&4E 02 0.1832E 04 0.2505E 04 
17& 0.2123E-01 0.1&33E-Ol 0.1705E-01 0.7~&OE-02 0.3050E-02 0.108QE O~ 0.53Q4E 01 0.154&E-02 0.1&&4E02 0.1832E 04 0.250&E 04 
177 0.2071E-01 0.1&2QE-Ol 0.1700E-Ol 0.7Q45E-02 0.3017E-02 0.1078E O~ 0.53Q7E 01 0.1431E-02 0.1&&5E 02 0.1833E 04 0.250&E 04 
178 0.2021E-01 0.1&2&E-01 0.1&Q4E-Ol 0.7Q58E-02 0.2Q85E-02 0.10&8E O~ 0.53QQE 01 0.131~E-02 0.1&&&E 02 0.1833E 04 0.2507E 04 
17q 0.lq72E-01 0.1&25E-01 0.1&88E-01 0.7q73E-02 O.2Q53E-02 0.1058E OQ 0.5402E 01 0.1211E-02 0.1&&&E 02 0.1834E 04 0.2508E 04 
180 0.lq27E-Ol 0.1&24E-01 0.1&81E-Ol 0.7q77E-02 0.2~20E-02 0.104QE OQ 0.5405E 01 0.1107E·02 0.1&&7E 02 0.1835E 04 0.2508E 04 
181 0.1882E-01 0.1&22E-01 0.1&74E-01 O.7Q57E-02 0.288&E-02 0.1040E O~ 0.5407E 01 0.1007E-02 O.1&&7E 02 0.1835E 04 0.250~E 04 
182 0.1841E-01 0.1&20E-Ol 0.1&&5E-Ol 0.7q51E-02 0.2850E-02 0.1027E O~ 0.540QE 01 0.Q101E-03 0.1&b8E 02 0.183&E 04 0.250qE 04 
183 0.1801E-01 0.1&18E-01 0.1&57E-01 0~7q51E-02 0.281&E-02 0.101QE O~ 0.S411E 010.8 1 84E-03 0.1&&8E 02 0.183&E 04 0.2510E 04 
184 0.17&3E-01 0.1&17E-Ol 0.1&48E-010.7Q&5E-02 0.2780E-02 0.1010E OQ 0.5413E 01 0.730&E-03 0.1&&~E 02 0.1837E 04 0.2510E 04 
185 0.1725E-Ol 0.1&1&E-Ol 0.1&3QE-01 0.7Q15E-02 0.2744E-02 0.~~85E 08 0.5415E 01 0.&471E-03 0.1&70E02 0.1837E 04 0.2511E 04 
18& 0.1&Q1E-Ol 0.1&14E-01 0.1&2QE-01 0.7Q11E-02 0.270QE-02 0.~~03E 08 0.541&E 01 0.5&7QE-03 0.1&70E 02 0.1838E 04 0.2512E 04 
187 0.1&58E-01 0.1&12E-Ol 0.1&18E-Ol 0.78QOE-02 0.2&72E-02 0.~784E 08 0.5418E 01 0.4~3&E-03 0.1&71E 02 0.183~E 04 0.2512E 04 
188 0.1&28E-01 0.1&11£-01 0.1&08E-01 0.7871E-02 0.2&35E-02 0.~&74E 08 0.541~E 01 0.4245E-03 0.1&71E 02 0.183~E 04 0.2513E 04 
18Q 0.15Q8E-01 0.1&0&E-01 0.15Q7E-01 0.7805E-02 0.2&01E-02 0.~580E 18 0.5420E 01 0.35~1E-03 0.1&72E 02 0.1840E 04 0.2513E 04 
1~0 0.1571E-01 0.1&04E-01 0.158&E-01 0.7824E-02 0.25&5E-02 0.~508E 08 0.5421E 01 0.2~Q3E-03 0.1&73E 02 0.1840E 04 0.2514E 04 
1Q1 0.1543E-01 0.15Q8E-01 0.1574E-01 0.7775E-02 0.2530E-02 0.~402E 08 0.5422E 01 0.2430E-03 0.1073E 02 0.1841E 04 0.2515E 04 
1Q2 0.151QE-01 0.15Q2E-01 0.15&2E-01 0.77&5E··02 0.~4~&E-02 0.Q307E 08 0.5423E 01 0.1Q1&E-03 0.1&74E 02 0.1841E 04 0.2515E 04 
1Q3 0.14Q5E-01 0.1584E-01 0.1550E-01 0.772QE-02 0.24&1E-02 0.~232E 08 0.5424E 01 0.1445E-03 0.1&75E 02 0.1842E 04 0.251&E 04 
1Q4 0.1474E-01 0.157&E-01 0.1538E-01 0.7&74E-02 0.2427E-02 0.~122E 08 0.5425E 01 0.101&E-03 0.1&75E 02 0.1842E 04 0.251&E 04 
1~5 0.1453E-01 0.15&8E-01 0.152&E-01 0.7&44E-02 0.23Q2E-02 O.~OO~E 08 0.5425E 01 0.&318E-04 0.1&7&E 02 0.1843E 04 0.2517E 04 
1~& 0.1434E-01 0.155QE-01 0.1513E-01 0.7&0~E-02 0.235~E-02 0.8Q53E 08 0.542&E 01 0.2843E-04 0.1&7&E 02 O.1843E 04 0.2518E 04 
1Q7 0.1418E-01 0.1548E-01 0.1501E-01 0.75&2E-02 0.2325E-02 0.883~E 08 0.542&E 01-0.2251E-05 0.1&77E 02 0.1844E 04 0.2518E 04 
1~8 0.1401E-01 0.153Q(-01 0.1488E-01 0.7521E-02 0.22~1E-02 0.8758E 08 0.S427E 01-0.2~3~E-04 0.1&78E 02 O. i844E 04 0.251QE 04 
1Q~ 0.1387E-01 0.1527E-01 0.147&E-01 0.74~&E-02 0.2257E-02 0.8&87E 08 0.5427E 01-0.528&E-04 0.1&78E 02 0.1845E 04 0.251QE 04 
200 0.1373E-01 0.151&E-01 0.14&3E-01 0.7454E-02 0.2224E-02 0.8S5~E 08 0.5428E 01-0.734~E-04 0.1&7QE 02 0.1845E 04 0.2520E 04 

0- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SWIRL CASE WITH LFS = & 
AND NSBR = 0 

CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 1.750 

OR IF NSBR = 0 TO SWIRL VANE ANGLE = h8.000 

COMPUTED INLET SWIRL NUMBER = 1.&528 



4 0.08500 3.51E-02 3.10E-02 2.&lE-02 2.15E-02 1.75E-02 1.42E-02 1.15E-02 ~.50E-03 8.00E-03 7.71E-03 3 .. 00E-02 
3 0.04500 3.43E-02 3.03E-02 2.57E-02 2.12E-02 1.73E-02 1.40E-02 1.14E-02 ~.4&E-03 7.~&E-03 7.57E-03 3.00E-02 
2 0.01250 3.41E-02 3.02E-02 2.5&E-02 2.12E-02 1.73E-02 1.40E-02 1.14E-02 ~.48E-03 7.~~E-03 7.57E-03 3.00E-02 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS LENGTH SCALE " -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 2 3 4 5 & 7 8 ~ 10 11 12 13 

X = 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&20 0.080~2 0.0~72& 0.1153~ 0.13552 0.1578& 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 0.00 0.00 0.00 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 
1~ 0.05~37 0.00 0.00 0.00 1.~8E-Ol 2.01E-Ol 1.~3E-Ol 1.84E-Ol 1.75E-0~ 1.74E-Ol 2.18E~01 2.~2E-Ol 3.23E-Ol 
18 0.055~4 0.00 0.00 0.00 1.~8E-Ol 1.82E-Ol 1.82E-Ol 1.87E-Ol 1.~3E-Ol 2.27E-Ol 3.58E-Ol 4.~5E-0~ 5.55E-Ol 
17 0.05344 0.00 0.00 5.10E-02 1.1&E-Ol 1.32E-01 1.51E-Ol 1.70E-01 1 .~3E-Ol 2.7~E-Ol 4.48E-Ol 5.85E-Ol &.5&E-01 
1& 0.05078 0.00 0.00 1.78E-Ol 1.45E-01 1.38E-01 1.45E-01 1.&2E-01 2.12E-01 3.58E-01 5.24E-01 &.51E-01 7.27E-01 
15 0.04812 0.00 0.00 1.78E-Ol 1.22E-01 1 .20E-Ol ~.32E-01 1.&4E-01 2.74E-01 4.3~E-01 5.84E-01 &.~~E-01 7.7~E-01 
14 0.045&2 0.00 5.10E-02 8.78E-02 ~.24E-02 1.08E-01 '.33E-01 2.04E-01 3.55E-01 5~03E-Ol &.2~E-01 7.3&E-01 8.1&E-01 
13 0.04328 0.00 1.&OE-01 ~.77E-02 8.~~E-02 1 .14E-01 1.&OE~01 2.7&E-01 4.23E-01 5.52E-01 &.&5E-01 7.&&E-01 8.47E-01 
12 0.040~4 0.00 1.&OE-Ol 7.4&E-02 8.2~E-02 1.24E-01 2.0&E-01 3.4&E-01 4.7~E-01 5.~4E-01&.~~E-01 7.~5E-01 8.75E-01 
11 0.0371~ 7.&4E-02 &.38E-02 4.~3E-02 8.15E-02 1.52E-Ol 2.~~E-Ol 4.42E-Ol 5.53E-01&.54E-01 7.4qE-01 8.3~E-01 q.17E-01" 
10 0.03437 1.&OE-01 5.82E-02 4.11E-02 ~.17E-02 2.10E-Ol 3.70E-Ol 4.Q7E-Ol 5.Q~E-01 &.Q4E-01 7.85E-Ol 8.71E-Ol Q.47E-01 
~ 0.0321~ 1.&OE-Ol 3.08E-02 3.32E-02 1.07E-Ol 2.52E-Ol 4.21E-01 5.37E-Ol &.34E-Ol 7.25E-Ol" 8. 12E-01. 8.<;)&E-01 ~.70E-01 
8 0.03031 5.2~E-03 7.13E-03 3.1~E-02 1 .2&E-Ol 2.~5E-01 4.&3E-01 5.70E-Ol &.&3E-Ol 7.51E-Ol 8.3&E-01 ~.17E-01 ~.~OE-01 
7 0.02&87 5.2~E~03 7.~3E-03 4.2&E-02 1.&lE~01 3.~2E-Ol 5.3~E-01 &.33E-Ol 7.17E-Ol 7.~8E-Ol 8.78E-01 ~.5&E-Ol 1.03E 00 
& 0.02187 5.2~E-031 .05E-02 &.71E-02 2.51E-01 5.20E-Ol&.40E-Ol 7.20E-01 7.~3E-01 8.&&E-Ol ~.3~E-Ol 1 .01E 00 1.08E 00 
5 0.01&255.32E-03 1.~lE-02 1.23E-Ol 3.~&E-01 &.51E-Ol 7.44E-Ol 8.10E-Ol 8.74E-Ol q.3~E-Ol 1.01E 00 1 .07E 00 1 .14E 00 
4 0.010&2 5.44E-03 4.&2E-02 3.88E-Ol 5.&7E-Ol 7.&2E-Ol 8.35E-Ol 8.~lE-Ol ~.48E-Ol 1 .nlE 00 1.07E 00 1 .13E 00 1 .1~E 00 
3 0.005&2 &.03E-03 1.2~E-Ol 4.70E-01 &.~7E-01 8.3~E-Ol Q.00E-01 ~.52E-Ol 1.00E 00 1.0&E 00 1 .11E 00 1 .17E 00 1.23E 00 
2 0.0015& 1.08E-02 3.14E-Ol &.07E-01 7.83E-01 8.~3E-Ol ~.47E-01 ~.~7E-Ol 1.05E 00 1 .10E 00 1 .1&E 00 1 .21E 00 1.2&E 00 

o I = 14 15 1 & 17 18 1 ~ 20 21 22 23 
X = 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~5~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 n.oo 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 2.55E-02 5.00E-03 
1~ 0.05~37 3.22E-Ol 3.0&E-Ol 2.81E-Ol 2.52E-Ol 2.22E-Ol 1.~3E-Ol 1.70E-Ol 1.51E-Ol 1.53E-Ol 5.00E-03 
18 0.055~4 5.&2E-Ol 5.45E-Ol 5.15E-Ol 4.77E-0~ 4.3&E-Ol 3.~&E-Ol 3.&OE-Ol 3.30E-Ol 3.3&E-Ol 5.00E-03 
17 0.05344 &.75E-Ol &.&5E-Ol &.40E-Ol &.05E-Ol 5.b&E-Ol 5.2&E-Ol 4.~lE-Ol 4.&OE-Ol 4.&7E-Ol 5.00E-03 
1& 0.05078 7.5~E-Ol 7.&OE-Ol 7.42E-Ol 7.14E-Ol &.7~E-Ol &.43E-Ol &.llE-Ol 5.83E-Ol 5.88E-Ol 5.00E-03 
15 0.04812 8.20E-Ol 8.31E-Ol 8.22E-01 8.01E-Ol 7.72E-Ol 7.41E-Ol 7.13E-Ol &.80E-Ol &.~lE-Ol 5.00E-03 
14 0.045&2 8.65E-01 8.84E-Ol 8.82E-Ol 8.&7E-Ol 8.44E-Ol 8.18E-Ol 7.~4E-Ol 7.73E-Ol 7.73E-01 5.00E-03 
13 0.04328 ~.OOE-Ol ~.25E-Ol ~.2~E-Ol ~.l~E-Ol ~.OlE-Ol 8.80E-Ol 8.5~E-Ol 8.41E-Ol 8.38E-Ol 5.00E-03 
12 0.040~4 ~.30E-Ol ~.&OE-Ol ~.&~E-01 ~.&4E-Ol ~.50E-Ol ~.33E-Ol Q.l&E-Ol ~.OOE-Ol 8.~&E-01 5.00E-03 
11 0.0371~ ~.74E-Ol 1.01E 00 1.02E 00 1.03E 00 1.02E 00 1.00E 00 ~.~2E-Ol ~.7~E-Ol ~.74E-Ol 5.00E-03 
10 0.03437 1.00E 00 1.04E 00 1.0;E 00 1.0&E 00 1.0&E 00 1.05E 00 1.04E 00 1.03E 00 1.02E 00 5.00E-03 
~ 0.0321~ 1.03E 00 1.07E 00 1.0~E 00 1 .O~E 00 1.0~E 00 1.08E 00 1.07E 00 1.07E 00 1 .O&E 00 5.00E-03 
8 0.03031 1.05E 00 1.0~E 00 1.11E 00 1.12E 00 1 .11E 00 1.11E 00 1.10E 00 1 .O~E 00 1.0~E 00 5.00E-03 
7 0.02&87 1.08E 00 1.12E 00 1.14E 00 1.15E 00 1.1&E 00 1.15E 00 1.15E 00 1.14E 00 1.14E 00 5.00E-03 
& 0.02187 1.13E 00 1.17E 00 1 .1~E 00 1.20E 00 1 .21E 00 1.21E 00 1.20E 00 1.20E 00 1.20E 00 5.00E-03 
5 0.01&25 1.1~E 00 1.22E 00 1.25E 00 1.2&E 00 1.2&E 00 1.2&E 00 1.2&E 00 1.25E 00 1.2&E 00 5.00E-03 
4 0.010&2 1.24E 00 1.27E 00 1.2~E 00 1 .30E 00 1.30E 00 1.30E 00 1 .30E 00 1.2~E 00 1 .31E 00 5.00E-03 
3 0.005&2 1.27E 00 1.31E 00 1.32E 00 1 .33E 00 1.33E 00 1.32E 00 1 .32E 00 1.32E 00 1 .34E 00 5.00E-03 
2 0.0015& 1.30E 00 1.33E 00 1.34E 00 1 .35E 00 1.34E 00 1.34E 00 1.33E 00 1 .32E 00 1.35E 00 5.00E-03 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS EFF. VISCOSITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 1 2 

X = -0.03148 0.03148 0.0~443 0.1&430 0.24187 0.327~& 0.42352 0.52~&0 0.&4735 0.77804 0.Q2311 1.08415 



48 0.188~E 00 0.1148E 00 0.1000E 00 0.35~8E-01 0.2885E-01 0.4771E O~ 0.&4~OE 01-0.5407E-03 0.112~E 02 0.1274E 04 0.~7&lE 03 
4~ 0~1854E 00 0.1123E 00 0.~q&5E-01 0.3&52E-Ol 0.2880E-01 0.43~7E 09 0.&4~OE 01-0.&715E-03 0.1130E 02 0.1274E 04 0.~774E 03 
50 0.1822E 00 0.1101E 00 0.~~18E-Ol 0.3718E-01 0.28&~E-Ol 0.4042E O~ 0.&48~E 01-0.8113E-03 0.1131E 02 0.1274E 04 0.~788E 03 
51 0.17~1E 00 0.1083E 00 0.~85~E-01 0.3777E-01 0.2852E-Ol 0.37&7E O~ 0.&48~E 01-0.~5~&E-03 0.1131E 02 0.1274E 04 0.~803E 03 
52 0.17&OE 00 0.10&4E 00 O.~7~5E-01 0.383~E-Ol 0.2832E-Ol 0.3521E O~ 0.&488E 01-0.111&E-02 0.1132E 02 0.1274E 04 0.~81~E 03 
53 0.1725E 00 0.1052E 00 0.~737E-Ol 0.3~04E-Ol 0.2804E-Ol 0.3300E O~ 0.&487E 01-0.1281E-02 0.1133E 02 0.1274E 04 0.~83&E 03 
54 0.1&~3E 00 0.1038E 00 0.~&72E-Ol 0.3~&~E-Ol 0.2770E-Ol 0.3073E O~ 0.&48&E 01-0.1455E-02 0.1133E 02 0.1274E 04 0.~855E 03 
55 0.1&&3E 00 0.1023E 00 0.~&27E-Ol 0.4035E-Ol 0.2731E-01 0.2847E O~ 0.&485E 01-U.l&37E-02 0.1134E 02 0.1274E 04 0.~874E 03 
5& 0.1&34E 00 0.1010E 00 0.~578E-Ol 0.410&E-Ol 0.2&87E-01 0.2&22E O~ 0.&483E 01-0. 1828E-02 0.1135E 02 0.1274E 04 0.~8~5E 03 
57 O.lbO~E 00 0.~~84E-Ol 0.~514E-Ol 0.4172E-Ol 0.2&38E-Ol 0.2404E O~ 0.&481E 01-0.202&E-02 0.113&E 02 0.1274E 04 0.~~18E 03 
58·0.1584E 00 0.~8&~-01 0.~43&E-Ol 0.4228E-Ol 0.258&E-Ol 0.21~&E O~ 0.&47~E 01-0.2232E-02 0.113&E 02 0.1274E 04 0.~~42E 03 
5~ 0.155&E 00 0.~7&8E-Ol 0.~347E-Ol 0.4283E-Ol 0.2531E-Ol 0.2025E O~ 0.&477E 01-0.244&E-02 0.1137E 02 0.1274E 04 0.~~&7E 03 
&0 0.152~E 00 0.~70&E-Ol 0.~271E-Ol0.4334E-Ol 0.2475E-Ol 0.1870E O~ 0.&474E 01-0.2&&7E-02 0.1138E 02 0.1274E 04 0.~~~4E 03 
&1 0.1501E 00 0.~&57E-Ol 0.~188E-Ol 0.4384E-Ol 0.2420E-Ol 0.1774E O~ 0.&471E 01-0.28~4E-02 0.113QE 02 0.1274E 04 0.1002E 04 
&2 0.1477E 00 0.~5~5E-Ol 0.~127E-Ol 0.4430E-Ol 0.23&5E-Ol 0.1&75E 09 0.&4&7E 01-0.3127E-02 0.1140E 02 0.1274E 040.1005E 04 
&3 0.1457E 00 0.~515E-Ol 0.~05~E-Ol 0.4471E··Ol 0.2311E-Ol 0.157~E O~ 0.&4&4E 01-0.33&&E-02 0.1141E 02 0.1274E 04 0.100~E 04 
&4 0.1434E 00 0.~451E-Ol 0.8~75E-Ol 0.4507E-Ol 0.225&E-01 0.1480E O~ 0.&45~E 01-0.3&0~E-02 0.1142E 02 0.1·274E 04 0.1012E 04 
&5 0.1411E 00 0.~3~&E-Ol 0.8877E-Ol 0.4541E-Ol 0.2201E-Ol 0.1384E Oq 0.&455E 01-0.3857E-02 0.1143E 02 0.1275E 04 0.1015E 04 
&& 0.138~E 00 0.~345E-Ol 0.87&3E-Ol 0.4574E-Ol 0.2145E-Ol 0.1301E O~ 0.&450E 01-0.4107E-02 0.1144E 02 0.1275E 04 0.101~E 04 
&7 0.13&&E 00 0.~303E-Ol 0.8&41E-Ol 0.45~3E-Ol 0.20~OE-Ol 0.1223E O~ 0.&445E 01-0.43&lE-02 0.1145E 02 0.1275E 04 0.1023E 04 
&8 0.1343E 00 0.~271E-Ol 0.8515E-Ol 0.4&10E-Ol 0.2035E-Ol 0.1151E O~ 0.&43~E 01-0.4&15E-02 0.114&E 02 0.1275E 04 0.1027E 04 
&q 0.132&E 00 0.~23&E-Ol 0.83~&E-Ol 0.4&28E-Ol 0.1~80E-Ol 0.1085E O~ 0.&434E 01-0.48&~E-02 0.1147E 02 0.127&E 04 0.1031E 04 
70 O.1311E 00 0.~1~4E-Ol 0.82~7E-Ol 0.4&27E-Ol 0.1~25E-Ol 0.1022E O~ 0.&427E 01-0.5123E-02 0.114~E 02 0.127&£ 04 0.103&E 04 
71 O.12~3f 00 0.~148E-Ol 0.8187E-Ol 0.4&31E-Ol 0.1871E-01 0.~5&8E ·08 0.&421E 01-0.5374E-02 0.1150E 02 0.127&E 04 0.1040E 04 
72 0.1273E 00 0.~0~3E-Ol 0.80&7E-01 0.4&24E-Ol 0.1817E-Ol O.~Ol&E 08 0.&414E 01-0.5&21E-02 O.llSlE 02 0.127&E 04 0.1045E 04 
73 0.1253E 00 0.~023E-Ol 0.7~35E-Ol 0.4&12E-Ol 0.17&4E-Ol 0.8&5~E 08 0.640&E 01~0.5A&4E-02 0.1153E 02 0.1277E 04 0.1050E 04 
74 0.1234E 00 0.8~52E-Ol 0.77~lE-Ol 0.45~OE-Ol 0.1711E-Ol 0.82~lE 08 0.&3~8E 01-0.&100E-02 0.1154E 02 0.1277E 04 0.1055E 04 
75 0.121&E 00 0.88~7E-Ol 0.7&43E-Ol 0.45&8E-Ol 0.1&58E-Ol 0.7~51E 08 0.&3~OE 01-0.&330E-02 0.115&E 02 O.1277E 04 O.lO&lE 04 
7& 0.1200E 00 0.8854E-Ol 0.7484E-01 0.4535E-Ol 0.1&07E-Ol 0.75~lE 08 0.b382E 01-0.&54~E-02 0.1158E 02 0.1278E 04 0.10&&E 04 
77 0.1184E 00 0.880&E-Ol 0.7320E-Ol 0.44~8E-Ol 0.155&E-Ol 0.7230E 08 0.&373E 01-0.&75~E-02 0.115~E 02 0.1278E 04 0.1072E 04 
78 0.11&8E 00 0.8738E-Ol 0.71&&E-Ol 0.4454E-Ol 0.1505E-Ol 0.&874E 08 0.&3&4E 01-0.&~5&E-02 O.ll&lE 02 0.127~E 04 0.1077E 04 
7~ 0.1152E 00 0.8&54E-01 0.7020E-Ol 0.440&E-Ol 0.145&E-Ol 0.~524E 08 0.&354E 01-0.7140E-02 0.11&3E 02 0.127~E 04 0.1083E 04 
80 0.1133E 00 0.8557E-Ol 0.&871E-Ol 0.4352E-Ol 0.1407E-01 0.&151E 08 0.&344E 01-0.7308E-02 0.11&4E 02 0.127~E 04 0.108~E 04 
81 0.1112E 00 0.8453E-Ol 0.&713E-Ol 0.4287E-Ol 0.13&OE-Ol 0.5825E 08 0.&334E 01-0.74&lE-02 O.ll&&E 02 0.1280E 04 0.10~5E 04 
82 0.10~7E 00 0.8335E-Ol 0.&548E-Ol 0.4225E··01 0.1313E-Ol 0.548&E 08 0.&323E 01-0.75~&E-02 0.11&8E 02 0.1280E 04 0.1102E 04 
83 0.1083E 00 0.820&E-Ol 0.&385E-Ol 0.415&E-Ol 0.12&7E-Ol 0.5175E 08 0.&313E 01-0.7712E-02 0.1170E 02 0.1281E 04 0.1108E 04 
840.10&8E 00 0.807&E-Ol 0.&21~E-Ol 0.407~E-Ol 0.1223E-Ol 0.4882E 08 0.&302E 01-0.7810E-02 0.1172E 02 0.1281E 04 0.1114E 04 
85 0.1051E 00 0.7~45E-Ol 0.&050E-Ol 0.4005E-Ol 0.1180E-Ol 0.4&02E 08 0.&2~lE 01-0.7885E-02 0.1174E 02 0.1282E 04 0.1121E 04 
8& 0.1034E 00 0.7837E-Ol 0.587~E-Ol 0.3~21E-Ol 0.113~E-Ol 0.4371E 08 0.&27~E 01-0.7~40E-02 0.117&E 02 0.1282E 04 0.1127E 04 
87 0.1017E 00 0.772~E-Ol 0.5711E-Ol 0.3833E-Ol 0.10~~E-01 0.4144E 08 0.&2&8E 01-0.7~72E-02 0.1178E 02 0.1283E 04 0.1134E 04 
88 0.~~~8E-Ol 0.7&03(-01 0.5548E-01 0.374~E-Ol 0.10&lE-Ol 0.3~&8E 08 0.&25&E 01-0.7~82E-02 0.1180E 02 0.1283E 04 0.1140E 04 
8~ 0.~831E-Ol 0.7471E-Ol 0.53~lE-01 0.3&8~E-Ol 0.1021E-Ol 0.3848E 08 0.&242E 01-0.~130E-02 0.1183E 02 0.1284E 04 0.1147E 04 
~O 0.~34&E-Ol 0.8207E-Ol 0.5225E-Ol 0.35~2E-Ol 0.~872E-02 0.3735E 08 0.&228E 01-0.~3~&E-02 0.1185E 02 0.1284E 04 0.1154E 04 
~1 0.~308E-Ol 0.7857E-Ol 0.5055E-Ol 0.3481E-Ol 0.~5&&E-02 0.3&11E 08 0.&215E 01-0.82&4E-02 0.1187E 02 0.1284E 04 0.11&lE 04 
~2 0.~412E-Ol 0.&~4&E-Ol 0.4~03E-Ol 0.341&E-Ol 0.~145E-02 0.3275E 08 0.&201E 01-0.8~~&E-02 0.118~E 02 0.1285E 04 0.11&8E 04 
~3 0.8830E-Ol 0.7&4&E-Ol 0.4744E-Ol 0.3288E-Ol 0.8745E-02 0.3035E 08 0.&187E 01-0.~052E-02 0.11~2E 02 0.128&E 04 0.1175E 04 
q4 0.8811E-Ol 0.7240E-Ol 0.4580E-Ol 0.3144E-Ol 0.8383E-02 0.2~&lE 08 0.&172E 01-0.8~~7E-02 0.11~4E 02 0.128&E 04 O.1181E 04 
~5 0.85&4E-Ol 0.710&E-01 0.411&E-Ol 0.3048E-Ol 0.8083E-02 0.2~77E 08 0.&158E 01-0.8801E-02 0.11~&E 02 0.1287E 04 0.1188E 04 
~& 0.8400E-Ol 0.&873E-01 0.4255E-Ol 0.2~42E-Ol 0.782~E-02 0.2~38E 08 0.&144E 01-0.8572E-02 0.11~~E 02 0.1287E 04 0.11~4E 04 
~7 0.8238E-Ol 0.&&7&E-Ol 0.4100E-01 0.2845E-Ol 0.75~lE-02 0.2~70E 08 0.&130E 01-0.8301E-02 0.1201E 02 0.1288E 04 0.1200E 04 
~8 0.8085E-Ol 0.&488E-Ol 0.3~50E-Ol 0.2745E-Ol 0.7370E-02 0.3004E 08 0.&11&E 01-0.800&E-02 0.1203E 02 0.128~E 04 0.120&E 04 
~~ 0.7~20E-Ol 0.&2~&E-Ol 0.3810E-Ol 0.2&50E-Ol 0.715~E-02 0.30&&E 08 0.&102E 01-0.7&85E-02 0.120&E 02 0.128~E 04 0.1212E 04 

100 0.774~E-Ol 0.&0~3E-Ol 0.3&73E-Ol 0.25&OE-Ol 0.&~43E-02 0.30~2E 08 0.&08~E 01-0.7343E-02 0.1208E 02 0.12~OE 04 O.1218E 04 
101 0.7578E-Ol 0.5883E-Ol 0.353~E-Ol 0.24&5E-Ol 0.&73&E-02 0.3127E 08 0.&07&E 01-0.&~82E-02 0.1210E 02 0.12~OE 04 0.1224E 04 



15 0.04812 0.00 0.00 0.00 2.02E-02 2.24E-02 3.8&E-02 4.75E-02 4.3&E-02 3.&4E-02 2.85E-02 2.2&E-02 1.73E-02 
14 0.045&2 0.00 0.00-5.30E-02 1.28E-02 2.2~E-02 4.03E-02 4.&3E-02 4.05E-02 3.18E-02 2.2~E-02 1.&3E-02 1.04E-02 
13 0.04328 0.00 0.00-4.20E-02-1.30E-03 2.13E-02 3.~3E-02 4.32E-02 3.5~E-02 2.&2E-02 1.&~E-02 1.00E-02 3.3~E-03 
120.040Q4 0.00 0.00-2.57E-02-7.8&E-03 1 .71E-02 3.5~E-02 3.81E-02 2.~&E-02 1.~&E-u2 1.00E-02 2.51E-03-4.30E-03 
11 0.0371~ 0.00-&.48E-02-3.0~E-02-1.41E-02 8.20E-03 2.48E-02 2.51E-02 1.~4E-02 &.0~E-03-3.0~E-03-1.0&E-02-1.77E-02 
10 0.03437 0.00-5.~5E-02-4.2&E-02-2.2~E-02-7.&&E-04 1.12E-02 1.22E-02 ~.~lE-03-5.~OE-03-1 .4&E-02-2.1&E-02-2.87E-02 
~ 0.0321~ 0.00-5.3~E-02-5.23E-02-3.08E-02-1.20E-02-1.~3E-03 7.&8E-05-7.7~E-03-1.&4E-02-2.42E-02-3.08E-02-3.74E-02 
8 0.03031 0.00-5.52E-02-&.13E-02-4.40E-02-2.20E-02-1.31E-02-1.14E-02-1.84E-02-2.&lE-02-3.28E-02-3.8~E-02-4.52E-02 
7 0.02&87 0.OO-7.35E-02-7.7&E-02-&.52E-02-4.78E-02-3.&~E-02-3.51E-02-3.~&E-02-4.50E-02-4.~7E-02-5.4&E-02-&.00E-02 
& 0.02187 0.00-1.02E-01-1.05E-Ol-~.83E-02-7.~8E-02-7.44E-02-7.22E-02-7.27E-02-7.37E-02-7.52E-02-7.75E-02-8.12E-02 
5 0.01&25 0.00-1 .3&E-Ol~1.41E-Ol-l.3&E-01-1.24E-Ol-l.18E-Ol-l.13E-Ol-lw08E-Ot-l.05E-01-1.02E-Ol-1.01E-Ol-l.03E-Ol 
4 0.010&2 0.00-1 .72E-Ol-l.82E-Ol-l.&&E-Ol-1.&3E-01-1.55E-01-1.47E-01-1.38E-Ol-1.30E-Ol-l.24E-01-1.20E-Ol-1 .20E-Ol 
3 ~.005&2 0.00-l.02E-01-2.05E-Ol-l.~4E-01-1.87E-01-1.78E-Ol-1.&1E-01-1 .5&E-Ol-l.45E-Ol-l .37E~01-1.31E-01-1.30E-01 
2 0.0015& 0.00-2.23E-01-2.14E-01-2.05E-Ol-l .~7E-01-1.87E-Ol-l.75E-01-1 .&2E-Ol-l.51E-Ol-l .42E-01-1.3&E-Ol-1.33E-01 
1-0.0015& 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O~OO 0.00 

o 1 = 13 14 15 1 & 17 18 1 ~ 20 21 22 23 
. X = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~5~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 5.38E-02 5."E-02 &.35E-02 &.~1E-02 7.5&E~02 8.44E-02 ~.31E-02 ~.~8E-02 1.05E-01 1.11E-Ol 0.00 
1~ 0.05~37 4.74E-02 5.11E-02 5.48E-02 &.01E-02 &.&2E-02 7.4~E-02 8.3&E-02 ~.01E-02 ~.51E-02 1.01E-Ol 0.00 
18 0.055~4 3.78E-02 3.~&E-02 4.18E-02 4.&OE-02 5.11E-02 5.8&E-02 &.&2E-02 7.22E-02 7.&&E-02 8.13E-02 0.00 
17 0.05344 3.07E-02 3.10E-02 3.21E-02 3.52E-02 3.~3E-02 4.&OE-02 5.24E-02 5.71E-02 &.08~-02 &.43E-02 0.00 
1& b.05078 2.2~E-02 2.15E-02 2.12E-02 2.35E-02 2.~5E-02 3.1~E-02 3.&&E-02 4.02E-02 4.31E-02 4.53E-02 0.00 
15 0.04812 1.47E-02 1.17E-02 1.02E-02 1.1&E-02 1.33E-02 1 .74E-02 2.05E-02 2.2~E-02 2.43E-02 2.55E-02 0.00 
14 0.045&2 &.81E-03 2.17E-03-3.34E-05 2.4~E-04 8.48E-04 3.24E-03 4.83E-03 5.~2E-03 &.~5E-03 &.47E-03 0.00 
13 0.04328 -1.04E-03-&.8&E-03-1.00E-02-1.0&E-02-1 .10E-02-~.~2E-03-1.00E-02-~.~~E-03-1.03E-02-1.13E-02 0.00 
12 0.040~4 -~.&3E~03-1.&OE-02-1.~8E-02-2.1&E-02-2.2~E-02-2.33E-02~2.4&E-02-2~58E-02-2.&~E-02-2.88E-02 0.00 
11 0.0371~ -2.3~E-02-3.0~E-02-3.5~E-02-3.88E-02-4.17E-02-4.43E-02-4.81E-02-5.08E-02-5.31E-02-S.&2E-02 0.00 
10 0.03437 -3.51E-02-4.25E-02-4.77E-02-5.1&E-02-S.5&E-02-&.00E-02-&.54E-02-&.~2E-02-7.20E-02-7.58E-02 0.00 
~ 0.0321~ -4.42E-02-5.17E-02-5.70E-02-&.1&E-02-&.&SE-02-7.1~E-02-7.82E-02-8.2~E-·02-8.&5E-02-~.03E-02 0.00 
8 0.03031 -S.21E-02-5.~3E-02-&.48E-02-7.02E-02-7.54E-02-8.1~E-02-8.8~E-02-~.43E-02-~.84E-02-1 .02E-Ol 0.00 
7 0.02&87 -&.&&E-02-7.35E-02-7.88E-02-8.47E-02-~.0~E-02-~.~2E-02-1.07E-Ol-l.14E-Ol-l .18E-Ol-l .22E-Ol 0.00 
& 0.02187 -8.&4E-02-~.24E-02-~.73E-02-1.04E-Ol -l.llE-Ol-l .21E-Ol-1.31E-Ol-l.38E-Ol-1 .43E-Ol-l .48E-Ol 0.00 
5 0.01&25 -1.0&E-Ol-l.llE-Ol-l.1SE-Ol-l.22E-0~-1 .31E-Ol-l .41E-Ol-l.52E-Ol-l .S~E-01-1 .&5E-Ol-l .71E-Ol 0.00 
4 0.010&2 -1.21E-Ol-l.25E-Ol-l.2~E-Ol-l.3SE-Ol-l .45E-Ol-l .5&E-Ol-1.&7E-Ol-l .75E-Ol-1.81E-01-1 .88E-01 0.00 
3 0.005&2 -1.30E-Ol-l.32E-Ol-l.3&E-01-1.43E-Ol-1 .53E-01-1.&4E-01-1.7&E-Ol-l .83E-01-1.8~E-01-1.~7E-Ol 0.00 
2 0.0015& -1.33E-01-1.35E-Ol-l.40E-01-1 .4&E-Ol-1.5&E-01-1.&7E-Ol-l.7~E-01-1 .8&E-Ol-1.~3E-01-2.00E-Ol 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TUR8ULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 q 10 11 12 

X = -0.003~3 0.003~3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&20 0.080~2 0.O~72& O.1153q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
1~ 0.05q37 
18 0.055Q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040Q4 
11 0.0371Q 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 3.52E 00 3.0&E 00 2.4qE 00 2.11E 00 
0.00 0.00 0.00 1.Q2E 01 1.~1E 01 1.47E 01 1.13E 01 
0.00 0.00 0.00 2.73E 01 2.10E 01 1.&2E 01 1.30E 01 
0.00 0.00 Q.37E 00 1.&7E 01 1.47E 01 1 .32E 01 1.24E 01 
0.00 0.00 3.11E 01 2.02E 0 1 1.54E 01 1 .34E 01 1 .3QE 01 
0.00 0.00 2.74E 01 1 .74E 01 1.42E 01 1 .42E 01 1.83E 01 
0.00 1.2SE 01 1.&2E 01 1 .4~E 01 1.4&E 01 1.77E 01 2.50E 01 
0.00 3.48E 01 1.83E 01 1 .&OE 01 1 .78E 01 2.34E 01 3.20E 01 
0.00 2.47E 01 1.45E 01 1.&8E 01 2.18E 01 2.Q8E 01 3.81E 01 

1.&5E 01 1.4&E 01 1.27E 01 2.03E 01 3.10E 01 3.Q&E 01 4.5&E 01 

0.00 0.00 0.00 0.00 
1.8&E 00 1 .82E 00 2.17E 00 2.&5E 00 
8.Q7E 00 8.&1E 00 1.12E 01 1.41E 01 
1 .14E 01 1 .34E 01 1.82E 01 2.18E 01 
1 .3&E 01 1.83E 01 2.37E 01 2.&5E 01 
1.84E 01 2.48E 01 2.Q5E 01 3.12E 01 
2.55E 01 3.17E 01 3.S1E 01 3.54E 01 
3.2&E 01 3.7&E 01 3.Q&E 01 3.8QE 01 
3.8&E 01 4.22E 01 4.32E 01 4.1&E 01 
4.34E 01 4.5QE 01 4.&OE 01 4.38E 01 
4.QOE 01 S.02E 01 4.Q4E 01 4.&4E 01 



x = 1.i7352 1.3&20~ 1.57141 1.S037& 2.0&1&& 2.347~3 2.&&S&q 3.00001 3.33434 3.&&S&& 4.002~q 
o J Y 

