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SUMMARY

A numerical study to determine the temperature distribution
in the guide vane blades of a radial inflow turbine is pre-
sented. A computer program has been developed which permits
the temperature distribution to be calculated when this blade
is cooled internally using a combination of impingement and
. £ilm cooling technigues. The study is based on the use of the
finite difference method in a two dimensional heat conduction
problem. The results are then compared to determine the best
cooling configuration for a certain coolant to primary mass

flow ratio.



INTRODUCTION

The power output of a gas turbine is directly proportional
to its inlet gas temperature. The inlet temperature of a gas
turbine is controlled however by metallurgical limitations.
Hence, effective cooling of the turbine blades would consi-
dexrably improve the power output by allowing higher inlet gas
temperatures. Thermal stresses can be minimized by reducing
temperature gradients in the blade. This can be accomplished
by matching the coolant distribution and internal heat transfer
coefficients with the external heat flux distribution to achieve
the desired temperature distribution. The cooling of a turbine

blade therefore serves two purposes:

(a) Reducing the temperature level in the blade

material.

(b) Egualizing the temperature differences in the

blade section.

There have been several experimental and theoretical
studies dealing with turbine cooling. A good discussion of
the different cooling technigues, namely convection, trans-
piration and film cooling is given in Reference [l]. References
[2,3,4,5]present a review of the present state of the art
for the internal cooling of turbine nozzles in aircraft appli-
cations. Okapuu and Calvert [3] have presented design
features of the turbine and the results of thermal and stress
analyses of its components. Kuhl [6] reported temperature
‘meagurements obtained within the cooled and uncooled turbine
blades. Hamed, Baskharone and Tabakeff [7] investigated the
temperature distribution in the rotor of a radial inflow
turbine. Tabakoff and Clevenger [8] carried out an experimental
investigation of heat transfer characteristics for various

configurations of air jets impinging on a concave surface



representing the leading edge of a cooled blade. Metzger,
Yamashita and Jenkins [9] have experimentally investigated
the heat transfer characteristics between single lines of
circular jets and concave cylindrical surfaces. Kercher and
Tabakoff [10] studied the heat transfer by a sguare array of
round jets impinging perpendicular to a flat surface. Chupp,
Helms, McFadden and Brown {11] were concerned with impinging
characteristics of a concave surface sized to match the
leading edge of a typical turbine blade.

Experimental development work for blade cooling techniques
is very expensive. It also does not provide a deeper insight
into the local physical interrelations owing to the complex
measuring techniques involved. Computational methods can
therefore be developed to provide valuable information about
the temperature distributions resulting from the different
cooling technigues. In the present study a numerical method
is developed tc determine the temperature field in a radial
turbine guide vane blade. This analysis is based on the finite
difference method in the two dimensional conduction problem.

A computer program has been developed for calculating the
temperature distribution throughout the blade section. Some of
the available experimental test results are drawn on to back

up the theoretical procedure.

The blade profile used in the present investigation is
shown in Figure 1. The computations are carried out to deter-
mine the resulting temperature distribution when this blade
is cooled internally using a combination of impingement and
£ilm cooling techniques. The impingement tube configuration
and the position of coolant discharge slot were varied to
study their effects on the blade temperature distribution.

The resulting cooling effectiveness and temperature distri-

butions are reported.



ANALYSIS

A radial turbine guide vane blade does not usually
experience high axial temperature gradients at its inlet.
The heat conducted to the two guide vane back plates is
also small. The use of a two dimensional solution to
determine the blade temperature distribution is therefore
justified.

Governing Equations

Under the steady state conditions and assuning that the
conductivity of the material is constant, the differential
equation governing the temperature distribution in the turbine

blade is given by:

There are three different types of boundary conditions
which may be assigned to the different blade surfaces. They

are:

i) The boundary conditions on the gas side surface
at points far from being affected by coolant

discharge.

ii) The boundary conditions on the gas side surface
at points downstream of the slot.

iii) The boundary conditions on the coolant side

surface.

The general convective boundary condition is written as
follows:

k= = h_ (T - T (2)
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where k is the thermal conductivity of the blade material.

%% is the temperature gradient normal to the surface.

he represents the local convective heat transfer
coefficient evaluated at the reference stream
temperature, Te"

TS is the local temperature on the blade surface.