11 1.00000 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 5.00E-01 S.00E-01 S.00E-01 S.00E-01 S.00E-01 
10 O.~OOOO 4.S2E-01 4.S1E-01 4.S0E-01 4.7~E-01 4.7~E-01 4.7~E-01 4.7SE-01 4.7SE-01 4.7SE-01 4.7~E-01 4.7~E-01 
~ O.SOOOO 4.&4E-01 4.&1E-01 4.5~E-01 4.5SE-01 4.S7E-01 4.S7E-01 4.S&E-01 4.S&E-01 4.S&E-01 4.S7E-01 4.S7E-01 
S 0.70000 4.4&E-01 4.42E-01 4.3SE-01 4.3&E-01 4.34E-01 4.34E-01 4.33E-01 4.33E-01 4.33E-01 4.34E-01 4.34E-01 
7 0.&0000 4.2&E-01 4.20E-01 4.15E-01 4.12E-01 4.10E-01 4.0~E-01 4.0SE-01 4.0SE-01 4.0SE-01 4.0SE-01 4.0SE-01 
& 0.50000 4.05E-01 3.~7E-01 3.~1E-01 3.S&E-01 3.S3E-01 3.S1E-01 3.S0E-01 3.S0E-01 3.80E-01 3.S0E-01 3.S0E-01 
5 0.40000 3.S1E-01 3.71E-01 3.&3E-01 3.57E-01 3.S3E-01 3.S0E-01 3.48E-01 3.4SE-Ol 3.4SE-01 3.4SE-01 3.48E-01 
4 0.30000 3.53E-01 3.41E-01 3.31E-01 3.23E-01 3.17E-01 3.13E-01 3.11E-01 3.0~E-01 3.0~E-01 3.0~E-01 3.0~E-01 
3 0.20000 3.20E-01 3.04E-01 2.~OE-01 2.S0E-01 2.73E-01 2.&SE-01 2.&4E-01 2.&2E-01 2.&1E-01 2.&1E-01 2.&1E-01 
2 0.10000 2.74E-01 2.S1E-01 2.32E-Ol 2.1SE-01 2.0SE-01 2.01E-01 1.~&E-01 1 .~4E-011.~2E-01 1.~2E-01 1.~2E-01 
10.00000 1.S&E-014.S7E-02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
a I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.0314S 0.0314S 0.0~443 0.1&430 0.24187 O.327~& 0.42352 0.S2~&O 0.&4735 0.77804 0.~2311 1.08415 
a J Y 

a 

21 0.50500 
20 0.4~500 
1~ 0.47500 
lS 0.44750 
17 0.42750 
1& 0.40&25 
15 0.3SS00 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
S 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.OS500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

a J Y 
21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.3S500 
14 0.3&500 
13 0.34&25 
12 0.32750 
1·' 0.2~750 
10 0.27500 
~ 0.25750 

0.00 0.00 0.00 0.00 0.00 0.00 D.OO 0.00 0.00 . 0.00 0.00 0.00 
0.00 0.00 0.00 . 0.00 S.04E as S.lSE as 4.~2E as 4.8&E as 4.~OE as 4.~&E as S.OlE as s.OsE as 
0.00 0.00 0.00 0.00 4.q2E as S.07E as 4.8SE as 4.81E O~ 4.8SE as 4.q1E as 4.~&E 05 4.~SE as 
0.00 0.00 0.00 0.00 4.&~E as 4.q3E as 4.74E as 4.71E as 4.77E as 4.82E as 4.8&E as 4.88E as 
0.00 0.00 0.00 4.~~E as 4.&SE as 4.77E as 4.&3E as 4.&4E as 4.70E as 4.7sE as 4.78E as 4.7~E as 
0.00 0.00 0.00 4.&7E as 4.&3E as 4.s~E as 4.s1E as 4.SSE as 4.&2E as 4.&&E as 4.&8E as 4.&8E as 
0.00 0.00 0.00 4.27E as 4.s1E as 4.41E as 4.38E as 4.44E as 4.S2E as 4.s&E as 4.S8E as 4.S7E as 
0.00 0.00 S.OSE as 4.21E as 4.32E as 4.24E as 4.25E as 4.34E as 4.42E as 4.4sE as 4.47E as 4.4&E as 
0.00 0.00 4.&SE as 4.2&E as 4.14E as 4.08E as 4.13E as 4.23E as 4.~lE as 4.34E as 4.3&E 05 4.3&E as 
0.00 0.00 4.03E as 4.14E as 3.q8E as 3.q3E as 4.00E as 4.11E as 4.19E as 4.22E as 4.24E 05 4.24E as 
0.00 3.S3E as 3.&lE as 3.81E as 3.70E as 3.&qE as 3.7~E as 3.~OE as 3.~7E as 4.01E as 4.04E as 4.0SE os 
0.00 3.00E as 3.48E 05 3.s7E as 3.4~E as 3.S1E as 3.&3E as 3.73E as 3.80E as 3.8sE as 3.88E 05 3.~1E as 
0.00 2.11E as 3.28E as 3.38E as 3.33E as 3.3qE as 3.4qE as 3.S8E as 3.&&E as 3.71E 05 3.7&E as 3.7~E as 
0.00 1.77E as 3.0sE as 3.2sE as 3.21E as 3.28E as 3.37E as 3.4&E as 3.s3E as 3.sqE as 3.&sE as 3.&~E as 
0.00 1.~SE as 2.7&E as 3.01E as 2.~~E as 3.07E as 3.14E as 3.22E as 3.30E as 3.38E as 3.4sE as 3.S2E as 
0.00 1.~2E as 2.44E as 2.&4E as 2.71E as 2.7SE as 2.81E as 2.8~E as 2.~~E as 3.08E as 3.18E as 3.28E as 
0.00 1.&5E as 2.10E as 2.24E as 2.31E as 2.40E as 2.48E as 2.5&E as 2.&7E as 2.7qE as 2.Q2E as 3.04E as 
0.00 1.lSEOS 1 .71E as 1.~SE as 2.02E as 2.12E as 2.21E as 2.31E as 2.43E as 2.s7E as 2.72E as 2.8&E as 
0.00 4.s~E 04 1.S2E as 1.71E as 1.ij3E as 1.QsE as 2.0sE as 2.1&E as 2.2QE as 2.44E as 2.&OE as 2.7&E as 
0.00 0.00 1.24E as 1 .&lE as 1 .7&E as 1.8QE as 2.00E as 2.11E as 2.24E as 2.3QE as 2.s&E as 2.72E as 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.oe 0.00 0.00 0.00 0.00 

13 14 15 1 & 17 18 1 Q 20 21 22 23 
1.2&28~ 1.4&130 1 .&8153 1.Q2S~8 2.1~733 2.4Q8s2 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
S.OSE as S.11E as S.11E as s.11E as S.10E as S.08E as S.OSE as s.03E as s.OOE as 4.Q7E 05 
s.OOE as S.02E as S.02E as s.01E as 4.QQE as 4.Q8E as 4.QSE as 4.Q3E as 4.Q1E as 4.88E as 
4.8SE as 4.SSE as 4.87E as 4.8&E as 4.84E as 4.82E as 4.80E as 4.78E as 4.7&E as 4.74E as 
4.78E 05 4.7SE as 4.7&E as 4.7SE as 4.73E as 4.71E 05 4.&QE as 4.&8E as 4.&&E as 4.&4E as 
4.&SE 05 4.&&E as 4.&SE as 4.&3E as 4.&1E as 4.&OE as 4.S8E as 4.s7E as 4.ssE as 4.s4E as 
4.S&E 05 4.S5E 05 4.S3E as 4.S1E as 4.S0E as 4.48E as 4.47E as 4.4&E as 4.4sE as 4.43E as 
4.4SE as 4.44E 05 4.42E as 4.41E as 4.3QE 05 4.38E as 4.37E as 4.3&E as 4.3sE as 4.34E as 
4.3SE as 4.33E as 4.32E as 4.31E as 4.2QE as 4.28E as 4.28E as 4.27E as 4.2&E as 4.2&E as 
4.24E 05 4.23E as 4.22E as 4.21E as 4.20E as 4.1QE as 4.1QE as 4.1QE as 4.1SE as 4.18E as 
4.0&E as 4.0&E as 4.0&E as 4.0SE as 4.0sE os 4.0sE as 4.0sE as 4.0&E as 4.0&E as 4.0&E as 
3.~2E 05 3.Q3E as 3.~4E as 3.~4E as 3.QSE as 3.QSE as 3.Q&E as 3.Q7E as 3.~7E as 3.~8E as 
3.S2E as 3.S4E as 3.8SE as 3.8&E as 3.87E as 3.88E as 3.8QE as 3.QOE as 3.Q1E as 3.92E as 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 



x 0.50 

X 0.5.2 

X 0.54 

X 0.5& 

X 0.58 

X 0.&0 

X 0.&2 

X 0.&4 

X 0.&& 

X 0.&8 

X 0.70 

X 0.72 

X 0.74 

X 0.7& 

X 0.78 

X 0.80 

X 0.82 

X 0.84 

X 0.8& 

X 0.88 

X O.~O 

X 0.~2 

X 0.~4 

X O.~& 

X 0.~8 

+ 

0 

0 

+ 

0 

+ 

0 

+ 

0 

+ 

0 

2 

2 

2 

2 4 

2 4 

2 4 

4 

4 

4 

+ 0.50 

8 1 0.52 

0.54 

0.5& 

8 1 0.58 

+ 0.&0 

0.&2 

0.&4 

8 1 0.&& 

0.&8 

+ 0.70 

0.72 

8 1 0.74 

0.7& 

0.78 

+ 0.80 

0.82 

8 1 0.84 

0.8& 

0.88 

+ O.~O 

8 0.~2 

0.~4 

X 1 .00 O ••••••••• + •.••....• + ......... + .•....... + .•.•••.•. + .2 ....... + ......... 4 ......... + . & ....... +8 ........ 1 1.00 
0.0 O. 1 0.2 0.3 0.4 0.& 0.7 0.8 o.~ 1 .0 



o 1 = 1 2 3 4 5 b 7 S ~ 10 11 12 
X = -0.003~3 0.003~3 0.011S0 0.02054 0.03023 0.040~~ 0.052~4 0.Obb20 0.OSO~2 0.0~72b 0.1153~ 0.13552 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 0.00 0.00 0.00 0.00 1.~4E 01 1.~bE 01 1.~7E 01 1.~SE 01 2.00E 01 2.0SE 01 2.23E 01 2.41E 01 
1~ 0.05~37 0.00 0.00 0.00 0.00 2.01E 01 2.01E 01 2.02E 01 2.05E 01 2.10E 01 2.20E 01 2.35E 01 2.52E 01 
18 0.055~4 0.00 0.00 0.00 0.00 2.0SE 01 2.05E 01 2.0bE 01 2.0~E 01 2.17E 01 2.2~E 01 2.42E 01 2.5bE 01 
17 0.05344 0.00 0.00 0.00 2.30E 01 2.17E 01 2.12E 01 2.12E 01 2.1bE 01 2.25E 01 2.3bE 01 2.47E 01 2.57E 01 
1& 0.05078 0.00 0.00 0.00 2.3SE 01 2.22E 01 2.15E 01 2.17E 01 2.25E 01 2.35E 01 2 .. 44E 01 2.51E 01 2.57E 01 
15 0.04812 0.00 0.00 0.00 2.4SE 01 2.25E 01 2.1SE 01 2.23E 01 2.34E 01 2.45E 01 2.51E 01 2.54E 01 2.57E 01 
14 0.045&2 0.00 0.00 2.~7E 01 2.bOE 01 2.27E 01 2.20E 01 2.30E 01 2.43E 01 2.52E 01 2.5bE 01 2.5bE 01 2.55E 01 
13 0.04328 0.00 0.00 3.0SE 01 2.5~E 01 2.23E 01 2.21E 01 2.3bE 01 2.51E 01 2.5SE 01 2.5~E 01 2.5bE 01 2.53E 01 
12 0.040~4 0.00 0.00 3.22E 01 2.5SE 01 2.20E 01 2.23E 01 2.43E 01 2.57E 01 2.b2E 01 2.bOE 01 2.55E 01 2.4~E 01 
11 0.0371~· 0.00 4.27E 01 3.44E 01 2.5&E 01 2.17E 01 2.2SE 01 2.51E 01 2.b2E 01 2.b3E 01 2.5SE 01 2.4~E 01 2.41E 01 
10 0.03437 0.00 4.4~E 01 3.41E 01 2.44E 01 2.10E 01 2.31E 01 2.52E 01 2.b1E 01 2.5~E 01 2.52E 01 2.42E 01 2.32E 01 
~ 0.0321~ 0.00 4.77E 01 3.40E 01 2.3bE 01 2.0~E 01 ~.32E 01 2.50E 01 2.57E 01 2.54E 01 2.4bE 01 2.35E 01 2.24E 01 
8 0.03031 b~43E01 5.07~ 01 3.3bE 01 2.2~E 01 2.0SE 01 2.30E 01 2.4bE 01 2.51E 01 2.47E 01 2.3SE 01 2.2SE 01 2.1bE 01 
7 0.02&87 b.43E 01 4.~5E 01 ~.1~E 01 2.17E 01 2.05E 01 2.22~ 01 2.33E 01 2.3bE 01 2.31E 01 2.22E 01 2.11E 01 2.00E 01 
& 0.02187 b.43E 01 4.70E 01 2.SbE 01 1.~&E 01 1 .~2E 01 1.~SE 01 2.03E 01 2.04E 01 2.00E 01 1.~2E 01 1.S2E 01 1.71E 01 
5 0.01&25 b~43E 01 4.30E 01 2.37E 01 1.54E 01 1 .5~E 01 1.5SE 01 1 .5~E 01 1 .5SE O~ 1.55E 01 1.4~E 01 1 .42E 01 1 .33E 01 
4 0.010&2 b.43E 01 3~74E 01 1.bbE 01 1.17E 01 1 .13E 01 1 .O~E 01 1.07E 01 1.07E 01 1.05E 01 1 .01E 01 ~.5~E 00 S.~bE 00 
3 0.005&2 b.43E 01 2.SSE 01 b.22E 00 b.5SE 00 b.24E 00 5.~5E 00 5.S2E 00 5.7SE 00 5.b~E 00 5.50E 00 5.21E 00 4.S7E 00 
2 0.0015& b.43E 01 8.00E 00 1.73E 00 1.S3E 00 1.73E 00 1.b5E 00 1 .b2E 00 1.bOE 00 1 .5SE 00 1.53E 00 1.45E 00 1 .35E 00 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1 b 17 1S 1 ~ 20 21 22 23 
X = 0.157Sb 0.1S2bb 0.2101~ 0.24075 G.274b7 0.31232 0.35411 O.3~5~0 0.4~7b~· 0.47~4S 0.52127 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0b187 2.5SE 01 2.70E 01 2.77E 01 2.S0E 01 2.7SE 01 2.74E 01 2.b7E 01 2.bOE 01 2.52E 01 2.4~E 01 0.00 
1~ 0.05~37 2.b7E 01 2.7SE 01 2.S4E 01 2.87E 01 2.S7E 01 2.85E 01 2.S2E 01 2.78E 01 2.73E 01 2.bSE 01 0.00 
18 ·0.055~4 2.b7E 01 2.75E 01 2.7~E 01 2.S1E 01 2.S1E 01 2.7qE 01 2.7bE 01 2.72E 01 2.bSE 01 2.b4E 01 0.00 
17 0.05344 2.b5E 01 2.71E 01 2.74E 01 2.74E 01 2.73E 01 2.71E 01 2.b7E 01 2.b4E 01 2.bOE 01 2.5bE 01 0.00 
1& 0.05078 2.b2E 01 2.b5E 01 2.bbE 01 2.bbE 01 2.b4E 01 2.b1E 01 2.57E 01 2.54E 01 2.50E 01 2.45E 01 0.00 
15 0.04S12 2.5~E 01 2.5qE 01 2.5~E 01 2.57E 01 2.54E 01 2.50E 01 2.4bE 01 2.42E 01 2.3SE 01 2.34E 01 0.00 
14 0.045&2 2.54E 01 2.53E 01 2.50E 01 2.47E O~ 2.44E 01 2.40E 01 2.35E 01 2.31E 01 2.27E 01 2.23E 01 0.00 
13 0.04328 2.50E 01 2.4bE 01 2.42E 01 2.3SE 01 2.J4E 01 2.2qE 01 2.25E 01 2.21E 01 2.1bE 01 2.12E 01 0.00 
120.040q4 2.44E 01 2.3~E 01 2.33E 01 2.2SE 01 2.24E 01 2.1qE 01 2.14E 01 2.10E 01 2.05E 01 2.01E 01 0.00 
11 0.0371~ 2.33E 01 2.25E 01 2.1SE 01 2.12E 01 2.0bE 01 2.01E 01 1.qbE 01 1 .q2E 01 1.SSE 01 1.S4E 01 0.00 
10 0.03437 2.22E 01 2.14E 01 2.0bE 01 1.QQE 01 1.Q3E 01 1.SSE 01 1.S2E 01 1 .78E 01 1 .74E 01 1 .70E 01 0.00 
~ 0.0321~ 2.14E 01 2.04E 01 1 .QbE 01 1.SSE 01 1.S2E 01 1.77E 01 1 .72E 01 1 .b7E 01 1.b3E 01 1 .bOE 01 0.00 
S 0.03031 2.05E 01 1.Q5E 01 1.S7E 01 1.7QE 01 1 .73E 01 1.b7E 01 1.b2E 01 1.5SE 01 1.54E 01 1.50E 01 0.00 
70.02b87 1.SSE 01 1 .7SE 01 1.bQE 01 1.b1E 01 1.55E 01 1.50E 01 1 .45E 01 1.41E 01 1 .37E 01 1.34E 01 0.00 
& 0.02187 1.bOE 01 1.50E 01 1.41E 01 1.34E 01 1.2SE 01 1.23E 01 1 .1QE 01 1 .15E 01 1 .12E 01 1.0QE 01 0.00 
50.01b25 1.23E 01 1.15E 01 1.0SE 01 1.02E 01 Q.bSE 00 Q.27E 00 8.~2E 00 S.b3E 00 8.37E 00 S.15E 00 0.00 
40.010b2 S.32E 00 7.72E 00 7.20E 00 b.77E 00 b.42E 00 b.13E 00 5.SQE 00 5.bQE 00 5.51E 00 5.3bE 00 0.00 
3 0.005&2 4.51E 00 4.17E 00 3.SSE 00 3.b4E 00 3.45E 00 3.2QE 00 3.1bE 00 3.05E 00 2.Q5E 00 2.S7E 00 0.00 
20.0015b 1.25E 00 1.1bE 00 1.0SE 00 1.01E 00 Q.5SE-Ol Q.14E-01 S.77E-01 S.47E-01 8.20E-01 7.Q7E-01 0.00 
1-0.0015b 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 b 7 8 Q 10 11 12 
X = -0.003Q3 0.003~3 0.011S0 0.02054 0.03023 0.040QQ 0.052Q4 0.Obb20 0.OSO~2 0.OQ72b 0.1153~ 0.13552 

o J Y 
21 0.Ob312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.Ob1S7 0.00 0.00 0.00 0.00 1.bOE 03 1.b4E 03 1.5SE 03 1.57E 03 1.5QE 03 1 .blE 03 1.b3E 03 1 .&4E 03 



o 

18 0.43750 
17 0.41&87 
1& 0.3~5&2 
15 0.37500 
14 0.355&2 
13 0.33&87 
12 0.31250 
11 0.28&25 
10 0.2&&25 
~ 0.25000 
8 0.22875 
7 o. 1~500 
& 0.15250 
5 0.10750 
4 0.0&500 
3 0.02875 
2 0.00000 
1 0.00000 

I = 
X = 

0.00 0.00 0.00 0.00 3.43E-01 1.02E-01 3.54E-03-2.45E-02-2.55E-02-2.05E-02-1.55E-02-1.12E-02 
0.00 0.00 0.00 2.12E-01 3.37E-01 1 .0~E-01-&.14E-03-3.87E-02-3.78E-02-2.~1E-02-2.13E-02-1.52E-02 
0.00 0.00 0.00 4.14E-01 3.52E-01 1.11E-01-1.83E-02-5.35E-02-4.~2E-02-3.&7E-02-2.&&E-02-1.qOE-02 
0.00 0.00 0.00 &.23E-01 3.&2E-01 1.01E-01-3.37E-02-&.&OE-02-5.74E-02-4.22E-02-3.08E-02-2.22E-02 
0.00 0.00 2.85E-01 5.~OE-01 3.4qE-01 8.0&E-02-4.8&E-02-7.3qE-02-&.1qE-02-4.57E-02-3.38E-02-2.48E-02 
0.00 0.00 5.10E-01 5.q5E-01 3.30E-01 5.84E-02-5.q1E-02-7.73E-02-&.37E-02-4.7&E-02-3.5~E-02-2.&8E-02 
0.00 0.00 7.q2E-01 &.11E-01 2.Q3E-01 2.58E-02-&.&QE-02-7.&&E-02-&.32E-02-4.8&E-02-3.7QE-02-2.QOE-02 
0.00 3.5~E-01 7.QOE-01 5.QQE-01 2.1QE-01-5.87E-03-&.3&E-02-&.~8E-02-5.Q3E-02-4.77E-02-3.85E-02-3.02E-02 
0.00 5.Q5E-01 8.30E-01 5.75E-01 1.5&E-01-1.Q5E-02-5.7&E-02-&.2QE-02-5.53E-02-4.&1E-02-3.82E-02-3.05E-02 
0.00 8.0&E-01 8.5&E-01 5.41E-01 1 .07E-01-2.52E-02-5.18E-02-5.&8E-02-5.15E-02-4.43E-02-3.7&E-02-3.05E-02 
0.00 7.83E-01 8.&OE-01 4.77E-01 4.QQE-02-2.QOE-02-4.38E-02-4.8&E-02-4.&3E-02-4.17E-02-3.&4E-02-3.00E-02 
0.00 7.75E-01 8.32£-01 3.34E-01-1.84E-02-2.~1E-02-3.21E-02-3.&4E-02-3.78E-02-3.&&E-02-3.34E-02-2.83£-02 
0.00 7.84E-01 7.32E-01 8.4QE-02-2.Q7E-02-2.51E-02-2.1&E-02-2.40E-02-2.7&E-02-2.~1E-02-2.7QE-02-2.43E-02 
0.00 7.82E-01 4.&7E-01-5.81E-02-3.30E-02-2.00E-02-1.40E-02-1.4&E-02-1.80E-02-2.05E-02-2.07E-02-1 .83E-02 
0.00 &.Q7E-01 7.3&E-02~2.82E-02-2.25E-02-1.32E-02-8.2&E-03-8.0&E-03-1.03E-02-1 .23E-02-1.2~E-02-1 .15E-02 
0.00 3.85E-01-3.51E-02-1 .45E-02-1.05E-02-~.07E-03-3.&4E-03-3.43E-03-4.47E-03-5.43E-03-5.74E-03-5.1QE-03 
0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

13 14 15 1 & 17 18 1 ~ 20 21 22 23 
1 .2&28~ 1.4&130 1.&8153 1.~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

o J Y 
21 0.50000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.48500 -1.54E-03-e.&1E-04-3.~8E-04-1 .51E-04-4.58E-05-1.~OE-05 5.50E-0& 1 .&OE-05 &.&~E-05 1.1&E-0& 0.00 
1~ 0.4&125 -4.35E-03-2.44E-03-1.1&E-03-4.52E-04-1.07E-04 3.00E-05 1.34E-04 1.8&E-04 2.34E-04 1.31E-0& 0.00 
18 0.43750 -7.34E-03-4.22E-03-2.14E-03-~.51E-04-3.37E-04-5.33E-05 1.56E-04 2.&&E-04 3.33E-04 1.31E-0& 0.00 
17 0.41&87 -~.~8E-03-5.8&E-03-3.10E-03-1.4~E-03-&.30E-04-2.04E-04 1.07E-04 2.74E-04 3.77E-04 1.&1E-0& 0.00 
1& 0.3~5&2 -1.2&E-02-7.57E-03-4.17E-03-2.13E-03-1.01E-03-4.24E-04 1.~7E-07 2.31E-04 3.84E-04 2.25E-0& 0.00 
15 0.37500 -1.50E-02-~.1~E-03-5.22E-03-2.80E-03-1.43E-03-&.81E-04-1.42E-04 1.55E-04 3.&4E-04 3.0~E-0& 0.00 
14 0.355&2 -1.70E-02-1.0&E-02-&.20E-03-3.44E-03-1.84E-03-~.42E-04-2.~&E-04 &.35E-05 3.28E-04 3.~1E-0& 0.00 
13 0.33&87 -1.87E-02-1.1~E-02-7.10E-03-4.04E-03-2.24E-03-1 .20E-03-4.55E-04-3.54E-05 2.82E-04 4.58E-Oo 0.00 
12 0.31250 -2.0&E-02-1 .34E-02-8.1~E-03-4.80E-03-2.74E-03-1 .54E-03-&.&5E-04-1.71E-04 2.14E-04 5.10E-0& 0.00 
11 0.28&25 -2.1~E-02-1.4&E-02-~.0~E-03-5.45E-03-3.20E-03-1 .84E-03-8.&8E-04-3.08E-04 1 .3&E-04 4.82E-0& 0.00 
10 0.2&&25 -2.25E-02-1.52E-02-~.&1E-03-5.85E-03-3.48E-03-2.04E-03-1.00E-03-4.00E-04 7.~1E-05 4.08E-0& 0.00 
~ 0.25000 -2.27E-02-1.55E-02-~.~1E-03-&.0~E-03·3.&7E-03-2.17E-03-1.0~E-03-4.&&E-04 3.&OE-05 3.22E-0& 0.00 
8 0.22875 -2.27E-02-1.57E-02-1.02E-02-&.33E-03-3.85E-03-2.30E-03-1.1~E-03-5.41E-04-1 .&5E-05 2.00E-0& 0.00 
7 0.1~500 -2.18E-02-1.54E-02-1.01E-02-&.41E-03-3.~5E-03-2.3~E-03-1.28E-03-&.15E-04-8.24E-05 4.17E-07 0.00 
& 0.15250 -1.~1E-02-1.37E-02-~.22E-03-5.~2E-03-3.&8E-03-2.25E-03-1.23E-03-&.1~E-04-1 .2&E-04-&.15E-07 0.00 
5 0.10750 -1 .47E-02-1 .07E-02-7.2&E-03-4.72E-03-2.~5E-03-1 .81E-03-1 .01E-03-5.20E-04-1 .27E-04-7.7&E-07 0.00 
4 0.0&500 -~.31E-03-&.84E-03-4.&8E-03-3.07E-03-1.~2E-03-1 .18E-03-&.&3E-04-3.47E-04-~.21E-05-4.4~E-07 0.00 
3 0.02875 -4.20E-03-3.10E-03-2.13E-03-1.40E-03-8.77E-04-5.3~E-04-3.04E-04-1 .&OE-04-4.41E-05-1 .47E-07 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS W VELOCITY -*-*-*-*~.*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.03148 0.03148 O.0~443 0.1&430 0.24187 0.327~& 0.42352 0.52~&0 0.&4735 0.77804 0.~2311 1.08415 
o J Y 

21 0.50500 
20 0.4~500 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0;00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 &.48E-Ol &.52E-Ol &.55E-Ol &.5~E-01 &.&7E-01 &.~3E-01 
0.00 0.00 0.00 &.70E-01 &.70E-01 &.75E-Ol &.83E-01 &.~~E-Ol 7.32E-Ol 
0.00 0.00 0.00 &.~2E-Ol &.83E-01 &.8&E-Ol &.Q8E-01 7.22E-01 7.&2E-01 
0.00 0.00 7.&7E-Ol 7.25E-Ol 7.05E-01 7.05E-Ol 7.1~E-01 7.50E-Ol 7.87E-01 
0.00 0.00 7.~3E-Ol 7.38E-Ol 7.18E-01 7.25E-01 7.4~E-01 7.83E-01 8.14E-01 
0.00 0.00 8.2&E-Ol 7.50E-Ol 7.27E-Ol 7.45E-01 7.81E-01 8.15E-Ol 8.37E-01 
0.00 ~.~lE-Ol 8.&8E-Ol 7.57E-01 7.33E-Ol 7.&7E-Ol 8.11E-Ol 8.42E-01 8.54E-01 

0.00 0.00 
7.43E-01 8.05E-01 
7.84E-01 8.40E-01 
8.08E-Ol 8.52E-01 
8.23E-01 8.5&E-01 
8.37E-01 8.58E-01 
8.48E-01 8.5&E-01 
8.54E-01 8.51E-01 



x 0.1b 0.1b 
X 0.18 0 2 4 0 8 1 0.18 
X 0.20 + + 0.20 
X 0.22 0 2 4 0 8 0.22 
X 0.24 0.24 
X 0.2b 0 2 4 0 8 1 0.20 
X 0.28 0.28 
X 0.30 + 0 2 4 0 8 + 0.30 
X 0.32 0.32 
X 0.34 0 2 4 0 8 1 0.34 
X 0.30 0.30 
X 0.38 · 0.38 
X 0.40 0 2 4 8 1 + 0.40 
X 0.42 0.42 
X 0.44 · 0.44 
X 0.40 0 2 8 0.40 
X 0.48 0.48 
X 0.50 + + 0.50 
X 0.52 0 2 4 8 1 0.52 
X 0.54 0.54 
X 0.50 · 0.50 
X 0.58 0 2 4 8 1 0.58 
X O.bO + + 0.00 
X 0.b2 0.02 
X 0.b4 · 0.04 
X O.bO 0 2 4 0 8 1 0.00 
X 0.08 0.08 
X 0.70 + + 0.70 
X 0.72 · 0.72 
X 0.74 0 2 4 8 1 0.74 
X 0.70 0.70 
X 0.78 0.78 
X 0.80 + + 0.80 
X 0.82 · 0.82 
X 0.84 0 2 8 0.84 
X 0.80 0.80 
X 0.88 0.88 
X 0.C30 + + 0.<30 
X 0.C32 0 2 4 8 0.<32 
X 0.C34 0.<34 
X 0.C30 0.<30 
X 0.C38 · . 0.<38 
X 1.00 o ......... + .••••.... + .••... 2 .. + ..... 4 .. . +0 .... 8 ... 1 ......... + ......... + ........ . ' + Q •••••••• + ......... + 1 .00 

0.0 0.1 0.2 0.3 0.4 0.5 O.b 0.7 0.8 0.<3 1 .0 

DIMENSIONLESS STREAMLINE PLOT 
1X-AXIS IS XI 

Y-AXES ARE 00 02 04 Ob 08 10 
SYMBOL 0 2 4 b 8 1 
MAXIMUM VALUES 0.370E 02 0.405E 02 0.42<3E 02 0.452E 02 0.475E 02 0.500E 02 



COMPUTED INLET MEAN AXIAL VELOCITY = 30.0000 

COMPUTED INLET MASS FLOW RATE = 0.01774 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- U VELOCITY -*-*-*-*-*-*-*-*-*-*-i-*-*-*-*-*-* 
01= 1 2 3 4 5 & 7 8 q 10 11 12 

X = 0.00000 0.00000 0.00787 0.01&17 0.02s3q 0.035&1 0.04&Q7 0.OsQs7 0.0735& 0.08QOQ 0.10&32 0.12545 
o J Y 

21 0.0&312 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0&187 0.00 0.00 0.00 0.00 0.00 7.&&E 00 1.40E 01 1.4qE 01 1 .40E 01 1.30E 01 1 .21E 01 1.13E 01 
1q 0.OS~37 0.00 0.00 0.00 0.00 0.00 1.22E 01 1.&&E 01 1.&8E 01 1 .SSE 01 1.42E 01 1.2qE 01 1 .1qE 01 
180.0SSq4 0.00 0.00 0.00 0.00 0.00 1.71E 01 1.q4E 01 1.8SE 01 1 .&&E 01 1.47E 01 1 .31E 01 1.20E 01 
17 0.05344 0.00 0.00 0.00 0.00 2.3&E 012.10E 01 2.07E 01 1.87E 01 1.&4E 01 1.43E 01 1.2qE 01 1.18E 01 
1& 0.05078 0.00 0.00 0.00 0.00 2.10E 01 2.0&E 01 1.qsE 01 1 .73E 01 1 .slE 01 1 .3sE ~1 1.23E 01 1 .14E 01 
15 0.04812 0.00 0.00 0.00 0.00 2.1SE 01 2.00E 01 1.72E 01 1.48E 01 1 .32E 011 .22E 01 1.lsE 01 1.08E 01 
14 0.045&2 0.00 0.00 0.00 3.24E 01 2.3&E 01 1.82E 01 1~3qE 01 1 .18E O~ 1 .11E 01 1.08E 01 1.0sE Cl 1 .01E 01 
13 0.04328 0.00 0.00 0.00 2.44E 01 2.00E 01 1.3qE 01 q.q2E 00 8.qOE 00 q.14E 00 q.4sE 00 q.4qr 00 q.33E 00 
12 Q.040q4 0.00 0.00 0.00 2.14E 01 1 .74E 01 1.00E 01 &.lsE 00 &.18E 00 7.2sE 00 8.0sE 00 8.41E 00 B.47E 00 
11 0.0371q 0.00 0.00 2.q7E 01 2.1&E 01 1 .37E 01 3.3sE 00 q.73E-Ol 2.s3E 00 4.44E 00 s.77E 00 &.s2~ 00 &.q2E 00 
100.03437 0.00 0.00 2.10E 01 1.7&E 01 7.&8E 00-1 .1&E 00-1 .7qE 00 2.q&E-01 2.48E 00 4.0sE 00 5.0~E 00 s.&8E 00 
q 0.0321q 0.00 0.00 1.qqE 01 1.ssE 01 3.31E 00-3.ssE 00-3.42E 00-1.21E 00 1.0sE 00 2.73E 00 3.~oE 00,4.&8E 00 
8· 0.03031 0.00 3.00E 01 2.1&E 01 1.37E 017.&lE-01-s.02E 00-4.s&E 00-2.38E 00-1.?&E-Ol 1 .&2E 00 2.88[ 00 3.82E 00 
7 0.02&87 0.00 3.00E 01 2.20E 01 1.07E 01-3.73E 00-&.S4E 00-&.14E 00-4.23E 00-2.13E 00-3.ssE-Ol 1.0iE 00 2.24E 00 
& 0.02187 0.00 3.00E 01 2.07E 01 4.38E 00-8.2sE 00-8.s3E 00-7.81E 00-&.44E 00-4.72E 00-3.01E 00-1.42E 00 3.0SE-02 
5 0.01&25 0.00 3.00E 01 1.&2E 01-&.7&E 00-1.0sE 01-1.00E 01-q.30E 00-S.37E 00-7.0qE 00-s.s4E 00-3.S4E 00-2.1sE 00 
4 0.010&2 0.00 3.00E 01 s.s4E 00-1.s2E 01-1 .27E 01-1 .13E 01-1 .0sE 01-q.7&E OO-S.7qE 00-7.41E OO-s.&8E 00-3.82E 00 
3 0.005&2 0.00 3.00E 01-1.21E 01-1.&OE 01-1 .38E 01-1.21E 01-1 .12E 01-1 .0sE 01-q.70E 00-8.43E 00-&.71E 00-4.7&E 00 
2 0.0015& 0.00 3.00E 01-2.3sE 01-1.70E 01-1 .43E 01-1.24E 01-1 .14E 01-1 .OSE 01-1 .OOE 01-8.7qE 00-7.0SE 00-s.11E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1& 17 lS lq 20 21 22 23 
X = 0.14&&q 0.1702& 0.lq&43 0.22547 0.25771 0.2q34q 0.33321 0.37500 0.41&7Q 0.45858 0.50037 

o J Y 
21 0.0&312 
20 0.0&187 
lq 0.Osq37 
18 0.Ossq4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040q4 
11 0.0371q 
10 0.03437 
q 0.0321q 
8 0.03031 
7 0.02&87 
& 0.02187 
5 0.01&25 
4 0.010&2 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.07E 01 1~03E 01 1.01E 01 1.00E 01 1.00E 01 1.00E 01 1.01E 01 1.01E 01 1 .01E 01 1.02E 01 1.02E 01 
1.11E 01 1.07E 01 1.04E 01 1.03E 01 1.02E 01 1.03E 01 1.03E 01 1.04E 01 1.0sE 01 1.0&E 01 1.0&E 01 
1.12E 01 1.0&E 01 1.03E 01 1.01E 01 Q.QQE 00 Q.Q4E 00 Q.Q3E 00 Q.QsE 00 Q.QQE 00 1.00E 01 1.00E 01 
1.10E 01 1.0sE 01 1.01E 01 Q.87E 00 Q.71E 00 Q.&2E 00 Q.s&E 00 Q.s4E 00 Q.ssE 00 Q.s&E 00 Q.s&E 00 
1.07E 01 1.02E 01 Q.81E 00 Q.s4E 00 Q.3sE 00 Q.22E 00 Q.14E 00 Q.09E 00 Q.O&E 00 Q.O&E 00 Q.O&E 00 
1.03E 01 Q.7QE 00 Q.42E 00 Q.lsE 00 8.Q4E 00 8.80E 00 8.&QE 00 8.&2E 00 8.s8E 00 8.s&E 00 8.s&E 00 
Q.&QE 00 Q.31E 00 8.Q8E 00 8.72E 00 8.s2E 00 8.37E 00 8.2sE 00 8.18E 00 8.12E 00 8.0QE 00 8.0?E 00 
Q.07E 00 8.78E 00 8.s1E 00 8.28E 00 8.0QE 00 7.QsE 00 7.84E 00 7.7&E 00 7.70E 00 7.&&E 00 7.&&E 00 
8.37E 00 8.1QE 00 7.QQE 00 7.80E 00 7.&4E 00 7.s1E 00 7.41E 00 7.33E 00 7.28E 00 7.24E 00 7.24E 00 
7.0QE 00 7.12E 00 7.07E 00 &.Q8E 00 &.88E 00 &.SOE 00 &.72E 00 &.&&E 00 &.&lE 00 &.s7E 00 &.s7E 00 
&.O&E 00 &.2&E 00 &.33E 00 &.33E 00 &.30E 00 &.2sE 00 &.21E 00 &.17E 00 &.12E 00 &.OQE 00 &.OQE 00 
s.23E 00 s.s&E 00 s.74E 00 s.81E 00 s.84E 00 s.S3E 00 s.S2E 00 s.7QE 00 s.7&E 00 s.73E 00 s.73E 00 
4.s0E 00 4.QsE 00 s.22E 00 s.37E 00 s.4sE 00 s.48E 00 s.4QE 00 s.48E 00 s.4&E 00 s.43E 00 s.43E 00 
3.17E 00 3.84E 00 4.2QE 00 4.s7E 00 4.7sE 00 4.SsE 00 4.Q1E 00 4.Q3E 00 4.Q3E 00 4.Q1E 00 4.Q1E 00 
1.28E 00 2.2sE 00 2.Q&E 00 3.4&E 00 3.78E 00 4.00E 00 4.14E 00 4.21E 00 4.23E 00 4.22E 00 4.22E 00 

-&.01E-01 &.7QE-Ol 1.&&E 00 2.3&E 00 2.SsE 00 3.1SE 00 3.40E 00 3.s2E 00 3.sSE 00 3.s8E 00 3.s8E 00 
-2.0sE 00-s.37E-Ol &.48E-Ol 1.s2E 00 2.14E 00 2.s7E 00 2.8&E 00 3.02E 00 3.10E 00 3.11E 00 3.11E 00 



o J Y 
21 0.50500 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1 . OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 
200.4q500 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.&8E 01 1.54E 01 1.42E 01 1.32E 01 1.25E 01 1.21E 01 1.24E 01 1.38E 01 
1q 0.47500 1.00E 00 1.00E 00 1.00E 00 1.00E 00 2.77E 02 2.75E 02 2.31E 02 1.~3E 02 1.&3E 02 1.48E 02 2.00E 02 3.2&E 02 
18 0.44750 1.00E 00 1.00E 00 1.00E 00 1.00E 00 3.18E 02 2.52E 02 2.23E 02 2.04E 02 1.~lE 02 2.22E 02 4.21E 02 &.~8E 02 
17 0.42750 1.00E 00 1.00E 00 1.00E 00 4.~5E 01 1 .43E 02 1.4~E 02 1.&OE 02 1.71E 02 1.88E 02 3.0~E 02 &.1~E 02 ~.2~E 02 
1& 0.40&25 1.00E 00 1.00E 00 1.00E 00 3.05E 02 .1.~4E 02 1.57E 02 1.4~E 02 1.57E 02 2.1~E 02 4.74E 02 8.38E 02 1 .14E 03 
15 0.38500 1.00E 00 1.00E 00 1.00E 00 2.83E 02 1.4QE 02 1.28E 02 1.2~E 02 1.&lE 02 3.38E02 &.~2E 02 1.05E 03 1.33E 03 
14 0.3&500 1.00E 00 1.00E 00 5.52E 01 1.0~E 02 1.04E 02 1.13E 02 1 .33E 02 2.34E02 5.35E 02 ~.03E 02 1 .23E· 03 1 .48E 03 
13 0.34&25 1.00E 00 1.00E 00 2.~3E 02 1 .2~E02 1.03E 02 1.2&E 02 1.82E 02 3.8~E 02 7.3~E 02 1.08E 03 1 .38E 03 1.&1E 03 
12 0.32750 1.00E 00 1.00E 00 2.&4E 02 8.~8E 01 ~.54E 01 1.48E 02 2.77E 02 5.80E 02 ~.32E 02 1.25E 03 1.52E 03 1 .72E 03 
110.2Q750 1.00E 00 Q.81E 01 8.71E 01 5.4~E 01 ~.~1E 01 2.12E 02 5.20E 02 8.Q3E 02 1.21E 03 1.48E 03 1 .71E 03 1 .8~E 03 
10 0.27500 1.00E 00 3.77E 02 8.54E 01 4.57E 01 1.25E 02 3.&1E 02 7.37E 02 1.08E 03 1 .37E 03 1.&2E 03 1 .83E 03 2.00E 03 
Q 0.25750 1.00E 00 3.8QE 02 3.83E 01 3.&OE 01 1.&3E 02 4.80E 02 8.88E 02 1.20E 03 1 .47E 03 1.72E 03 1.~2E 03 2.07E 03 
8 0.24250 1.00E 00 7.00E 00 &.&1E 00 3.5~E 01 2.1&E 02 5.~&E 02 1.00E 03 1 .30E 03 1.5&E 03 1 .7~E 03 1 .~~E 03 2.13E 03 
7 0.21500 1.00E 00 &.~8E 00 7.&5E 00 5.57E 01 3.20E 02 ~.41E 02 1.1~E 03 1.4&E 03 1.70E 03 1.~1E 03 2.0~E 03 2.22E 03 
& 0.17500 1.00E 00 7.00E 00 1.12E 01 1.12E 02 &.13E 02 1.13E 03 1.42E 03 1.&&E 03 1 .87E 03 2.0&E 03 2.22E 03 2.33E 03 
5 0.13000 1.00E 00 7.05E 00 2.57E 01 2.8&E 02 8.&OE 02 1.40£ 03 1.&4F. 03 1.84E 03 2.03E 03 2.20E 03 2.34E 03 2.43E 03 
4 0.08500 1.00E 00 7.28E 00 ~.17E 01 1.12E 03 1.20E 03 1.&2E 03 1.81E 03 1.~8E 03 2.15E 03 2.30E 03 2.43E 03 2.51E 03 
3 0.04500 1.00E 00 8.3&E 00 3.~4E 02 1 .1~E 03 1.47E 03 1.77E 03 1.~3E 03 2.0~E OJ 2.24E 03 2.3~E 03 2.50E 03 2.57E 03 
2 0.01250 1.00E 00 1.83E 01 8.25E 02 1.47E 03 1.&5E 03 1.88E 03 2.02E 03 2.18E 03 2.33E 03 2.47E 03 2.58E 03 2.&4E 03 
1-0.01250 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1.00E 00 1 .OOE 00 1.00E 00 

o I = 13 14 15 1 & 17 18 1 ~ 20 21 22 23 
X = 1.2&28~ 1.4&130 1.&8153 1.~25~8 2.1~733 2.4~852 2.83285 3.1&718 3.50150 3.83583 4.17015 

o J Y 
21 0 . 50500 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. nOE 00 1. OOE 00 1. OOE 00 
200.4Q500 1.50E 01 1.53E 01 1.50E 01 1.45E 01 1.3qE 01 1.34E 01 1.2~E 01 1.25E 01 1.22E 01 1.21E 01 1.00E 00 
lq 0.47500 4.00E 02 4.03E 02 3.&&E 02 3.11E 02 2.53E 02 2.00E 02 1.5&E 02 1.25E 02 1.02E 02 1.04E 02 1.00E 00 
18 0.44750 8.42E 02 8.48E 02 7.78E 02 &.75E 02 5.&5E 02 4.&2E 02 3.75E 02 3.07E 02 2.5&E 02 2.&8E 02 1.00E 00 
17 0.42750 1.0~E 03 1.10E 03 1.02E 03 8.~7E 02 7.&4E 02 &.38E 02 5.31E 02 4.4&E 02 3.80E 02 4.01E 02 1.00E 00 
1& 0.40&25 1.30E 03 1.32E 03 1.23E 03 1 .10E 03 ~.48E 02 S.05E 02 &.S2E 02 5.S4E 02 5.0SE 02 5.35E 02 1.00E 00 
15 0.38500 1.48E 03 1.4qE 03 1.40E 03 1.2&E 03 1.10E 03 ~.50E 02 8.1&E 02 7.0~E 02 &.24E 02 &.57E 02 1.00E 00 
14 0.3&500 1.&2E 03 1.&3E 03 1.54E 03 1.40E 03 1.23E 03 1.07E 03 ~.2&E 02 8.13E 02 7.22E 02 7.57E 02 1.00E 00 
13 0.34&25 1.73E 03 1.74E 03 1.&5E 03 1.50E 03 1.33E 03 1.1&E 03 1.02E 03 8.~~E 02 8.04E 02 8.3~E 02 1.00E 00 
12 0.32750 1.84E 03 1.84E 03 1.75E 03 1.&OE 03 1.42E 03 1.25E 03 1.10E 03 ~.75E 02 8.7&E 02 ~.11E 02 1.00E 00 
11 0.2~750· 1.QQE 03 1.Q8E 03 1.88E 03 1 .72E 03 1 .~4E 03 1.3&E 03 1.21E 03 1.08E 03 ~.75E 02 1.01E 03 1.00E 00 
10 0.27500 2.08E 03 2.0&E 03 1.~&E 03 1.80E 03 1.&2E 03 1.44E 03 1.2SE 03 1 .14E 03 1.04E 03 1.07E 03 1.00E 00 
~ 0.25750 2.15E 03 2.12E 03 2.01E 03 1.85E 03 1.&7E 03 1.4QE 03 1.32E 03 1 .1~E O~ 1.08E 03 1.11E 03 1.00E 00 
8 0,24250 2.20E 03 2.11E 03 2.0&E 03 1.8~E 03 1.71E 03 1.52E 03 1.3&E 03 1.22E 03 1 .11E 03 1.14E 03 1.00E 00 
7 0.21500 2.28E 03 2.24E 03 2.12E 03 1.~&E 03 1.77E 03 1.S8E 03 1.42E 03 i.28E 03 1.17E 03 1.18E 03 1.00E 00 
b 0.17500 2.38E 03 2.33E 03 2.21E 03 2.03E 03 1.84E 03 1.&SE 03 1.48E 03 1.34E 03 1.23E 03 1.23E 03 1.0QE 00 
5 0.13000 2.4&E 03 2.41E 03 2.28E 03 2.10E 03 1.Q1E 03 1.71E 03 1.54E 03 1.40E 03 1.28E 03 1.28E OJ 1.00E 00 
4 0.08500 2.S3E 03 2.48E 03 2.34E 03 2.15E 03 1.QSE 03 1.7bE 03 1.58E 03 1.44E 03 1.31E 03 1.30E 03 1.00E 00 
3 0.04500 2.58E 03 2.S2E 03 2.38E 03 2.1~E 03 1.QQE 03 1.7QE 03 1.&lE 03 1.4&E 03 1.33E 03 1.32E 03 1.00E 00 
2 0.01250 2.&5E 03 2.57E 03 2.43E 03 2.22E 03 2.01E 03 1.S1E 03 1.&2E 03 1.47E 03 1.34E 03 1.34E 03 1.00E 00 
1 -0.01250 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE 00 1. OOE no 1. OOE 00 1. OOE 00 1. OOE 00 

I X/D S.S.COEFF. 

2 3.148E-02 7.04SE-03 

3 ~.443E-02 4.S11E-03 



102 0.7407E-Ol 0.S673E-Ol 0.340&E-Ol 0.23~2E-Ol 0.6S66E-02 0.32~7E OS 0.6062E 01-0.73~7E-02 0.1213E 02 0.12~lE 04 0.122~E 04 
103 0.7042E-Ol 0.6130E-Ol 0.3273E-Ol 0.2307E-Ol 0.6422E-02 0.3S01E 08 0.604SE 01-0.7133E-02 0.121SE 02 0.12~2E 04 0.123SE 04 
104 0.&~S7E-Ol O.SSOOE-Ol 0.313~E-Ol 0.21~~E-Ol 0.62~7E-02 0.3&16E OS 0.&03&E 01-0.&0&2E-02 0.1217E 02 0.12~2E 04 0.1240E 04 
105 0.&~3SE-Ol 0.4~71E-Ol 0.301SE-Ol 0.2127E-Ol 0.&160E-02 0.377SE OS 0.6023E 01-0.&0&2E-02 0.121~E 02 0.12~3E 04 0.124SE 04 
106 0.&S66E-Ol 0.S3~&E-Ol 0.2S~2E-Ol 0.2047E-Ol 0.&00SE-02 0.37S~E OS 0.&011E 01-0.SSS&E-02 0.1222E 02 0.12~4E 04 0.12S0E 04 
107 0.&4~3E-Ol 0.S02~E-Ol 0.27S4E-Ol 0.1~3SE-Ol 0.SS47E-02 0.3~lSE OS O.S~~~E 01-0.5130(-02 0.1224E 02 0.12~4E 040.12S5E 04 
lOS 0.&272E-Ol 0.4S71E-Ol 0.26S3E-Ol 0.lS&4E-Ol 0.570&E-02 0.40S3E OS 0.5~S~E 01-0.455~E-·02 0.122&E 02 0.12~5E 04 0.12&OE 04 
10~ 0.&121E-Ol 0.462SE-01 0.25S&E-Ol 0.1784E-Ol 0.55S&E-02 0.4153E OS 0.5~7~E 01-0.400SE-02 0.122SE 02 0.12~&E 04 0.12&4E 04 
110 0.S~70E-Ol 0.4403E-Ol 0.24~2E-Ol 0.1705E-Ol 0.5472E~02 0.420~E OS 0.5~&~E 01-0.343SE-02 0.1230E 02 0.12~&E 04 0.12&SE 04 
111 0.SS40E-Ol 0.4172E~01 0.23~SE-01 0.1631E-Ol 0.5365E-02 0.42~4E OS 0.5~&lE 01-0.2SS2E-02 0.1232E·02 0.12~7E 04 0.1272E 04 
112 0.S703E-Ol 0.3~4&E-0' 0.2310E-Ol 0.1560E-Ol 0.5246E-02 0.4342E OS 0.5~53E 01-0.2332E-02 0.1233E 02 0.12~SE 04 0.127&E 04 
113 0.S572E-Ol 0.3726E-Ol 0.2227E-Ol 0.14~4E-Ol 0.5115E-02 0.43~3E OS 0.5~47E 01-0.17~~E-02 0.1235E 02 0.12~SE 04 0.12S0E 04 
114 0.S446E-Ol 0.3506E-Ol 0.2151E-Ol 0.142SE-Ol 0.4~75E-02 0.4465E OS 0.5~40E 01-0.127~E-02 0.1237E 02 0.12~~E 04 0.12S4E 04 
115 0.S330E-Ol 0.32~lE-Ol 0.20S6E-Ol 0.135~E-Ol 0.4S42E-02 0.44SSE OS 0.5~35E 01-0.77&5E-03 0.123~E 02 0.1300E 04 0.12S7E 04 
116 0.S222E-Ol 0.30S&E-Ol 0.2025E-Ol 0.1302E-Ol 0.4722E-02 0.454SE OS 0.5~31E 01-0.2~30E-03 0.1240E 02 0.1300E 04 0.12~OE 04 
117 0.S131E-Ol 0.2~07E-Ol O.l~&SE-Ol 0.1241E·-Ol 0.4&0~E··02 0.45~5E OS 0.5~27E 01 0.1701E-03 0.1242E 02 0.1301E 04 0.12~3E 04 
11S 0.S054E-Ol 0.2737E-Ol 0.1~12E-Ol 0.11S3E-Ol 0.4504E-02 0.4&55E OS 0.5~24E 01 0.&124E-03 0.1243E 02 0.1302E 04 0.12~&E 04 
11~ 0.4~7~E-Ol 0.2571E-Ol 0.lS61E-Ol 0.1133E-Ol 0.43~4E-02 0.4&~OE 08 0.5Q22E 01 0.1033E-02 0.1245E 02 0.1302E 04 0.12~~E 04 
120 0.4~00E-Ol 0.240SE-Ol 0.lS11E-Ol 0.10S3E-Ol 0.4277E-02 0.472&E OS 0.5~20E 01 0.1430E-02 0.124&E 02 0.1303E 04 0.1302E 04 
121 0.4S32E-Ol 0.224~E-Ol 0.17&SE-Ol 0.1034E-Ol 0.415&E-02 0.4745E OS 0.5~1~E 01 0.lS04E-02 0.1247E 02 0.1304E 04 0.1304E 04 
122 0.4774E-Ol 0.20~&E-Ol 0.1733E-Ol 0.~S57E-02 0.4040E-02 0.475~E OS 0.5~1~E 01 0.2155E-02 0.124~E 02 0.1304E 04 0.1307E 04 
123 0.4717E-Ol 0.1~51E-Ol 0.16~~E-Ol 0.~474E-02 0.3~2~E-02 0.47S4E OS 0.5~1~E 01 0.24S1E-02 0.1250E 02 0.1305E 04 0.130~E 04 
124 0.4&63E-Ol 0.lS14E-Ol 0.1&6SE-Ol 0.~04&E-02 0.3S2SE-02 0.4S0SE OS 0.5~20E 01 0.27S4E-02 0.1251E 02 0.1305E 04 0.1311E 04 
125 0.4627E-Ol 0.16S5E-Ol 0.1641E-Ol 0.S&35E-02 0.3&SlE-02 0.44S&E OS 0.5~22E 01 0.305~E-02 0.1252E 02 0.130&E 04 0.1313E 04 
126 0.45SSE-01 0.157&E-Ol 0.1&15E-Ol 0.S311E-02 0.3551E-02 0.4405E OS 0.5~24E 01 0.3312E-02 0.12S3E 02 0.1307E 04 0.1315E 04 
127 0.4544E-Ol 0.1472E-Ol 0.15~3E-Ol O.S02QE-02 0.343~E-02 0.4455E OS 0.5~2&E 01 0.3~44E-02 0.1254E 02 0.1307E 04 0.1317E 04 
12S 0.4500E-Ol 0.1374E-Ol 0.1574E-Ol 0.770~E-02 0.3335E-02 0.44~&E OS 0.5~2~E 01 0.3754E-02 0.1255E 02 0.130SE 04 0.131SE 04 
12~ 0.4456E-Ol 0.12S2E-Ol 0.155~E-Ol 0.7452E-02 0.3237E-02 0.454&E OS 0.5~32E 01 0.3~4&E-02 0.125&E 02 0.130SE 04 0.1320E 04 
130 0.4407E-Ol 0.1200E-Ol 0.1545E-01 0.722SE-02 0.3145E-02 0.4554E OS 0.5~3&E 01 0.411&E-02 0.1257E 02 0.130~E 04 0.1321E 04 
131 0.4354E-Ol 0.1135E-Ol 0.1533E-Ol 0.&~43E-02 0.30&2E-02 0.455~E OS 0.5~40E 01 0.42&&E-02 0.125SE 02 0.130~E 04 0.1322E 04 
132 (.4300E-Ol 0.10SlE-Ol 0.1522E-Ol 0.&754E-02 0.2~SSE-02 0.4&01E OS 0.5~45E 01 0.43~7E-02 0.125~E 02 0.1310E 04 0.1323E04 
133 C.4245E-Ol 0.1041E-Ol 0.1513E-Ol 0.&57&E-02 0.2~1~E-02 0.4&22E OS 0.5~50E 01 0.450~E-02 0.12S~E 02 0.1310E 04 0.1324E 04 
134 0.41S7E-Ol 0.1012E-Ol 0.150~E-Ol 0.&3~&E-02 0.2S53E-02 0.4&0&E OS 0.5~55E 01 0.4&02E-02 0.12&OE 02 0.1311E 04 0.1325E 04 
135 0.412&E-Ol 0.~~71E-02 0.1507E-Ol 0.&256E-02 0.27~5E-02 0.4&15E OS 0.5~&OE 01 0.4&7&E-02 0.12&lE 02 0.1311E 04 0.132&E 04 
13& 0.40&3E-Ol 0.~~77E-02 0.150&E-Ol 0.&07&E--02 0.2737E-02 0.4&35E OS 0.5~&&E 01 0.4733E-02 0.12&2E 02 0.1312E 04 0.1327E 04 
137 0.3~~~E-Ol 0.1003E-Ol 0.150~E-Ol 0.5~S4E-02 0.2&SlE-02 0.4&21E OS 0.5~72E 01 0.4773E-02 0.12&2E 02 0.1313E 04 0.132SE 04 
13S 0.3~33E-Ol 0.1013E-Ol 0.1514E-Ol 0.5S5&E-02 0.2t31E-02 0.4&20E OS 0.5~7SE 01 0.47~7E-02 0.12&3E 02 0.1313E 04 0.132~E 04 
13~ 0.38&5E-Ol 0.1021E-Ol 0.1523E-Ol 0.573&E-02 0.2585E-02 0.4&12E OS 0.5~S4E 01 0.4S05E-02 0.12&4E 02 0.1313E 04 0.132~E 04 
140 0.37~4E-Ol 0.1031E-Ol 0.15J3E-Ol 0.5&5~E-02 0.2542E-·02 0.4&12E OS 0.5~~OE 01 0.47~~E-02 0.12&4E 02 0.1314E 04 0.1330E 04 
141 0.3724E-Ol 0.1042E-Ol 0.1544E-Ol 0.557~E-02 0.250&E-02 0.4&lSE OS 0.5~~7E 01 0.477~E-02 0.12&5E 02 0.1314E 04 0.1330E 04 
142 0.3&52E-Ol 0.1052(-01 0.1554E-01 0.5523E-02 O.~473E-02 0.4&21E OS 0.~003E 01 0.4747E-02 0.12&&E 02 0.1315E 04 0.1331E 04 
143 0.357~E-Ol 0.10&3E-Ol 0.15&4E-Ol 0.54&~E-02 0.244&E-02 0.4&13E OS 0.&010E 01 0.4702E-02 0.12&&E 02 0.1315E 04 0.1331E 04 
144 0.3507E-01 0.1070E-Ol 0.1575E-Ol 0.5404E-02 0.2425E-02 0.45S0E OS O.&Ol&E 01 0.4&4&E-02 r 12&7E 02 0.131&E 04 0.1332E 04 
145 0.3434E-Ol 0.1077E-01 0.15S5E-01 0.5377E-02 0.2404E-02 0.45&5£ OS 0.&023E 01 0.45S0E-02 (.12&7E 02 0.131&E 04 0.1332E 04 
14& 0.33&2E-Ol 0.1080E-Ol 0.15~5E-Ol 0.5324E-02 0.23S2E-02 0.4583E OS 0.&02~E 01 0.4504E-02 0.12&SE 02 0.1317E 04 0.1332E 04 
147 0.32S~E-Ol 0.1083E-Ol 0.1&05E-Ol 0.532~E-02 0.235~E-02 0.45&~E OS 0.&03&E 01 0.4420E-02 0.12&SE 02 0.1317E 04 0.1333E 04 
14S 0.3217E-0' 0.1084E-Ol 0.1&14E-Ol 0.5332E-02 0.2335E-02 0.4572E OS 0.&043E 01 0.4327E-02 0.12&~E 02 0.131SE 04 0.1333E 04 
14~ 0.3145E-Ol 0.1083E-Ol 0.1&23E-01 0.52~2E-02 0.2311E-02 0.455~E OS 0.&04~E 01 0.422SE-02 0.12&~E 02 0.131SE 04 0.1333E 04 
150 0.3074E-Ol 0.1082E-Ol 0.1&32E-Ol 0.5277E-02 0.2284E-02 0.4544E OS 0.&055E 01 0.4123E-02 0.1270E 02 0.131~E 04 0.1333E 04 
151 0.3004E-01 0.1081E-Ol 0.1&40E-Ol 0.5273E-02 0.2255E-02 0.4525E OS 0.&0&2E 01 0.4011E-02 0.1270E 02 0.131~E 04 0.1333E 04 
152 0.2~34E-Ol 0.107SE-Ol 0.1&47E-Ol 0.52~SE-02 0.2227E-02 0.4477E OS O.&O&SE 01 0.3S~5E-02 0.1271E 02 0.131~E 04 0.1334E 04 
153 0.2S&&E-Ol 0.1072E-Ol 0.1&54E-Ol 0.5273E-02 0.21~~E-02 0.4501E OS 0.6074E 01 0.3774E-02 0.1271E 02 0.1320E 04 0.1334E 04 
154 0.27~~E-Ol 0.10&&E-01 O.l&&OE-Ol 0.52S1E-02 0.2177E-02 0.44&3E OS O.&OSOE 01 0.3&50E-02 0.1272E 02 0.1320E 04 0.1334E 04 
155 0.2734E-Ol 0.105&E-Ol O.l&&&E-Ol 0.527~E-02 0.21&4E-02 0.44&&E OS O.&OS&E 01 0.3523E-02 0.1272E 02 0.1321E 04 0.1334E 04 



10 0.03437 0.00 4.43E 01 1.55E 01 1.40E 01 2.71E 01 3.74E 01 4.3&E 01 4.83E 01 5.11E 01 5.1qE 01 5.08E 01 4.75E 01 
~ 0.0321~ 0.00 3.77E 01 1.01E 01 1.53E 01 3.38E 01 4.00E 01 4.4qE 01 4.qlE 01 5.17E 01 5.25E 01 5.13E 01 4.80E 01 
8 0.03031 2.70E 01 ~.OOE 00 5.7qE 00 1.80E 01 3.q3E 01 4.0qE 01 4.51E 01 4.qlE 01 5.17E 01 5.2&E 01 5.14E 01 4.81E 01 
7 0.02&87 2.70E 01 ~.OOE 00 7.25E 00 2.43E 01 4.71E 01 4.13E 01 4.47E 01 4.84E 01 5.11E 01 5.21E 01 5.11E 01 4.7qE 01 
& 0.02187 2.70E 01 ~.07E 00 1.11E 01 3.84E 01 4.71E 01 4.0qE 01 4.33E 01 4.&&E 01 4.~4E 01 5.0&E 01 4.q7E 01 4.&8E 01 
5 0.01&25 2.70E 01 ~.38E 00 2.14E 01 &.27E 01 4.15E .01 3.q8E 01 4.15E 01 4.43E 01 4.&qE 01 4.81E 01 4.75E 01 4.48E 01 
4 0.010&2 2.70E 01 1.07E 01 4.82E 01 4.04E 01 3.83E 01 3.85E 01 3.qqE 01 4.22E 01 4.45E 01 4.57E 01 4.52E 01 4.28E 01 
3 0.005&2 2.70E 01 1.&2E 01 1.12E 02 3.73E 01 3.72E 01 3.77E 01 3.qOE 01 4.11E 01 4.31E 01 4.43E 01 4.38E 01 4.1&E 01 
2 0.0015& 2.70E 01 3.4&E 01 8.30E 01 3.7&E 01 3.&qE 01 3.7&E 01 3.88E 01 4.08E 01 4.28E 01 4.3qE 01 4.34E 01 4.12E 01 
1-0.0015& 0.00 0.00 0.00 0.00· 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o 1 = 13 14 15 1& 17 18 lq 20 21 22 23 
X = 0.1578& 0.182&& 0.2101q 0.24075 0.274&7 0.31232 0.35411 0.3q5qO 0.437&q 0.47q48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 2.87E 00 2.83E 00 2.&4E 00 2.42E 00 2.21E 00 2.03E 00 1.8qE 00 1 .77E 00 1.&8E 00 1.&&E 00 2.70E 01 
1~ 0.05~37 1.51E 01 1.41E 01 1.22E 01 1.01E 01 8.1&E 00 ~.50E 00 5.23E 00 4.32E 00 3.&7E 00 3.qlE 00 2.70E 01 
18 0.055~4 2.22E 01 2.03E 01 1.74E 01 1.42E 01 1.14E 01 8.q7E 00 7.13E 00 5.7qE 00 4.81E 00 5.3&E 00 2.70E 01 
17 0.05344 2.&lE 01 2.35E 01 1.qqE 01 1.&2E 01 1 .2qE 01 1.02E 01 8.0q[ 00 &.57E 00 5.4&E 00 &.23E 00 2.70E 01 
1& 0.05078 2.q8E 012.&4£ 01 2.21E 01 1.7qE 01 1.43E 01 1.12E 01 8.q4E 00 7.27E 00 &.05E 00 7.01E 00 2.70E 01 
15 0.04812 3.30E 01 2.88E 01 2.40E 01 1.q4E 01 1.54E 01 1.21E 01 q.&4E 00 7.8&E 00 &.5&E 00 7.&&E 00 2.70E 01 
14 0.045&2 3.5&E 01 3.08E 01 2.55E 01 2.05E 01 1.&3E 01 1.28E 01 1 .02E 01 8.32E 00 &.q&E 00 8.15E 00 2.70E 01 
13 0.04328 3.77E 01 3.24E 01 2.&7E 01 2.14E 01 1.&qE 01 1 .33E 01 1.0&E 01 8.&qE 00 7.28E 00 8.51E 00 2.70E 01 
12 0.040~4 3.q4E 01 3.3&E 01 2.77E 01 2.22E 01 1 .75E 01 1 .38E 01 1.10E 01 q.01E 00 7.55E 00 8.7qE 00 2.70E 01 
11 0.0371~ 4.14E 01 3.52E 01 2.88E 01 2.31E 01 1.82E 01 1.44E 01 1 .15E 01 q.3qE 00 7.8qE 00 q.08E 00 2.70E 01 
10 0.03437 4.23E 01 3.5qE 01 2.q4E 01 2.35E 01 1.8&E 01 1.4&E 01 1.11E 01 q.&OE 00 8.07E 00 Q.1QE 00 2.70E 01 
~ 0.0321Q 4.2&E 01 3.&2E 01 2.Q&E 01 2.37E 01 1.87E 01 1.48E 01 1.18E 01 Q.71E 00 8. 1 &E 00 Q.21E 00 2.70E 01 
8 0.03031 4.28E 01 3.&3E 01 2.Q7E 01 2.38E 01 1 .88E 01 1.4QE 01 1.lQE 01 Q.77E 00 8.22E 00 Q.20E 00 2.70E 01 
7 0.02&87 4.27E 01 3.&2E 01 2.Q7E 01 2.38E 01 1.8QE 01 1.4QE 01 1.20E 01 Q.83E 00 8.27E 00 Q.l0E 00 2.70E 01 
& 0.02187 4.18E 01 3.5&E 01 2.Q3E 01 2.35E 01 1.87E 01 1.48E 01 1.lQE 01 Q.80E 00 8.25E 00 8.84E 00 2.70E 01 
5 0.01&25 4.03E 01 3.4&E 01 2.85E 01 2.2QE 01 1.83E 01 1.4&E 01 1.1SE 01 Q.&8E 00 8.15E 00 8.48E 00 2.70E 01 
4 0.010&2 3.87E 01 3.34E 01 2.77E 01 2.24E 01 1.7QE 01 1.43E 01 1 .1&E 01 Q.55E 00 8.04E 00 8.15E 00 2.70E 01 
3 0.005&2 3.77E 01 3.27E 01 2.72E 01 2.20E 01 1.77E 01 1.42E 01 1.15E 01 Q.47E 00 7.Q8E 00 7.Q7E 00 2.70E 01 
2 0.0015& 3.74E 01 3.25E 01 2.71E 01 2.1QE 01 1.77E 01 1.42E 01 1 .15E 01 Q.50E 00 8.0'E 00 7.Q&E 00 2.70E 01 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- TURBULENCE DISSIPATION -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 :; & 7 8 Q 10 11 12 

X = -0.003Q3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 
o J Y 

21 0.0&312 
20 0.0&187 
1~ 0.05q37 
18 0.055q4 
17 0.05344 
1& 0.05078 
15 0.04812 
14 0.045&2 
13 0.04328 
12 0.040q4 
11 0.0371Q 
10 0.03437 
Q 0.0321Q 
8 0.03011 
7 0.02&87 
& 0.02187 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 4.15E 03 3.37E 03 2.47E 03 1 .Q2E 03 1.5QE 03 1.54E 03 2.01E 03 2.71E 03 
0.00 0.00 0.00 0.00 &.81E 03 &.4QE 03 4.53E 03 3.15E 03 2.2&E 03 1.8QE 03 2.13E 03 2.&2E 03 
0.00 0.00 0.00 0.00 1.15E 04 8.17E 03 5.4QE 03 3.7QE 03 2.81E 03 2.57E 03 2.85E 03 3.0QE 03 
0.00 0.00 0.00 Q.01E 03 8.87E 03 &.14E 03 4.52E 03 3.57E 03 3.18E 03 3.3&E 03 3.&lE 03 3.&OE 03 
0.00 0.00 0.00 1.5&E 04 Q.15E 03 5.Q7E 03 4.41E 03 3.87E 03 4.0QE 03 4.48E 03 4.53E 03 4.20E 03 
0.00 0.00 0.00 1.2QE 04 8.22E 03 5.&lE 03 4.5&E 03 4.77E 03 5.4&E 03 5.72E 03 5.43E 03 4.77£ 03 
0.00 0.00 1.3QE 04 1.11E 04 7.88E 03 5.83E 03 5.38E 03 &.18E 03 &.85E 03 &.78E 03 &.l&E 03 5.24E 03 
0.00 0.00 2.04E 04 1.13E 04 8.27E 03 &.&2E 03 &.&lE 03 7.58E 03 7.Q&E 03 7.55E 03 &.&8E 03 5.57E 03 
0.00 0.00 1.23E 04 1.00E 04 8.Q3E 03 7.70E 03 7.QOE 03 8.&QE 03 8.73E 03 8.07E 03 7.04E 03 5.81E 03 
0.00 1.41E 04 1.42E 04 1.l4E 04 1.10E 04 1.01E 04 Q.&2E 03 Q.7QE 03 Q.38E 03 8.4QE 03 7.33E 03 &.OlE 03 
0.00 2.Q4E 04 1.77E 04 1.38E 04 1.41E 04 1.08E 04 Q.80E 03 Q.77E 03 Q.32E 03 8.45E 03 7.31E 03 &.OlE 03 
0.00 2.31E 04 1.87E 04 1.&3E 04 1.&4E 04 1.03E 04 Q.42E 03 Q.42E 03 ~.04E 03 8.2&E 03 7.1QE 03 5.Q3E 03 

4.4QE 05 8.l4E 04 2.35E 04 1.Q2E 04 1.77E 04 Q.53E 03 8.87E 03 8.Q5E 03 8.&8E 03 8.01E 03 7.02E 03 5.81E 03 
4.4QE 05 8.l4E 04 2.&8E 04 2.34E 04 1.81E 04 8.11E 03 7.83E 03 8.03E 03 7.Q4E 03 7.4&E 03 &.&3E 03 5.54E 03 
4.4QE 05 8.l8E 04 3.32E 04 3.l3E 04 1 .17E 04 &.&4E 03 &.53E 03 &.78E 03 &.85E 03 &.S8E 03 5.Q5E 03 5.05E 03 



8 0.24250 3.73EOs 3.7&E 05 3.78E Os3.7~E 05 3.81E 05 3.82E 05 3.84E 05 3.85E 05 3.8&E 05 3.87E 05 0.00 
7 0.21500 3.s7E 05 3.&2E 05 3.&SE 05 3.&8E 05 3.70E 05 3.72E 05 3.74E 05 3.7&E 05 3.78E 05 3.7~E 05 0.00 
& 0.17500 3.3&E 05 3.43E 05 3.48E 05 3.52E 05 3.S&.E 05 3.5~E 05 3.&2E 05 3.&5E 05 3.&7E 05 3.&~E 05 0.00 
5 0.13000 3.1SE 05 3.2SE 05 3.32E 05 3.38E 05 3.43E 05 3.48E 05 3.51E 05 3.54E 05 3.57E 05 3.&OE 05 0.00 
4 0.08500 3.00E 05 3.11E 05 3.20E 05 3.28E 05 3.34E 05 3.3~E 05 3.43E 05 3.47E05 3.50E 05 3.54E 05 0.00 
3 0.04500 2.~1E 05 3.03E 05 3.14E 05 3.22E 05 3.2~E 05 3.34E 05 3.3~E 05 3.43E 05 3.47E 05 3.50E 05 0.00 
2 0.01250 2.88E 05 3.01E 05 3.11E 05 3.20E 05 3.27E 05 3.33E 05 3.38E 05 3.42E 05 3.45E 05 3.4~E 05 0.00 
1-0.01250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O~OO 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS TURBULENCE ENERGY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 . ~ .. 10 11 12 

X = -0.03148 0.03148 0.0~443 0.1&430 0.24187 0.327~& 0.42352 0.52~&0 0.&4735 0.77804 0.~2311 1.08415 
o J Y 

21 0.50500 
20 0.4~SOO 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~7S0 
10 0.27500 

o 

~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 . 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

o J Y 
21 0.50500 
20 0.4~SOO 
1~ 0.47500 
18 0.44750 
17 0.42750 
1& 0.40&25 
15 0.38500 
14 0.3&500 
13 0.34&25 
12 0.32750 
11 0.2~750 
10 0.27500 
~ 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 3.~1E-03 3.40E-03 2.77E-03 2.34E-03 2.07E-03 2.02E-03 2.41E-03 2.94E-03 
0.00 0.00 0.00 0.00 2.13E-02 2.12E-02 1.&3E-02 1.25E-02 9.97E-03 9.57E-03 1.24E-02 1.57E-02 
0.00 0.00 0.00 0.00 3.03E-02 ~.33E-02 1.81E-02 1.45E-02 1.27E-02 1.49E-02 2.03E-02 2.42E-02 
0.00 0.00 0.00 1.04E-02 1.8&E-02 1.&3E-02 1.47E-02 1.38E-02 1 .51E-02 2.04E-02 2.&3E-02 2.94E-02 
0.00 0.00 0.00 3.4&E-02 2.24E-02 1 .71E-021.49F.-02 1.55E-02 2.04E-02 2.7&E-02 3.28E-02 3.47E-02 
0.00 0.00 0.00 3.05E-02 1 .~4E-02 1.58E-02 1.58E-02 2.03E-02 2.83E-~2 3.52E-02 3.90E-02 3.~4E-02 
0.00 0.00 1 .3~E-02 1.80E-02 1.&&E-02 1.&3E-02 1.9&E-02 2.78E-02 3.&3E-02 4.18E-02 4.40E-02 4.32E-02 
0.00 0.00 3.8&E-02 2.03E-02 1.78E-02 1.98E-02 2.&OE-02 3.55E-02 4.29E-02 4.&9E-02 4.80E-02 4.&2E-02 
0.00 0.00 2.75E-02 1.&2E-02 1.87E-02 2.42E-02 3.31E-02 4.23E-02 4.82E-02 5.10E-02 5.11E-02 4.8&E-02 
0.00 1.84E-02 1.&2E-02 1.42E-02 2.25E-02 3.45E-02 4.40E-02 5.07E-02 5.44E-02 5.58E-02 5.48E-02 5.15E-02 
0.00 4.92E-02 1.72E-02 1.55E-02 3.01E-02 4.1&E-02 4.85E-02 5.37E-02 5.&7E-02 5.77E-02 5.&4E-02 5.28E-02 
0.00 4.19E-02 1 .13E-02 1.70E-02 3.7&E-02 4.44E-02 4.9QE-02 5.45E-02 5.74E-02 5.83E-02 5.70E-02 5.33E-02 

3.00E-02 1.00E-02 &.43E-03 2.00E-02 4.3&E-02 4.55E-02 5.01E-02 5.45E-02 5.75E-02 5.84E-02 5.72E-02 5.35E-02 
3.00E-02 1.00E-02 8.0&E-03 2.70E-02 5.23E-02 4.59E-02 4.97E-02 5.38E-02 5.&8E-02 5.79E-02 5.&8E-02 5.32E-02 
3.00E-02 1.01E-02 1 .24E-02 4.2&E-02 5.23E-02 4.54E-02 4.81E-02 5.18E-025.48E-02 5.&2E-02 5.53E-02 5.20E-02 
3.00E-02 1.04E-02 2.38E-02 &.97E-02 4.&1E-02 4.43E-02 4.&1E-02 4.92E-02 5.21E-02 5.35E-02 5.27E-02 4.98E-02 
3.00E-02 1.18E-02 5.3&E-02 4.49E-02 4.2&E-02 4.28E-02 4.44E-02 4.&9E-02 4.95E-02 5.08E-02 5.02E-02 4.7&E-02 
3.00E-02 1.80E-02 1.25E-01 4.15E-02 4.14E-02 4.19E-02 4.33E-02 4.5&E-02 4.79E-02 4.92E-02 4.87E-02 4.&2E-02 
3.00E-02 3.84E-02 9.22E-02 4.18E-02 4.10E-02 4.17E-02 4.31E-02 4.54E-02 4.75E-02 4.87E-02 4.82E-02 4.58E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1& 17 18 19 20 21 22 23 

1.2&289 1.4&130 1.&8153 1.92598 2.19733 2.49852 2.83285 3.1&718 3.50150 3.83583 4.17015 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3.19E-03 3.14E-03·2.94E-03 2.&9E-03 2.4&E-03 2.2&E-03 2.10E-03 1.97E-03 1.87E-03 1.84E-03 3.00E-02 
1.&7E-02 1.57E-02 1.3&E-02 1 .12E-02 9.0&E-03 7.22E-03 5.81E-03 4.80E-03 4.08E-03 4.35E-03 3.00E-02 
2.47E-02 2.2&E-02 1.93E-02 1.58E-02 1.2&E-02 9.9&E-03 7.92E-03 &.43E-03 5.34E-03 5.9&E-03 3.00E-02 
2.~OE-02 2.&lE-02 2.21E-02 1.80E-02 1.43E-02 1.13E-02 8.~~E-03 7.30E-03 &.0&E-03 &.92E-03 3.00E-02 
3.31E-02 2.~3E-02 2.4&E-02 1.~~E-02 1.58E-02 1.25E-02 ~.~3E-03 8.08E-03 &.72E-03 7.79E-03 3.00E-02 
3.&7E-02 3.21E-02 2.&7E-02 2.15E-02 1.71E-02 1.35E-02 1.07E-02 8.73E-03 7.2~E-03 8.51E-03 3.00E-02 
3.~&E-02 3.42E-02 2.83E-02 2.28E-02 1.81E-02 1.42E-02 1.13E-02 ~.25E-03 7.74E-03 ~.05E-03 3.00E-02 
4.1~E-02 3.&OE-02 2.~&E-02 2.38E-02 1.88E-02 1.48E-02 1.18E-02 Q.&&E-03 8.09E-03 ~.4&E-03 3.00E-02 
4.37E-02 3.74E-02 3.07E-02 2.4&E-02 1 .~5E-02 1.53E-02 1.22E-02 1 .00E-02 8.3~E-03 9.77E-03 3.00E-02 
4.&OE-02 3.~1E-02 3.20E-02 2.5&E-02 2.02E-02 1.&OE-02 1.27E-02 1.04E-02 8.7&E-03 1.01E-02 3.00E-02 
4.70E-02 3.~~E-02 3.2&E-02 2.&lE-02 2.0&E-02 1.&3E-02 1.30E-02 1.07E-02 8.~&E-03 1.02E-02 3.00E-02 
4.74E-02 4.02E-02 3.2~E-02 2.&3E-02 2.08E-0? 1.&4E-02 1.32E-02 1.08E-02 ~.07E-03 1.02E-02 3.00E-02 
4.7SE-02 4.03E-02 3.30E-02 2.&4E-02 2.0~E-02 1.&5E-02 1.32E-02 1.0~E-02 ~.13E-03 1.02E-02 3.00E-02 
4.74E-02 4.03E-02 3.30E-02 2.&4E-02 2.10E-02 1.&&E-02 1.33E-02 1 .0~E-02 ~.1~E-03 1.01E-02 3.00E-02 
4.&SE-02 3.~&E-02 3.25E-02 2.&1E-02 2.08E-02 1.&5E-02 1.32E-02 1 .0~E-02 ~.1&E-03 ~.82E-03 3.00E-02 
4.48E-02 3.84E-02 3.1&E-02 2.55E-02 2.04E-02 1.&2E-02 1.31E-02 1 .08E-02 ~.0&E-03 ~.42E-03 3.00E-02 
4.30E-02 3.71E-02 3.07E-02 2.48E-02 1 .~~E-02 1 .5~E-02 1 .2~E-02 1 .0&E-02 8.~3E-·03 ~.0&E-03 3.00E-02 