The value of the reference stream temperature Te’ depends upon
the type ©of the boundary point. In the case of a point on

the hot gas surface which is not affected by the coolant
discharge, the reference stream temperature takes the value

of the free stream gas temperature, Tg. If the point happens
to be on the coolant surface, then Te assumes the value of

the temperature of the coolant, Tc' On the other hand, if the
point is downstream of the point of ccolant discharge, the
value assigned to T, is the adiabatic wall temperature, T

»

aw

Finite Difference Equations

In this section, the differential equation (1) and
the boundary condition, eguation (2), are recast into a
finite difference form which will be solved using an iterative,
successive over relaxation technigue. Referring to Figure 2,
for the mesh point P(i,j), its neighboring points A and C
are situated at El and 62 fractions of DX and points B and
D are situated at 84 and 8, fractions of DY. The following
finite~difference equation is obtained by expressing the
temperatures at A, B, C and D in terms of the temperature at P:

T, . T, ]
2 [ i-=1,3 - . (l__ + 1_) + _lil_i..j_]
DX? (g+8,) Ol R *2
T, . T, .
s — 2 [ léj 1l _ T, | (%_ + %_)+ _iélill = .0
DY’ (s +e,) 1 o %2 2



The above equation can be written in the following more con-
venient form:

o oL By, Ty oo ® B9
1,3 B g (Ey+E,) 0 g (E ¥ES) DY §1(87+8,)
T, .
i,3+1 2
where
2
1 DX 1
E= [+ ) 73! (5)
§154 DY 8,8,

For equally spaced grid lines the factors E11 Eq1 61 and 8, will
be equal to unity and the equations (4) and (5) will reduce
to the following form:

T, . = L [py? (7

13 2mx? + prd)

2 .
' T
i+1,3 F Tien, ¥ PR a0 T 5

)]
(6)

Referring to Figure 3, the convective boundary condition,
represented by squation (2), is used to evaluate the temperature
at point D on the blade surface. If NDN' is the normal at
the boundary point D in Figure 3, then the finite-difference
approximation of the normal temperature derivative at D is

given by:

2= =D 7}

where T is the temperature at point D
T is the temperature at point N
DN is the distance between points D and N.

Equation (2) can therefore be written in the following finite-
difference form:



D N e _
DN - ET'(Te Ts) (8)
or,
he DN
. _ [TN + X Te] (9)
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COOLING CONFIGURATION

The purpose of the present investigation is to predict the
temperature distribution in a radial turbine guide vane blade,
using different cooling technigues. The present chapter is
intended to give the description of the various cooling con-
figurations considered in the present study and their basic
terminclogy.

The nozzle blade, due to its small size, presents a formidable
design challange. The internal cooling passage configuration
producing a satisfactory vane temperature distribution is one of
considerable complexity. Various investigators have pointed
out that transpiration cooling is the most effective means
of cooling turbine blades. Unfortunately, such cégiing system
is very complicated from the mechanical point of view. One way
to avoid these difficulties and in the meantime retain a high
cooling efficiency, is offered by the simultaneous application
of impingement and f£ilm cooling (Figure 4a). This is accomplished
by placing a tube inside the hollow airfoil and orienting the
tube such that a series of holes machined into the tube are
opposite the inner surface of the blade wall. Cooling air intro-
duced into the tube (Figure 4b) exits through the holes as a
series of jets directed towards the inner surface. The cooling
air can later be eijected through a slot near the blade trailing
edge, to provide film cooling.

Figures 5A and 5B show schematically the four different
impinging jet geometries which were investigated in the present
study. A schematic representation of the three different slot
geometries considered for coolant discharge is shown in Pigure 6.



The impingement tubes are identified by a number (1, 2, 3 or 4)
and the slot positions are identified by a letter (A, B or D).
In a particular cooling configuration one of the coolant
discharge slot geometries is used in conjunction with one of
the impingement tubes. A particular cooling configuration will
therefore be identified by a combination of a letter and a
number. Table 1 gives a description of the seven cooliﬁg
configurations investigated. In all cases the mass flow rate
of coolant constituted 3% of the main flow rate.

Once the blade geometry and its cooling configuration are
defined, the external and internal flow parameters can be

determined according to the procedure described in Chapter 4.

TABLE 1
Slot Impingement Cooling Description of the Cooling System
Position Tube No. System
A i AL The coolant is injected through a

spanwise slot in the insert and
discharged on the lower surface.

A 2 A2 The coolant is injected through
spanwise slot in the insert and
discharged on the lowexr surface.

A 3 A3 The coolant is injected through a
spanwise slot and an array of holes

in the insert and is discharged

on lower surface.

B 2 B2 ' The coolant is injected through a
spanwise slot in the insert and is
discharged on the lower surface neax

trailing edge.

B 3 B3 The coolant is injected through a
. spanwise slot and an array of holes
in the insert and is discharged on
the lower surface near trailing edge.

B 4 B4 The coolant is injected through a
spanwise slot and an array of holes

(opposite suction side) in the
insert and is discharged on the

lower surface near trailing edge.

c 3 C3 The coolant is injected through a
" spanwise slot and an array of holes
in the insert and is discharged on
the upper surface near trailing edge.