OITER 
NO 

1--
UMON 

DIMENSIONLESS STREAMLINE PLOT 
ABSOLUTE RESIDUAL SOURCE SUMS ---I. 1--- FIELD VALUES AT MONITORING LOCATION(22, 81 ---I 

VMON WMON MASS ·TKIN DISp· U V W P 0 

1 0.12qqE-01 0.8470E-02 0.2004E 00 0.371&E-02 0.8115E-02 0.&533E 10 0.&213E 01 0.3374E-03 0.12qqE 02 0.1338E 04 0.1340E 04 
2 0.12q1E-01 0.2144E 00 0.1718E 00 0.2378E-01 0.1343E-01 0.10&7E 11 0.&214E 01 U.33q4E-03 0.12qqE 02 0.1582E 04 0.1340E 04 
.3 0.10QOE 00 0.3111E 00 0.1541E 00 0.3&3qE-Ol O.l&qqE-Ol 0.125&E 11 0.&214E 01 0.1352E-03 0.1300E 02 0.1813E 04 0.1340E 04 
4 0.2877E 00 0.2815E 00 0.1422E 00 0.23q3E-Ol 0.1835E-Ol 0.10q&E 11 0.&215E 01 0.75bOE-04 0.1300E 02 0.1770E 04 0.1340E 04 
5 0.3010E 00 0.301&E 00 0.1351E 00 0.2578E-Ol 0.lq3&E-Ol 0.8045E 10 0.&215E 01 0.&783E-04 0.1301E 02 0.1713E 04 0.1340E 04 
& 0.3303E 00 0.30&2E 00 0.1315E 00 0.2873E-Ol 0.20q3E-Ol 0.7q44E 10 0.&215E 01 0.&&44E-04 0.1301E 02 0.1&50E 04 0.1341E 04 
7 0.3441E 00 0.3111E 00 0.12qQE 00 0.2q21E-Ol 0.21&4E-Ol 0.7&5&E 10 0.&215E 010.&721E-04 0.1301E 02 0.15q3E 04 0.1341E 04 
8 0.3512E 00 0.3138E 00 0.1285E 00 0.2q45E-Ol 0.21qOE-01 0.7814E 10 0.&21&E 01 0.&q37E-04 0.1302E 02 0.1547E 04 0.1341E 04 
q 0.3557E 00 0.314QE 00 0.12&8E 00 0.2qq&E-Ol 0.2205E-Ol 0.723&E 10 0.&21&E 01 0.71q8E-04 0.1302E 02 0.1510E 04 0.1341E 04 

10 0.3577E 00 0.31&OE 00 0.1251E 00 0.3073E··Ol 0.2234E-Ol 0.&3&8E 10 0.&21&E 01 0.75q4E-04 0.1303E 02 0.1482E 04 0.1341E 04 
11 0.3&14E 00 0.3157E 00 0.1243E 00 0.3132E-Ol 0.2277E-Ol 0.55&3E 10 0.&21&E 01 0.8011E-04 0.1303E 02 0.14&3E 04 0.1341E 04 
12 0.3&3&E 00 0.3123E 00 0.1237E 00 0.323&E-Ol 0.232qE-Ol 0.5280E 10 0.&217E 01 0.8425E-04 0.1304E 02 0.1450E 04 0.1341E 04 
13 0.3&&qE 00 0.307QE 00 0.1228E 00 ·0.3357E-Ol 0.2402E-Ol 0.5081E 10 0.&217E 01 0.8q14E-04 0.1304E 02 0.1442E 04 0.1341E 04 
14 0.3701E 00 0.303&E 00 0.1227E 00 0.3488E-Ol 0.24q5E-Ol 0.4q3&E 10 0.&217E 01 0.q5q2E-04 0.1304E 020.1438E 04 0.1341E 04 
15 0.3734E 00 0.2q73E 00 0.122&E 00 0.3&lqE-Ol 0.2588E-Ol 0.4821E 10 0.&218E 01 0.1031E-03 0.1305E 02 0.1437E 04 0.1342E 04 
1& 0.3757E 00 0.2ql1E 00 0.1228E 00 0.3752E-Ol 0.2&QQE-Ol 0.4721E 10 0.&218E 01 0.1104E-03 0.1305E 02 0.1437E 04 0.1342E 04 
17 0.3775E 00 0.2853E 00 0.1231E 00 0.3Q42E-Ol 0.2831E-Ol 0.4&25E 10 0.&218E 01 0.1184E-03 0.130&E 02 0.143QE 04 0.1342E 04 
18 0.37Q2E 00 0.2781E 00 0.1232E 00 0.402&E-Ol 0.2Q44E-Ol 0.4528E 10 0.&21QE 01 0.12&&E-03 0.130&E 02 0.1441E 04 0.1342E 04 
lQ 0.37Q2E 00 0.2713E 00 0.1233E 00 0.4003E-Ol 0.3027E-Ol 0.4428E 10 0.&21QE 01 0.1340E-03 0.1307E 02 0.1445E 04 0.1342E 04 
20 0.3782E 00 0.2&51E 00 0.1234E 00 0.3Q7&E-Ol 0.3085E-Ol 0.4323E 10 0.621QE 01 0.1423E-03 0.1307E 02 0.144QE 04 0.1342E 04 
21 0.37&QE 00 0.25Q8E 00 0.1233E 00 0.3Q3QE-Ol 0.3124E-Ol 0.4213E 10 0.&220E 01 C.1501E-03 0.1308E 02 0.1453E 04 0.1343E 04 
22 0.3745E 00 0.2548E 00 0.1230E 00 0.3887E-Ol 0.3173E-Ol 0.40Q8E 10 0.&220E 01 0.1574E-03 0.1308E 02 0.1458E 04 0.1343E 04 
23 0.3718E 00 0.2515E 00 0.1225E 00 0.3832E-Ol 0.31Q2E-Ol 0.3Q78E 10 0.&221E 01 0.1&41E-03 0.1308E 02 0.14&2E 04 0.1343E 04 
24 0.3&Q7E 00 0.24QOE 00 0.1221E 00 0.3823E-Ol 0.31Q8E-Ol 0.3851E 10 0.&221E 01 0.1713E-03 0.130QE02 0.14&&E 04 0.1343E 04 
25 0.3&73E 00 0.245&E 00 0.1215E 00 0.377QE-Ol 0.3203E-Ol 0.3728E 10 0.&221E 01 0.17&8E-03 0.130QE 02 0.1470E 04 0.1344E 04 
2& 0.3&38E 00 0.241&E 00 0.120QE 00 0.3713E-01 0.3202E-Ol 0~35Q7E 10 0.&222E 01 0.1830E-03 0.1310E 02 0.1474E 04 0.1344E 04 
27 0.3&0&E 000.2382E 00 0.1202E 00 0.3&3QE-Ol 0.3211E-Ol 0.3455E 10 0.&222E 01 0.1881E-03 0.1310E 02 0.1478E 04 0.1344E 04 
28 0.3577E 00 0.2352E 00 0.11Q4E 00 0.3570E-01 0.3220E-Ol 0.3300E 10 0.&223E 01 0.lQ22E-03 0.1311E 02 0.1481E 04 0.1344E 04 
2Q 0.3550E 00 0.2318E 00 0.1187E 00 0.347&E··01 0.3240E-01 0.3135E 10 0.&223E 01 0.lQ47E-03 0.1311E 02 0.1484E 04 0.1345E 04 
30 0.3508E 00 0.2274E 00 0.117QE 00 0,3474E-Ol 0.3271E-01 0.2Q&2E 10 0.&224E 01 0.lQ54E-03 0.1312E 02 0.148&E 04 0.1345E 04 
31 0.34&lE 00 0.2223E 00 0.1171E 00 0.3480E-Ol 0.3307E-Ol 0.2785E 10 0.&224E 01 0.lQ38E-03 0.1312E 02 0.148QE 04 0.1345E 04 
32 0.3421E 00 0.2180E 00 O.ll&lE 00 0.34QQE-Ol 0.33&3E-Ol 0.2&24E 100.&225E 01 0.1877E-03 0.1313E 02 0.14QOE 04 0.134&E 04 
33 0.3377E 00 0.2151E 00 0.1151E 00 0.3527E-Ol0.3425E-Ol 0.2458E 10 0.&225E 01 0.1785E-03 0.1313E 02 0.14Q2E 04 0.134&E 04 
34 0.3328E 00 0.212&E 00 0.1141E 00 0.35&3E-Ol 0.34Q7E-01 0.2303E 10 0.&22&E 01 0.1&4&E-03 0.1313E 02 0.14Q3E 04 0.134&E 04 
35 0.327&E 00 0.20Q3E 00 0.1132E 00 0.3&05E-Ol 0.3588E-01 0.2171E 10 0.&22&E 01' 0.143QE-03 0.1314E 02 0.14Q4E 04 0.1347E 04 
3& 0.3213E 00 0.20&2E 00 0.1122E 00 0.3&&&E-01 0.3&84E-Ol 0.2035E 10 0.&227E 01 0.1175E-03 0.1314E 02 0.14Q5E 04 0.1347E 04 
37 0.31&OE 00 0.202&E 00 0.1113E 00 0.3723E-Ol 0.3774E-Ol 0.1Q12E 10 0.&227E 01 0.8184E-04 0.1315E 02 0.14Q5E 04 0.1348E 04 
38 0.3107E 00 0.1QQ4E 00 0.1105E 00 0.3783E-01 0.3872E-01 0.1785E 10 0.&228E 01 0.384QE-04 0.1315E 02 0.14Q&E 04 0.134QE 04 
3Q 0.3047E 00 O.lQ&&E 00 0.10Q7E 00 0.3850E-01 0.3Q70E-01 0.1&51E 10 0.&228E 01-0.1525E-04 0.131&E 02 0.14Q&E 04 0.134QE 04 
40 0.2Q85E 00 0.1Q34E 00 0.10QOE 00 0.3Q23E-01 0.40&OE-01 0.1512E 10 0.&228E01-0.8022E-04 0.131&E 02 0.14Q7E 04 0.1350E 04 
41 0.2Q17E 00 0.18Q7E 00 0.1083E 00 0.3Q85E-01 0.4141E-01 0.1378E 10 0.&22QE 01-0,1531E-03 0.1317E 02 0.14Q7E 04 0.1351E 04 
42 0.285QE 00 0.1837E 00 0.1078E 00 0.4011E-Ol 0.4217E-Ol 0.1245E 10 0.&22QE 01-0.2337E-03 0.1317E 02 0.14Q7E 04 0.1352E 04 
43 0.27Q8E 00 0.1784E 00 0.1075E 00 0.40&&E-01 0.427QE-Ol 0.1111E 10 0.&22QE 01-0.3234E-03 0.1318E 02 0.14Q7E 04 0.1353E 04 
44 0.2741E 00 0.1735E 00 0.1071E 00 0.412&E-Ol 0.4338E-Ol 0.Q83QE OQ 0.&22QE 01-0.4230E-03 0.1318E 02 0.14Q7E 04 0.1354E 04 
45 0.2&8QE 00 0.1&Q1E 00 0.10&&E 00 0.4201E-Ol 0.43Q1E-Ol 0.Q44QE OQ 0.&22QE 01-0.5315E-03 0.131QE 02 0.14Q7E 04 0.1355E 04 
4& 0.2&43E 00 0.1&51E 00 0.10&2E 00 0.4280E-01 0.4430E-01 0.Q010E OQ 0.&228E 01-0.&504E-03 0.131QE 02 0.14Q7E 04 0.135&E 04 
47 0.2&00E 00 0.1&10E 00 0.105QE 00 0.43&lE-Ol 0.445QE-Ol 0.8505E OQ 0.&228E 01-0.77Q2E-03 0.1320E 02 0.14Q7E 04 0.1358E 04 
48 0.2557E 00 0.15&QE 00 0.105&E 00 0.4448E-Ol 0.4478E-Ol 0.8144E OQ 0.&227E 01-0.Q1Q7E-03 0.1320E 02 0.14Q7E 04 0.135QE 04 



1q 0.OSq37 0.00 0.00 0.00 0.00 1.S&E 03 1.&1E 03 1 .S&E 03 1.SSE 03 1.S7E 03 1 .S~E 03 1.&OE 03 1.&lE 03 
180.0SSQ4 0.00 0.00 0.00 0.00 1.48E 03 1.S7E 03 1.S1E 03 1.S2E 03 1.S4E 03 1.SSE 03 1.S&E 03 1.S7E 03 
170.0S344 0.00 0.00 0.00 1.S7E 03 1.4&E 03 1.S1E 03 1.48E 03 1 .4~E 03 1 .S1E 03 1.S3E 03 1.S3E 03 1.S3E 03 
1& 0.05078 0.00 0.00 0.00 1.4SE 03 1.4SE 03 1.44E 03 1.43E 03 1.4SE 03 1.48E 03 1 .4~E 03 1 .4~E 03 1.4~E 03 
1S 0.04812 0.00 0.00 0.00 1.30E 03 1.40E 03 1.38E 03 1.38E 03 1.42E 03 1 .44E 03 1.4SE 03 1 .4SE 03 1.4SE 03 
14 0.045&2 0.00 0.00 1.&8E 03 1.2~E 03 1 .33E 03 1.31E 03 1 .33E 03 1.37E 03 1 .40E 03 1.41E 03 1 .41E 03 1.41E 03 
13 0.04328 0.000.00 1.S1E 03 1.32E 03 1.2&E 03 1.2SE 03 1 .2~E 03 1 .33E 03 1 .3&E 03 1.37E 03 1 .37E 03 1.3&E 03 
120.040Q4 0.00 0.00 1.27E 03 1.28E 03 1.20E 03 1.20E 03 1.24E 03 1.2~E 03 1 .31E 03 1 .32E 03 1 .32E 03 1 .32E 03 
11 0.0371~ 0.00 1.43E 03 1.1SE 03 1.1&E 03 1 .10E 03 1.11E 03 1 .1&E 03 1.20E 03 1.23E 03 1.24E 03 1.2SE 03 1.2SE 03 
10 0.03437 0.00 1.11E 03 1.12E 03 1.07E 03 1.03E 03 1.0SE 03 1.10E 03'1.14E 03 1.1&E 03 1 .18E 03 1 .1~E 03 1.20E 03 
Q 0.0321Q 0.00 7.84E 02 1.0SE 03 1.01E 03 ~.7~E 02 1.01E 03 1.0SE 03 1.08E 03 1.11E 03 1 .13E 03 1 .lSE03 1 .1&E 03 
8 0.03031 0.00 &.43E 02 ~.70E 02 ~.&4E 02 ~.3~E 02 ~.&8E 02 1.00E 03 1.04E 03 1.0&E 03 1 .O~E 03 1 .11E 03 1 .12E 03 
7 0.02&87 0.00 &.S8E 02 8.&3E 02 8.81E 02 8.73E 02 8.~1E 02 ~.l~E 02 ~.SOE 02 ~.81E 02 1.01E 03 1 .04E 03 1.0&E 03 
& 0.02187 0.00 &.08E 02 7.3~E 02 7.S0E 02 7.&2E 02 7.80E 02 8.02E 02 8.30E 02 8.&SE 02 ~.02E 02 ~.3~E 02 ~.72E 02 
5 0.01&25 0.00 4.Q7E 02 &.07E 02 &.41E 02 &.47E 02 &.&SE 02 &.8SE 02 7.14E 02 7.S2E 02 7.~7E 02 8.4SE 02 8.8~E 02 
4 0.010&2 0.00 3.37E 02 4.7~E 02 S.02E 02 S.4&E 02 ~.72E 02 S.~&E 02 &.2&E 02 &.&7E 02 7.17E 02 7.73E 02 8.2&E 02 
3 0.005&2 0.00 1.17E 02 4.14E 02 4.40E 02 4.8SE 02 S.18E 02 S.45E 02 5.7&E 02 &.18E 02 &.72E 02 7.31E 02 7.~OE 02 
2 0.0015& 0.00 0.00 3.3~E 02 4.12E 02 4.&2E 02 4.~7E 02 5.25F. 02 5.57E 02 &.OOE 02 &.55E 02 7.1&E 02 7.77E 02 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 ,15 1& 17 18 1~ 20 21 22 23 
X = 0.1578& 0.182&& 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~5~0 0.437&~ 0.47~48 0.52127 

o J Y 
21 0.0&312 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&187 1.&SE 03 1.&5E 03 1.&5E 03 1.&5E 03 1.&4E 03 1.&3E 03 1.&2E 03 1.&lE 03 1.&OE 03 1 .5~E03 0.00 
lQ 0.OS~37 1.&2E 03 1.&2E 03 1.&2E 03 1.&lE 03 1.&OE 03 1.5qE 03 1.5~E 03 1.58E 03 1.57E 03 1.5&E 03 0.00 
18 0.OSS~4 1.S7E 03 1.S&E 03 1.S&E 03 1.5SE 03 1.54E 03 1.54E 03 1.53E 03 1.52E 03 1 .~lE 03 1.51E 03 0.00 
17 0.05344 1.53E 03 1.52E 03 1.S2E 03 1.51E 03 1.50E 03 1.50E 03 1 .4qE 03 1.48E 03 1 .48E 03 1.47E 03 0.00 
1& 0.05078 1.48E 03 1.48E 03 1.47E 03 1.4&E 03 1 .4&E 03 1.45E 03 1 .45E 03 1.44E 03 1.43E 03 1.43E 03 0.00 
15 0.04812 1.44E 03 1.43E 03 1 .43E 03 1.42E 03 1.41E 03 1.41E 03 1.40E 03 1.40E 03 1 .40E 03 1.3qE 03 0.00 
14 0.045&2 1.40E 03 1.3qE 03 1 .3qE 03 1.38E 03 1 .37E 03 1.37E 031 .37E 03 1 .3&E 03 1 .3&E 03 1.3&E 03 0.00 
13 0.04328 1.3&E 03 1.3SE 03 1.35E 03 1.34E 03 1 .34E 03 1 .34E 03 1 .33E 03 1.33E 03 1.33E 03 1 .33E 03 0.00' 
120.040q4 1.32E 03 1 .31E 03 1 .31E 03 1.31E 03 1 .30E 03 1 .30E 03 1 .30E 03 1.30E 03 1 .30E 03 1 .30E 03 0.00 
110.0371q 1.2SE 03 1.2SE 03 1 .25E 03 1.25E 03 1.25E 03 1.25E 03 1 .25E 03 1.25E 03 1 .2&E 03 1.2&E 03 0.00 
10 0.03437 1.20E 03 1.20E 03 1.21E 03 1 .21E 03 1 .21E 03 1.22E 03 1 .22E 03 1.22E 03 1.22E 03 1.23E 03 0.00 
q 0.0321~ 1.1&E 03 1.17E 03 1 .17E 03 1.18E 03 1.18E 03 1.1qE 03 1 .1qE 03 1.20E 03 1 .20E 03 1.21E 03 0.00 
8 0~03031 1.13E 03 1.14E 03 1 .15E 03 1.15E 03 1 .t&E 03 1 .17E 03 1 .17E 03 1 .18E 03 1 .18E 03 1 .1qE 03 0.00 
7 0.02&87 1.08E 03 1.0qE 03 1 .10E 03 1.11E 03 1 .12E 03 1 .13E 03 1 .14E 03 1 .15E 03 1 .15E 03 1 .1&E 03 0.00 
& 0.02187 1.00E 03 1.02E 03 1.04E 03 1.0&E 03 1 .07E 03 1.08E 03 1 .10E 03 1.11E 03 1 .11E 03 1 .12E 03 0.00 
5 0.01&25 q.28E 02 q.&lE 02 q.87E 02 1.01E 03 1.03E 03 1.04E 03 1 .O&E 03 1.07E 03 1 .08E 03 1.0qE 03 0.00 
4 0.010&2 8.74E 02 Q.14E 02 Q.4&E 02 Q.72E 02 Q.Q4E 02 1.01E 03 1 .03E 03 1 .04E 03 1.0&E 03 1.07E 03 0.00 
3 0.005&2 8.43E 02 8.87E 02 Q.23E 02 ~.52E 02 Q.7&E 02 Q.Q&E 02 1 .01E 03 1.03E 03 1 .04E 03 1.05E 03 0.00 
2 0.0015& 8.31E 02 8.77E 02 ~.15E 02 Q.45E 02 Q.&QE 02 ~.QOE 02 1 .01E 03 1.02E 03 1.04E 03 1.05E 03 0.00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- PRESSURE -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* o I = 1 2 3 4 5 & 7 8 Q 10 11 12 
X = -0.003~3 0.003Q3 0.01180 0.02054 0.03023 0.040QQ 0.052Q4 0.0&&20 0.080Q2 0.OQ72& 0.1153Q 0.13552 

o J Y 
21 0.0&312 
20 0.0&187 
1~ 0.05~37 
18 0.05S~4 
17 0.05344 
1& 0.05078 
15 0.04812 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 &.25E-02 5.22E-02 Q.&OE-02 1.0&E-Ol 1.01E-Ol Q.70E-02 Q.Q7E-02 1 :07E-01 
0.00 0.00 7.0QE-02 5.3QE-02 Q.4QE-02 1.03E-Ol Q.&QE-02 Q.17E-02 ~.13E-02 ~.48E-02 
0.00 0.00 Q.24E-02 &.05E-02 Q.53E-02 Q.88E-02 Q.0~E-02 8.30E-02 7.82E-02 7.&7E-02 
0.00-7.7~E-05 8.2QE~02 7.25E-02 Q.70E-02 Q.57E-02 8.S7E-02 7.54E-02 &.7~E-02 &.32E-02 
0.00 2.&4E-02 &.&8E-02 8.24E-02 ~.80E-02 ~.15E-02 7.88E-02 &.&3E-02 5.S8E-02 4.8SE-02 
0.00 5.83E-02 &.2&E-02 8.7&E-02 Q.&2E-02 8.5&E-02 &.~7E-02 5.53E-02 4.21E-02 3.32E-02 



o 

13 0.34&25 
12 0.32750 
11 0 .2~750 
10 0.27500 

<3 0.25750 
8 0.24250 
7 0.21500 
& 0.17500 
5 0.13000 
4 0.08500 
3 0.04500 
2 0.01250 
1-0.01250 

I = 
X = 

0.00 0.00 1.03E 00 8.&4E-Ol 7.45E-Ol 7.3&E-01 7.88E-Ol 8.37E-Ol 8.&lE-Ol 8.~4E-Ol 8.55E-Ol 8.43E-01 
0.00 0.00 1.07E 00 8.&lE-Ol 7.35E-Ol 7.42E-Ol 8.l0E-Ol 8.57E-Ol 8.73E-Ol 8.~7E-Ol 8.50E-Ol 8.31E-Ol 
0.00 1.42E 00 1.15E 00 8.53E-Ol 7.22E-Ol 7.&OE-Ol 8.37E-Ol 8.74E-Ol 8.77E-Ol 8.5QE-Ol 8.31E-Ol 8.03E-Ol 
0.00 1.50E 00 1 .14E 00 8.l5E-Ol 7.02E-Ol 7.71E-Ol 8.41E-Ol 8.~QE-Ol 8.~4E-Ol 8.40E-Ol 8.07E-Ol 7.73E-Ol 
0.00 1.5<3E 00 1.13E 00 7.87E-Ol ~.Q~E-Ol 7.72E-Ol 8.34E-Ol 8.55E-Ol 8.4~E-Ol 8.l8E-Ol 7.83E-Ol 7.4&E-Ol 

2.l4E 00 1.&<3E 00 1.12E 00 7.~2E-Ol ~.<32E-Ol 7.&7E-Ol 8.20E-Ol 8.3~E-Ol 8.24E-Ol 7.Q5E-Ol 7.58E-Ol 7.20E-Ol 
2.14E 00 1.&5E 00 1.0~E 00 7.23E-Ol ~.84E-Ol 7.40E-Ol 7.7~E-Ol 7.85E-Ol 7.71E-Ol 7.41E-Ol 7.04E-Ol ~.~5E-Ol 
2.l4E 00 1.57E 00 <3.54E-01 ~.54E-Ol &.40E-01 ~.~2E-Ol ~.7~E-01 ~.7QE-Ol &.6~E-01 ~;3QE-Ol ~.0&E-01 5.~QE-Ol 
2.14E 00 1.43E 00 7.Q1E-01 5.l2E-01 5.32E-Ol 5.28E-Ol 5.2<3E-01 5.28E-Ol 5.18E-01 4.Q8E-01 4.72E-01 4.42E-01 
2.14E 00 1.25E 00 5.54E-01 3.8~E-01 3.75E-01 3.~3E-Ol 3.58E-01 3.5~E-01 3.50E-01 3.37E-Ol 3.20E-01 2.<3QE-Ol 
2.14E 00 Q.~OE-Ol 2.07E-Ol 2.1QE-01 2.08E-01 1.Q8E-Ol 1.Q4E-Ol 1.Q3E-0~ 1.QOE-Ol 1.83E-Ol 1 .74E-Ol 1.~2E-Ol 
2.14E 00 2.~7E-Ol 5.7~E-02 ~.OQE-02 5.77E-02 5.51E-02 5.3QE-02 5.35E-02 5.27E-02 5.0QE-02 4.83E-02 4.50E-02 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 14 15 1 ~ 17 18 1 Q 20 21 22 23 

1 .2~28Q 1 .4~130 1.~8153 1.Q25Q8 2.1Q733 2.4Q852 2.83285 3.1~718 3.50150 3.83583 4.17015 
o J Y 

21 0.50500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.4<3500 8.bOE-01 <3.01E-Ol <3.24E-Ol q.32E-Ol q.27E-Ol q.12E-Ol 8.qOF.-Ol 8.~~E-Ol 8.41E-Ol 8.2qE-Ol 0.00 
lq 0.47500 8.8qE-Ol q.2~E-01 q.48E-01 q.58E-01 q.58E-01 q.51E-01 q.3qE-01 q.25E-01 q.10E-01 8.q4E-Ol 0.00 
18 0.44750 8.8qE-01 q.1~E-01 q.32E-01 q.38E-01 q.3~E-01 q.2qE-01 q.1qE-Ol q.07E-0~ 8.q4E-01 8.7qE-01 0.00 
17 0.42750 8.83E-01 q.02E-01 q.12E-01 Q.14E-01 q.11E-01 q.03E-01 e.q2E-01 8.80E-01 8.~7E-01 8.52E-01 0.00 
1~ 0.40~25 8.74E-01 8.85E-01 8.88E-01 8.8~E-01 8.7qE-01 S.70E-01 8.58E-01 8.45E-01 8.32E-01 8.18E-01 0.00 
15 0.38500 8.~2E-01 8.~4E-01 8.~2E-01 8.55E-01 8.4~E-01 8.34E-01 8.21E-01 8.0eE-Ol 7.q4E-01 7.80E-Ol 0.00 
14 0.3~500 8.48E-01 8.43E-01 8.35E-01 8.24E-01 8.12E-Ol 7.qqE-01 7.85E-01 7.71E~01 7.57E-01 7.43E-01 0.00 
13 0.34~25 8.32E-01 8.20E-01 8.07E-Ol 7.q4E-01 7.7QE-01 7.~4E-01 7.4~E-01 7.35E-01 7.21E-01 7.07E-Ol 0.00 
12 0.32750 8.13E-01 7.Q5E-01 7.78E-01 7.~1E-01 7.45E-01 7.2QE-01 7.13E-01 ~.QQE-01 ~.A5E-01 ~.71E-01 0.00 
11 0.2Q750 7. 75E-01 7.50E-01 7.28E-01 7.07E-01 ~.88E-01 ~. 71E-01 ~.54E-01 ~.3QE-01 ~.25E-01 ~.12E-Ol 0.00 
10 0.27500 7.41E-0~ 7.12E-01 ~.8~E-01 ~.~3E-01 ~.43E-01 ~.25E-Ol ~.08E-01 5.Q3E-01 5.80E-01 5.~7E-01 0.00 

.Q 0.25750 7.12E-01 ~.80E-01 ~.52E-01 ~.28E-01 ~.07E-Ol 5.8QE-01 5.72E-01 5.57E-01 5.44E-Ol 5.32E-01 0.00 
8 0.24250 ~.84E-01 ~.51E-01 ~.22E-01 5.Q7E-01 5.7~E-01 5.57E-01 5.41E-01 5.27E-01 5.13E-01 5.01E-Ol 0.00 
7 0.21500 ~.27E-Ol 5.Q3E-Ol 5.~3E-Ol 5.38E-01 5.17E-Ol 4.QqE-Ol 4.P.1E-01 4.~qE-01 4.57E-01 4.4~E-01 0.00 
~ 0.17500 5.33E-01 5.00E-01 4.71E-01 4.47E-01 4.28E-01 4.11E-01 3.q7E-01 3.85E-01 3.74E-01 3.~4E-01 0.00· 
5 0.13000 4.12E-01 3.83E-01 3.5qE-01 3.3qE-01 3.23E-01 3.09E-01 2.q7E-01 2.88E-01 2.7QE-01 2.72E-01 0.00 
4 0.08500 2.77E-01 2.57E-01 2.40E-01 2.2~E-01 2.14E-01 2.04E-01 1.q~E-01 1.QOE-01 1.84E-01 1.7QE-01 0.00 
3 0.04500 1.5.DE-01 1.3QE-01 1.2QE-01 1.21E-0~ 1.15E-01 1.10E-01 1.05E-01 1.02E-01 Q.84E-02 Q.57E-02 0.00 
2 0.01250 4.17E-02 3.8~E-02 3.5QE-02 3.37E-02 3. ,QE-02 3.05E-02 2.Q2E-02 2.82E-02 2.73E-02 2.~~E-02 0.00 
1-0.01250 0.00 0.00 0.00 0.00 O~OO 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- DIMENSIONLESS 'STREAMLINE COORDS-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 ~ . 7 8 Q 10 11 12 

X = 0.00000 0.00000 0.0~2Q5 0.12Q37 0.20308 0.284Q1 0.37574 0.47~5~ 0.58847 0.712~Q 0.85058 1 .003~3 
o J Y 

o 

11 1.00000 
10 0.<30000 
Q 0.80000 
8 0.70000 
7 O.~OOOO 
~ 0.50000 
5 0.40000 
4 0.30000 
3 0.20000 
2 0.10000 
1 0.00000 

I = 
X = 

0.00 2.50E-01 3.12E-Ol 3.75E-01 4.37E-01 5.00E-Ol 5.00E-Ol 5.00E-01 
0.00 2.37E-01 3.12E-01 3.75E-01 4.27E-01 4.7QE-01 4.S7E-01 4.87E-01 
0.00 2.23E-01 2.84E-01 3.55E-01 4.1~E-01 4.~4E-01 4.74E-01 4.75E-01 
0.00 2.0QE-01 2.~8E-01 3.44E-01 4.0~E-01 4.4QE-Oi 4.~3E-Ol 4.~4E-Ol 
0.00 1.Q3E-01 2.50E-01 3.30E-Ol 3.Q3E-01 4.37E-01 4.51E-01 4.52E-01 
0.00 1.77E-01 2.31E-01 3~15E-01 3.81E~01 4.25E-01 4.40E-01 4.40E-01 
0.00 1.57E-01 2.12E-01 2.QQE-Ol 3.~QE-01 4.13E-Ol 4.2QE-Ol 4.2QE-01 
0.00 1.36E-01 1.Q1E-Ol 2.82E-Ol 3.5~E-01 4.01E-Ol 4.17E-Ol 4.1~E-01 
0.00 1.10E-01 1.~7E-01 2.~2E-01 3.42E-01 3.8QE-Ol 4.05E-01 4.03E-01 
0.00 7.75E-02 1.37E-01 2.37E-01 3.25E-01 3.75E-Ol 3.Q2E-01 3.87E-01 
0.00 0.00 8.~2E-02 2.05E-01 3.05E-01 3.~OE-01 3.7~E-01 3.~QE-Ol 

13 14 15 1~ 17 18 1Q 20 
1 .17352 1.3~20Q 1.57141 1 .8037~ 2.0~1~~ 2.347Q3 2.~~5~Q 3.00001 

5.00E-01 5.00E-Ol 5.00E-Ol 
4.87E-Ol 4.8~E-Ol 4.84E-01 
4.74E-01 4.71E-Ol 4.~QE-Ol 
4.~lE-Ol 4.58E-01 4.54E-Ol 
4.4QE-Ol 4.43E-Ol 4.38E-Ol 
4.3~E-01 4.2QE-Ol 4.21E-Ol 
4.22E-Ol 4.13E-Ol 4.02E-01 
4.08E-Ol 3.Q5E-Ol 3.81E-01 
3.Q1E-Ol 3.74E-Ol 3.57E-Ol 
3.71E-01 3.4QE-Ol 3.2~E-Ol 
3.45E-01 3.12E-Ol 2.7QE-01 

21 22 23 
3.33434 3.~~8~~ 4.002QQ 

5.00E-01 
4.83E-01 
4.~7E-01 
4.50E-01 
4.32E-Ol 
4.13E-01 
3.Q2E-01 
3.~8E-Ol 
3.40E-Ol 
3.03E-Ol 
2.40E-01 



0 

X 0.00 

X 0.02 

X 0.04 

X 0.0& 

X 0.08 

X 0.10 

X 0.12 

X 0.14 

X 0.1& 

X 0.18 

X 0.20 

X 0.22 

X 0.24 

X 0.2& 

X 0.28 

X 0.30 

X 0.32 

X 0.34 

X 0.3& 

X 0.38 

X 0.40 

X 0.42 

X 0.44 

X 0.4& 

X 0.48 

RADIAL POSITION 2R/D 

0.0 O. 1 0.2 0.3 0.4 O.S 0.& 0.7 0.8 1.0 

o. . . . . . . . . + . . . . . • • ~ . + • 2 . . . . . . . + 4 . . • • • • • b + • . . • 8. . . . 1 • • • • • • • • • + • • • • • • . • • + • • • . • . . • . + . • . . • • . • . + . . . . . . . . . ., 0 . 00 . 

o 2 4 8 

o 2 4 

+ 

+ 

0 

0 

+ 0 

0 

0 2 

0 2 

o 2 

o 

o 

2 

2 

2 

8 1 

4 

o 
o 

o 

2 

2 

4 

4 

4 

2 

2 

4 

4 

& 8 1 

4 

2 

2 

4 & 

4 

4 

4 & 

4 & 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

0.02 

0.04 

0.0& 

0.08 

1 0.10 

1 O. 12 

0.14 

0.1& 

0.18 

+ 0.20 

0.22 

0.24 

0.2& 

0.28 

0.30 

0.32 

0.34 
. 0.3& 

0.38 

0.40 

0.42 

0.44 

0.4& 

0.48 



3 0.005&2 -2.87E 00-1.23E 00 7.88E-02 1.05E 00 1.74E 00 2.23E 00 2.55E 00 2.74E 00 2.83E 00 2.85E 00 2.85E 00 
2 0.0015& -3.17E 00-1.48E 00-1.2qE··01 8.78E-Ol 1.&OE 00 2.10E 00 2.44E 00 2.&4E 00 2.73E 00 2.7&E 00 2.7&E 00 
1-0.0015& 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- V VELOCITY -*-*-*~*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 

X = -0.003q3 0.003q3 0.01180 0.02054 0.03023 0.040~~ 0.052~4 0.0&&20 0.080~2 0.0~72& 0.1153~ 0.13552 o J Y . 
21 0.0&250 0.00 0.00 O~OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
200.0&0&2 0.00 0.00 0.00 0.00 1.43E 00 1.07E 00 1.2&E-Ol-l .21E-Ol-l.24E-Ol-~.54E-02-7.78E-02-5.71E-02 
1q 0.057&& 0.00 0.00 0.00 0.00 5.13E 00 2.2~E 00 1.82E-01-3.~2E-01-4.01E-01-3.1~E-01-2.44E-Ol-l .&~E-Ol 
180.054&q 0.00 0.00 0.00 0.00 1.05E 01 3.03E 00-3.1~E-02-8.28E-0~-7.~7E-Ol-&.05E-01-4.37E-01-2.~5E-01 
17 0.05211 0.00 0.00 0.00 &.7&E 00 1.04E 01 3.10E 00-4.35E-Ol-1 .32E 00-1.18E 00-8.&OE-Ol-&.04E-01-4.0&E-Ol 
1& 0.04Q45 0.00 0.00 0.00 1 .33E 01 1.08E 01 3.01E 00-~.24E-Ol-l.82E 00-1.54E 00-1.0~E 00-7.&2E-01-5.17E-Ol 
15 0.04&87 0.00 0.00 0.00 2.03E 01 1 .10E 01 2.53E 00-1 .4~E 00-2.23E 00-1 .7~E 00-1 .2&E 00-8.~3E-Ol-&.15E-Ol 
14 0.04445 0.00 0.00 Q.71E 00 1.QOE 01 1.03E 01 1 .74E 00-1 .~8E 00-2.47E 00-1 .~4E 00-1 .38E 00-~.~2E-Ol-&.~8E-Ol 
13 0.04211 0.00 0.00 1.73E 01 1.8~E 01 ~.41E 00 ~.~5E-01-2.28E 00-2.57E 00-2.00E 00-1.45E 00-1.07E 00-7.&&E-Ol 
120.03QO& 0.00 0.00 2.&8E 01 1.~OE 017.8&E 00-5.21E-03-2.45E 00-2.53E 00-1.~~E 00-1.50E 00-1.14E 00-8.41E-Ol 
110.03578 0.00 1.2QE 01 2.&OE 01 1.78E 01 5.12E 00-7.24E-01-2.25f. 00-2.2~E 00-1.88E 00-1.48E 00-1 .17E 00-8.8~E-Ol 
10 0.03328 0.00 2.08E 01 2 .. &8E 01 1.&3E 01 3.2&E 00-~.23E-01-1 .~~E 00-2.0&E 00-1.7&E 00-1.45E 00-1 .18E OO-~.O~E-Ol 
~ 0.03125 0.00 2.75E 01 2.74E 01 1.4&E 01 2.07E 00-~.&OE-01-1 .7&E 00-1.85E 00-1.&4E 00-1.40E 00-1 .17E: OO-~.15E-Ol 
80.0285Q 0.00 2.71E 01 2.73E 01 1.21E 01 &.~OE-Ol-~.38E-01-1 .44E 00-1.58E 00-1.48E 00-1 .33E 00-1 .14E OO-~.10E-Ol 
7 0.02437 0.00 2.71E 01 2.5QE 01 &.~~E 00-5.82E-01-8.20E-Ol-~.~1E-Ol-1.17E 00-1 .22EOO-1 .17E 00-1 .O&E 00-8.&~E-Ol 
& O.OlQO& 0.00 2.75E 01 2.12E 01 &.4&E-Ol-~.0~E-01-&.&&E-Ol-&.O~E-01-7.4&E-01-8.~lE-01-~.44E-01-8.93E-01-7.55E-Ol 
5 0.01344 0.00 2.71E 01 1.12E 01-1.81E 00-~.80E-01-5.25E-01-3.&4E-01-4.3&E-01-5.81E-01-&.70E-01-&.&&E-01-5.7&E-Ol 
4 0.00812 0.00 2.2~E 01 ~.47E-01-1 .02E 00-&.~3E-01-3.50E-01-2.04E-01-2.33E-01-3.32E-01-4.03E-01-4.15E-01-3.&4E-Ol 
3 0.0035~ 0.00 1.22E 01-1.40E 00-5.2&E-01-3.2~E~01-1 .&2E-01-8.85E-02-~.77E-02-1.43E-Ol-l .78E-Ol-1 .8&E-01-1.&4E-Ol 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o I = 13 14 15 1.& 17 18 1 ~ 20 21 22 23 
X = 0.1578& 0.182&&· 0.2101~ 0.24075 0.274&7 0.31232 0.35411 0.3~5~0 0.437&~ 0.47~48 0,52127 

o J Y 
21 0.0&250 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
20 0.0&0&2 -3.31E-02-1.45E-02-3.~8E-03 5.74E-04 1.84E-03 1.44E-03 1 .5~E-03 1 .4~E-03 2.80E-03 1 .0~E-05 0.00 
1~ 0.057&& -~.87E-02-4.&&E-02-1.&3E-02-1 .5&E-03 4.47E-03 5.8&E-03 7.5~E-03 8.08E-03 8.40E-03-1 .2&E-05 0.00 
18 0.054&~ -1.75E-01-8.~4E-02-3.83E-02-1.18E-0~ 5.0&E-04 5.24E-03 ~.57E-03 1.14E-02 1.18E-02-3.73E-05 0.00 
17 0.05211 -2.4&E-01-1.32E-01-&.24E-02-2.51E-02-&.~3E-03 1 .82E-03 8.87E-03 1.21E-02 1.35E-02-4.84E-05 0.00 
1& 0.04Q45 -3.20E-01-1.7~E-01-~.11E-02-4.23E-02-1.&8E-02-4.10E-03 &.12E-03 1.12E-02 1 .3~E-02-4.82E-05 0.00 
15 0.04&87 -3.~OE-01··2.2&E-01-1.21E-01-&.13E-02-2.87E-02-1.14E-02 2.0~E-03 ~.00E-03 1 .35E-02-3.~2E-05 0.00 
14 0.04445 -4.52E-01-2.&qE-01-1.50E-01-8.02E-02-4.0~E-02-1.~2E-02-2.47E-03 &.2~E-03 1.25E-02-2.70E-05 0.00 
13 0.04211 -5.0&E-01-3.0~E-01-1.78E-01-~.87E-02-5.31E-02-2.70E-02-7.2&E-03 3.31E-03 1 .12E-02-1 .&OE-05 0.00 
12 0.03QO& -5.10E-01-3.57E-01-2.12E-Ol-1 .22E-01-&.88E-02-3.72E-02-1 .37E-02-8.25E-04 ~.1&E-03-7.58E-0& 0.00 
11 0.03578 -&.leE-01~3.~7E-01-2.42E-01-1 .44E-01-8.34E-02-4.&~E-02-2.01E-02-5.08E-03 &.72E-03-1 .50E-05 0.00 
10 0.03328 -&.42E-01-4.20E-01-2.&OE-Ol-1 .57E-01-~.27E-02-5.32E-02-2.43E-02-8.01E-03 4.~OE-03-3.08E-05 0.00 
~ 0.03125 -&.54E-01-4.33E-01-2.72E-01-1.&&E-01-~.8~E-02-5.74E-02-2.73E-02-1 .01E-02 3.4~E-03-4.88E-05 0.00 
8 0.0285~ -&.&2E-01-4.44E-01-2.83E-01-1.74E-01-1.0&E-01-&.20E-02-3.0&E-02-1 .25E-02 1.74E-03-7.35E-05 0.00 
7 0.02437 -&.4&E-01-4.43E-01-2.87E-01-1.80E-Ol-1.10E-01-&.55E-02-3.37E-02-1 .51E-02-5.&4E-04-1 .02E-04 0.00 
& O.OlQO& -5.75E-01-4.02E-01-2.&5E-01-1 .&8E-01-1 .04E-Ol-&.2SE-02-3.32E-02-1.5~E-02-2.33E-03-1 .0~E-04 0.00 
5 0.01344 -4.4&E-01-3.1&E-01-2.11E-Ol-1.35E-01-8.4&E-02-5.0~E-02-2.75E-02-1.3&E-02-2.81E-03-8.83E-05 0.00 
4 0.00812 -2.85E-01-2.04E-01-1.37E-01-8.81E-02-5.54E-02-3.34E-02-1 .82E-02-~.17E-03-2.18E-03-5.43E-05 0.00 
3 0.0035~ -1 .2~E-01-~.25E-02-&.23E-02-4.02E-02-2.53E-02-1 .53E-02-8.38E-03-4.24E-03-1 .07E-03-2.31E-05 0.00 
2 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000.00 