PRELIMINARY CALCULATIONS

In addition to the blade geometry, the values of the flow
velocity, reference stream temperature, heat transfer coefficient
over the entire bilade surface, and the coolant mass flow dis-
tribution are reguired in the blade temperature computation.

In the following the procedure for determining these parameters
will be described.

For an essentially subsonic flow, the nozzle vane velocity
distribution can be obtained using the computer program of
Katsanis [12]. XKnowing the velocity, the gas temperature can
then be calculated using the energy equation. In the present
analysis, the nozzle vane geometry and the main flow conditions
are taken similar to the experimental turbine of Reference
[5]. The flow channel between the two neighboring nozzle
vanes is shown in Figure 7. The flow accelerates on both the
pressure and suction surfaces, up to the throat. The dotted
line represents the sonic line for the opefating conditions
under investigation. The flow experiences further acceleration
on the blade suction side up to the trailing edge. The gas
velocity, the gas temperature and the heat transfer coefficient
distributions over the nozzle vane surface under investigation
are shown in Figures 8, 9 and 10 respectively. This data was
available in the experimental turbine study of Reference [5].

The heat transfer coefficients of Figure 10 were obtained
without taking into consideration the effect of voolant discharge.
It has been shown'in References [14] and [15] that the heat
transfer coefficient does not change appreciably in the presence
of film cooling, for low coolant mass flow rates. Figure l1l
presents the ratio of the heat transfer coefficient h, obtained
with film cooling to the heat transfer coefficient ho’ without
film cooling plotted over the dimensionless distance 4d/w
downstream from the slot. This figure was plotted in Reference
[14] using the data of Reference [15] and is reproduced here.
The parameter on the curves is the ratio of the density P o times

the exit velocity u. from the slot to the external mass velocity



pgug in the mainstream outside the boundary layer. It can be
observed that starting with a distance d/w = 22, the heat
transfer coefficient differs by less than 10 percent as long

as the ratio pcuc/pgug is smaller than 1. In the present
investigation the mass flow rate of coolant constituted 3% of
the main flow rate and the ratio pcuc/pgug was less than 0.4.
This justifies the use of the same values of the convective
heat transfer coefficients of Pigure 10, downstream of the
discharge slot. At these locations, the adiabatic wall
temperature, Taw’ was determined using the empirical relations

of Reference [1l6].

- T
= 2w 9 1
ur T (10)
5 g
- 1.9 Pr2/3 (11)
g 9.2 CP p_ 0.2 p ud 0.8
1+ 0.329 Re U4 2 () < e
Pec Fo c
. _ -5 Yo .
where g =1+ 5x 10 Res E"‘Slna
g
and g is the film cooling effectiveness,
T . 1S the adiabatic wall temperature,
Tg is the temperature of the hot gas,
Ts is the temperature on the blade surface,
Cp is the specific heat at constant pressure,
m, is the coolant mass flow per unit length of the slot,

Pr is the Prandtl number,

Re, = m.c/uc is the slot Reynolds number,
u igs the wvelocity,
a is the distance of the point from the point of

coolant discharge,

10



o is the ejection angle,

u is the wviscosity,

o is the density,

g subscript for the gas side parameter,

c subscript for the coolant side pa?ameter.

The physical properties of the coolant such as p, Cp, ¢ depend

on the film coolant temperature T Initially this temperature

is assumed to be constant and equgl to the temperature of the
coolant in the impingement tube, T,. Subsequently it is
corrected in the computer program and the temperature of the
coolant which increases from leading edge to trailing =dge is
alsc obtained using the heat balance equations.

The convective heat transfer coefficient over the internal
blade surface, depends on the geometry of the impingement
tube as can be seen from Figures 12 through 15. Impingement
tubes number one and two provide cooling only near the leading
edge with the rest of the internal passage being mainly cooled
by convection due to the coolant flow through the passage
between the impingement tube and the blade inner surface.
Impingement tubes number three and four with the arrays of
round jets over the tube surface, in addition to the leading
edge slot provide impingement cooling over a larger portion
of the blade surface. It therefore resulis in higher wvalues
of film coefficient (h) over the intermediate portion of the
internal cocling passage as shown in Figures 14 and 15. The
experimental results of Reference [8] were used for the
calculation of h at the leading edge in all cases. For
impingement tubes number three and four, the experimental data
0f Reference [10] for jet arrays impingement in the coolant cross
flow was used. The forced convective heat transfesr coefficients
due to the coolant flow either between impingement number two
and the blade inner surface or betwesen the two internal blade
surfaces downstream of the tubes were calculated using the

empirical relation for flow between parallel plates.

11



Nu. = 0.014 re®-8! (12)
The mean hydraulic diameter was used as the characteristic length
in the calculation of‘ﬁusselt and Reynolds numbers. The
above equation is based on the experimental work at Rolls Royce
and gives a value slightly higher (up to 5%) than the
traditional eguation of Reference [19] which is

Nu = 0.023 prl*?® re0-8 (13)

All the preliminary data necessary in the determination
of the temperature distribution in the blade cross-section
is now available, In the following chapter, the computer
program for blade temperature computations and its input

variables, will be described.

PROGRAM DESCRIPTION

In the following, a description of the computer program, its

input and output and other information regarding its use will

be given. The program listing is given in Appendix A.

Main Program and Subroutines

There are two separate main programs listed in Appendix A.
The first program is concerned with the determination of temperature
distribution throughout the blade section having coolant discharge
on the blade outer lower surface (e.g., configurations Al, A2, A3,
B2, B3, B4). The second main program does the same job for the
blade section having coolant discharge on the blade outer upper
surface (e.g., configuration C3). Many of the computational patterns
are similar in the two main programs and it might seem that the two
could be efficiently combined. However, the differences are funda-
mental enough so that the cause of clarity is best served by keeping
them separate. One of the two main programs is used along with all
the subroutines described later in this chapter, to obtain tem-—
perature distribution throughout the blade section.

The main program begins by calling subroutine DATA. This
instruction reads in all of the input data required. The

i2



appropriate formats and description of tﬁe input are discussed

in sections (5.2) and (5.3). 2As an initial guess the temperatures
at all grid points are set to any convenient value., The program
then calls subroutine TEMAD which calculates the adiabatic wall
temperatures at points downstream from the slot using equation
(11). At points downstream from the slot, the gas temperatures
will be replaced by the corresponding adiabatic wall temperatures
in the main program,

The Gauss-Seidel iteration procedure is used to solve
equations (4) and (9), giving the better wvalues of the temperatures
at the grid points. The convective boundary condition (eguation 9)
is used to evaluate the temperature on the blade surface point
such as D in PFigure 3. Referring to this figure, it is necessary
to determine the normal DN at point D, in order to use eguation
(9). Subroutine CUR finds coordinates of pointas F and C which
are adjacent to point D. Subroutine SLO finds an egquation of
the curve y = a + bx + cx2 passing through points ¥, D and C.
The constants b and ¢ in the parabolic eguation are returned to
the main program teo get the slope of the tangent to the surface
and hence slope of the normal to the curve at point D, If
the adjacent grid points on the blade surface happen to be
very close to each other, the value of the slope of the tangent
obtained by subroutine SLO sometimes is not correct. In such
cases, the correct value of the slope must be directly specified
by inserting a card in the main program. The point N where the
normal DN intersects one of the closest mesh lines inside the
blade surface can thus be found. The temperature TN at this
point can be determined by linear interpolation using the
temperatures at points A and P. Subroutine MESH calculates
the temperature T(i,j) at any interior mesh point P (see
Figure 2). It determines Eyr Eq and 89 and 8, of Figure 2
and knowing the temperatures at neighboring grid points
proceeds to find the new temperature T(i,j) using equation (4).

The temperature of the cooling stream increases along its
flow path due to the heat exchange with the hot blade. The new

coolant flow temperature computations are performed following

13



the éomputations of new blade temperatures for each iteration.
The heat balance equations which are used to determine the
coolant temperature rise over an incremental length of the
passage are derived in 2Appendix B. The local blade temperature
and the local coolant temperature are interdependent. For
initial set of iterations fequired to achieve the desired
accuracy, the temperature of the film coolant Tf is assumed
-to be the same as the temperature of the coolant Ti in the
impingement tube. The actual film coolant temperature Tf which
is higher than Ti and which is determined using heat balance
eguations, and the physical properties of the coolant at this
temperature are used in subroutine TEMAD to obtain new
adiabatic wall temperatures which are closer to actual adiabatic
wall temperatures. The new values of the film coolant temperature
and adiabatic wall temperatures are then used in the boundary
conditions of the next iteration. This process is repeated
until the desired accuracy is achieved.

The accuracy of the convergence process is specified by a
number €. The iteration process is continued until the sum
of the sqguares of differences in temperatures between two
successive iterations is less than e. Mathematically we can
write,

(r_ - T 17 < & {14)
all points

th . .
iteration,

h

where Tn is the temperature after n

T 1 1is the temperature after (n-1) iteration,

n

and £ is the prescribed error limit.

One of the problems of Gauss—Seidel method of solving
equations is that it is relatively slow to converge to the
solution. The method of successive over-relaxation has been
u?ed to accelerate the convergence process. In this teachnigue,

T, the temperature to be used for (n+1)th iteration is obtained

by using the following relation:

14



+3
Il

w T o+ (1-e) T 4 (15)

e
is temperature after (n—].)"’h iteration,
T is the temperature after nth iteration,

and ® is the overrelaxation factor.