0*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*- W VELOCITY -*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
o I = 1 2 3 4 5 & 7 8 ~ 10 11 12 



0000100-.PA <3<3 
0000200-.NF 
0000300-.NJ 
0000320-.8L X 
0000330-.PM PREFIX I 
000033S-.PM TOP 
000033&-.PM MARGIN 
0000340-.HM OFF 
00003&O-.LL 80 
0000370-.TS AO B1 
0000380-.8S Y2 Z2 
0000400- C 
0000500- C 

I 

SUBROUTINE CONTRO 

0000&00- CA********************************************************************** 
0000700- C 
0000800- C 
0000<300- C 
0001000- C 
0001100- C 
0001200- C 
0001300- C 
0001400- C 
0001500- C 
0001&00- C 
0001700- C 
0001800-· C 
0001<300- C 

A COMPUTER PROGRAM FOR TURBULENT, SWIRLING, RECIRCULATING, 
FLOW IN COMBUSTOR GEOMETRIES 

VERSION OF APRIL, 1<381 

D L RHODE & D G LILLEY 
MECHANICAL AND AEROSPACE ENGINEERING 
OKLAHOMA STATE UNIVERSITY 
STILLWATER, OK 74078 

0002000- CA********************************************************************** 
0002100- CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
0002200- C 
0002300-
0002400-
0002500-
0002&00-
0002700-
0002800-
0002<300-
0003000-
0003100-
0003200-
0003300-
0003400-
0003500-
0003&00-
0003700-
0003800-

. 0003~00-
0004000-
0004100-
0004200-
0004300-
0004400-
0004500-
0004&00-

DIMENSION HEDUIQ" HEDVI<3I, HEDWlql, HEDPlq" HEDTlql, HEDKlq), 
*HEDD 1 q I, HEDM 1 q I, HEDL 1 q I, VANB 1 7 1 , SWNB 1 7 1 , HEDSF 1 q 1 , HEDSL 1 q 1 , 
'HEDDUlql,HEDDVlq',HEDDWlql, 
'HEDDPlql,HEDDKlq',HEDDSLlql,HEDDVSlql 

DIMENSION YAXESI10l,SYMB L~101 
COMMON 

1/UVEL/RESORU,NSWPU,URFU,DXEPUI481,DXPWUI481,SEWUI481 
1/VVEL/RESORV,NSWPV,URFV,DYNPVI241,DYPSVI241,SNSVI241 
*/WVELI RESORW, NSWPW, URFW 
1/PCOR/RESORM,N3WPP,URFP,DUI48,241,DVI48,241,IPREF,JPREF 
1/TEN/RESORK,NSWPK,URFK 
1/TDIS/RESORE,NSWPD,URFE 
*/VAR/UI48,24I, V148,241, WI4E,241, PI48,241,PPI48,241, TEI48,241, 
*EDI48,241,STFNI48,241,YSTLNI48,241,STVALI241,USTARI48,241, . 
*VSTARI48,241,WSTARI48,241,PSTARI48,241,TESTARI48,241,YSTLNDI48,241 
',VISTARI48,241 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481,JMAXP11481 
1/GEOM/INDCOS,XI481,YI241,DXEPI481,DXPWI481,DYNPI24I,DYPSI24!, 
1 SNSI241,SEWI481,XUI48I,YVI241.RI241,RVI241, 
, WFNI241,WFSI241,WFEI481,WFWI481,RCVI241,XNDI481,XUNDI481, 
'YNDI241,YVNDI241 

COMMON 
1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,241,VISI48,241 
1/KASE T1/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 

0000100 
0000200 
0000300 
0000400 
0000500 
0000&00 
0000700 
0000800 
OOOOqOO 
0001000 
0001100 
0001200 
0001300 
0001400 
0001500 
0001&00 
0001700 
0001800 
0001qOO 
0002000 
0002100 
0002200 
0002300 
0002400 
0002500 
0002&00 
0002700 
0002800 
0002qOO 
0003000 
0003100 
0003200 
0003300 
0003400 
0003500 
0003&00 
0003700 
0003800 
0003qOO 
0004000 
0004100 
0004200 
0004300 



0037100-
0037200-
0037300-
0037400-
0037500-
0037000-
0037700-
0037800-
0037'300-
0038000-
003£$100-
0038200-
0038300-
0038400-
0038500-
0038000-
0038700-
0038800-
0038'300-
003'3000-
003'3100-
003'3200-
003'3300-
003'3400-
003'3500-
003'3000-
003'3700-
003'3800-
003C3'300-
0040000-
0040100-
0040200-
0040300-
0040400-
0040500-
0040000-
0040700-
0040800-
0040'300-
0041000-
0041100-
0041200-
0041300-
0041400-
0041500-
0041000-
0041700-
0041800-
0041'300-
0042000-
0042100-
0042200-
0042300-
0042400-

URFW=.o 
URFK=.7 
URFE=.7 
URFVIS=.7 
IFILFS .LT. 31 GO TO 430 

425 CONTINUE 
C---------INCREASE UNDERRELAXATION FACTORS AS CONVERGENCE NEARS 

URFU=.15+IFLOATINITERII*II.35-.151/40.1 
IFIURFU .GT .. 351 URFU=.35 
URFV=.20+(FLOATINITERII*II.25-.201/40. I 
IFIURFV .GT .. 251 URFV=.25 
URFW=.50+IFLOATINITERII*II.00-.501/40.1 
IFIURFW .GT .. 001 URFW=.oO 
URFK=.70 
URFE=.70 
URFVIS=.70 
IFIIRESORV .LT .. 081 .AND. IRESORU .LT .. '011 URFU=.40 
IFIIRESORV .LT .. 001 .AND. IRESORU .LT .. 081 I URFU~.45 
IFIIRESORK .LT .. 10E-11 .AND. IRESORE .LT .. 10E+1011 URFE=.75 
IFIIRESORK .LT .. 4E-21 .AND. IRESORE .LT .. 5E+'31 I URFE=.80 
IFIRESORU .LT. ~ORMAXI URFU=.20 
IFIRESORV .LT. SORMAXI URFV~.20 
IFIRESORW .LT. SORMAXI URFW=.25 
IFIRESORK .LT .. 10E-21 URFK=.oO 
IFIRESORE .LT .. 10E+81 URFE=.55 

430 CONTINUE 
C---------UPDATE MAIN DEPENDENT VARIABLES 

IFIINCALUI CALL CALCU 
IFIINCALVI CALL CALC V 
IFIINCALPI CALL CALCP 
IFIINCALWI CALL CALCW 
IFIINCALKI CALL CALCTE 
IFIINCALDI CALL CALCED 

C---------UPDATE FLUID PROPERITIES 
IFIINPRO) CALL PROPS 

C---------INTERMEDIATE OUTPUT 
RESORM=RESORM/FLOWIN 
RESORU=RESORU/XMONIN 
RESORV=RESORV/XMONIN 
RESORW=RESORW/WMONIN 
RESORK=RESORK/I.5*FLOWIN*UMEAN*UMEANI 
IFINITER .NE. IPRINTI GO TO 301 
IPRINT=IPRINT+1 
WRITElo,311 I NITER,RESORU,RESORV,RESORW,RESORM,RESORK, 

*RESORE,UIIMON,JMONI,VIIMON,JMONI,WIIMON,JMONI,PIIMON,NJM1 I, 
*EDIIMON,NJM11 

IFINITER .NE. JPRINTI GO TO 301 
IFIINCALUI CALL PRINTI1,1,NI,NJ,IT,JT,XU,Y,U,HEDUI 
IFIINCAL~/I CALL PRINTI1,1,NI,NJ,IT,JT,X,YV,V,HEDVI 
IFIINCALWI CALL PRINTI1,1,NI,NJ,IT,JT,X,Y,W,HEDWI 
IFIINCALPI CALL PRINTI1,1,NI,NJ,IT,JT,X,y,P,HEDPI 
IFIINCALDI CALL PRINTI1,1,NI,NJ,IT,JT,X,Y,ED,HEDDI 
JPRINT=JPRINT+25 
WRITElo,3101 IMON,JMON 

0030800 
0030'300 
0037000 
0037100 
0037200 
0037300 
0037400 
0037500 
0037000 
0037700 
0037800 
0037'300 
0038000 
0038100 
0038200 
0038300 
0038400 
0038500 
0038000 
0038700 
0038800 
0038'300 
003'3000 
003'3100 
003'3200 
003'3300 
003'3400 
003'3500 
003'3000 
003'3700 
003'3800 
003'3'300 
0040000 
0040100 
0040200 
0040300 
0040400 
0040500 
0040000 
0040700 
0040800 
0040'300 
0041000 
0041100 
0041200 
0041300 
0041400 
0041500 
0041000 
0041700 
0041800 
0041'300 
0042000 
0042100 



0074~00-
0075000-
0075100-
0075200-
0075300-
0075400-
0075500-
0075E,00-
0075700-
0075800-
0075~00-
007E,000-
007E,100-
007E,200-
007E,300-
007E,400-
007E,500-
007E,bOO-
007E,700-
007E,800-
007E,~00-
0077000-
0077100-
0077200-
0077300-
0077400-
0077500-
0077E,00-
0077700-
0077800-
0077~00-
0078000-
0078100-
0078200-
0078300-
0078400-
0078500-
0078E,00-
0078700-
0078800-
0078~00-
007~000-
007~100-
007~200-
007~300-
007'3400-
007'3500-
007'3E,OO-
007'3700-
007'3800-
007'3'300-
0080000-
0080100-
0080200-

l/PCOR/RESORM,NSWPP,URFP,DUI48,241,DVI48,241,IPREF,JPREF 
*/VAR/UI48,241, VI48,241, WI48,241, PI48,241, PPI48,241, TEI48,241, 
*EDI48,24I,STFNI48,24I,YSTLNI48,241,STVALI241,USTARI48,241, 
*VSTARI48,241,WSTARI48,24I,PSTARI48,24I,TESTARI48,241,YSTLNDI48,241 
',VISTARI48,241 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481,JMAXP11481 
l/GEOM/INDCOS,XI481,YI241,DXEPI481,DXPWI481,DYNPI241,DYPSI241, 

0074e,00 
0074700 
0074800 
0074'300 
0075000 
0075100 
0075200 
0075300 
0075400 
0075500 
0075e,00 

1 SNSI24:,SEWI48I,XUI48I,YVI24I,RI24I,RVI24I, 
, WFNI241,WFSI241,WFEI481,WFWI481,RCVI241,XNDI481,XUNDI481, 
'YNDI24I,YVNDI241 

COMMON 
l/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,241,VISI48,241 
l/COEF/API48,241,ANI48,241,ASI48,241,AEI48,241,AWI48,241,SUI48,241, 

0075700 
0075800 
0075'300 1 SPI48,241 

l/KASE T1/UIN,TEIN,EDIN,FlOWIN,ALAMDA, 
2 RSMALL,RLARGE,Al1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 

C 
CHAPTER 
C 

1 1 1 1 

00 100 I=3,NIM1 
00 101 J=2,NJMl 

1 ASSEMBLY OF COEFFICIENTS 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RVIJ+11*SEWUIII 
AREAS=RVIJI*SEWUIII 
AREAEW=RCVIJI*SNSIJI 
VOL=RCVIJI*SEWUIII*SNSIJI 

C---------CAlCULATE CONVECTION COEFFICIENTS 
GN=O. 5* (DEN I I, J+ 1 I +DEN I I , J 1 1 *v 1 I , J+ 1 1 
GNW=0.5*IDENI I-1,JI+DENI 1-1,J+1 1 I*VI 1-1 ,J+11 
GS=O. 5* I DEN I I, J-1 I +DEN I I, J 1 I *v 1 I , J I 
GSW=0.5*IDENll-l,JI+DENll-1,J-1 1 '*Vll-l,JI 
GE=DEN I I , J 1 * 1 U 1 1+1 , J 1 * 1 1 . O-WFE 1 I 1 1 +U I I, J 1 *WFE 1 I 1 1 
GW=DEN 1 1-1 , J 1 * 1 U 1 1-1 , J 1 * I 1 . O-WFW I I 1 1 +U I I , J 1 *WFW ( I 1 1 
CN=0.5*(GN+GNWI*AREAN 
CS=0.5*IGS+GSWI*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCUlATE DIFFUSION COEFFICIENTS 
V I SN= 0 . 25 * 1 V I S I I , J 1 + V IS ( I , J + 1 1 + V lSI I - 1 , J I + V I S I I - 1 , J + 1 1 1 
V ISS = 0 .25 * 1 V IS { I , J 1 + V lSI I , J -1 1 + V lSI I - 1 , J 1 + V I S I I - 1 , J - 1 1 1 
DN=VISN*AREAN/DYNPIJI 
DS=VISS*AREAS/DYPSIJI 
DE=VISII,JI*A~EAEW/DXEPUIII 
DW=VISlI-l,JI*AREAEW/DXPWUIII 

C---------CALCUlATE COEFFICIENTS OF SOURCE TERMS 
St'tP=CN-CS+CE-CW 
CP=AMAX110.0,SMPI 
CPO=CP 

C---------ASSEMBLE MAIN COEFFICIENTS 
ANII,JI=AMAX1IABSI0.5*CNI,DNI-0.5*CN 
ASII,JI=AMAX1IABSIO.5*CSI,DSI+0.5*CS 
DE=AMAX1IDE,-WFEIII*CE,11 .O-WFEIII I*CEI 
DW=AMAX11DW,WFWIII*CW,-11.0-WFWIIII*CWI 
AEII,JI=DE-I1.0-WFEIIII*CE 

007e,000 
007e,100 
007E,200 

1 007e,300 
007e,400 
007E,500 
007E,E,00 
007e,700 
007e,800 
007e,'300 
0077000 
0077100 
0077200 
0077300 
0077400 
0077500 
0077e,00 
0077700 
0077800 
0077'300 
0078000 
0078100 
0078200 
0078300 
0078400 
0078500 
0078e,OO 
0078700 
0078800 
0078'300 
007'3000 
007'3100 
007'3200 
007'3300 
007'3400 
007'3500 
007'3e,00 
007'3700 
007'3800 
007'3<300 



0112700-
0112800-
0112~00-
0113000-
0113100-
0113200-
0113300-
0113400-
0113500-
0113000-
0113700-
0113800-
0113~001il 
0114000-
0114100-
0114200-
0114300-
0114400-
0114500-
0114000-
0114700-
0114800-
0114~00-
0115000-
0115100-
0115200-
0115300-
0115400-
0115500-
0115000-
0115700-
0115800-
01151300-
0110000-
0110100-
0110200-
011&300-
0110400-
0110500-
0110000-
0110700-
0110800-
01101300-
0117000-
0117100-
0117200-
0117300-
0117400-
0117500-
0117000-
0117700-
0117800-
01171300-
0118000-

ASII,JI=DENS*AREAS*DVII,JI 
AEII,JI=DENE*AREAEW*DUII+l,JI 
AWl I,JI=DENW*AREAEW*DUI I,JI 

C---------CALCULATE SOURCE TERMS 
CN=DENN*VII,J+11*AREAN 
CS=DENS*VII,JI*AREAS 
CE=DENE*UII+l,JI*AREAEW 
CW=DENW*UII,JI*AREAEW 
SMP=CN-CS+CE-CW 
SPII,JI=O.O 
SUII,J)=-SMP 

C---------COMPUTE SUM OF ABSOLUTE MASS SOURCES 
RESORM=RESORM+ABSISMPI 

101 CONTINUE 
100 CONTINUE 

C 
CHAPTER 2 2 2 2 2 2 2 PROBLEM MODIFICAT!ONS 2 2 2 2 2 2 2 
r. 

CALL PROMOD 141 
C 
CHAPTER 3 3 3 3 3 FINAL COEFFICIENT ASSEMBLY 3 3 3 3 3 3 
C 

DO 300 1=2,NIMl 
DO 301 J=2,NJMl 

301 APII,JI=ANII,JI+ASil,JI+AEII,JI+AWII,JI-SPII,JI 
300 CONTINUE 

C 
CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 4 4 
C 

DO 400 N=l,NSWPP 
400 CALL LISOLVI2,2,NI,JMAX,IT,JT,PP,41 

C 
CHAPTER 5 5 5 5 CORRECT VELOCITIES AND PRESSURE 5 5 5 5 5 5 
C 
C---------VELOCITIES 

DO 503 1=2,NIMl 
JJ=JMAXIII 
DO 501 J=3,JJ 
V I I, J I =V I I , J I +DV I I , J I * I PP I I , J-l I-PP I I , J I I 

501 CONTINUE 
JJ=JMAXII-l I 
DO 502 J::;2,JJ 
I F II . NE. 2 I IJ I I , J I =U I I , J I +DU I I , .J I * i PP I 1-1 , J I -PP I I , J I I 

502 CONTINUE 
503 CONTINUE 

C---------PRESSURES IWITH PROVISION FOR UNDER-RELAXATION! 
PPREF=PPIIPREF,JPREFI 
DO 500 I=2,NIMl 
JJ=JMAXIII 
DO 508 J=2,JJ 
PII,JI=PII,JI+URFP*IPPII,JI-PPREFI 

C---------PP IS ZEROED AT TOP OF CHAPTER 3, MAIN 
508 CONTINUE 
500 CONTINUE 

3 

4 

0112400 
0112500 
0112000 
0112700 
0112800 
01121300 
0113000 
0113100 
0113200 
0113300 
0113400 
0113500 
0113000 
0113700 
0113800 
01131300 
0114000 
0114100 
0114200 
0114300 
0114400 
0114500 
0114000 
0114700 
0114800 
01141300 
0115000 
0115100 
0115200 
0115300 
0115400 
0115500 
0115000 
0115700 
0115800 
01151300 
0110000 
0110100 
0110200 
0110300 
0110400 
0110500 
0110000 
0110700 
0110800 
01101300 
0117000 
0117100 
0117200 
0117300 
0117400 
0117500 
0117000 
0117700 



0150500-
0150bOO-
0150700-
0150800-
0150~00-
0151000-
0151100-
0151200-
0151300-
0151400-
0151500-
0151 bOO-
0151700-
0151800-
0151~00-
0152000-
0152100-
0152200-
0152300-
0152400-
0152500-
0152bOO-
0152700-
0152800-
0152~00-
0153000-
0153100-
0153200-
0153300-
0153400-
0153500-
0153bOO-
0153700-
0153800-
0153~00-
0154000-
0154100-
0154200-
0154300-
0154400-
0154500-
0154bOO-
0154700-
0154800-
0154~00-
0155000-
0155100-
0155200-
0155300· 
0155400-
0155500-
0155bOO-
0155700-
0155800-

1/KASE T1/UIN,TEIN,EoIN,FLOWIN,ALAMoA, 
2 RSHALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 
1/SUSP/SUKOl48,241,SPKol48,241 
1/COEF/API48,24I,ANI48,24I,ASI48,241,AEI48,241,AWI48,241,SUI48,241, 
1 SPI48,241 
1/TURB/GENI48,24I,Co,CMU,C1,C2,CAPPA,ELOG,PREo,PRTE 
1/WALLF/YPLUSNI48I,XPLUSWI241,TAUNI481,TAUWI241 

IFINCHAP .EO. 21 GO TO 1150 
IFIJSTEP .EO. NJM11 GO TO 1150 

C---------OUT OF RANGE VALUES 
00 1100 I=2,NI 

r. 
C 
C 

IFIJMAXIII .EO. NJM1 I GO TO 1150 
JJ=JHAXP11II 
DO 1100 J=JJ,NJM1 

1100 SPII,JI=-GREAT 
1150 CONTINUE 

GO TO 11,2,3,4.5,b,7,81,NCHAP 

CHAPTER 1 
C 

PROPERTIES 

1 CONTINUE 
C---------NO MODIFICATIONS FOR THIS PROBLEM 

RETURN 
C 
CHAPTER 2 2 2 2 2 2 2 2 U MOMENTUM 2 ~ 2 2 2 2 2 2 2 
C 

2 CONTINUE 
C---------OUT OF RANGE VALUES 

IFIJSTEP .EO. NJM1 I GO TO 202 
00 200 I=3,NI 
IFIJMAXII-11 .EQ. NJM1 I GO TO 202 
JJ=JMAXP1II-1 I 
00 200 J=JJ,NJM1 
SPI I,JI=-GREAT 

200 CONTINUE 
202 CONTINUE 

C---------TOP WALL 
CDTERM=CHU**0.25 
00 210 I=3,NIM1 
J= JMAX I I -1 I 
YP=YVIJ+1'-YIJI 
SQRTK=SORTIO.5*ITEII,JI+TEII-1,JI I I 
DENU=0.5*IDENII,JI+DENII-1,JII 
YPLUSA=0.5*IYPLUSNII I+YPLUSNI 1-1 II 
IFIYPLUSA.LE.11.b31 GO TO 211 
TMULT=DENU*CDTERM*SORTK*CAPPA/ALOGIELOG*YPLUSAI 
GO TO 212 

211 THULT=VISCOS/YP 
212 CONTINUE 
205 SPII,JI=SPII,J,-TMULT*SEWUIII*RVIJ+11 

IFIJMAXlI-l' .NE. JMAXIIII SPII,JI=SPII,JI/2. 
210 ANII,JI=O. 

0150200 
0150300 
0150400 
0150500 
0150bOO 
0150700 
0150800 
0150~00 
0151000 
0151100 
0151200 
0151300 
0151400 
0151500 
0151bOO 
0151700 
0151800 
0151C300 
0152000 
0152100 
0152200 
0152300 
0152400 
0152500 
0152bOO 
0152700 
0152800 
0152C300 
0153000 
0153100 
0153200 
0153300 
0153400 
0153500 
0153bOO 
0153700 
0153800 
0153C300 
0154000 
0154100 
0154200 
0154300 
0154400 
0154500 
0154bOO 
0154700 
0154800 
0154~00 
0155000 
0155100 
0155200 
0155300 
0155400 
0155500 



0188300-
0188400-
0188500-
0188&00-
0188700-
0188800-
0188qOO-
018~000-
018ql00-
018Q200-
018Q300-
018Q400-
018QSOO-
018Q&00-
018Q700-
018Q800-
018<3<300-
01<30000-
01<30100-
01<30200-
01<30300-
01<30400-
01<30500-
01<30&00-
01<30700-
01<30800-
01<30<300-
01<31000-
01<31100-
01<31200-
01<31300-
01<31400-
01<31500-
01<31&00-
01<31700-
01<31800-
01<31<300-
01<32000-
01<32100-
01<32200-
01<32300-
01<32400-
01<32500-
01<32&00-
01<32700-
01<32800-
01<32<300-
01<33000-
01<33100-
01<33200-
01<33300-
01<33400-
01<33500-
01<33&00-

C 
C 

730 CONTINUE 
00 740 I=1,NIM1 
XUDPlTIII=XUNDII+1 I 

740 CONTINUE 
745 NPTS=NIM1 

RETURN 
END 

0188000 
0188100 
0188200 
0188300 
0188400 
0188500 
0188&00 
0188700 
0188800 

SUBROUTINE PLOT IX,IDIM,IMAX,XAXIS,Y,JDIM,JMAX,YAXES,SYMB L.LAI 
CA******************************************************************~*** 
C 

0188<300 
018<3000 
018<3100 

C SUBROUTINE FOR PLOTTING J CURVES OF YIJ,11 AGAINST XIII. 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

X AND Y ARE ASSUMED TO BE 
ARE PLOTTED AS ZERO. 

IN ANY RANGE EXCEPT THAT NEGATIVE VALUES 

X AND Y ARE SCALED TO THE RANGE O. TO 1. BY DIVISION BY THE MAXIMA, 
WHICH ARE ALSO PRINTED. 

101M IS THE VARIABLE DIMENSION FOR X. 
IMAX IS THE NUMBER OF X VALUES. 
XAXIS STORES THE NAME OF THE X-AXIS. 
JDIM IS THE VARIABLE DIMENSION FOR Y. 
JMAX IS THE NUMBER OF CURVES TO BE PLOT~~D, IUP TO 101. 
THE ARRAY YAXESIJI STORES THE NAMES OF "fHE CURVES. 
THE ARRAY SYMBOLIJI STORES THE SINGLE CHARACTERS USEO FOR PLOTTING. 

CA******************************************************************** 
DIMENSION XIIDIMI,YIJDIM,IDIMI,YAXESIJDIMI,SYMB LIJDIMI, 

1 A I 1 01 I , Y MA X ( 1 0 I 
DATA DOT,CROSS,BLANK/1H.,1H+,1H I 

C---------SCALING X ARRAY TO THE RANGE 0 TO 50 
XMAX=1.E-30 
00 1 1=1, I MAX 

IFIXIII.GT.XMAXI XMAX=XIII 
1 CONTINUE 

00 2 1=1, I MA X 
XIII=XIII/XMAX*50. 

IFIXIII.LT.O.I XIII=O. 
2 CONTINUE 

C---------SCALING Y ARPAY TO THE RANGE 0 TO 100 
00 3 J=1,JMAX 

C 

YMAXIJI=1.E-30 
00 4 I=l,IMAX 

IFIYIJ,II .GT.YMAXIJI I YMAXIJI=YIJ,II 
4 CONTINUE 

00 3 I=1,IMAX 
NO Y SCALING 

YIJ,II=YIJ,II*100.0 
IFILA.EQ.l I YIJ,II=0.02*YIJ,II 

I FlY I J, I I . LT. O. I Y I J, I 1=0. 
3 CONTINUE 

C---------IDENTIFYING THE VARIOUS CURVES TO BE PLOTTED 
WRITEI&,1031 XAXIS 
WRITEI&,1001 IYAXESI I 1,1=1 ,JMAXI 

018<3200 
0189300 

* 018<3400 
* 018<3500 
* 018<3&00 

018<3700 
018<3800 
018<3<300 
0190000 
0190100 
0190200 
0190300 

* 0190400 
0190500 
0190&00 
0190700 
0190800 
0190900 
0191000 
0191100 
0191200 
0191300 
0191400 
0191500 
0191&00 
0191700 
0191800 
0191900 
0192000 
0192100 
0192200 
0192300 
0192400 
0192500 
0192&00 
0192700 
0192800 
0192900 
0193000 
0193100 
0193200 
0193300 



0004700-
0004800-
0004C300-
0005000-
0005100-
0005200-
0005300-
0005400-
0005500-
0005&00-
0005700-
0005800-
0005C300-
000&000-
000&100-
000&200-
000&300-
000&400-
000&500-
000&&00-
000&700-
000&800-
000&C300-
0007000-
0007100-
0007200-
0007300-
0007400-
0007500-
0007&00-
0007700-
0007800-
0007C300-
0008000-
0008100-
0008200-
0008300-
0008400-
0008500-
0008&00-
0008700-
0008800-
0008C300-
OOOqOOO-
000q100-
000q200-
000q300-
000Q400-
000Q500-
OOOQ&OO-
000Q700-
OOOQ800-
OOOQQOO-
0010000-

2 P.~MALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 
1/TURB/GENI48,241,CD,CMU,C1,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSNI481,XPLUSWI241,TAUNI481,TAUWI241 
1/COEF/API48,241,ANI48,241,ASI48,241,AEI48,241,AWI48,241,SUI48,241, 
1 SP148,241 
1/PLOTT/NSTLN,~PLTLN,NPTS,YSLPLTI10,481,XUDPLTI481,INPLOT 

LOGICAL INCALU,INCALV,INCALW,INCALP,INPRO,INCALK,INCALD,INCALM, 
*INCALA,INCALB,INCALS,INPLOT,IWRITE,NONDIM,IREAD,INLET, 
*lNITAL.IFINE 

C---------ALL PRIMARY USER INPUTS ARE LOCATED HERE 
DA TA VANB 10.,45.,55., £:'0. , £:,5 . , £:'8 . , 70 . I 

, , SWNB I 0 . , .5, 1 .0, 1 .25, 1 .50, 1 . 75 , 2 .01 
DATA XAXIS 13HXI I 
DATA YAXES 13H 00,3H 02,3H 04,3H 0£:,,3H 08,3H 10, 

'3H 0£:,,3H 07,3H 08,3H OQI 
DATA SYMB L 11HO, lH2, lH4, lH£:', lH8, lHl, 'H£:" lH7, lH8, lHql 

C---------DELETE UNDERFLOW ERROR MESSAGES, CALL TRAPS WHEN USING WATFIV 
C---------CALL TRAPSll,1,4000) 

CALL ERRSETI208,25£:'.-1,1,0,01 
C---------SET INPLOT=.TRUE. ONLY FOR STREAMLINE LINE-PRINTER PLOT 

INPLOT=.TRUE. 
C---------SET IWRITE=.TRUE. ONLY FOR WRITING SOLN. ON DATA FILES 

IWRITE=.FALSE. 
C---------SET NONDIM=.TRUE. ONLY FOR PRINTING DIMENSIONLESS SOLN. 

NONDIM=.TRUE. 
C---------SET IREAD=.TRUE. ONLY FOR READING INITIAL GUESS OF SOLN. 
C--------- FROM DATA FILES 

IREAD=.FALSE. 
C---------SET INITAL=.TAUE. ONLY FOR PRINTING INITIAL GUESS OF SOLN. 

INITAL=.TRUE. 
C---------SET IFINE=.TRUE. ONLY FOR FINE GRID IN X-DIRECTION 

IFINE=.FALSE. 
IFI.NOT. IREADI GO TO 150 
READ (121 X 
READ (12) Y 

150 CONTINUE 
NSTLN=ll 
NPLTLN=£:, 
MAXLN=10 
NITER=O 
JPRINT=NITER+300 
IPRINT=NITER+l 
LFS=l 
LFSMAX=7 
NSBR=O 
MAXIT=NITER+200 

C---------SEE STATEMENT 304 FOR MAXIT SPEC. FOR FURTHER SWIRL CASES 
DENSIT=1.211 
IT=48 
JT=24 
GREAT= 1 . E30 
NSWPU=4 
NSWPV=3 
NSWPW=3 

0004400 
0004500 
0004£:,00 
0004700 
0004800 
00041300 
0005000 
0005100 
0005200 
0005300 
0005400 
0005500 
0005£:,00 
0005700 
0005800 
00051300 
000£:'000 
000£:,100 
000£:,200 
000£:'300 
000£:,400 
000£:,500 
000£:'£:'00 
000£:,700 
000£:'800 
000£:'1300 
0007000 
0007100 
0007200 
0007300 
0007400 
0007500 
0007£:,00 
0007700 
0007800 
00071300 
0008000 
0008100 
0008200 
0008300 
0008400 
0008500 
0008£:'00 
0008700 
0008800 
00081300 
00013000 
00013100 
00013200 
000Q300 
00013400 
000<3500 
000<3£:'00 
000<3700 



0042500-
0042bOO-
0042700-
0042800-
0042qOO-
0043000-
0043100-
0043200-
0043300-
0043400-
0043500-
0043bOO-
0043700-
0043800-
0043QOO-
0044000-
0044100-
0044200-
0044300-
0044400-
0044500-
0044bOO-
0044700-
0044800-
0044QOO-
0045000-
0045100-
0045200-
0045300-
0045400-
0045500-
0045bOO-
0045700-
0045800-
0045QOO-
004bOOO-
004b100-
004&200-
004&300-
004&400-
004&500-
004&&00-
004&700-
004&800-
004bQOO-
0047000-
0047100-
0047200-
0047300-
0047400-
0047500-
0047&00-
0047700-
0047800-

301 CONTINUE 
C---------TERHINATION TESTS 

SORCE=AHAX11RESORH,RESORU,RESORV,RESORW,RESORKI 
IFINITER.GE.HAXITI GO TO 302 

303 IFINITER .GE. 150 .AND. SORCE .GE. 3.01 GO TO 302 
IFISORCE.GT.SORHAX .OR. NITER .LT. 201 GO TO 300 

302 CONTINUE 
IFINITER .GE. 150 .AND. SORCE .GE. 3.01 WRITEI&,q&OI 

C 
CHAPTER 4 4 4 4 4 4 FINAL OPERATIONS AND OUTPUT 4 
C 

440 CONTINUE 
C---------NONDIHENSIONALIZE PROBLEM SOLN. 

IFI.NOT. NONDIMI GO TO 700 
DO &00 I=1,NI 
00 &00 J=1,NJ 
USTARII,JI=UII,JI/UIN 
VSTARII,J)=VII,J)/UIN 
WSTARII,J)=WII,J)/UIN 
PSTARII,J)=PII,J)/IDENSIT*IUIN**2)/2.1 
TESTARII,J)=TEII,J)/IUIN*UIN) 
SPII,J)=O.O 

4 4 4 4 

IFIEDII,J) .GT. 1.E-15) SPI I,Ji=TEI I,J)**l .5/EDI I,JIIRLARGE 
VISTARII,J)=VISII,J)/VISCOS 

&00 CONTINUE 
700 CONTINUE 

IFIINCALS) CALL STRMFN 
WRITEI&,312) 
WRITEI&,410) LFS,NSBR,SWNBILFSI,VANBILFS),SWRLNO,UMEAN,FLOWIN 
IFIINCALU) CALL PRINTl1,1,NI,NJ,IT,JT,XU,Y,U,HEDU) 
IFIINCALV) CALL PRINTI1,l,NI,NJ,IT,JT,X,YV,V,HEDV) 
IFIINCALW) CALL PRINTI1, 1, NI, NJ, IT, JT, X, Y, W, HEDWI 
IFIINCALP) CALL PRINTll,l,NI,NJ,IT,JT,X,Y,P,HEDP) 
IFIINCALP) CALL PRINTl1,l,Nr,NJ,IT,JT,X,Y,PP,HEDPI 
IFIINCALK) CALL PRINTl1,l,NI,NJ,IT,JT,X,Y,TE,HEDK) 
IFIINCALD) CALL PRINTl1,l,NI,NJ,IT,JT,X,Y,ED,HEDDI 
IFIINCALS) CALL PRINTll,l,Nl,NJ,lT,JT,XU,Y,STFN,HEDSFI 
IFIINCALSI CALL PRINTl1,l,NI,NSTLN,IT,JT,XU,STVAL,YSTLN,HEDSLI 
IFI.NOT. NONDIM) GO TO 750 

0042200 
0042300 
0042400 
0042500 
0042&00 
0042700 
0042800 
0042C300 
0043000 

4 0043100 
0043200 
0043300 
0043400 
0043500 
0043&00 
0043700 
0043800 
0043C300 
0044000 
0044100 
0044200 
0044300 
0044400 
0044500 
0044&00 
0044700 
0044800 
0044C300 
0045000 
0045100 
0045200 
0045300 
0045400 
0045500 
0045&00 
0045700 
0045800 
0045QOO 
004&000 
004&100 
004&200 

IFIINCALUI CALL PRINTl1,l,NI,NJ,IT,JT,XUND,YND,USTAR,HEDDU) 
IFIINCALV) CALL PRINTl1,l,NI,NJ,IT,JT,XND,YVND,VSTAR,HEDDVI 
IFIINCALW) CALL PRINTl1, 1, NI, NJ, IT, JT, XND, YND,WSTAR,HEDDW) 
IFIINCALS) CA~L PRINTl1,l,NI,NSTLN,IT,JT,XUNO,STVAL,YSTLND,HEDDSLI 
IF(INCALPI CALL PRINTl1,l,NI,NJ,IT,JT,XND,YND,PSTAR,HEDDPI 
IFIINCALK) CALL PRINTl1,l,NI,NJ,IT,JT,XND,YND,TESTAR,HEDDKI 
IFIINCALK) CALL PRINTI2,2,NI,NJ,IT,JT,X,Y,SP,HEDL) 

004&300 
004&400 
004&500 
004&&00 
004&700 
004&800 
004&QOO 
0047000 
0047100 
0047200 
0047300 
0047400 
0047500 

IFIINCALK) CALL PRINTl1,l,NI,NJ,IT,JT,XND,YND,VISTAR,HEDDVSI 
750 CONTINUE 

IFI.NOT. IWRITE) GO TO 702 
WRITE(11) U 
WRI TE 111 I V 
WRITE(11) W 
WRITE(11) P 
WRITEl11 I TE 



0080300-
0080400-
0080500-
0080&00-
0080700-
0080800-
0080QOO-
0081000-
0081100-
0081200-
0081300-
0081400-
0081500-
0081&00-
0081700-
0081800-
0081QOO-
0082000-
0082100-
0082200-
0082300-
0082400-
0082500-
0082&00-
0082700-
00132800-
0082QOO-
0083000-
0083100-
0083200-
0083300-
0083400-
0083500-
0083&00-
0083700-
0083800-
0083QOO-
0084000-
0084100-
0084200-
0084300-
0084400-
0084500-
0084&00-
0084700-
0084800-
0084QOO-
0085000-
0085100-
0085200-
0085300-
0085400-
0085500-
0085&00-

C 

AWII,JI=DW+11.-WFWIIII*CW 
DUII,JI=AREAEW 
DUDXE=IUII+1,JI-UII,JII/DXEPUIII 
DUDXW=IUII,JI-UII-1,JII/DXPWUIII 
SORCE1=IDUDXE*VISII,JI-DUDXW*VISII-1,JII/SEWUIII 
DVDXN= I V II , J+ 1 I-V 11-1 , J+ 1 I II SEWU I I I 
DVDXS=IVII,JI-VII-1,JII/SEWUIII 
SORCE2=IRVIJ+11*VISN*DVDXN-RVIJI*VISS*DVDXSI/IRCVIJI*DYNPVIJI I 
SUII,JI=CPO*UII,JI+DUII,JI*IPII-1,JI-PII,JI I 
SUtl,JI=SUII,JI+ISORCE1+S0RCE21*VOL 
SPII,JI=-CP 

101 CONTINUE 
100 CONTINUE 

0080000 
0080100 
0080200 
0080300 
0080400 
0080500 
0080&00 
0080700 
0080800 
0080C300 
0081000 
0081100 
0081200 

CHAPTER 2 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 2 
C 

0081300 
0081400 
0081500 

CALL PROMOD 121 
C 
CHAPTER 3 FINAL COEFF. ASSEMBLY AND RESIDUAL SOURCE CALCULATION 
C 

RESORU=O.O 
00 300 1=3,NIM1 
00 301 J=2,NJM1 
APII,JI=ANII,JI+ASII,JI+AEII,JI+AWII,JI-SPII,JI 
DUII,JI=DUII,JI/APII,JI 
RESOR=AN I I , J I *u I I , J+ 1 I +AS I I , J I *U I I, J-1 I +AE I I , J I *U I 1+1 , J I 

1 +AWII,JI*UII-1,JI-APII,JI*UII,JI+SUII,JI 
VOL=RCVIJI*SEWUIII*SNSIJI 
SORVOL=GREAT*VOL 
IFI-SPII,JI.GT.0.5*SORVOLI RESOR=RESORISORVOL 
RESORU=RESORU+ABSIRESORI 

C---------UNDER-RELAXATION 
APII,JI=APII,JI/URFU 
SUII,JI=SUII,JI+11.-URFUI*APII,JI*UII,JI 
DUII,JI=DUII,JI*URFU 

C 

301 CmHINUE 
300 CONTINUE 

CHAPTER 4 4 
C 

4 SOLUTION OF DIFFERENCE EQUATION 4 

c 

DO 400 N=1,NSWPU 
400 CALL LISOLVI3,2,Nt,JMAX,IT,JT,U,21 

RETURN 
END 

4 4 4 4 

C-----------------------------------------------------------------
C 

3 

4 4 

0081&00 
0081700 

3 0081800 
0081C300 
0002000 
00Et2100 
00E:2200 
0082300 
0082400 
0082500 . 
0082&00 
0082700 
0082800 
0082C300 
0083000 
0083100 
0083200 
0083300 
0083400 
0083500 
0083&00 
0083700 
0083800 
0083C300 
0084000 
0084100 
0084200 
0084300 
0084400 
0084500 
0084&00 

SUBROUTINE CALCV 
CA********************************************************************** 
C 

0084700 
0084800 
0084C300 

CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
c 

COMMON 
1/UVEL/RESORU,NSWPU,URFU,DXEPUI481,DXPWUI481,SEWUI481 

0085000 
0085100 
0085200 
0085300 



0118100-
0118200-
0118300-
0118400-
0118S00-
0118bOO-
0118700-
0118800-
0118c)00-
011c)000-
011c)100-
011 c)200-
011c)300-
011 c)400-
011c)SOO-
011c)bOO-
011 c)700-
011c)800-
011c)c)00-
0120000-
0120100-
0120200-
0120300-
0120400-
0120S00-
0120bOO-
0120700-
0120800-
0120c)00-
0121000-
0121100-
0121200-
0121300-
0121400-
0121S00-
0121&00-
0121700-
0121800-
0121c)00-
0122000-
0122100-
0122200-
0122300-
0122400-
0122S00-
0122&00-
0122700-
0122800-
0122c)00-
0123000-
0123100-
0123200-
0123300-
0123400-

C 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE CALCTE 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
l/TEN/RESORK,NSWPK,URFK 
*/VAR/UI48,241, VI48,241, WI48,241, PI48,241, PPI48,241, TEI48,241, 
*EOI48,241,STFNI48,241,YSTLNI48,241,STVALI241,USTARI48,241, 
*VSTARI48,241,WSTARI48,241,PSTARI48,241,TESTARI48,241,YSTLNDI48,241 
t,VISTARI48,241 
l/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481.JMAXPlI481 
t/GEOM/INDCOS,XI481,YI241,DXEP(481,DXPWI481,DYNPI24 1 ,DYPS1241, 
1 SNSI241,SEWI481,XUI481,YVI241,RI241,RVI241, 
t WFNI241,WFSI241,WFE!481,WFWI481,RCVI241,XNDI481,XUNDI481, 
tYNDI241,YVNDI241 

COMMON 
l/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,241,VISI48,241 
l/COEF/API48,241,ANI48,241,ASI48,241,AEI48,241,AWI48,241,SUI48,241, 
1 SP148,241 
l/TURB/GENI48,241,CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
l/WALLF/YPLUSNI481,XPLUSWI241,TAUNI481,TAUWI241 
l/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTMl 
1/SUSP/SUKDI48,241,SPKDI48,241 

C 
CHAPTER 1 
C 

1 1 ASSEMBLY OF COEFFICIENTS 1 

PRTE=1.0 
DO 100 1=2,NIMl 
DO 101 J=2,NJMl 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RVIJ+ll*SEWIII 
AREAS=RVIJI*SEWIII 
AREAEW=RCVIJI*SNSIJI 
VOL=RCVIJI*SNSIJI*SEWIII 

C---------CALCULATE CONVECTION COEFFICIENTS 
GN=0.5*IOENII,JI+DENII,J+111*VII,J+: 
GS=O. S* I DEN I I , J I +DEN I I, J-l I I *v I I, J I 
GE=O.S*IDENII,JI+DENII+l,JII*UII+l,JI 
GW=O . 5* I DEN I I , J I +DEN I 1-1 , J I I *U I I , J I 
CN=GN*AREAN 
CS=GS*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCULATE DIFFUSION COEFFICIENTS 
GAMN=0.5*IVISII,JI+VISII,J+111/PRTE 
GAMS=0.5*IVISII,JI+VISII,J-111/PRTE 
GAME=0.5*IVISII,JI+VISII+1,JII/PRTE 

1 

0117800 
0117c)00 
0118000 
0118100 
0118200 
0118300 
0118400 
0118500 
0118&00 
0118700 
0118800 
0118c)00 
011«3000 
011«3100 
011<3200 
011«3300 
011«3400 
011«3500 
011«3&00 
011«3700 
011«3800 
011 «3«300 
0120000 
0120100 
0120200 
0120300 
0120400 
0120500 
0120&00 
0120700 
0120800 
0120«300 
0121000 
0121100 
0121200 
0121300 
0121400 
0121500 
0121&00 
0121700 
0121800 
0121«300 
0122000 
0122100 
0122200 
0122300 
0122400 
0122500 
0122&00 
0122700 
0122800 
0122«300 
0123000 
0123100 



0155C300-
0150000-
0150100-
0150200-
0150300-
0150400-
0150500-
0150000-
0150700-
0150800-
0150C300-
0157000-
0157100-
0157200-
0157300-
0157400-
0157500-
0157000-
0157700-
0157800-
0157C300-
0158000-
0158100-
0158200-
0158300-
0158400-
0158500-
0158000-
0158700-
0158800-
0158C300-
015C3000-
015C3100-
015<)200-
015<)300-
015<)400-
015C3500-
015C3000-
015<)700-
015C3800-
015C3<)00-
01&0000-
0100100-
0100200-
01&0300-
01&0400-
0100500-
0100000-
0100700-
01&0800-
01&0<)00-
0101000-
0101100-
01&1200-

C---------SIDE WALL 
IFIJSTEP .EO. NJM11 GO TO 214 
DO 225 1=3,NIM1 
IFIJMAXII-21 .GE. JMAXII-111 GO TO 225 
JJ=JMAXP111-21 
J I =JMAX I I -1 I 
DO 220 J=JJ,JI 
AWl I, J I =0. 

220 CONTINUE 
225 CONTINUE 

C---------SyMMETRy AXIS 
214 CONTINUE 

DO 203 1=1,NI 
203 AS I I, 2 I =0 . 

C---------OUTLET 
ARDENT=O.O 
FLOW=O.O 

C 

DO 20C3 J=2,NJMl 
ARDEN=0.50*IDENINIM1,JI+DENINIM1-1,JII*RCVIJI*SNSIJI 
ARDENT=ARDENT+ARDEN 

20<) FLOW=FLOW+ARDEN*UINIM1,JI 
UINC=IFLOWIN-FLOWI/ARDENT 
DO 215 J=2,NJM1 

215 UINl.JI=UINIM1,JI+UINC 
RETURN 

CHAPTER 3 3 3 3 3 3 3 3 V MOMENTUM 3 3 3 3 3 3 3 3 3 
C 

3 CONTINUE 
C---------SIDE WALL 

IFIJSTEP .EQ. NJM11 GO TO 314 
CDTERM=CMU**0.25 
DO 325 I=2,NIMl 
IFIJMAXlI-l1 .GE. JMAXIIII GO TO 325 
JJ=JMAXP1II-l I 
JI=JMAXIII 
DO 320 J=JJ,JI 
XP=XIII-XUIII 
SQRTK=SQRTIO.5*ITEII,JI+TEII,J-lI11 
DENV=0.5*IDENII,JI+DENII,J-l1 I 
XPLUSA=0.5*IXPLUSWIJI+XPLUSWIJ-l II 
IFIXPLUSA.LE.11.&31 GO TO 311 
TMULT=DENV*CDTERM*SQRTK*CAPPA/ALOGIELOG*XPLUSAI 
GO TO 312 

311 TMULT=VISCOS/XP 
312 CONTINUE 
305 SPII,JI=SPII,JI-TMULT*SNSVIJI*RVIJI 

IFIJ .EQ. JMAXPlII-l11 SPII,JI=SPII,JII2. 
310 AWII,JI=O.O 
320 CONTINUE 
325 CONTINUE 

C---------TOP WALL 
314 CONTINUE 

DO 313 I=2,NIMl 

0155000 
0155700 
0155800 
0155C300 
0150000 
015&100 
015&200 
0150300 
015&400 
0150500 
015&&00 
015&700 
0150800 
015&<)00 
0157000 
0157100 
0157200 
0157300 
0157400 
0157500 
0157&00 
0157700 
0157800 
0157<)00 
0158000 
0158100 
0158200 
0158300 
0158400 
0158500 
0158&00 
0158700 
0158800 
0158<)00 
015<)000 
015<)100 
01S<)~OO 

015~300 
015<)400 
015<)500 
015<)&00 
015<)700 
015<)800 
015<)<)00 
01&0000 
01&0100 
01&0200 
01&0300 
01&0400 
01&0500 
01&0&00 
01&0700 
01&0800 
01&0<)00 



01q3700-
01q3800-
01q3qOO-
01q4000-
Olq4100-
01q4200-
01q4300-
01q4400-
01Q4S00-
01Q4&00-
01Q4700-
01Q4800-
01Q4QOO-
01QSOOO-
01QS100-
01QS200-
01QS300-
01QS400-
01QSSOO-
01QS&00-
01QS700-
01QS800-
01QSQOO-
01Q&000-
01Q&100-
01Q&200-
01Q&300-
01Q&400-
019&SOO-
019&&00-
019&700-
019&800-
01Q&900-
01Q7000-
01Q7100-
01Q7200-
01Q7300-
0197400-
01Q7S00-
0197&00-
0197700-
0197800-
0197QOO-
019aOOO-
019a100-
019a200-
019a300-
01Qa400-
01C3SS00-
019a&00-
019a700-
01C3aaOO-
01C3a900-
01C3C3000-

WRITEI&,10&1 ISYMB LIII,I=l,JMAXI 
WRITEI&,1021 IYMAXIII,I=1,JMAXI 
00 S 1=1,11 

S AIII=0.1* 11-11 
IFILA .EQ. 11 WRIT~I&,1201 
I F I LA . EQ. 0 I WR n: : &, 1151 
WRITEI&,1011 IAIII,I=1,11 I 

C---------MAIN LOOP. EACH PASS PROOlll:ES AN X-CONSTANT LINE. 
00 40 II = 1 ,51 
1=11 
I F I I . EQ . 1 . OR. I . EQ .51 I GO TO 32 
GO TO 33 

C---------ALLOCATE . OR + AS MARKER ON THE Y-AXIS 
32 00 30 K=1,101 
30 AIKI=OOT 

00 31 K = 11 , 101 , 10 
31 AIKI=CROSS 

C---------ALLOCATE . OR + MARK ON THE X-AXIS, ALSO THE APPROPRIATE 
C--------- X VALUE 

33 All I=DOT 
A11011=DOT 
K=I-1 

4& K=K-5 
IFIK'4a,47,4& 

47 AI1,=CROSS 
A 1101 I =CROSS 

48 XL=0.02* 11-1 I 
C---------CHECK IF ANY YI XIII I VALUE LIES ON THIS X-CONSTANT LINE 
C---------IF YES GO TO 41, OTHERWISE GO TO 42 

DO 43 ;<=1, IMAX 
I F I X:: X I t: I + 1 . 5 
IFIIFIX-1143,41,43 

C---------LOCATE YI XIII 
41 DO 44 J=1,JMAX 

NY=YIJ,KI+1.5 
AINY'=SYMB LIJI 

44 CONTINUE 
GO TO 42 

43 CONTINUE 
C---------PRINT X-CONSTANT LINE 

42 CONTINUE 
IFILA.EQ.1 I GO TO 51 
WR I TE 1&, 105 I '<L, I A I K I , K = 1 , 101 I , XL 
GO TO 52 

51 Wf-·ITEI&,1071 XL,IAIKI,K=l,101',XL 
52 CONTINUE 

C---------PUTTING BLANKS INTO X-CONSTANT LINE 
DO 49 K=1,101 

49 AIKI=BLANK 
40 CONTINUE 

DO 50 1=1, 11 
50 A I I I = . 1 * I I - 1 I 

WRITEI&,1041IAIII,I=1,11 I 
WRITEI&,1301 

01C33400 
01C33500 
01C33&00 
01C33700 
01C33aOO 
01C33C300 
01C34000 
01C34100 
0194200 
0194300 
0194400 
01C34500 
0194&00 
01C34700 
01C34aoO 
0194C300 
01C35000 
01C35100 
0195200 
0195300 
01C35400 
01C35500 
0195&00 
0195700 
0195800 
0195900 
019&000 
019&100 
019&200 
019&300 
019&400 
019&500 
019&&00 
019&700 
019&800 
019&900 
0197000 
0197100 
0197200 
0197300 
0197400 
0197500 
01 (37&00 
0197700 
0197800 
0197900 
0198000 
01C3a100 
01C3a200 
0198300 
019a400 
019a500 
019a&00 
01C3a700 



0010100-
0010200-
0010300-
0010400-
0010500-
0010&00-
0010700-
0010800" 
00104300-
0011000-
0011100-
0011200-
0011300-
0011400-
0011500-
0011&00-
0011700-
0011800-
00114300-
0012000-
0012100-
0012200-
0012300-
0012400-
0012500-
0012&00-
0012700-
0012800-
00124300-
0013000-
0013100-
0013200-
0013300-
0013400-
0013500-
0013&00-
0013700-
0013800-
0013QOO-
0014000-
0014100-
0014200-
0014300-
0014400-
0014500-
0014&00-
0014700-
0014800-
0014QOO-
0015000-
0015100-
0015200-
0015300-
0015400-

C 

NSWPP=5 
NSWPK=3 
NSWPD=3 
READI5,101 HEDu,HEDV,HEDW,HEDP,HEDT,HEDK,HEDD,HEDM,HEDL, 

SHEDSF,HEDSL,HEDDU,HEDDV,HEDDW,HEDDP,HEDDK,HEDDSL,HEDDVS 
010 FORMATIQA41 

CHAPTER 1 1 1 • PARAMETERS AND CONTROL INDICES 1 
C 
C---------GRID 

ISTEP=2 
JSTEP=8 
INDCOS=2 
NJ=21 
NJM1=NJ-1 
ISTP1=ISTEP+1 
ISTM1=ISTEP-1 
JSTP1 =.JSTEP+1 
JSTM1=JSTEP-1 
RLARGE=.0&25 
ALTOT=.375 
IFIIFINEI GO TO 120 

C---------COARSE MESH GRID LINES IN X-DIRECTION 
NI=20 

13 

12 

15 

NIM1=NI-1 
EPSX=1.11 
IFIEPSX-1.1 13,12,13 
SUMX=0.5*EPSX**INI-41+IEPSX**INI-31-1 .I/IEPSX-l .1+0.5 
GO TO 15 
CONTINUE 
SUMX=NIM1-1 
DX=ALTOT/SUMX 
XI11=-.5*DX 
XI21=-XI11 
DO 100 I=3,NIMl 
XIII=XII-ll+DX 

100 DX=EPSX*DX 
XINII=XINIM11+IXINIM1'-XINI-211 
XI211=XI201+IXI201-XI1q,1 
XI221=XI211+IXI201-Xllq,1 
XI231=XI221+IXI201-XllQII 
NI=23 
NIM1=NI-l 
ALTOT=IXI221+XI2311/2. 
AL1=0.5*IXIISTEPI+XIISTMl I I 
AL2=ALTOT-AL1 

C---------FINE MESH GRID LINES IN X-DIRECTION 
IFI.NOT. IFINEI GO TO 130 

17 

120 NI=30 
NIM1=NI-1 
EPSX=1.102 
IFIEPSX-l. I 17,1&,17 
SUMX=0.5*EPSX**INI-41+IEPSX**INI-31-1 .I/IEPSX-l. 1+0.5 
GO TO 18 

000Q800 
OOOQQOO 
0010000 
0010100 
0010200 
0010300 
0010400 

1 1 0010500 
0010&00 
0010700 
0010800 
0010QOO 
0011000 
0011100 
0011200 
0011300 
0011400 
0011500 
0011 &00 
0011700 
0011800 
0011QOO 
0012000 
0012100 
0012200 
0012300 
001,400 
0012500 
0012&00 
0012700 
0012800 
0012QOO 
0013000 
0013100 
0013200 
0013300 
0013400 
0013500 
0013&00 
0013700 
0013800 
0013QOO 
0014000 
0014100 
0014200 
0014300 
0014400 
0014500 
0014&00 
0014700 
0014800 
0014QOO 
0015000 
0015100 



0047~00tl 
0048000-
0048100-
00482001t 

0048300-
0048400-
0048500-
0048bOO-
0048700-
0048800-
0048~00-
004~000-
004~100-
004~200-
004~300-
004~400-
004~500-
004~bOO-
004~700-
004~800-
004~~00-
0050000-
0050100-
0050200-
0050300-
0050400-
0050500-
0050bOO-
0050700-
0050800-
0050~00-
0051000-
0051100-
0051200-
0051300-
0051400-
0051500-
0051 bOO-
0051700-
0051800-
0051<300-
0052000-
0052100-
0052200-
0052300-
0052400-
0052500-
0052bOO-
0052700-
0052800-
0052<300-
0053000-
0053100-
0053200-

WRITE(111 EO 
WR I TE ( 11 1 V I S 
WRITE(111 STFN 
WRI TE ( 141 YSTLND 

702 CONTINUE 
C---------CALCULATION OF SHEAR-STRESS COEFFICIENT ALONG LARGE DUCT WALL 

WRITE(b,4021 
00 401 I=2,NIM1 
SSC=ABSITAUNIIII/I.5*DENSIT*UIN*UINI 
WRITElb,4031 I,XND(II,SSC 

401 CONTINUE 
WRITE(0,3121 

C---------PLOT DIMENSIONLESS STREAMLINES 
LARGE=O 
IFIINPLOT .AND. INCALSI CALL PLOT IXUDPLT,IT,NPTS,XAXIS,YSLPLT, 

'MAXLN,NPLTLN,YAXES,SYMB L,LARGEI 
LARGE=1 
IFIINPLOT .AND. INCALSI CALL PLOT IXUDPLT,IT,NPTS,XAXIS,YSLPLT, 

'MAXLN,NPLTLN,YAXES,SYMB L,LARGEI 
C---------RESET INITIAL CONDITIONS FOR ANOTHER SWIRL CASE 

IFILFS .GE. LFSMAXI GO TO 40~ 
LFS=LFS+1 
NITER=O 
JPRINT=NITER+300 
IPRINT=NITER+1 

304 IFILFS .GE. 31 MAXIT=NITER+200 
IFINSBR .EQ. 01 GO TO 405 
WINST=2.*SWNBILFSI/11 .+SWNBILFSI I*UIN 
00 400 J=2,JSTEP 

400 WI1,JI=WINST*RIJI/RIJSTEPI 
GO TO 408 

405 WIN=UIN*TANIVANBILFSI*3.1415~/180.1 
00 407 J=2,JSTEP 

407 WI1,JI=WIN 
408 FLOWIN=O. 

ARDEN=O. 
ARDENT=O. 
XMONIN=O. 
ANGMOM=O. 
WMONIN=O. 

C---------READ INITIAL GUESS OF NEXT SWIRL PROBLEM FROM 
C---------PREVIOUS SOLN. OF SIMILAR PROBLEM 

IFI.NOT. IREADI GO TO 445 
READI121 U 
READI121 V 
READI121 W 
READI121 P 
READ 1121 TE 
READI121 EO 
RE AD I 1 2 1 V I S 
READI121 STFN 

445 CONTINUE 
00 4QO J=2,JSTEP 
ARDEN=0.5*IDENI1,JI+DENI2,JII*RCVIJI*SNSIJI 

0047000 
0047700 
0047800 
0047<300 
0048000 
0048100 
0048200 
0048300 
0048400 
0048500 
0048000 
0048700 
0048800 
0048<300 
004<3000 
004<3100 
004<3200 
004<3300 
004<3400 
004<3500 
004<3000 
004<3700 
004<3800 
004<3<300 
0050000 
0050100 
0050200 
0050300 
0050400 
0050500 
0050000 
0050700 
0050800 
0050<300 
0051000 
0051100 
0051200 
0051300 
0051400 
0051500 
0051000 
0051700 
0051800 
0051<300 
0052000 
0052100 
0052200 
0052300 
0052400 
0052500 
0052000 
0052700 
0052800 
0052<300 



0085700-
0085800-
0085c)00-
008&000-
008&100-
008&200-
008&300-
008&400-
008&500-
008&&00-
008&700-
008&800-
008&c)00-
0087000-
0087100-
0087200-
0087300-
0087400-
0087500-
0087&00-
0087700-
0087800-
0087c)00-
0088000-
0088100-
0088200-
0088300-
0088400-
0088500-
0088&00-
0088700-
0088800-
0088<300-
008<3000-
008<3100-
008<3200-
008<3300-
008<3400-
008<3500-
008<3&00-
008<3700' 
008<3800-
008<3<300-
00<30000-
00<30100-
00<30200-
00<30300-
00<30400-
00<30500-
00<30&00-
00<30700-
00<30800-
00<30<300-
00<31000-

l/VVEL/RESORV,NSWPV,URFV,DYNPV(24),DYPSVI24),SNSVI24) 
l/PCOR/RESORM,NSWPP,URFP,DUI48,24),DVI48,24),IPREF,JPREF 
*/VAR/UI48,24), VI48,24), WI48,24), PI48,24), PPI48,24), TEI48,24), 
*EDI48,24),STFNI48,24),YSTLNI48,24),STVALI24),USTARI48,24), 
*VSTARI48,24),WSTARI48,24),PSTARI48,24),TESTARI48,24),YSTLNDI48,24) 
',VISTARI48,24) 
l/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAX(48),JMAXP1(48) 
l/GEOM/INDCOS,X(48),YI24),DXEPI48),DXPWI48),DYNPI24),DYPS(24), 

0085400 
0085500 
0085&00 
0085700 
0085800 
0085<300 
008&000 
008&100 
008&200 
008&300 
008&400 
008&500 

1 SNS(24),SEWI48),XUI48),YVI24),RI24),RVI24), 
, WFN(24),WFSI24),WFEI48),WFWI48),RCVI24),XNDI48),XUNDI48), 
'YND(24),YVNDI24) 

COMMON 
l/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,24),VISI48,24) 
l/COEF/API48,24),ANI48,24),ASI48,24),AEI48,24),AWI48,24),SUI48,24), 

008&&00 
008&700 
008&800 1 SPI48,24) 

l/KASE Tl/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTMl 

C 
CHAPTER 
C 

1 1 1 1 

00 100 I=2,NIMl 
00 101 J=3,NJMl 

1 ASSEMBLY OF COEFFICIENTS 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RIJ)*SEWII) 
AREAS=RIJ-l)*SEWlli 
AREAEW=RVIJ)*SNSVIJ) 
VOL=RVIJ)*SEWII)*SNSVIJ) 

1 

C---------CALCULATE CONVECTION COEFFICIENTS 
GN=DENII,J)*IVII,J+l)*ll .O-WFNIJ) )+VII,J)*WFNIJ» 
GS=OEN I I, J-l ) * I V ( I, J-l ) * I 1 . O-WFS I J ) ) +V I I , J ) *WFS I J ) ) 
GE=O.5*IDENII+l,J)+DENII,J»*UII+l,J) 
GSE=O. 5* I DEN I I , J-l ) +DEN I 1+1 , J-l ) ) *U I 1+1 , J-l ) 
GW=0.5*IOENII,J'+DENlI-l,J»*UII,J) 
GSW=O. 5* I DEN I I , J-l ) +DEN I 1-1 , J-l , , *U I I , J-l , 
CN=GN*AREAN 
CS=GS*AREAS 
CE=0.5*IGE+GSE'*AREAEW 
CW=0.5*IGW+GSW'*AREAE~ 

C---------CALCULATE DIFFUSION COEFFICIENTS 
VISE=0.2S*IVISII,J)+VISII+l,J)+VISII,J-1 '+VISII+l,J-l)' 
VISW=0.25*tVISII,J)+VISII-l,J)+VISII,J-1 '+VISlI-l,J-l)' 
DN=VISII,J)*AREAN/DYNPVIJ) 
DS=VISII,J-1)*AREAS/DYPSVIJ) 
DE=VISE*AREAEW/DXEPII) 
DW=VISW*AREA~~/DXPWII' 

C---------CALCULATE COEFFICIENTS OF SOURCE TERMS 
SMP=CN-CS+CE-CW 
CP=AMAX110.0,SMP) 
CPO=CP 

C---------ASSEMBLE MAIN COEFFICIENTS 
DN=AMAX1IDN,-WFNIJ,*CN,ll.0-WFNIJ»*CN' 
DS=AMAX1IDS,WFSIJ'*CS,-ll.0-WFSIJ)'*CS, 
ANII,J'=DN-Il.0-WFNIJ),*CN 
ASII,J)=DS+ll.0-WFSIJ"*CS 

008&<300 
0087000 
0087100 

1 0087200 
0087300 
0087400 
0087500 
0087&00 
0087700 
0087800 
0087<300 
0088000 
0088100 
0088200 
0088300 
0088400 
0088500 
0088&00 
0088700 
0088800 
00881300 
00813000 
00813100 
00813200 
00813300 
00813400 
00813500 
00813&00 
00813700 
00813800 
008131300 
00130000 
00130100 
00130200 
00130300 
00130400 
00130500 
00130&00 
00130700 



0123500-
0123bOO-
0123700-
0123800-
0123~00-
0124000-
0124100-
0124200-
0124300-
0124400-
0124500-
0124bOO-
0124700-
0124800-
0124~OO-
0125000-
0125100-
0125200-
0125300-
0125400-
0125500-
0125bOO-
0125700-
0125800-
0125~00-
012bOOO-
012b100-
012b200-
012b300-
012b400-
012b500-
012bbOO-
012b700-
012b800-
012b~00-
0127000-
0127100-
0127200-
0127300-
0127400-
0127500-
0127bOO-
0127700-
0127800-
0127~00-
0128000-
0128100-
0128200-
0128300-
0128400-
0128500-
0128&00-
0128700· 
0128800-

GAMW=0.5*IVISII,JI+VISII-1,JII/PRTE 
ON=GAMN*AREAN/OYNPIJI 
OS=GAMS*AREAS/OYPSIJI 
OE=GAME*AREAEW/OXEPIII 

OW=GAMW*AREAEW/OXPWIII 
C---------SOURCE TERMS 

SMP=CN-CS+CE-CW 
CP=AMAX110.0,SMPI 
CPO=CP 
OUOX=IUII+1,JI-UII,JII/SEWIII 
OVOY = I V I I , J+ 1 1-V I I , J I I I SNS I J I 
OUOY= I I U II, J I +U II + 1 , J I +U II, J+ 1 I +U I 1+1 , J+ 1 I 1/4. -I U I I, J I +U I 1+1 , J 1+ 

1 U II, J-1 I +U I 1+1 , J-1 I 1/4. II SNS I J I 
OVOX= I I V II , J I +V I I, J+ 1 I +V I 1+1 , J I +V I 1+1 , J+ 1 I 1/4. - I V I I, J I +V I I , J+ 1 I +V I 

11-1,JI+Vll-l,J+l 11/4.I/SEWIII 
OWOY=IWII,J+1'-WII,J-1 II/IOYNPIJI+OYPSIJI I-WII,JI/RIJI 
OWOX=IWII+1,JI-~11-1,JII/IOXPWIJ;+OXEPIII ! 
GENII,JI=12.*IOUOX**2+0VOY**21+IDUQY+OVOXI**21*VIS(I,J1 
IFIINOCOS .EQ. 21 GENII,JI=GENII,JI+VISII,JI*IDWDY**2+DWDX**21 
I F I RV I J I . EQ. O. I GO TO 110 
VDR=VII,JI/RVIJI 
IFIINOCOS .EQ. 2.1 GENII,JI=GENII,JI+VlSII,JI*.5* 

'IVDR+VII,J+l I/RVIJ+11 1**2 
GO TO 120 

110 IFIINDCOS .EQ. 21 GENII,JI=GENII,JI+VISII,JI* 
'0.5*IVI I,J+lI1RVIJ+l 1 1**2 

120 CONTINUE 
C---------ASSEM8lE MAIN COEFFICIENTS 

ANII,JI=AMAX1IABSIO.5*CNI,DNI-0.5*CN 
ASII,JI=AMAX1IABSIO.5*CSI,DSI+0.5*CS 
AEII,JI=AMAX1IABSIO.5*CEI,DEI-0.5*CE 
AWII,JI=AMAX1IABSIO.5*CWI,DWI+0.5*CW 
SUII,JI=CPO*TEII,JI 

C 

SUKOII,JI=SUII,JI 
SUII,JI=SUII,JI+GENII,JI*VOL 
SPII,JI=-CP 
SPKOII,JI=SPII,JI 
SPII,JI=SPII,JI-CD*CMU*DENII,JI**2*TEII,JI*VOL/VISII,JI 

101 CONTINUE 
100 CONTINUE 

CHAPTER 2 2 2. 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 
C 

CALL PROMOD 1&1 
C 
CHAPTER 3 FINAL COEFFICIENT ASSEMBLY AND RESIDUAL SOURCE CALCULATION 3 
C 

RESORK=O.O 
DO 3CCI=2,NIMl 
DO 301 J=2,NJMl 
APII,JI=ANII,JI+ASII,JI+AEII,JI+AWII,JI-SPII,JI 
RESOR=AN I I, J 1 *TE I l, J+ 1 1 +AS I I, J 1 *TE I I, J-l 1 +AE I I, J 1 *TE I 1+1 ,J 1 

1 +AWII,JI*TEII-1,JI-APII,JI*TEII,JI+SUII,JI 
VOL=RCVIJI*SNSIJI*SEWIII 

0123200 
0123300 
0123400 
0123500 
0123&00 
0123700 
0123800 
0123~00 
0124000 
0124100 
0124200 
0124300 
0124400 
0124500 
0124&00 
0124700 
0124800 
0124~00 
0125000 
0125100 
0125200 
0125300 
0125400 
0125500 
0125&00 
0125700 
0125800 
0125c)00 
012&000 
012&100 
012&200 
012&300 
012&400 
012&500 
012&&00 
012&700 
012&800 
012&c)00 
0127000 
0127100 
0127200 
0127300 
0127400 
0127500 
0127&00 
0127700 
0127800 
0127c)00 
0128000 
0128100 
0128200 
0128300 
0128400 
0128500 



01&1300-
01&1400-
01&1500-
01&1&00-
01&1700-
01&1800-
01&1QOO-
01&2000-
01&2100D 
01&2200-
01&2300-
01&2400-
01&2500-
01&2&00-
01&2700-
01&2800-
01&2QOO-
01&3000-
01&3100-
01&3200-
01&3300-
01&3400-
01&3500-
01&3&00-
01&3700-
01&3800-
01&3QOO-
01&4000-
01&4100-
01&4200-
01&4300-
01&4400-
01&4500-
01&4&00-
01&4700-
01&4800-
01&4QOO-
01&5000-
01&5100-
01&5200-
01&5300-
01&5400-
01&5500-
01&5&00-
01&5700-
01&5800-
01&5qOO-
01&&000-
01&&100-
01&&200-
01&&300-
01&&400-
01&&500-
01&&&00-

C 

J=JHAXII) 
313 AN I I, J) =0. 

RETURN 

CHAPTER 4 4 4 4 4 4 PRESSURE CORRECTION 4 4 4 4 4 4 4 4 
C 

4 CONTINUE 
C---------SIDE WAll 

IFIJSTEP .EQ. NJM1) GO TO 414 
00 412 I=2,NIH1 
IFIJHAXll-1) .GE. JMAXIII I GO TO 412 
JJ=JHAXP1II-l) 
JI=JHAXII' 
00 410 J=JJ,JI 
AWII,J)=O. 

410 CONTINUE 
412 CONTINUE 

C---------TOP WAll 
414 CONTINUE 

00 402 1=2,NIH1 
J=JHAXII) 

402 ANII,J)=O.O 
C---------SYMMETRY AXIS 
. 00 420 1=2,NIM1 

ASII,2)=0.0 
420 CONTINUE 

C---------OUTlET 

C 

00 440 J=2,NJH1 
AEINIM1,JI=0.0 

440 CONTINUE 
RETURN 

CHAPTER 5 5 5 5 5 5 5 THERMAL ENERGY 5 5 5 5 5 5 5 5 5 
C 

5 CONTINUE 
C---------NO MODIFICATIONS FOR THIS ~ROBLEM 

RETURN 
C 
CHAPTER & & & & & TURBULENT KINETIC ENERGY & & & & & & & & 
C 
C 

& CONTINUE 
C---------TOP WALL 

CDTERH=CHU**0.25 
00 &10 1=2,NIM1 
J=JHAXII, 
DWDY=IWII,J+1 I-WII,J-111/1D1NPIJ)+DYPSIJI I 
UAVG=U I I , J , *WFE I I I + I 1 . -WFE I I , I *U I 1+1 , J I 
UEFF=SQRrlUAVG*UAVG + WII,JI*WII,JII 
YP=YVIJ+1'-YIJ) 
DENU=DENII,J) 
SQRTK=SQRTITElr,JI) 
VOl=RCVIJ)*SNSIJ)*SEWIII 
YPlUSNII,=DENU*SQRTK*CDTERM*YP/VISCOS 

01&1000 
01&1100 
01&1200 
01&1300 
01&1400 
01&1500 
01&1&00 
01&1700 
01&lBOO 
01&lQOO 
01&2000 
01&2100 
01&2200 
01&2300 
01&2400 
01&2500 
01&2&00 
01&2700 
01&2800 
01&2QOO 
01&3000 
01&3100 
01&3200 
01&3300 
01&3400 
01&3500 
01&3&00 
01&3700 
01&3800 
01&3QOO 
01&4000 
01&4100 
01&4200 
01&4300 
01&4400 
01&4500 
01&4&00 
01&4700 
01&4800 
01&4QOO 
01&5000 
01&5100 
01&5200 
01&5300 
01&5400 
01&5500 
01&5&00 
01&5700 
01&5800 
01&5QOO 
01&&000 
01&&100 
01&&200 
01&&300 



01<3<3100-
01<3<3200-
01<3<3300-
01<3<3400-
01<3<3500-
01 <3<3bOO-
01<3<3700-
01<3<3800-
01<3<3<300-
0200000-
0200100-
0200200-
0200300-
0200400-
0200500-
0200bOO-
0200700-
0200800-
0200<300-
0201000-
0201100-
0201200-
0201300-
0201400-
0201500-
0201 bOO-
0201700-
0201800-
0201<300-
0202000-
0202100-
0202200-

RETURN 
100 FORMATl11H Y-AXES ARE,5X,1011X,A101 I 
101 FORMATl1HO,2X,11F10.11 
102 FORMATl15H MAXIMUM VALUES, 'OE".31 
103 FORMATl11H1X-AXIS IS ,A31 
104 FORMATl3X,11F10.1 I 
105 FORMATl2H X,Fb.2,3X,101A1,Fb.21 
10b FORMATl7H SYMBOL,1 1X,1011X,A1011 
107 FORMATl/2H X,Fb.2,3X,101A1,Fb.21 
115 FORMATIII,T50,'RADIAL POSITION RIO' ,II 
120 FORMATIII,T50,'RADIAL POSITION 2R/D',/1 
130 FORMATlll',T45,'DIMENSIONLESS STREAMLINE PLOT' I 

RETURN 
END 

U VELOCITY 
V VELOCITY 

W '/ELOCI TY 
PRESSURE 

TEMPERATURE 
TURBULENCE ENERGY 

TURBULENCE DISSIPATION 
VISCOSITY 

DIMENSIONLESS LENGTH SCALE 
DIMENSIONLESS STREAM FUNCTION 

RADIAL COORDINATE OF STREAMLINES 
DIMENSIONLESS U VELOCITY 

DIMENSIONLESS V VELOCITY 
DIMENSIONLESS W VELOCITY 
DIMENSIONLESS PRESSURE 
DIMENSIONLESS TURBULENCE ENERGY 
DIMENSIONLESS STREAMLINE COORDS 

DIMENSIONLESS EFF. VISCOSITY 

01q8800 
01qaqOO 
01qqOOO 
01qq100 
01QQ200 
01QQ300 
01QQ400 
01QQ500 
01QQbOO 
01QQ700 
01QQaOO 
01QQQOO 
0200000 
0200100 
0200bOO 
0200700 
0200aOO 
0200QOO 
0201000 
0201100 
0201200 
0201300 
0201400 
0201500 
0201bOO 
0201700 
0201aOO 
0201QOO 
0202000 
0202100 
0202200 
0202300 



0015500-
0015&00-
0015700-
0015800-
0015QOO-
001&000-
001&100-
001&200-
001&300-
001&400-
001&500-
001&&00-
001&700-
001&800-
001&QOO-
0017000-
0017100-
0017200-
0017300-
0017400-
0017500-
0017&00-
0017700-
0017800-
0017QOO-
0018000-
0018100-
0018200-
0018300-
0018400-
0018500-
0018&00-
0018700-
0018800-
0018QOO-
001~000-
001~100-
001~200-
001~300-
001~400-
001~500-
001~&00-
001~700-
001~800-
001~~OO-
00,20000-
0020100-
0020200-
0020300-
0020400-
0020500-
0020&00-
0020700-
0020800-

1& CONTINUE 
SUHX=NIH1-l 

18 DX=ALTOT/SUHX 
Xlll=-.5*DX 
XI21=-Xll1 
00 170 I=3,NIH1 
X I I 1 =X I 1-1 1 +DX 

170 DX=EPSX*DX 
XINI I=XINIH1 '+IXINIH1 I-XINI-21 I 
00 180 L=31,35 

180 XILI=XIL-11+IXINII-XINIH1 II 
NI=35 
NIH1=NI-1 
ALTOT=IXINIH11+XINIII/2. 
AL1=0.5*IXIISTEPI+X(ISTH1) I 
AL2=ALTOT-AL1 

C---------SPECIFY RADIAL HEIGHTINO. OF J-CELLSI OF COMBUSTOR C--------- WALL FOR EACH I GRID LINE 
130 CONTINUE 

JHAX(1)=JSTEP 
JHAXP111 I=JHAXI1 1+1 
00 1&0 1=2,NI 
JHAXIII=JHAXII-11+3 
IFIJHAXII-11 .EQ. NJM1 I JHAXIII=JMAXII-11 

1&0 JHAXP11II=JHAXIII+1 
C---------GRIO LINES IN Y-DIRECTION 

YI1'=-1.5&25E-3 
YI21=1.5&25E-3 
YI31=5.&25E-3 
YI41=1.0&25E-2 
YI51=1.&25E-2 
Y 1&1 =2 . 1875E-2 
YI71=2.&875E-2 
YI81=3.03125E-2 
YI~I=3.21875E-2 
Y 1101 =3. 4375E-2 
Y 111=3.71875E-2 
Y 121=4.0~375E-2 
Y 131=4.328125E-2 
Y 141=4.5&25E-2 
Y 151=4.8125E-2 
Y 1&1=5.078125E-2 
Y 171=5.34375E-2 
Y 181=5.5~375E-2 
Y 1~1=5.~375E-2 
Y 201=&.1875E-2 
\' 211=&.3125E-2 
FSHALL~0.5*IYIJSTEPI+YIJSTP111 

C---------DEPENDENT VARIABLE SELECTION 
INCALU=.TRUE. 
INCALV=.TRUE. 
INCALW=.TRUE. 
INCALP=.TRUE. 
INCALK=.TRUE. 