For w = 0 the new value of the temperature T;, would be
identical to the o0ld wvalue Tt and hence no progress yould
be made. For w = 1 the new value of the temperature Tn’
would be the same as T, calculated in the Gauss-Seidel
Procedure. Values of v greater than unity would represent an
overrelaxation or an extrapolation beyond the Gauss-Seidel
value for temperature. It is this extrapolation process that
can accelerate the convergence of the iteration process.
Since the iteration vrocess will not converge for values of
w greater than 2, the value of o will be between 1 and 2.
After the convergence of “the solution is achieved,
temperatures at all the grid points are printed. The program
then calls subroutine TEMP which determines the maximum and
minimum temperatures in the blade along any I-line and £inds
the locations of all the temperatures lying between these two
temperatures. Subroutine ISOTH determines isothermal line
locations in the. blade. The desired number of isotherms and
their temperatures are specified by a DATA statement in a
BLOCK DATA subprogram. Finally, the cooling effectiveness n
is evaluated. This parameter facilitates the comparison of

different cooling configurations and is defined as £follows:

I | S
n = F oy (16)

where 7 is the cooling effectiveness,
T is the local temperature of the hot gas,

T. is the local blade temperature obtained using
particular type of cooling,

and T is the initial temperature of the coolant.

is



In the following sections the description of the input variables
as well as the instructions for preparing the input data are
given.

Input Variables

There are ten sets of input data. They are fed in the
program in the following order. The variables appearing in
these sets will be described in section (5.3).

1. Physical parameters of the grid system:
DX, DY, NXO, NXI (2F5.3, 2I5)
NX, NY, N1, N2, N3, N4, N5, N6, N7, NP (10I5)

2. Properties of the blade:

LB , XK, CP (3F8.6)

3. Properties of the coolant:

PRNO, ALPHA, TCOLN, TEMPC (4P8.2)
DENSC, CpC, VISCC, FLOC (2Fr13.10, E16.10, F8.4)

i

Iteration checks for required convergence:

OME, SUMM, NTE, IMAX (2Fg8.3, 2I5)

5., Blade outer and inner boundary point coordinates and their

corresponding segquence numbers:

(¥1(1), I=1, NX1) {1276.3)
(IP(1), I=1, NX1) (2014)
(v2(1), 1=1, NX1) (12F6.3)
(TP (1), I=1, NX1l) (2014)
(X1(J), J=1, NY1) (12F6.3)
(IP(J), J=1,.NY1l) (2014)
(X2(J), J=1, NYl) (L2F6.3)
(IP(J), J=1, NY1) (2014)
{(¥3(1), I=N11, N21) {12F6.3)
(TP(T), I=N11, N21) (2014)
(v4(1), I=N11, N21) (12F6.3)

16



(TP (T}, I=N1l1l, W21) (2014)

(X3(J), J=N31, N4l) (12¥6.3)
(IP(J}), J=N31, N4l) (2014)
(X4 (J), J=N31L, N41) (12F6.3)
(Zp(J), J=N31, N41l) . (2014)

6. Gas temperatures and initial coolant temperatures:

(TG(I,1), I=1, WX1) (10F8.2)
(Te¢(1,2), I=1, WNX1) (10¥8.2)
(TG(I,3), I=Nil, N21) {10F8.2)
(TG(I,4), I=N11l, N21) (10F8.2)
(Tex(1,J), J=2, NY1) (10F8.2)
(PGX(2,J), J=2, NY1) (10F8.2)
(T6X(3,J), J=N31, N41) (10F8.2)
(TGX(4,J), J=N31, N41) (L0¥8.2)

7. Heat transfer coefficients on gas side and coclant side

boundary surfaces:.

(H(T,1), I=1, NX1) (1LOF8.4)
(H(T,2), I=1, NX1) (10F8.4)
(H(I,3), I=N11l, N21) (10F8.4)
(E(T,4), I=N11, N21) (10F8.4)
(HX(L,J), J=2, NY1) (10F8.4)
(HX(2,J), J=2, NYl) (10F8.4)
(HX(3,3), J=N31, N4l) (1OF8.4)
(HX(4,J), J=N31, N41) (L0F8.4)

8. Velocities at points where adiabatic wall temperatures are

to be determined:

(VELG(1l,a), I=N51, NXI1) (10F8.2)
(VELG(b,J), I=2, N6&) (L0F8.2)

17



9. Coolant mass flow:

(MASC(T,3), I=N1l, N51) (LOF8.4)
(MASC(I,4), I=Nll, N51) (1L0F8.4}
(DEIM(I,3), I=N11l, N5) (10F8.4)
(DELM(I,4), I=N1l, N5) {10r8.4)

10. Surface distance between coordinate points on coolant

side boundary surface:

(DELS(T,3), I=Nll, N5) (10F8.4)
(DELS(I,4), I=N1ll, N5) (10F8.,4)

Explanation of the Input Variables

There are two types of input variables, geometric and

nongeometric,

The geometric variables are shown in Figure 16.