0015200 
0015300 
0015400 
0015500 
0015&00 
0015700 
0015800 
0015~OO 
001&000 
001&100 
001&200 
001&300 
001&400 
001&500 
001&&00 
001&700 
001&800 
001&~00 
0017000 
0017100 
0017200 
0017300 
0017400 
0017500 
0017&00 
0017700 
0017800 
0017~00 
0018000 
0018100 
0018200 
0018300 
0018400 
0018500 
0018&00 
0018700 
0018800 
0018~00 
001~000 
001~100 
00113200 
00113300 
00113400 
00113500 
00113&00 
00113700 
00113800 
001q~00 
0020000 
0020100 
0020200 
0020300 
0020400 
002(1500 



0053300-
0053400-
0053500-
0053000-
0053700-
0053800-
0053~00-
0054000-
0054100-
0054200-
0054300-
0054400-
0054500-
0054000-
0054700-
0054800-
0054~Ot)-
0055000-
0055100-
0055200-
0055300-
0055400-
0055500-
0055000-
0055700-
0055800-
0055~00-
0050000-
0050100-
0050200-
0050300-
0050400-
0050500-
0050000-
0050700-
0050800-
0050~00-
0057000-
0057100-
0057200-
0057300-
0057400-
0057500-
0057000-
0057700-
0057800-
0057<)00-
0058000-
0058100-
0058200-
0058300-
0058400-
0058500-
0058000-

XHONIN=XHONIN+ARDEN*UI2,JI*UI2,JI 0053000 
WHONIN=WHONIN+ARDEN*UI2,JI*WI1,JI 0053100 
ANGHOH=ANGHOH+ARDEN*UI2,JI*Wl1,JI*RIJI 0053200 
ARDENT=ARDENT+ARDEN 0053300 

4<)0 FLOWIN=FLOWIN+ARDEN*UI2,JI 0053400 
UHEAN=FLOWIN/ARDENT 0053500 
SWRLNO=ANGHOH/lXHONIN*RSHALLI 0053&00 
IFlWl1,JSTEPl .EQ. 0.1 WHONIN=l. 0053700 
WRITEl&,3101 IHON,JHON 0053800 
GO TO 300 0053<)00 

40<) CONTINUE 0054000 
STOP 0054100 

C---------FORHAT STATEHENTS 0054200 

C 

211 FORHATl1H1,T37, 'AXISYHHETRIC,ISOTHERMAL, GT COMBUSTOR FLOWFIELD SI 0054300 
'HULATION',II,T35,'USING THE STAIRSTEP APPROXIMATION FOR THE SLOPIN 0054400 
'G EXPANSION WALL' ,11,T53,'AND THE K-E TURBULENCE MODEL' I 0054500 

225 FORHATllll',T40,'EXPANSION ANGLEIDEG.I =',T77,lPE13.31 0054&00 
230 FORHATll',T40, 'NUHBER OF STAIRSTEPS =' ,T81,ll I 0054700 
235 FORHAT 11',T40, 'INLET RADIUSIHI =' ,T77,lPE13.31 0054800 
240 FORHATll',T40,'COHBUSTOR RADIUSIHI =',T77,lPE13.31 0054f300 
245 FORHATlll,T40, 'COHBUSTOR LENGTHIHI =',T77,lPE13.31 0055000 
250 FORHATll',T40,'INLET REYNOLDS NO.lUSING DIAM.I =' ,T77,lPE13.31 0055100 
255 FORHATll',T40, 'LAHINAR VISCOSITYIKG/M/SECI =' ,T77,lPE13.31 0055200 
2&0 FORHATIII,T40,'DENSITYIKG/CU. HI =',T77,lPE13.3,11111 0055300 
310 FORHATI13HOITER 1---, f3X,2f3HABSOLUTE RESIDUAL SOURCE SUMS,f3X, 0055400 

111H---I 1---,37H FIELD VALUES AT MONITORING LOCATIONI,12,lH,,12, 0055500 
*&HI ---1/14H NO UHON.7X,'VHON',7X,'WMON',7X, 'MASS' ,7X, 0055&00 
*'TKIN' 0055700 
3,7X,4HDISP,<)X,lHU,f3X,lHV,10X,lHW,10X,lHP.l0X,lHD/I 0055800 

311 FORHAT 12X,14,11E11.41 0055f300 
312 FORHAT 11HO,5<)12H- II 005&000 
402 FORHATllllf3X,lHI,5X,3HX/D,5X,10HS.S.COEFF.1 005&100 
403 FORHATI/5X,15,211PE11.311 005&200 
410 FORHATII123H SWIRL CASE WITH LFS =,131 005&300 

1 23H AND NSBR =,1311 005&400 
1&3H CORRESPONDS IF NSBR = 1 TO SWIRL GENERATOR WITH SWIRL NUMBER = 005&500 
1,Fl0.31137H OR IF NSBR = 0 TO SWIRL VANE ANGLE =,Fl0.31', 005&&00 
l1X,' COHPUTED INLET SWIRL NUHBER =' ,Fl0.41', 005&700 
l1X,' COHPUTED INLET MEAN AXIAL VELOCITY:' ,Fl0.41', 005&800 
11X,' COHPUTED INLET MASS FLOW RATE =',Fl0.511111 005&f300 

f350 FORMATll0X,&Fl0.5,1,10X,&Fl0.5,1,10X,4Fl0.51 0057000 
f3&0 FORMAT I 15X, , THE SOLN. IS NOT CONVERGING' I 0057100 

END 0057200 

C-----------------------------------------------------------------
0057300 
0057400 
0057500 
0057&00 
0057700 
0057800 

C 
SUBROUTINE INIT 

CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 
C 

o 0 0 0 0057f300 

COHMON 
1/UVEL/RESORU,NSWPU,URFU,DXEPUI481,DXPWUI481,SEWUI481 
1/VVEL/RESORV,NSWPV,URFV,DYNPVI241,DYPSVI241,SNSVI241 

0058000 
0058100 
0058200 
0058300 



00q1100-
00q1200-
00q1300-
00q1400-
00q1S00-
00q1E,00-
00Q1700-
00q'800-
OOq,qOO-
00q2000-
00q21 00-
00Q2200-
00Q2300-
00Q2400-
00Q2S00-
00Q2E,00-
00Q2700-
00Q2800-
00Q2QOO-
00Q3000-
00Q31 00-
00Q3200-
00Q3300-
00Q3400-
00Q3S00-
00Q3E,00-
00Q3700-
00Q3800-
00Q3QOO
OOQ4000-
00Q41 00-
00Q4200-
00Q4300-
00Q4400-
00Q4S00-
00Q4E,00-
00Q4700-
00Q4800-
00Q4QOO
OO~SOOO-
00c:l51 00-
00c:l5200-
00c:l5300-
00c:l54 00-
00c:l5S00-
00c:l5E,00-
00c:l5700-
00c:l5800-
OOc:lSc:lOO
OOc:lE,OOO-
00c:lE,100-
00c:lE,200-
00c:lE,300-
00QE,400-

AEII,JI=AHAX1IABSI0.S*CEI,DEI-0.S*CE 
AWII,JI=AHAX1IABSI0.S*CWI,DWI+0.S*CW 
DVII,JI=O.S*IAREAN+AREASI 
DUDYE=IUII+l,JI-UII+l,J-lII/SNSVIJI 
DUDYW=IUII,JI-UII,J-lII/SNSVIJI 
SORCE1=IDUD1E*VISE-DUDYW*VISWI/DXEPUIII 
DVDYN=IVII,J+ll-VII,JII/DYNPVIJI 
DVDYS=IVII,J~-VII,J-lII/DYPSVIJI 
SORCE2=IVISII,JI*RCVIJI*DVDYN-VISII,J-11*RCVIJ-1 I*DVDYSI 

• IIRVIJI*SNSVIJII 
SUII,JI=CPO*VII,JI+DVII,JI*IPII,J-ll-PII,JII 
SUII,JI=SUII,JI+ISORCE1+S0RCE21*VOL 
SPII,JI=-CP 
IFIINDCOS .EQ. 11 GO TO 101 
SUII,JI=SUII,JI+VOL*1 IDENII,JI+DENII,J-1 1 '*IWII,J'+WII,J-l 1 

.1**21/IS.*RVIJII 
SPII,JI=SPII,JI-IVISII,JI+VISII,J-111*VOL/RVIJI**2 

101 CONTINUE 
100 CONTINUE 

OOqOSOO 
OOqOqOO 
00q1000 
00ql100 
00q1200 
00q1300 
00q1400 
00q1S00 
00q1e,00 
00q1700 
00qlS00 
00q1qOO 
00Q2000 
00Q2100 
00Q2200 
00Q2300 
00Q2400 
00Q2S00 
00Q2e,00 

C 00Q2700 
CHAPTER 2 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 2 00Q2S00 
C 00Q2QOO 

CALL PROMOD 131 00Q3000 
C 00Q3100 
CHAPTER 3 FINAL COEFF. ASSEMBLY AND RESIDUAL SOURC~ CALCULATION 3 3 00Q3200 
C 00Q3300 

RESORV=O.O 
DO 300 1=2,NIM1 
DO 301 J=3,NJM1 
APII,JI=ANII,JI+ASII,JI+AEII,JI+AWII,JI-SPII,JI 
DVII,JI=DVII,JI/APII,JI 
RESOR=ANII,JI*VII,J+l I+ASII,JI*VII,J-11+AEII,JI*VII+1,JI 

1 +AWII,J'*VII-1,JI-APII,J'*VII,J'+SUII,J' 
VOL=RVIJI*SEWIII*SNSVIJ' 
SORVOL=GREAT*VOL 
IFI-SPII,J'.GT.0.5*SORVOL' RE~OR=RESORISORVOL 
RESORV=RESORV+ABSIRESOR' 

C---------UNDER-RELAXATION 
APII,JI=APII,JI/URFV 
SUII,J,=SUII,JI+11.-URFV'*APII,J'*VII,JI 
DVII,J,=DVII,J'*URFV 

C 

301 CONTINUE 
300 CONTINUE 

CHAPTER 4 4 4 SOLUTION OF DIFFERENCE EQUATION 4 4 4 4 4 4 4 
C 

C 

DO 400 N=l,NSWPV 
400 CALL LISOLVI2,3,NI,JMAX,IT,JT,V,3, 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE CALCW 

00Q3400 
00Q3500 
00Q3&00 
00Q3700 
00Q3S00 
00Q3QOO 
00Q4000 
00Q4100 
00Q4200 
00Q4300 
00Q4400 
00Q4S00 
00Q4e,00 
00Q4700 
00Q4S00 
00Q4QOO 
00Q5000 
00Q5100 
00Q5200 
00Q5300 
00Q5400 
00Q5S00 
00Q5e,00 
00QS700 
OOQSSOO 
OOQSQOO 
OOQe,OOO 
00Qe,100 



0128qOO-
012qOOO-
012q100-

.012Q200-
012Q300-
012Q400-
012C;)SOO-
012Q&00-
012Q700-
012Q800-
012QQOO-
0130000-
0130100-
0130200-
0130300-
0130400-
0130S00-
0130&00-
0130700-
0130800-
0130QOO-
0131000-
0131100-
0131200-
0131300-
0131400-
0131S00-
0131&00-
0131700-
0131800-
0131QOO-
0132000-
0132100-
0132200-
0132300-
0132400-
0132S00-
0132&00-
0132700-
0132800-
0132QOO-
0133000-
0133100-
0133200-
0133300-
0133400-
0133S00-
0133&00-
0133700-
0133800-
0133QOO-
0134000-
0134100-
0134200-

SORVOL=GREAT*VOL 
IFI-SPII,J'.GT.O.S*SORVOLI RESOR=RESORISORVOL 
RESORK=RESORK+ABSIRESORI 

C---------UNDER-RELAXATION 
APII,JI=APII,JI/URFK 
SUII,JI=SUII,JI+11.-URFKI*APII,JI*TEII,JI 

301 CONTINUE 
300 CONTINUE 

C 
CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 4 4 4 
C 

C 

DO 400 N=1,NSWPK 
400 CALL LISOLVI2,2,NI,JMAX,IT,JT,TE,&1 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE CALCED 
CA******************************************************************'*** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

C 

COMMON 
1/TDIS/RESORE,NSWPD,URFE 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481,JMAXP11481 
l/GEOM/INDCOS,XI481,YI241,DXEPI481,DXPWI481,DYNPI241,DYPS1241, 
1 SNSI241,SEWI481,XUI48',YVI24',RI24',RVI24', 
, WFNI24',WFS(24',WFEI48',WFWI48',RCVI24',XNDI48',XUNDI48', 
'YNDI24',YVNDI24, 
l/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,24',VISI48,24' 
l/COEF/API48,24',ANI48,24',ASI48,24',AEI48,24',AWI48,24',5UI48,24', 
1 SP148,24' 
*/VAR/UI48,24', V(48,24', WI48,24" PI48,24', PP(48,24', TE(48,241, 
*ED(48,24',STFNI48,24',YSTLNI48,24',STVALI24',USTAR(48,24', 
*VSTARI48,24',WSTARi48,24',PSTAHI48,241,TESTARI48,241,YSTLNDI48,24' 
',VISTARI48,24' 

COMMON 
l/TURB/GENI48,24',CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSNI481,XPLUSWI24',TAUNI48',TAUWI24' 
1/SU5P/SUKDI48,24',SPKDI48,24' 
1/KASE T1/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 

CHAPTER 1 1 1 1 1 
C 

ASSEMBLY OF COEFFICIENTS 1 1 1 1 

DO 100 1=2,NIM1 
JJ=JMAXII, 
DO 101 J=2,JJ 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RVIJ+l'*SEWII, 
AREAS=RVIJ,*SEWII' 
AREAEW=RCVIJ,*SNSIJ' 
VOL=RCVIJ'*SNSIJ,*SEW(I' 

0128&00 
0128700 
0128800 
01281300 
01213000 
01213100 
01213200 
01213300 
01213400 
012qSOO 
01213&00 
01213700 
01213800 
012131300 
0130000 
0130100 
0130200 
0130300 
0130400 
0130500 
0130&00 
0130700 
0130800 
01301300 
0131000 
0131100 
0131200 
0131300 
0131400 
0131500 
0131&00 
0131700 
0131800 
01311300 
0132000 
0132100 
0132200 
0132300 
0132400 
0132500 
0132&00 
0132700 
0132800 
01321300 
0133000 
0133100 
0133200 
0133300 
0133400 
0133500 
0133&00 
0133700 
0133800 
01331300 



0100700-
0100800-
0100qOO-
0107000-
0107100-
01072001; 
0107300-
0107400-
0107S00-
0107000-
0107700-
0107800-
0107QOO-
0108000-
0108100-
0108200-
0108300-
0108400-
0108S00-
010S000-
010S700-
010SS00-
010SQOO-
010QOOO-
01 oc:ll 00-
010c:l200-
010c:l300-
010c:l400-
01&c:lSOO-
01&C:lOOO-
01&c:l700-
010c:lSOO-
01&c:lc:l00-
0170000-
0170100-
0170200-
0170300-
0170400-
0170S00-
0170&00-
0170700-
0170S00-
0170c:lOO-
0171000-
0171100-
0171200-
0171300-
0171400-
0171S00-
0171&00-
0171700-
0171S00-
0171c:100-
0172000-

IFlYPLUSNll1 .LE. 11.&31 G( TO &08 
THULT=DENU*CDTERH*SQRTK*CAPPA/ALOGlELOG*VPLUSNlIII 
TAUNI I I=-THULT*UEFF 
DITERH=DENll,JI*ICHU**.7SI*SGRTK*ALOGIELOG*VPLUSNIIIIIlCAPPA*VPI 
GO TO oOQ 

008 TAURX=-VISCOS*UAVG/VP 
TAURW=VISCOS*I-Wll,JI/VP - WlI,JI/VIJI I 
TAUNlll=SQRTtTAURX**2+TAURW**21 
DITERH=DENll,JI*ICH~**.7SI*SGRTK*VPLUSNIII/VP 

&Oc:l DUDV=IIUll,JI+UII+1,JI+UII,J+11+UII+1,J+1 1 1/4.-1UlI,JI+UII+1,JI+UI 
41, J-l I +U II + 1 , J-1 1 1 14. II SNS I J I 
GENCOU=TAUNlII**2/VISII,JI 
GENRES=GENll,JI-VIStI,JI*IDUDV**2+IDWDV-WII,JI/VIJII**21 
GENll,JI=GENRES+GENCOU 
SUll,JI=GENII,JI*VOL+SUKDII,JI 
SPll,JI=-DITERH*VOL+SPKDII,JI 
ANll,JI=O.O 

010 CONTINUE 
TAUNlNII=TAUNINIH11 

C---------SIDE WALL 
IFlJSTEP .EG. NJM11 GO TO &14 
DO 02S 1=2,NIH1 
IFIJMAXII-11 .GE. JMAXIIII GO TO 025 
JJ=JHAXP111-1 I. 
JI=JHAXlll 
00 020 J=JJ,JI 
DWDX=IWll+1,JI-WII-1,JII/IDXPWIII+DXEPIIII 
VAVG=VII,JI*WFNIJI+11.-WFNIJII*VII,J+1 I 
VEFF=SQRTIVAVG*VA~G + WII,JI*WII,JII 
XP=Xll'-XUlI' 
DENV=DENII,JI 
SQRTK=SQRTlTElI,JII 
VOL=RCVlJI*SNSIJI*SEwIII 
XPLUSWIJI=DENV*SQRTK*CDTERM~XP/VISCOS 
IFlXPLUSWlJI .LE. 11.&31 GO TO &21 
THULT=DENV*CDTERM*SQRTK*CAPPA/ALOGIELOG*XPLUSWIJII 
TAUWlJI=-TMULT*VEFF 
DITERM=DENII,JI*ICMU**.751*SGRTK*ALOGIELOG*XPLUSWIJIIIICAPPA*XPI 
GO TO &22 

&21 TAUXR=VISCOS*VAVG/XP 
TAUXW=VISCOS*WII,JI/XP 
TAUWlJI=SQRTlTAUXR**2+TAUXW**21 
DITERM=DENlI,JI*ICMU**.751*SQRTK*XPLUSWIJI/XP 

022 DVDX= I I V II , J 1 +V I I , J+ 1 1 +V I 1+1 , J I +V I 1+1 , J+ 1 I 1 14. - I V I I, J 1 +V I I , J+ 1 1 +V I 
31-1 , J I +V 11-1 , J+ 1 1 1 14. 1 I SEW I I 1 
GENCOU=TAUWlJI**2/VISII,JI 
GENRES=GENII,JI-VISII,JI*IDVDX**2+DWDX**21 
GENll,JI=GENRES+GENCOU 
SUll,JI=5UII,JI+SUKDII,JI+GENII,JI*VOL 
SPll,JI=SPII,JI+SPKDII,JI-DITERM*VOL 
AW I I, J 1 =0 . 0 

020 CONTINUE 
025 CONTINUE 

TAUWlNJI=TAUWlNJM1 I 

0100400 
0100S00 
0100000 
0100700 
0100800 
01&OC:lOO 
0107000 
0107100 
0107200 
010730C 
0107400 
0107500 
0107&00 
0107700 
0107800 
0107c:100 
01&8000 
0108100 
01&8200 
01&8300 
01&8400 
01&8500 
0108&00 
01&8700 
0108800 
01&8c:100 
010c:lOOO 
010c:l100 
01&c:l200 
010c:l300 
010c:l400 
010c:lSOO 
01&c:loOO 
01&c:l700 
01&c:l800 
010c:lc:lOO 
0170000 
0170100 
0170200 
0170300 
0170400 
0170500 
0170000 
0170700 
0170800 
0170c:lOO 
0171000 
0171100 
0171200 
0171300 
0171400 
0171500 
0171&00 
0171700 



0020QOO-
0021000-
0021100-
0021200-
0021300-
0021400-
0021500-
0021&00-
0021700~ 
0021800-
0021QOO-
0022000-
0022100-
0022200-
0022300-
0022400-
0022500-
0022&00-
0022700-
0022800-
0022QOO-
0023000-
0023100-
0023200-
0023300-
0023400-
0023500-
0023&00-
0023700-
0023800-
0023QOO-
0024000-
0024100-
0024200-
0024300-
0024400-
0024500-
0024&00-
0024700-
0024800-
0024~00-
0025000-
0025100-
0025200-
0025300-
0025400-
0025500-
0025E.OO-
0025700-
0025800-
0025~00-
002E.000-
002E.100-
002E.200-

INCALO=.TRUE. 
INPRO=.TRUE. 
INCALS=.TRUE. 

C---------FLUIO PROPERTIES 
C---------TURBULENCE CONSTANTS 

CHU=O.O~ 
CO=1.00 
C1=1.44 
C2=1.~2 
CAPPA=.4187 
ELOG=~.7~3 
PREO=CAPPA*CAPPA/tC2-C11/ICMU**.51 
PRTE=1.0 

C---------BOUNOARY VALUES 
UIN=30. 
ULARGE=UIN*IRSMALL/RLARGEI~*2 
TURBIN=.03 . 
TEIN=TURBIN*UIN**2 
ALAHOA=0.005 
EOIN=TEIN**1.5/IALAMDA*RLARGEI 
VISCOS=1.8E-5 

C---------PRESSURE CALCULATION 
IPREF=2 
JPREF=2 

C---------PROGRAM CONTROL AND MONITOR 
IHON=NIM1 
JHON=8 
SORMAX=.004 

C 
CHAPTER 2 2 2 2 2 2 INITIAL OPERATIONS 2 2 2 2 2 2 2 2 2 

CALL INIT 
C---------NONDIMENSIONALIZE X & Y VARIABLES FOR NONDIMENSIONAL OUTPUT 

DO 50 I=1,NI 
XNDII,=XIII/12.*RLARGEI 

50 XUNDIII=XUIII/12.*RLARGEI 
DO E.O J=1,NJ 
YNDIJ)=YIJ)/12.*RLARGE) 

&0 YVNDIJ)=YVIJ)/12.*RLARGE) 
C---------INITIALISE VARIABLE FIELDS 

FLOWIN=O.O 
ARDEN=O.O 
ARDENT=O. 
XMONIN=O. 
WMONIN=O.O 
ANGMOM=O. 

C 
C---------INLET SWIRL VELOCITY PROFILE 
C 
C---------w, USE SOLID BODY ROTATION MODFL 

WINST=2.*SWNBILFSI/11.+SWNBILFSI)*UIN 
DO 20& J=2,JSTEP 

20& WI1,J)=WINST*RIJ)/RIJSTEPI 
C---------NSBR=O - FLAT SWIRL VELOCITY PROFILE FROM SWIRL VANES 
C---------NSBR=1 - SOLID BODY ROTATION FROM SWIRL GENERATOR 

0020&00 
0020700 
0020800 
0020~00 
0021000 
0021100 
0021200 
0021300 
0021400 
0021500 
0021E.00 
0021700 
0021800 
00211300' 
0022000 
0022100 
0022200 
0022300 
0022400 
0022500 
0022&00 
0022700 
0022800 
00221300 
0023000 
0023100 
0023200 
0023300 
0023400 
0023500 
0023&00 
0023700 
0023800 
00231300 
0024000 
0024100 
0024200 
0024300 
0024400 
0024500 
0024&00 
0024700 
0024800 
00241300 
0025000 
0025100 
0025200 
0025300 
0025400 
0025500 
0025&00 
0025700 
0025800 
00251300 



0058700-
0058800-
0058~00-
005~000-
005~100-
005~200-
005~300-
005~400-
005~500-
005~&00-
005~700-
005~800-
005~~00-
00&0000-
00&0100-
00&0200-
00&0300-

·00&0400-
00&0500-
00&0&00-
00&0700-
00&0800-
OO&O~OO-
00&1000-
00&1100-
00&1200-
00&1300- .. 
00&1400-
00&1500-
00&1&00-
00&1100-
00&1800-
00&1~00-
00&2000-
00&2100-
00&2200-
00&2300-
00&2400-
00&2500-
00&2&00-
00&2700-
00&2800-
00&2~00-
00&3000-
00&3100-
00&3200-
00&3300-
00&3400-
00&3500-
00&3&00-
00&3700-
00&3800-
00&3~00-
00&4000-

C 

*/WVELI RESORW, NSWPW, URFW 
1/PCOR/RESORH,NSWPP,URFP,DUI48,24',DVI48,24',IPREF,JPREF 
*/VAR/Ul48,24', Vl48,24" WI48,24', PI48,24', PPl48,24', TEI48,24', 
*EDl48,24',STFNl48,24',YSTLNI48,24',STVALI24',USTARI48,24', 
*VSTARl48,24',WSTARl48,24',PSTARl48,24',TESTARI48,24',YSTLNDI48,241 
',VISTARl48,24' 
l/ALL/IT,JT,NI,NJ,NIH1,NJH1,GREAT,JHAXI48',JHAXP11481 
l/GEOH/INDCOS,Xl48',YI24',DXEPl48',DXPWl481,DYNPI241,DYPS1241, 
1 SNSl24',SEWl48',XU(48',YVI24',RI24',RVI241, 
, WFNl24',WFSI24',WFEI48',WFWI48',RCVI24',XNOI48',XUNDI481, 
'YNDI241,YVNDl24' 

COHHON 
l/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,241,VIS(48,241 
l/KASE T1/UIN,TEIN,EDIN,FLOWIN,ALAHDA, 
2 RSHALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTH1,ISTP1,ISTM1 
1/TURB/GENI48,241,CD,CHU,Cl,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSNI431,XPLUSWI241,TAUNI481,TAUWI241 
l/COEF/API48,241,ANI48,241,ASI48,241,AEI48,241,AWI4R,241,SUI48,241, 
1 SP148,241 
f/PLOTT/NSTLN,NPLTLN,NPTS,YSLPLTl10,481,XUDPLTI481,INPLOT 

CHAPTER 1 1 1 1 1 CALCULATE GEOMETRICAL QUANTITIES 
C 

1 1 

DO 100 J=l,NJ 
RIJI=YIJI 

100 IFlINDCOS.EQ.l IRIJI=1.0 
DXPWlll=O 0 
DXEPINII=C.O 
DO 1 01 I = 1 , N I M 1 
DXEPI II=XII+l'-XI I I 

101 DXPWII+ll=DXEPIII 
DYPSlll=O.O 
DYNPINJI=O.O 
DO 102 J=l,NJMl 
DYNPIJI=YIJ+l'-YIJI 

102 DYPSIJ+ll=DYNPIJI 
SEWl11=0.0 
SEW I NIl =0 . 0 
DO 103 1=2,NIM1 

103 SEWIII=O.5*IDXEPIII+DXPWIIII 
SNSl1'=0.0 
SNSINJI=O.O 
DO 104 J=2,NJfo11 

104 SNSIJI=0.5*IDYNPIJI+OYPSIJII 
XUI11=O.0 
DO 105 1=2,NI 

105 XU ( I 1 =0.5* I X I I 1 +X I I -1 I I 
DXPWU(ll=O.O 
DXPWUI21=0.0 
DXEPUlll=O.O 
DXEPU ( N I 1=0.0 
DO 10& 1=2,NIMl 
DXEPUllt=XUII+l'-XUII' 

10& OXPWUII+1 I=DXEPUIII 

0058400 
0058500 
0058&00 
0058700 
0058800 
0058~00 
005~000 
005~100 
005~200 
005tj300 
·005~400 
005~500 
005~&00 
005~700 
005~800 
005~~00 
00&0000 
00&0100 
00&0200 
00&0300 
00&0400 
00&0500 
00&0&00 
00&0700 
00&0800 
00&0C300 
00&1000 
00&1100 
00&1200 
00&1300 
00&1400 
00&1500 
00&1&00 
00&1700 
00&1800 
00&1C300 
00&2000 
00&2100 
00&2200 
00&2300 
00&2400 
00&2500 
00&2&00 
00&2700 
00&2800 
00&2C300 
00&3000 
00&3100 
00&3200 
00&3300 
00&3400 
00&3500 
00&3&00 
00&3700 



00q&500-
OOq&&OO
OOq&700-
00q&800-
OOq&q(IO-
00q7000-
00q71 00-
00q7200-
00Q7300-
00Q7400-
00Q7500-
00Q7&00-
00Q7700-
00Q7800-
00Q7«300-
OOQ8000-
00Q81 00-
00«38200-
00Q8300-
00Q8400-
00'18500-
00Q8&00-
00Q8700-
00«38800-
00Q8«300-
00«3«3000-
00«3«3100-
00Q«3200-
004343300-
004343400-
00«3«3500-
0043«3&00-
00«3«3700-
00«3«3800-
00«3«3«300-
0100000-
0100100-
0100200-
0100300-
0100400-
0100500-
0100&00-
0100700-
0100800-
0100«300-
0101000-
0101100-
0101200-
0101300-
0101400-
0101500-
0101&00-
0101700-
0101800-

CA********************_************************************************* 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
1/UVEL/RESORU,NSWPU,URFU,OXEPUI481,OXPWUI481,SEWUI481 
1/VVEL/RESORV,NSWPV,URFV,OYNPVI241,OYPSVI241,SNSVI241 
*/WVELI RESORW, NSWPW, URFW 
1/TEN/RESORK,NSWPK,URFK 
1/TOIS/RESORE,NSWPO,URFE 
*/VAR/U(48,241, VI48,241, WI48,241, PI48,241, PPI48,241, 1EI48,241, 
*EOI48,241 ,STFNI48,241, YSTLN148,241 ,STVALI241 ,USTARI48,241, 
*VSTARI48,241,WSTARI48,241,PSTARI48,241,TESTARI48,241,YSTLNOI48,241 
I,VISTARI48,241 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481,JMAXP11481 
1/GEOM/INOCOS,XI481,YI241,OXEPI481,OXPH!481,OYNPI241,0YPS(241, 
1 SNSt241,SEWI481,XUI481,YVI241,RI241.RVI241, 
I WFNI241,WFSI241,WFEI481,WFW(481,RCVI241,XNOI481,XUNOI481, 
IYNOI241,YVNOI241 

COMMON . 
1/FLUPR/URFVIS,VISCOS,OENSIT,PRANOT,OEN(48,241,VIS(48~241 
1/KASE T1/UIN,TEIN~EOIN,FLOWIN,ALAMOA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTM1 
1/TURB/GENI48,241,CO,CMU,C1,C2,CAPPA,ELOG,PRED,PRTE 
1/WALLF/YPLUSNI481,XPLUSWI241,TAUNI481,TAUWI241 
1/COEF/API48,241,ANI48,241,ASI48,241,AEI48,241,AWI48,241,SUI48,241, 
1 SP148,241 . 

C---------IF NO SWIRL, RETURN TO MAIN 
IFIWI1,31 .LE. 0.1 GO TO 500 

C 
CHAPTER 1 1 1 1 1 1 1 1 ASSEMBLY OF COEFFICIENTS 1 1 1 1 1 1 1 
C 

C 

00 100 1=2, NIMl 
00 101 J=2, NJMl 

C COMPUTE AREAS AND VOLUME 
C 

C 

AREAN=RVIJ+ll*SEWIII 
AREAS=RVlJI*SEWlII 
AREAEW=RCV(JI*SNSIJI 
VOL=RCVIJI*SNSIJI*SEWIII 

C---------CALCULATE CONVECTION COEFFICIENTS 
C 

C 

GN=0.5*(OENII,JI+DENII,J+lll*VII,J+l1 
GS=0.5*IOENII,JI+DENII,J-111*VII,JI 
GE=0.5*IOENII,JI+DENII+l,JII*UII+1,JI 
GW=0.5*IOENII,JI+OENII-l,JII*UII,JI 
CN=GN*AREAN 
CS=GS*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCULATE DIFFUSION COEFFICIENTS 

00«3&200 
00~&300 
00«3&400 
00«3&500 
00«3&&00 
00«3&700 
00«3&800 
00«3&«300 
00~7000 
00«37100 
00«37200 
00«37300 
00«37400 
00«37500 
00«37&00 
00«37700 
00«37800 
00«37«300 
00~8000 
00«38100 
00«38200 
00~8300 
00~8400 
00~8500 
00~8&00 
00~8700 
00~8800 
00~8~00 
OO~CjOOO 
00~~100 
00~~200 
00«3~300 
00~~400 
00~~500 
OO~~&OO 
00«3«3700 
00«3«3800 
00«3«3~00 
0100000 
0100100 
0100200 
0100300 
0100400 
0100500 
0100&00 
0100700 
0100800 
0100~00 
0101000 
0101100 
0101200 
0101300 
0101400 
0101500 



0134300-
0134400-
0134500-
0134&00-
0134700-
0134800-
0134CJOO-
0135000-
0135100-
0135200-
0135300-
0135400-
0135500-
.0135&00-
0135700-
0135800-
0135CJOO-
013&000-
013&100-
013&200-
013&300-
013&400-
013&500-
013&&00-
013&700-
013&800-
013&CJOO-
0137000-
0137100-
0137200-
0137300-
0137400-
0137500-
0137&00-
0137700-
0137800-
0137CJOO-
0138000-
0138100-
0138200-
0138300-
0138400-
0138500-
0138&00-
0138700-
0138800-
0138QOO-
013CJOOO-
013«3100-
013«3200-
013«3300-
0'13«3400-
0" 3«3500-
013«3&00-

C---------CALCULATE CONVECTION COEFFICIENTS 
GN=0.5*IOENlI,Jt+OENlI,J+1tt*YlI,J+11 
GS=0.5*IOENlI,Jt+DENlI,J-1tt*YlI,Jt 
GE=0.5*lOENII,Jt+DENlI+1,Jtt*UlI+1,Jt 
GW=0.5*lOENII,Jt+DENlI-1,JII*UlI,JI 
CN=GN*AREAN 
CS=GS*AREAS 
CE=GE*AREAEW 
CW=GW*AREAEW 

C---------CALCULATE DIFFUSION COEFFICIENTS 
GAHN=0.5*IYISII,JI+YISII,J-111/PRED 
GAHS=0.S*IYISlI,JI+YISlI,J-1tI/PRED 
GAHE=O.5*IYISlI,JI+YISlI+l,JII/PRED 
GAHW=0.5*lYISII,JI+YISII-1,JII/PRED 
DN=GAHN*AREAN/DYNPIJt 
DS=GAHS*AREAS/DYPSIJI 
DE=GAHE*AREAEW/OXEPIII 
.DW=GAHW*AREAEW/DXPW I I 1 

C---------SOURCE TERHS 
SHP=CN-CS+CE-CW 
CP=AHAX110.0,SMPI 
CPO=CP 

C------~--ASSEM8LE MAIN COEFFICIENTS 
ANII,JI=AMAX1IABSI0.5*CNI,DNI-0.5*CN 
ASlI,JI=AHAXlIABSI0.5*CSI,DSI+0.5*CS 
AEII,JI=AMAX1IABSI0.5*CEI,CEI-0.5*CE 
AWlI,Jt=AMAX11ABSI0.5*CWI,DWI+0.5*CW 

C 

SUlI,JI=CPO*EDII,JI 
SUKDII,JI=SUII,JI 
SUII,JI=SUII,JI+Cl*CMU*GENII,JI*VOL*DENII,JI*TEII,JI/VISII,JI 
SPII,JI=-CP 
SPKDlI,JI=SPII,JI 
SPII,Jt=SPII,JI-C2*DENII,JI*EDII,JI*VOL/TEII,JI 

101 CONTINUE 
100 CONTINUE 

CHAPTER 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 
C 

CALL PROMOD 171 
C 
CHAPTER 3 FINAL COEFFICIENT ASSEMBLY AND RESIDUAL SOURCE CALCULATION 3 
C 

RESORE=O.O 
DO 300 1=2,NIM1 
DO 301 J=2,NJMl 
APII,JI=ANII,JI+ASII,JI+AEII,JI+AWII,JI-SPII,JI 
RESOR=ANII,JI*EDII,J+11+ASII,JI*EDII,J-l I+AEII,JI*EDII+l,JI 

1 +AWll,Jl*EDlI-l,JI-APII,JI*EDII,JI+SUII,JI 
VOL=RCVIJI*SNS:JI*SEWIII 
SORVOL=GREAT*YOL 
IFI-SPII,JI.GT.0.5*SORYOLI RESOR=RESORISORVOL 
RESORE=RESORE+ABSIRESORI 

C---------UNDER-RELAXATION 
APII,JI=APII,JI/URFE 

0134000 
0134100 
0134200 
0134300 
0134400 
0134500 
0134&00 
0134700 
0134800 
0134«300 
0135000 
0135100 
0135200 
0135300 
0135400 
0135500 
0135&00 
0135700 
0135800 
0135«300 
013&000 
013&100 
013&200 
013&300 
013&400 
013&500 
013&&00 
013&700 
013&800 
013&«300 
0137000 
0137100 
0137200 
0137300 
0137400 
0137500 
0137&00 
0137700 
0137800 
0137«300 
0138000 
0138100 
0138200 
0138300 
0138400 
0138500 
0138&00 
0138700 
0138800 
0138«300 
013«3000 
013«3100 
013«3200 
013«3300 



0172100-
0172200-
0172300-
0172400-
0172500-
0172&00-
0172700-
0172800-
0172~00-
0173000-
0173100-
0173200-
0173300-
0173400-
0173500-
0173&00-
0173700-
0173800-
0173~00-
0174000-
0174100-
0174200-
0174300-
0174400-
0174500-
0174&00-
0174700-
0174800-
0174~00-
0175000-
0175100-
0175200-
0175300-
0175400-
0175500-
0175&00-
0175700-
0175800-
0175~00-
017&000-
017&100-
017&200-
017&300-
017&400-
017&500-
017&&00-
017&700-
017&800-
017&~00-
0177000-
0177100-
0177200-
0177300-
0177400-

C---------SYMMETRY AXIS 
&14 CONTINUE 

J=2 
DO &30 1=2,NIH1 
DUDY= I I U I I, J I +U I 1+1 , J I +U I I, J+ 1 I +U I 1+1 , J+ 1 I 1/4. - I U I I, J I +U I 1+1 , J I + 

3U I I, J-1 I +U I 1+1 , J-1 I 1/4. II SNS I J I 
VOL=RCVIJI*SNSIJI*SEWIII 
GENII,JI=GENtl,JI-VISII,JI*DUDY**2 
SUII,JI=SUKDII,JI+GENII,JI*VOL 

&30 ASII,21=0.0 
C---------OUTLET 

C 

DO &40 J=2,NJH1 
AEINIH1,JI=0.0 

&40 CONTINUE 
RETURN 

CHAPTER 7 7 7 7 7 7 7 7 DISSIPATION 7 7 7 7 7 7 7 7 7 
C 

7 CONTINUE 
C---------TOP WALL 

00 710 I=2,NIH1 
J=JHAXIII 
YP=YVIJ+1'-YIJI 
TERH=ICHU**.751/ICAPPA*YPI 
SUII,JI=GREAT*TERH*TEII,JI**1.5 

710 SPII,JI~-GREAT 
C---------SIDE WALL 

IFIJSTEP .EG. NJM1 I GO TO 714 
00 725 I=2,NIM1 
IFIJMAXII-11 .GE. JMAXIIII GO TO 725 
JJ=JMAXP1II-11 
JI=JMAXIII 
00 720 J=JJ,JI 
IFIJ .EG. JMAXIIII GO TO 720 
XP=XIII-XUIII 
TERM=ICMU**.751/ICAPPA*XPI 
SUII,JI=GREAT*TERM*TEII,JI**1.5 
SPII,JI=-GREAT 

720 CONTINUE 
725 CONTINUE 

C---------SYMMETRY AXIS 
714 CONTINUE 

00 730 I=2,~IM1 
730 ASII,21=0.0 

C---------OUTLET 

C 

00 740 J=2,NJM1 
AEINIM1,JI=0.0 

740 CONTINUE 
RETURN 

CHAPTER 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
C SWIRL VELOCITY 
C 