All input wvariables and other key variables used in the

program are explained in this section.

DX
DY

NXO

NXT

NX

NY

N1, N2

Grid spacing in the x direction (inches).
Grid spacing in the y direction (inches).

Total number of mesh line intersections with the

outer boundary.

Total number of mesh line intersections with

the inner boundary.

¥ . . . .

Total number of mesh lines in the x direction,

if NX is greater than 30, the DIMENSION statements
in the program need to be changed.

Total number of mesh lines in the y direction, if
NY is greater than 65, the DIMENSION statements
in the program need to be changead.

Mesh line perpendicular to the x axis.
Mesh line perpendicular to the y axis.

I mesh lines enclosing the blade inner boundary

without intersecting it,

i8



N3, M4
N5, N2
N3, N6
N1, N7

NP

LB

XK
Cp

PRNO
ALPHA

TCOLN

TEMPC
DENSC

cepC

VISCC

FLOC

OME

SUMM

J mesh lines enclesing the blade inner boundary

without intersecting it.

I mesh lines enclosing the coolant discharge slot

on the blade outer surface, without intersecting it.

J mesh lines enclosing the coclant discharge slot

on the blade outer surface, without intersecting it.

I mesh lines enclosing the impingement tube

without intersecting it.

Variable to identify the coolant discharge surface.
In case of coolant discharge on outer lower
surface, put NP = 0 and for coolant discharge

on outer upper surface, put NP = 1.
Blade height (inches).

Thermal cenductivity of the blade material
(Btu/hr in °R).

Specific heat of coolant at constant pressure
(Btu/1lbm °R).

Prandtl number for coolant.
Coolant discharge angle (degrees).

Temperature of the coolant in the impingement
tube (°R).

Temperature of the coolant for film cooling (°R).
Density of the film coolant (lbm/ftB).

Specific heat of film coolant at constant
pressure (Btu/lbm °R).

Viscosity of the film coolant (lbm/ft-sec).

Mass flow of the coolant through the slot per
unit length (ibm/ft-sec).

Over~-relaxation factor.

Maximum allowable error (¢ in equation 14},
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NTE

IMAX

¥1(I)

IP(I)

NX1

¥2(1),

X1(J3),

NYl1

X2(J),

¥3(1I),

IP(I)

IP{J)

IP(J)

IP(T)

Number of iterations after which a print out

of the grid temperatures is required.

Maximum number of iterations. After IMAX
iterations the program terminates even if the

required convergence is not achieved.

Y coordinates of points on the outer lower surface
intersected by I mesh lines (inches), (see
Figure 16).

Sequence numbers corresponding to the above

points (see Figure 16)}.
Eguals to (NX - 1).

Y coordinates of points on the outer upper surface
intersected by I mesh lines (inches), and

corresponding segquence numbers (see Figure 16).

X coordinates of points corresponding to the
first intersection of J mesh lines with the outer
surface, i.e., near outer surface {(inches), and

corresponding sequence numbers (see Figure 1i6}.
Equals to (MY -~ 1}.

X coordinates of points corresponding to the
second intersection of J lines with the outer
surface, i.e., farther outer surface (inches) and

corresponding sequence numbers (see Figure 16).

Y coordinates of points on the inner lower surface
intersected by I mesh lines (inches) and corresponding

seguence numbers.
Eguals to (N1 + 1).
Equals to (N2 - 1).

Y coordinates of points on the inner upper surface
intersected by I mesh lines {(inches) and corresponding
seguence numbers.
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X3(J), IP(J)

N3l
N4l

X4(JY, IP(J)

TG(I,a)
TGX (b, J)
H(TI,a)
HX(b,J)
VELG(I,a)
VELG (b, J)

N51

MASC(I,a)

DELM(XI,a)

DELS (I,z)

X coordinates of points corresponding to the first
intersection of J mesh lines with the inner sur-—

face (inches), and corresponding sequence numbers.
Eguals to (N3 + 1).
Eguals to (N4 - 1).

X coordinates of points corresponding to the
second intersection of J mesh lines with the
inner surface (inches), and corresponding
sequence numbers.

Gas temperature at I mesh line intersection point
on the blade surface (g = 1,2,3,4), (°R}).

Gas temperature at J mesh line intersection point
on the blade suxrface (b = 1,2,3,4), (°R).

Heat transfer coefficient at I mesh line inter-
section point on the blade surface (Btu/hr in2 °R}.

Heat transfer coefficient at J mesh line inter-

section point on blade surface (Btu/hr in2 °R).

Velocity at I mesh line intersection point on the

blade surface (ft/sec).

Velocity at J mesh line intersection point on the

blade surface (ft/sec).
Equals to (N5 + 1).

Total mass of coolant entering the fluld element
at I mesh line, per unit time ({see Pigures 17
and 18), {lb/hr). For further description refer
to Appendix B.

Coolant mass added to the fluid element between
I and T+l mesh lines from the impingement tube,
per unit time (see Figures 17 and 18), (lb/hr).

Surface distance between .consecutive points on
inner surface intersected by I mesh lines (sece

Figures 17 and 18), {inches).
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a=1 Corresponds to outer lower surface.

a=2 Corresponds to outer upper surface.

a=3 Corresponds to inner lower surface.

a=4 Corresponds to inner upper surxrface.

b=1 Corresponds to near outer surface.

b=2 Corresponds to farther outer surface.

b=3 Corresponds to near inner surface.

b=4 Corresponds to farther inner surface.

T(I,J) Temperature at a grid point, (°R}).

TR (I,a) Blade temperature at I mesh line intersection

point on the blade surface, (°R).

‘TBX(b,J) Blade temperatuxre at J mesh line intersection

point on the blade surface, (°R).

NSCLT Number of isctherms for which locations are to
be determined.

TSCLT Temperatures of the isotherms (NSCLT temperatures
have been specified with the DATA statement in
the BLOCK DATA subprogram. These can be changed
if iscthermal line locations for different set

of temperatures are desired).

NNY Dummy variable which counts the number of points
determined on an isotherm using ISOTH subroutine.
Initial values of this variable have been set
to zero in the DATA statement.

Preparation of the Input Data

The input to the computer program to determine the temperature
distribution in the guide vane blade consists of the sets of
variables indicated in Sections (5.2) and (5.3). 1In the folleowing,
more information regarding the preparation of the input data
will be given. ‘
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A rectangular grid network is used for the solution of the
basic differential equation with specified boundary conditions.
A typical mesh pattern is shown in Figure 16. The cross
section of the blade is divided into grids of equal increments
in both x and y directions. The mesh spacing in the X direction
need not be the same as the one in the y direction. The mesh
lines perpendicular to the x direction are referred to as the
I lines while the mesh lines perpendicular to the y direction
are referred to as the J lines. The grid network should be
drawn such that there are not multiple intersection points,
i.e., each grid line intersects the outer boundary at most twice
and the inner boundary also at most twice. It is comnvenient to
draw the grid network with I = 1 1line tangential +to the blade.

In order to read the coordinates of points on the blade
boundary, each point 1is associated with a number for purpose
of itg identification. The numbering can start from any nodal
point on the blade boundary but it is done in the following
manner for convenience. For the blade outer surface the numbering
starts from the node point where I = 1 line meets the outer
blade surface and for the blade inner surface it starts from the
node point near the leading edge of the blade inner surface
{see Figure 16). The {(I=1l, J=1) point is treated as origin and
the coordinates of points on the boundary are given with respect
to this point. The boundary cocrdinates and their corresponding
sequence numbers are now defined.

The next two sets of input data consist of gas temperatures,
convective heat transfer coefficients and velocities which are
calculated in Chapter 4. Note that the initial temperature of
the coolant is assumed to be constant and egual to that in the
impingement tube, Ti'

Finally, the coolant mass flow distribution may be obtained
as follows. The total coolant mass flow entering the impingement
tube per unit time and the impingemen£ tube configuration are
selected. As mentioned in Chapter 3, the impingement tube may

have slots or rows of holes for impinging the coolant against
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the blade inner surface. Knowing the amount of coolant injected
through each slot or hole, it is possible to calculate the

mass of the coolant crossing any I mesh line. Figure 17 shows
tvpical coolant flow path. The typical control volumes used

to calculate the increment in coolant temperature are shown

in Figures 18 and 19 (refer to Appendix B for further description ‘
of the control volumes). It can be noted that

m(i) + Am(i) = m{i+1) ' (17)

where ﬁ(i) = Coolant mass entering the control volume

per unit time at I mesh line,

Am(i) = Coolant mass added between I and I+l mesh
lines from the impingement tube per unit
time.

m(i+l) = Coolant mass leaving the control volume

at I+l mesh line per unit time.

It is very unusual to prepare the input without any errors,
the first time this program is run. Therefore, it is recommended
that the first attempt for running the program should allow
maximum of ten iterations. The resulting output should be
checked carefully. Of particular interest are the values of
the slopes of tangent to the blade boundary at all the boundary
points. Any error in the blade geometry input will usually
result in wild values of some of these derivatives. All other

preliminary output should be checked to see that it is reasonable.