8 CONTINUE 

0171800 
0171~00 
0172000 
0172100 
0172200 
0172300 
0172400 
0172500 
0172&00 
0172700 
0172800 
0172~00 
0173000 . 
0173100 
0173200 
0173300 
0173400 
0173500 
0173&00 
0173700 
0173800 
0173~00 
0174000 
0174100 
0174200 
0174300 
0174400 
0174500 
0174&00 
0174700 
0174800 
0174~00 
0175000 
0175100 
0175200 
0175300 
0175400 
0175500 
0175&00 
0175700 
0175800 
0175QOO 
017&000 
017&100 
017&200 
017&300 
017&400 
017&500 
017&&00 
017&700 
017&800 
017&QOO 
0177000 
0177100 



002&300-
002&400-
002&500-
002&&00-
002&700-
002&800-
oo2&~00-
0027000-
0027100-
0027200-
0027300-
0027400-
0027500-
0027&00-
0027700-
0027800-· 
0027~00-
0028000-· 
0028100-
0028200-
0028300-
0028400-
0028500-
0028&00-
0028700-
0028800-
0028~00-
002~OOO-
002~100-
002~200-
002~300-
002~400-
002~500-
002~&00-
002'3700-
002~800-
002~~OO-
0030000-
0030100-
0030200-
0030300-
0030400-
0030500-
0030&00-
0030700-
0030800-
0030~00-
0031000-
0031100-
0031200-
0031300-
0031400-
0031500-
0031&00-

IFINSBR .EQ. 11 GO TO 208 
C---------W, FLAT PROFILE 

WIN=UIN*TANIVANBILFSI*3.141Sq/180.1 
00 207 J=2,JSTEP 

207 Wl1,JI=WIN 
208 CONTINUE 

C---------INITIALIZE U-,TE-,ED-, & W-FIELDS 
00 200 J=2,JSTEP 
UI2,JI=UIN 
TEI1,JI=TEIN 
EDI1,JI=EDIN 
ARDEN=0.5*IDENll,JI+DENI2,J! I*RCVIJI*SNSIJI 
XHONIN=XHONIN+ARDEN*UI2,JI*UI2,JI 
WHONIN=WHONIN+ARDEN*UI2,JI*Wll,JI 
ANGHOH=ANGHOH+ARDEN*UI2,JI*Wl1,JI*RIJI 
ARDENT=ARDENT+ARDEN 

200 FLOWIN=FLOWIN+A~DEN*UI2,JI 
UHEAN=FLOWIN/ARDENT 
SWRLNO=ANGHOH/IXHONIN*RSHALLI 
IFIWl1,JSTEPI .EQ. 0.1 WMONIN=l. 
DO 202 1=2,NI 
I J = JHA X P 1 I I -1 I 
FACTOR=IYVIJSTP~ I*RVIJSTP11 "IYVIIJ'*RVIIJ" 
JJ=JHAXll-l1 
DO 202 J=2,JJ 
UII,JI=UIN*FACTOR 

202 CONTINUE 
C 

C 

IFINSBR .EQ. 01 GO TO 21Q 
DO 20~ I=2,NI 
JJ=JHAXII) 
DO 20Q J=2,JJ 
WINST=2.*SWNBILFSI/11.+SWNSILFSII*UII,21 
WII,JI=WINST*RIJI/RIJJI 
TE I 1, J I = TE I N 
EDII,JI=EDIN 

20Q CONTINUE . 
GO TO 221 

21Q CONTINUE 

C 

DO 220 I=2,NI 
JJ=JHAXIII 
DO 220 J=2,JJ 
TE I 1, J I = TE I N 
ED I 1, J 1 =ED I N 

220 CONTINUE 

221 CONTINUE 
DO 203 I=2,NIH1 

203 YPLUSNIII=1'.0 
DO 204 J=JSTEP,NJ 
XPLUSWIJI=11.0 

204 IFIJ.EQ.JSTEPI XPLUSWIJ/= 0.0 
URFVIS=.7 

002&000 
002&100 
002&200 
002&300 
002&400 
002&500 
002&&00 
002&700 
002&800 
002&qOO 
0027000 
0027100 
0027200· 
0027300 
0027400 
0027500 
0027&00 
0027700 
0027800 
0027qOO 
0028000 
0028100 
0028200 
0028300 
0028400 
0028500 
0028&00 
0028700 
0028800 
0028qOO 
002QOOO 
002Ql00 
002Q200 
002Q300 
002Q400 
002Q500 
002Q&00 
002Q700 
002Q800 
002QQOO 
0030000 
0030100 
0030200 
0030300 
0030400 
0030500 
0030&00 
0030700 
0030800 
0030QOO 
0031000 
0031100 
0031200 
0031300 



00&4100-
00&4200-
00&4300-
00&4400-
00&4500-
00&4&00-
00&4700-
00&4800-
00&4~00-
00&5000-
00&5100-
00&5200-
00&5300-
00&5400-
00&5500-
00&5&00-
00&5700-
00&5800-
00&5~00-
00&&000-
00&&100-
00&&200-
00&&300-
00&&400-
00&&500-
00&&&00-
00&&700-
00&&800-
OO&&~OO-
00&7000-
00&7100-
00&7200-
00&7300-
00&7400-
00&7500-
00&7&00-
00&7700-
00&7800-
00&7~00-
00&8000-
00&8100-
00&8200-
00&8300-
00&8400-
00&8500-
00&8&00-
00&8700-
00&8800-
00&8~00-
OO&~OOO-
00&~100-
00&~200-
00&~300-
00&~400-

SOolU I 1 , =0.0 
DO 107 I=2,NI 

107 SEWUlI'=XlI'-XlI-l' 
C---------U-YELOCITIES WEIGHTING FACTORS 

DO 111 I=2,NIHl 
WFElI'=SEWUlI+l '/lSEWUlI+l '+SEWUlIII 
IFlI .LE. 2' GO TO 111 
WFWlI,=SEWUlI-l'/lSEWUll-l '+SEWUIIII 

111 CONTINUE 
YYll'=O.O 
RYll'=O.O 
DO 108 J=2,NJ 
RYlJ'=0.5*lRlJ'+RlJ-l II 

108 YYlJ'=0.5*lYIJ'+YIJ-1 II 
RCY I 1 1 =R I 1 1 
RCYlNJI=RlNJI 
DO 113 J=2,NJHl 

113 RCYlJI=0.5*lRYlJ+ll+RYlJII 
DYPSYlll=O.O 
DYPSYl21=0.0 
DYNPYlNJ'=O.O 
DO 10q J=2,NJHl 
DYNPYlJI=YYlJ+l'-YYIJI 

10q DYPSYlJ+l I=DYNPYlJI 
SNSYlll=O.O 
DO 110 J=2,NJ 

110 SNSYlJI=YlJI-YIJ-ll 
C---------Y-YELOCITIES WEIGHTING FACTORS 

DO 112 J=3,NJHl 

C 

WFNlJI=SNSYIJ+l I/lSNSYIJ+l I+SNSYIJII 
WFSlJI=SNSYIJ-l I/lSNSYIJ-l I+SNSYIJII 

112 CONTINUE 

CHAPTER 2 2 2 2 2 2 SET YARIABLES TO ZERO 2 2 2 2 2 2 
C 

DO 200 l=l,NI 
TAUN I I 1=1 .0 
00200 J=1,NJ 
TAUWIJJ=1.0 
UII,JI=O.O 
Y I I, J I =0.0 
W I I, J I =0. 
PlI,JI=O.O 
PPlI,JI=O.O 
TElI,JI=O.O 
EDII,JI=O.O 
DENlI,JI=DENSIT 
YISII,JI=YISCOS 
DUII,JI=O.O 
DYlI,JI=O.O 
SUII,JI=O.O 
SP I I, J I =0 . 0 
STFNlI,JI=O. 

200 CONTINUE 

00&3800 
00&3qOO 
00&4000 
00&4100 
00&4200 
00&4300 
00&4400 
00&4500 
00&4&00 
00&4700 
00&4800 
00&4QOO 
00&5000 
00&5100 
00&5200 
00&5300 
00&5400 
00&5500 
00&5&00 
00&5700 
00&5800 
00&5QOO 
00&&000 
00&&100 
00&&200 
00&&300 
00&&400 
00&&500 
00&&&00 
00&&700 
00&&800 
OO&&QOO 
00&7000 
00&7100 
00&7200 
00&7300 
00&7400 
00&7500 
00&7&00 
00&7700 
00&7800 
00&7QOO 
00&8000 
00&8100 
00&8200 
00&8300 
00&8400 
00&8500 
00&8&00 
00&8700 
00&8800 
00&8QOO 
OO&QOOO 
00&Q100 



0101~00-
0102000-
0102100-
0102200-
0102300-
0102400-
0102500-
0102E,00-
0102700-
0102800-
0102~00-
0103000-
0103100-
0103200-
0103300-
0103400-
0103500-
0103E,00-
0103700-
0103800-· 
0103~00-
0104000-
0104100-
0104200-
0104300-
0104400-
0104500-
0104&00-
0104700-
0104800-
0104~00-
0105000-
0105100-
0105200-
0105300-
0105400-
0105500-
0105E,00-
0105700-
0105800-
0105~00-
010E,000-
010E,100-
010E,200-
010E,300-
010E,400-
010E,500-
010E,E,OO-
010&700-
010E,800-
010E,~00-
0107000-
0107100-
0107200-

C 

C 

VISN=0.5*tVIStI,JI+VIStI,J+lll 
VISS=0.5*tVIStI,JI+VIStI,J-lll 
VISE=0.5*tVIStI,JI+VIStl+1,JII 
VISW=0.5*tVIStI,JI+VIStI-l,JII 
DN=VISN*AREAN/DYNPtJI 
DS=VISS*AREAS/DYPSIJI 
DE=VISE*AREAEW/DXEPtII 
DW=VISW*ARf.AEW/DXPWtII 

C---------SO~ACE TERMS 
C 

C 

SMP=Ci'4-CS+CE -CW . 
CP=AMAXltO., SMPI 
CPO=CP 

C---------ASSEMBLE MAIN COEFFICIENTS 
C 

ANtl,JI=AMAXltABStO.5*CNI,DNI-0.5*CN 
AStl,JI=AMAXltABStO.5*CSI,DSI+0.5*CS 
AEtl,JI=AMAXltABStO.5*CEI,DEI-0.5*CE 
AWtl,JI=AMAXltABStO.5*CWI,DWI+0.5*CW 
DV=0.5*lAREAN+AREASI 
VAVG=0.5* tVI I ,J+l I+Vl I .JI 1 
SUII,JI=CPO*WII,JI 
IFIINDCOS .EQ. 11 GO TO 101 
SORCE1=-DENII,JI*VAVG*WlI,JI IRCVlJI 
SORCE2=-lVISN*RVlJ+ll-VISS*RVIJII *WII,JI/lDYNPVIJI* 

.RCVIJI*RCVtJII 
SUlI,JI=SUII,JI+ISORCE1+S0RCE21*VOL 
SPII,JI=-CP 

101 CONTINUE 
100 CONTINUE 
C 
CHAPTER 2 2 2 2 2 2 PROBLEM MODIFICATIONS 2 2 2 2 2 2 2 2 2 2 2 
C 

CALL PROMOD 181 
C 
CHAPTER 3 3 FINAL COEFFICIENT ASSEMBLY AND RESIDUAL SOURCE CALCULATION 
C 

C 

RESORW=O. 
DO 300 1=2, NIMl 
DO 301 J=2,NJMl 
APtl,JI=ANII,JI+ASII,JI+AEII,JI+AWII,JI-SPII,JI 
RESOR=ANII,JI*WII,J+l I+ASII,JI*WII,J-ll+AEII,JI*WII+l,JI 

* +AWlI,JI*WII-l,JI-APII,JI*WII,JI+SUII,JI 
VOL=RCVtJI*SNStJI*SEWIII 
SORVOL=GREAT*VOL 
IFI-SPII,J1 .GT. 0.5*SORVOLI RESOR=RESORISORVOL 
IFtJ .LE. 21 RESOR=O. 
RESORW=RESORW+ABSIRESORI 

C---------UNDER RELAXATION 
C 

0101E,00 
0101700 
0101800 
0101~00 
0102000 
0102100 
0102200 
0102300 
0102400 
0102500 
0102&00 
0102700 
0102800 
0102~00 
0103000 
0103100 
0103200 
0103300 
0103400 
0103500 
0103&00 
0103700 
0103800 
0103~00 
0104000 
0104100 
0104200 
0104300 
0104400 
0104500 
0104&00 
0104700 
0104800 
0104~00 
0105000 
0105100 
0105200 
0105300 
0105400 
0105500 
0105&00 
0105700 
0105800 
0105~00 
010&000 
010&100 
010&200 
010&300 
010&400 
010&500 
010&&00 
010&700 
010&800 
010&~00 



013cnoo-
013q800-
013QQOO-
0140000-
0140100-
0140200-
0140300-
0140400-
0140500-
0140&00-
0140700-
0140800-
0140QOO-
0141000-
0141100-
0141200-
0141300-
0141400-
0141500-
0141&00-
0141700-
0141800-
0141~00-
0142000-
0142100-
0142200-
0142300-
0142400-
0142500-
0142&00-
0142700-
0142800-
0142~00-
0143000-
0143100-
0143200-
0143300-
0143400-
0143500-
0143&00-

0143700-
0143800-
0143~00-
0144000-
0144100-
0144200-
0144300-
0144400-
0144500-
0144&00-
0144700-
0144800-
0144~00-
0145000-

C 

SUll,J)=SUll,J)+11.-URFE)*APII,J)*EDII,J) 
301 CONTINUE 
300 CONTINUE 

CHAPTER 4 4 4 4 4 SOLUTION OF DIFFERENCE EQUATIONS 4 4 4 4 4 
C 

C 

DO 400 N=1,NSWPD 
400 CALL LISOLVI2,2,NI,JMAX,IT,JT,ED,7) 

RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE LISOLVIISTART,JSTART,NI,JMAX,IT,JT,PHI,NCHAP) 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 00 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

DIMENSION PHIl IT ,JTI ,AI48) ,BI48) ,C1481 ,01481 ,JMAXIITI 
COMMON 

1/COEF/API48,241,ANI48,241,ASI48,241,AEI48,241,AWI48,241,SUI48,241, 
1 SP148,241 . 
1/KASE T1/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSTM1,ISTP1,ISTMl 

JSM1=JSTART-1 
NIM1=NI-1 
A I JSM1 1 =0.0 

C---------COMMENCE W-E SWEEP 
DO 100 1=ISTART,NIM1 
CIJSM11=PHlll,JSM11 

C---------COMMENCE S-N TRAVERSE 
JI=JMAXlll 
IFINCHAP .EQ. 21 JI=JMAXII-11 
DO 101 J=JSTART,JI 

C---------ASSEMBLE TDMA COEFFICIENTS 
AlJI=ANll,JI 
BlJI=ASII,JI 
ClJI=AEII,JI*PHIII+1,JI+AWII,JI*PHIII-1,JI+SUII,JI 
DIJI=APll,JI 

C---------CALCULATE COEFFICIENTS OF RECURRENCE FORMULA 
TERM=1./IOIJI-BIJI*AIJ-111 
AIJI=AIJI*TERM 
CIJI=IClJI+BIJI*CIJ-111*TERM 

101 CONTINUE 
C---------OBTAIN NEW PHIIS 

DO 102 JJ=JSTART,JI 
J=JI+1+JSM1-JJ 

C 

102 PHIII,JI=AIJI*PHIII,J+11+CIJI 
100 CONTINUE 

RETURN 
END 

C-----------------------------------------------------------------
C 

013Q400 
013Q500 
013~&00 
013~700 
013~800 
013~~00 
0140000 
0140100 
0140200 
0140300 
0140400 
0140500 
0140&00 
0140700 
0140800 
0140~00 
0141000 
0141100 
0141200 
0141300 
0141400 
0141500 
0141&00 
0141700 
0141800 
0141~00 
0142000 
0142100 
0142200 
0142300 
0142400 
0142500 
0142&00 
0142700 
0142800 
0142~OO 
0143000 
0143100 
0143200 
0143300 
0143400 
0143500 
0143&00 
0143700 
0143800 
0143~00 
0144000 
0144100 
0144200 
0144300 
0144400 
0144500 
0144&00 
0144700 



0177500-
0177&00-
0177700-
0177800-
0177~00-
0178000-
0178100-
0178200-
0178300-
0178400-
0178500-
0178&00-
0178700-
0178800-
0178C300-
017~000-
017~100-
017~200-
017~300-
017~400-
017~500-
017~&00-
017~700-
017~800-
017~~00-
0180000-
0180100-
0180200-
0180300-
0180400-
0180500-
0180&00-
0180700-
0180800~ 
0180~00-
0181000-
0181100-
0181200-
0181300-
0181400-
0181500-
0181&00-
0181700-
0181800-
0181~00-
0182000-
0182100-
0182200-
0182300-
0182400-
0182500-
0182&00-
0182700-
0182800-

C----~----TOP WALL 
CDTERH=CHU**0.25 
DO 810 I=2,NIH1 
J=JHAXlII 
YP=YVlJ+1'-YlJ' 
SQRTK=SQRTlTElI,JII 
DENW=DENlI,JI 
YPLUSA=YPLUSNlII 
IFlYPLUSA .LE. 11.&31 GO TO 811 
THULT=DENW*CDTERM*SQRTK*CAPPA/ALOGIELOG*YPLUSAI-VISII,JI/RIJI 
GO TO 812 

811 THULT=VISCOS/YP 
812 SPlI,JI=SPlI,JI-THULT*SEWlII*RVlJ+11 

AN I I, J 1 =0 . 0 
810 CONTINUE 

C---------SIDE WALL 
IFlJSTEP .EQ. NJM11 GO TO 814 
DO 855 I=2,NIM1 
IFlJHAXlI-11 .GE. JMAXIIII ·GO TO 855 
JJ=JHAXP1lI-11 
JI=JHAXlII 
DO 850 J=JJ,JI 
XP=XlII-XUlII 
SQRTK=SQRTlTElI,JII 
DENW=DENll,JI 
XPLUSA=XPLUSWlJI 
IFIXPLUSA .LE. 11.&31 GO TO 851 
THULT=DENW*CDTERM*SQRTK*CAPPA/ALOGIELOG*XPLUSAI 
GO TO 852 

851 TMULT=VISCOS/XP 
852 SPlI,JI=SPll,JI-TMULT*SNSIJI*RCVIJI 

AWll,JI=O. 
850 CONTINUE 
855 CONTINUE 

C---------SYHMETRY AXIS 
814 CONTINUE 

C---------FIX W FOR SOLID BODY ROTATION AT J=2 USING W AT J=3 
DO 8&0 1=2,NIM1 
TERH=Wll,31*Rl21/R(31 
SUlI,21=GREAT*TEPM 

8&0 SPlI,21=-GREAT· 
C---------OUTLET 

DO 870 J=2,NJM1 
870 AElNIH1,JI=0. 

C 

RETURN 
ENO 

C-----------------------------------------------------------------
C 

SUBROUTINE STRMFN 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

0177200 
0177300 
0177400 
0177500 
0177&00 
0177700 
0177800 
0177~00 
0178000 
0178100 
0178200 
0178300 
0178400 
0178500 
0178&00 
0178700 
0178800 
0178~00 
017~000 
017~100 
017C3200 
017C3300 
017C3400 
017C3500 
017C3&00 
017C3700 
017C3800 
017C3C300 
0180000 
0180100 
0180200 
0180300 
0180400 
0180500 
0180&00 
0180700 
0180800 . 
0180C300 
0181000 
0181100 
0181200 
0181300 
0181400 
0181500 
0181&00 
0181700 
0181800 
0181C300 
0182000 
0182100 
0182200 
0182300 
0182400 
0182500 



0031700-
0031800-
0031<)00-
0032000-
0032100-
0032200-
0032300-
0032400-
0032500-
0032&00-
0032700-
0032800-
00~2<)00-
0033000-
0033100-
0033200-
0033300-
0033400-
0033500-
0033&00-
0033700-
0033800-
0033~00-
0034000-
0034100-
0034200-
0034300-
0034400-
0034500-
0034&00-
0034700-
0034800-
0034~00-
0035000-
0035100-
0035200-
0035300-
0035400-
0035500-
0035&00-
0035700-
0035800-
0035~00-
003&000-
003&100-
003&200-
003&300-
003&400-
003&500-
003&&00-
003&700-
003&800-
003&~00-
0037000-

CALL PROPS 
C--~------INITIAL OUTPUT 

C 

WR I TE l & , 211 I . 
IK=JHAXP1 l ISTEP I 
YSLOPE=YVlIKI-YVIJSTP1 I 
IF~JHAXlISTEPI .LT.· NJM11 ALPHA=ATANIYSLOPE/SEWU(21)*180./3.1415q 
IFllJSTEP .LT. NJH1 I .AND. IJMAXIISTEP) .EQ. NJM1)) ALPHA=~O. 
WRITEl&,2251 ALPHA 
WRITEl&,2351 RSHALL 
WRITEl&,2401 RLARGE 
WRITEl&,2451 ALTOT 
RE=UIN*RSHALL*2.0*DENSIT/VISCOS 
WRITEl&,2501 RE 
WRITEI&,2551 VISCOS 
RSDRL=RSHALL/RLARGE 
WRITEl&,2&Ol DENSIT 

2q5 CONTINUE 
IFl.NOT. IWRITEI GO TO 2~7 
WRITEI11 I X 
WRI TE 111 I Y 
WR I TE l 14) XUND 

2q7 CONTINUE 
IFl.NOT. IREAD) GO TO 2q8 
READl 12) U 
READI121 V 
READ 112 I W 
READ 112 I P 
READ l 12) TE 
READI121 ED 
READ l 12) V IS 
READI121 STFN 

2~8 CONTINUE 
IFl.NOT. INITALI GO TO 2qq 
IFlINCALU) CALL PRINTl1,1,N;,NJ,IT,JT,XU,Y,U,HEOU) 
IFIINCALV) CALL PRINTI1,1,HI,NJ,IT,JT,X,YV,V,HEDV) 
IFIINCALW) CALL PRINTI1, " NI, NJ, IT, JT, X, Y, W, HEDWI 
IFlINCALK) CALL PRINTI1,1,NI,NJ,IT,JT,X,Y,TE,HEDKI 

'IFlINCALD) CALL PRINTI1,1,NI,NJ,IT,JT,X,Y,ED,HEDOI 
2q~ CONTINUE 

RESORU=.005 
URFP= 1 . 
RESORV=.005 
RESORW=.005 

CHAPTER 3 3 3 3 3 3 3 ITERATION LOOP 3 3 3 3 3 3 3 3 3 
C 

WRITEl&,3101 IHON,JHON 
300 NITER=NITER+1 

DO 330 I=2,NIM1 
DO 330 J=2,NJM1 

330 PPI I,J)=O. 
IFlLFS .GE. 31 GO TO 425 
URFU=.5 
URFV=.5 

0031400 
0031500 
0031&00 
0031700 
0031800 
0031qOO 
0032000 
0032100 
0032200 
0032300 
0032400 
0032500 
0032&00 
0032700 
0032800 
0032QOO 
0033000 
0033100 
0033200 
0033300 
0033400 
0033500 
0033&00 
0033700 
0033800 
0033QOO 
0034000 
0034100 
0034200 
0034300 
0034400 
0034500 
0034&00 
0034700 
0034800 
0034QOO 
0035000 
0035100 
0035200 
0035300 
0035400 
0035500 
0035&00 
0035700 
0035800 
0035QOO 
003&000 
003&100 
003&200 
003&300 
003&400 
003&500 
003&&00 
003&700 



OO£,qSOO
OO£,q£,OO-
00£,q700-
00£,Q800-
OO£,qqOO-
0070000-
0070100-
0070200-
0070300-
0070400-
0070500-
0070£,00-
0070700-
0070800-
0070~00-
0071000-
0071100-
0071200-
0071300-
0071400-
0071500-
0071£,00-
0071700-
0071800-
0071qOO-
0072000-
0072100-
0072200-
0072300-
0072400-
0072500-
0072£,00-
0072700-
0072800-
0072QOO-
0073000-
0073100-
0073200-
0073300-
0073400-
0073500-
0073&00-
0073700-
0073800-
0073~00-
0074000-
0074100-
0074200-
0074300-
0074400-
0074500-
0074bOO-
0074700-
0074800-

C 

00 300 I=l,NI 
00 300 J=1,NSTLN 
YSTLNII,J'=O. 
YSTLNOII,J'=O. 
STVALIJ'=O. 

300 CONTINUE 
00 400 N=1,NPLTLN 
00 400 I=l,NI 
YSLPLTIN,I,=O. 

400 CONTINUE 
RETURN 
END 

C-----------------------------------------------------------------
C 

SUBROUTINE PROPS 
CA*******************1*************************~************************ r. 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

C 

COMMON 
l/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,DENI48,241,VISI48,241 
*/VAR/UI48,241, VI48,241, WI48,241, PI48,241, PPI48,241, TEI48,24', 
*EDI48,241,STFNI48,241.YSTLNI48,241,STVALI241.USTARI48,241, 
*VSTARI48,241,WSTARi48,241,PSTARI48.241,TESTARI48,241.YSTLNDI48.241 
',VISTARI48,241 
l/ALL/IT,JT,NI,NJ,NIM1,NJM1.GREAT,JMAXI481.JMAXP11481 
l/TURB/GENI48,241,CD,CMU,Cl,C2,CAPPA,ELOG,PRED,PRTE 

CHAPTER 1 
C 

VISCOSITY 

DO 100 I=2,NIMl 
DO 100 J=2,NJMl 
VISOLD=VISII,JI 
IFIEDII,JI.EQ.O.I GO TO 10~ 
VISII,JI=DENII,JI*iEII,JI**2*CHU/EDII,JI+VISCOS 
GO TO 101 

102 VISII,JI=VISCOS 
C---------UNOER-RELAX VISCOSITY 
101 VISII,JI=URFVIS*VISII,JI+I1.-URFVISI*VISOLD 

100 CONTINUE 
RETURN 
END 

c 
C-----------------------------------------------------------------
C 

SUBROUTINE CALCU 
CA********************************************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 
1/UVEL/RESORU,NSWPU,URFU,DXEPUI481.DXPWUI481,SEWUI4BI 
1/VVEL/RESORV.NSWPV,URFV,OYNPVI241,DYPSVI241,SNSVI241 

00&Q200 
00&Q300 
00&Q400 
00&Q500 
OO&Q&OO 
00&Q700 
OO&QaOO 
00&'3'300 
0070000 
0070100 
0070200 
0070300 
0070400 
0070500 
0070&00 
0070700 
0070800 
0070'300 
0071000 
0071100 
0071200 
0071300 
0071400 
0071500 
0071&00 
0071700 
0071800 
0071'300 
0072000 
0072100 
0072200 
0072300 
0072400 
0072500 
0072&00 
0072700 
0072800 
0072~00 
0073000 
0073100 
0073200 
0073300 
0073400 
0073500 
0073&00 
0073700 
0073800 
0073'300 
0074000 
0074100 
0074200 
0074300 
0074400 
0074500 



0107300-
0107400-
·010)500-
0107E,00-
0107700-
0107800-

. 0107~00-
0108000-
0108100-
0108200-
0108300-
0108400-
0108500-
0108E,00-
0108700-
0108800-
0108~00-
010~000-
010~100-
010~200-
010~300-
010~400-
010~500-
010~E,00-
010~700-
010~800-
010~~00-
0110000-
0110100-
0110200-
0110300-
0110400-
0110500-
0110E,00-
0110700-
0110800-
0110~00-
0111000-
0111100-
0111200-
0111300-
0111400-
0111500-
0111E,00-
0111700-
0111800-
0111900-
0112000-
0112100-
0112200-
0112300-
0112400-
0112500-
0112&00-

301 
300 
C 

APII,J'=APII,J'/URFW 
SUII,JI=SUII,J'+11.-URFW'*APII,J'*WII,JI 
CONTINUE 
CONTINUE 

CHAPTER 4 4 4 SOLUTION OF 
C 

DIFFERENCE EQUATIONS 4 4 4 4 4 4 4 4 

DO 400 N=1, NSWPW 
400 CALL LISOLYI2, 2, NI, JMAX, IT, JT, W,81 

500 CONTINUE 
RETURN 
END 

C 
C---~-------------------------------------------------------------
C 

0107000 
0107100 
0107200 
0107300 
0107400 
0107500 
0107&00 
0107700 
0107800 
0107~00 
0108000 
0108100 
0108200 
0108300 
0108400 

SUBROUTINE CALCP 
CA*******************'*************************~************************ 
C 

0108500 
0108&00 
0108700 

CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C 

COMMON 

0108800 
0108~00 
010~000 

1/PCOR/RESORM,NSWPP,URFP,DUI48,241,DYI48,241,IPREF,JPREF 
*/YAR/UI48,24I, YI48,241, WI48,241, PI48,241, PPI48,241, TEI48,24!, 
*EOl48,24I,STFNI48,241,YSTLNI48,24I,STYALI241,USTARI48,241, 
*YSTARI48,241,WSTAR(48,241,PSTARI48,241,TESTARI48,241,YSTLNOl48,241 
',YISTARI48,241 
1/ALL/IT.JT,NI.NJ,NIM1.NJM1.GREAT,JMAXI481.JMAXP11481 
1/GEOM/INOCOS.XI481.YI241,CXEPI481.DXPWI481.DYNPI241.DYPS1241, 

010~100 
010~200 
010~300 
010~400 
010~500 
010~&00 
010~700 
010~800 
010~~00 
0110000 
0110100 

1 SNSI241.SEWI481.XUI481.YYI241.RI241,RYI241. 
, WFNI24l.WFSI241.WFEI481.WFWI481.RCYI241,XNDI481,XUNDI481. 
'YNDI241.YYNOl241 

COMMON 
1/FLUPR/URFYIS.YISCOS,OENSIT.PRANDT.DENI48.241.YISI48.241 
1/COEF/API48.241.ANI48,241.A5148.241.AEI48,241,AWI48.241,50148,241, 

0110200 
0110300 
0110400 1 SPI48,241 

1/KASE T1/UIN, TEIN.EDIN,FLOWIN,ALAMDA, 
2 RSMALL.RLARGE,AL1.AL2.JSTEP.ISTEP.JSTP1,JSTM1,ISTP1,ISTM1 

RESORM=O.O 
C 
CHAPTER 
C 

1 1 

00 100 1=2.NIM1 
00 101 J=2.NJ~1 

1 ASSEMBLY OF COEFFICIENTS 

C---------COMPUTE AREAS AND VOLUME 
AREAN=RYIJ+1l*SEWIIl 
AREAS=RYIJI*SEWIII 
AREAEW=RCYIJI*SNSIJI 
YOL=RCYIJI*SNSIJI*SEWIII 

C---------CALCULATE COEFFICIENTS 
OENN=0.5*IOENII.JI+DENII.J+11 I 
OENS=O.5*IDENII,JI+DENII.J-111 
OENE=0.5*IDENII,JI+DENII+1.JII 
DENW=0.5*IDENII,JI+DENII-1.JII 
ANII.Jl=DENN*AREAN*DYII.J+l I 

0110500 
0110&00 
0110700 
0110800 

1 0110~00 
0111000 
0111100 
0111200 
0111300 
0111400 
0111500 
0111&00 
0111700 
0111800 
0111~00 
0112000 
0112100 
0112200 
0112300 



0145100-
0145200-
0145300-
0145400-
0145500-
0145&00-
0145700-
0145800-
0145~00-
014&000-
0'14&100-
014&200-
014&300-
014&400-
014&500-
014&&00-
014&700-
014&800-
014&~00-
0147000-
0147100-
0147200-
0147300-
0147400-
0147500-
0147&00-
0147700-
0147800-
0147~00-
0148000-
0148100-
0148200-
0148300-
0148400-
0148500-
0148&00-
0148700-
0148800-
0148~00-
014~000-
014~100-
014~200-
014~300-
014~400-
014~500-
014~&00-
014~700-
014~800-
014~~00-
0150000-
0150100-
0150200-
0150300-
0150400-

SUBROUTINE PRINTIISTART,JSTART,~I,NJ,IT,JT,X,Y,PHI,HEADI 
CA********************************************************************** 
C 

DIMENSION PHI I IT ,JTI ,XI ITI, YIJTI ,HEADl c31 ,STOREI481 
ISKIP=l 
JSKIP=l 
WRITEI&,110IHEAD 
ISTA=ISTART-12 

100 CONTINUE 
ISTA=ISTA+12 
IEND=ISTA+ll 
IFINI.LT.IENDIIEND=NI 
WRITEI&,llllll,.I=ISTA,IEND,ISKIPI 
WRITEI&,1141IXIII,I=ISTA,IEND,ISKIPI 
WRITEI&,1121 
00 101 JJ=JSTART,NJ,JSKIP 
J=JSTART+NJ-JJ 
00 120 I=ISTA,IEND 
A=PHIII,JI 
IFIABSIAI.LT.1.E-201 A=O.O 

120 STOREIII=A 

C 

101 WRITEI&,113IJ,YIJI,ISTOREIII,I=ISTA,IEND,ISKIPI 
IFIIEND.LT.NIIGO TO 100 
RETURN 

110 FORMATllHO,1712H*-i,7X,qA4,7X,1712H-*'1 
111 FORMATl1HO,13H I = ,!2,11Iql 
112 FORMATISHO.J YI 
113 FORMATI13,OPFS.5,lX,lP12Eq.21 
114 FORMATll1H X = ,F8.5,11Fq.51 

END 

C-----------------------------------------~-----------------------
C 

SUBROUTINE PROMOD INCHAPI 
CA******************************~*************************************** 
C 
CHAPTER 0 0 0 0 0 0 0 0 PRELIMINARIES 0 0 0 0 0 0 0 0 
C . 

COMMON 
1/UVEL/RESORU,NSWPU,URFU,DXEPUI4SI,DXPWUI481,SEWUI481 
l/VVEL/RESORV,NSWPV,URFV,DYNPVI241,OYPSVI241,SNSVI241 
*/WVELI RESORW, NSWPW, URFW 
*/VAR/UI48,241, VI48,241, WI48,241, PI48,241, PPI48,241, TEI48,241, 
*EDI48,241,STFNI48,241,YSTLNI48,241,STVALI241,USTARI48,241, 
*VSTARI48,241,WSTARI48,241,PSTARI48,241,TESTARI48,241,YSTLNOI48,241 
',VISTARI48,241 
1/PCOR/RESORM,NSWPP,URFP,DUI48,241,OVI48,241,IPREF,JPREF 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481,JMAXP11481 
1/GEOM/INDCOS,XI481,YI241,DXEPI481,OXPWI481,DYNPI241,OYPS1241, 
1 SNSI241,SEWI481,XUI481,YVI241,RI241,RVI241, 
, WFNI241,WFSI241,WFEI481,WFWI481,RCVI241,XNOI481,XUNOI481, 
'YNDI241,YVNDI241 

COMMON 
1/FLUPR/URFVIS,VISCOS,DENSIT,PRANDT,OENI48,241,VISI48,241 

0144800 
0144QOO 
0145000 
0145100 
0145200 
0145300 
0145400 
0145500 
0145&00 
0145700 
0145800 
0145QOO 
014&000 
014&100 
014&200 
014&300 
014&400 
014&500 
014&&00 
014&700 
014&800 
014&QOO 
0147000 
0147100 
0147200 
0147300 
0147400 
0147500 
0147&00 
0147700 
0147800 
0147QOO 
0148000 
0148100 
0148200 
0148300 
0148400 
0148500 
0148&00 
0148700 
0148800 
014SQOO 
014QOOO 
014Ql00 
014Q200 
014Q300 
014Q400 
014Q500 
014Q&00 
014Q700 
014Q800 
014QQOO 
0150000 
0150100 



0182~00-
0183000-
0183100-
0183200-
0183300-
0183400-
0183500-
0183bOO-
0183700-
0183800-
0183~00-
0184000-
0184100-
0184200-
0184300-
0184400-
0184500-
0184bOO-
0184700-
0184800-
0184~00-
0185000-
0185100-
0185200-
0185300-
0185400-
0185500-
0185bOO-
0185700-
0185800-
0185~00-
018bOOO-
018b100-
018b200-
018b300-
018b400-
018b500-
·018bbOO-
018b700-
018b800-
018b~00-
0187000-
0187100-
0187200-
0187300-
0187400-
0187500-
0187bOO-
0187700-
0187800-
0187~OO-
0188000-
0188100-
0188200-

COMMON 
1/VVEL/RESORV,NSWPV,URFV,DYNPVI241,DYPSVI241,SNSVI241 
*/VAR/UI48,24', VI48,241, WI48,241, PI48,241, PPI48,241, TEI48,241, 
*EDI48,24',STFNI48,241,YSTLNI48,241,STVALI241,USTARI48,241, 
*VSTARI48,241,WSTARI48,241,PSTARI48,241,TESTARI48,241,YSTLNDI48,241 
I,VISTARI48,24' 
1/ALL/IT,JT,NI,NJ,NIM1,NJM1,GREAT,JMAXI481,JMAXP1(481 
1/GEOM/INDCOS,XI481,YI241,DXEPI481,DXPWI481,DYNPI241,DYPSI241, 
1 SNSI24',SEWI481;XUI48',YYI241,RI241,RVI241, 
I WFNI241,WFSI241,WFEI481,WFWI481,RCVI241,XNDI481,XUNDI481, 
IYND(24),YVNDI241 
1/KASE T1/UIN,TEIN,EDIN,FLOWIN,ALAMDA, 
2 RSMALL,RLARGE,AL1,AL2,JSTEP,ISTEP,JSTP1,JSrM1,ISTP1,ISTMl 
l/PLOTT/NSTLN,NPLTLN,NPTS,YSLPLTl10,481,XUDPLTI481,INPLOT 

LOGICAL INPLOT 
C 
CHAPTER 1 1 1 1 1 CALCULATE STREAM FCN BASED ON VOLUMETRIC FLOW 
C 
C 

C 

G=UIN*IRSMALL**21/2. 
DO 400 I=2,NI 
IFIJMAXlI-11 .LT. 51 GO TO 400 
STFNII,21=IYI21*RI21*UII,21*.51/G 
JJ=JMAXlI-l1 
DO 200 J=3,JJ 
STFN I I ~ J I =STFN 1 I, J-l 1 +SNSV I J I * 1 R I J-1 1 *u I I, J-l 1 +R I J I*U I I, J 1 1 * .51 G 

200 CONTINUE 
400 CONTINUE 

DO 800 I=2,NI 
IJ=JMAXP111-11 
DO 700 K=l,NSTLN 
AK=K-1 
STVALIKI=AK*.l 
JJ=JMAX 1 1.-1 1 
DO bOO J=2,JJ 
IFCSTFNII,JI .GE. STVALIKI I GO TO b50 

bOO CONTINUE 
YSTLNII,KI=RVIIJI 
GO TO b70 

b50 IFIJ .EG. 21 YSTLNII,KI=O.O 
IFIJ .EG. 21 GO TO b70 
SLOPE=ISTVALI~I-STFNII,J-1 II/ISTFNII,JI-STFNII,J-1 I 1 
YSTLNII,KI=YIJ-ll+SLOPE*CYIJI-YIJ-lll 

b70 CONTINUE 
YSTLNDCI,KI=YSTLNII,KI/I2.*RLARGEI 

700 CONTINUE 
800 CONTINUE 

IFI.NOT. INPLOTI GO TO 745 
N=O 
DO 730 K=1,11,2 
N=N+l 
DO 730 I=1,NIM1 
YSLPLTIN,II=YSTLNDII+1,KI 

0182bOO 
0182700 
0182800 
0182~00 
0183000 
0183100 

. 0183200 
0183300 
0183400 
0183500 
0183e,00 
0183700 
0183900 
0183~00 
0184000 
0184100 
0184200 
0184300 
0184400 
0184500 
0184bOO 
0184700 
0184800 
0184~00 
0185000 
0185100 
0185200 
0185300 
0185400 
0185500 
0185bOO 
0185700 
0185800 
0185~00 
018bOOO 
018b100 
018b200 
018b300 
018b400 
018b500 
018bbOO 
018b700 
018b800 
018bC300 
0187000 
0187100 
0187200 
0187300 
0187400 
0187500 
0187bOO 
0187700 
0187800 
0187900 
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boundary representation of the expansion flow, and realistic accommodation of swirl effects. Thia 

report is a user's manual and deals with the computational problem, showing how the mathemat-
ical basis and computational scheme may be translated into a computer program. A flow chart, 

Fortran 4 listing, notes about various subroutines and a user's guide are supplied as an aid to 

prospective users of the code. 
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