Qutput

The first part of the output consists of a printout of the
list of input parameters for the purpose of reference and checking.
Such data checks are useful in correcting keypunch mistakes
on the input cards. The program then prints out the boundary

point number, boundary point coordinates and the coordinates



of two adjacent points. The coefficients a, b and ¢ in the
equation y = a + bx + cx2 of the parabolic curve passing
through these three points and the slope of the tangent to the
curve at the boundary point are also printed. The error ¢ for
every iteration is then printed. This allows monitoring of
the convergence process. The grid temperatures as well as
blade surface temperatures and gas temperatures are printed
after NTE iterations and also after the convergence of the
solution is achieved. In the output, the gas temperatures at
points downstream from the slot are replaced by the aaiabatic
wall temperatures. The next part of the output is a printout
of the locations along an I line, of blade temperatures which
have values between the maximum and minimum temperatures along
that I line. The isothermal line locations corresponding to
the temperatures specified in the DATA statement of the

BLOCK DATA subprogram are then printed. Finally, the values
of cooling effectiveness at all surface points are printed.

In Appendix A, a sample of the program output is presented.
This output corresponds to the B3 cooling cénfiguration of
Figure 29.

6. RESULTS AND DISCUSSION

A computer program has been developed to predict the
temperature distribution of the cooled guide vané blades. The
results of the investigation are presented as plots of isothermal
lines in the blade cross-section, and the cooling effectivness
variation over the blade surfaces for the wvarious cecoling
arrangements of Table 1. The geometry of the turbine nozzle
blades used in this study is that of Reference {5] and under
the same main flow operxating conditions. The hot gas inlet
stagnation temperzature is 2760°R and the gas turbine flow rate
is 4.9 lb/sec. The integral nozzle casting consists of 20
hollow vanes with inserts as shown in Figure 4A. The coclant

mass flow ratae in the nozzle vane was taken as 3% of the main
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flow rate per channel for all the cooling configurations that
are in%estigated.

The temperature distribution and the cooling effectiveness
corresponding to the Al cooling configuration are shown in
Figures 20 and 21 respectively. In this cooling arrangement
efficient cooling of the leading edge inner surface is achieved
by the normal impingement of all the coolant through the leading
edge slot in the impingement tube number 1 of Figure 5A. The
coolant is divided into two streams around the tube with a
lower velocity resulting when they rejoin at the end of the tube.
The coolant is finally discharged on the blade pressure
surface. The blade temperatures are low near the leading edge
inner surface and increase rapidly on both the pressure and
suction surfaces away from the leading edge. This 1s expected
because for a slot jet, the local heat transfer coefficient
undergoes a rapid decay after its maximum wvalue in the stagnation
region. Higher metal temperatures are observed in the central
portion of the blade section (surface distance ASO/SO between
20% and 40%). This is a result of the reduced coolant velocities
in that region as explained earlier. The metal temperatures
are low near the point of coolant discharge and increase at the
points downstream of it. This is expected since the wvalue of

the £ilm cooling effectiveness, expressed in eguation (11},

N
is higher near the point of coolait discharge and decreases
towards the trailing edge.

Figure 22 shows the isothermal lines in the blade for the
A2 cooling configuration. In this case, the vane has a closely
conforming tube which provides impingement cooling to the leading
edge and gives gecod convection cooling also, on account of high
velocity flow along the side wall passages. The cooling
effectiveness variation on the blade surface for this cooling
configuration is shown in Figure 23. The temperature distribution
in the blade and the cooling effectiveness variation for the
A3 cooling configuration are shown in Figures 24 and 25 respectively.

The impingement tube used in this case has a grid of 0.012 inch
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diameter holes and a spanwise slot in the leading edge. 1In such
cooling arrangement, higher internal heat transfer coefficients
are achieved in the leading edge as well as in the central
portion of the cooling passage.- As a conseguence, lower blade
temperatures result in both these regions for this particular
cocling arrangement. '

For the purpose of comparison, the cooling effectiveness
variations for Al, A2 and A3 cooling configurations are shown
together in Figurxe 26. It is evident that the best heat transfer
performance 1is obtéined using the round jet array, configuration
A3. It is also clear that the temperatures are almost the same
near the trailing edge region for the three different configura-
tions. This could be expected as a result of the same coclant
discharge position in all three cases.

The temperature distributions obtained so far are for a
blade having the same coolant passage with different impingement
tubes., In the following, the temperature distributions in the
blade for wvarious coolant discharge positions are presented.
Theoretically, it is feasible to exhaust the cooling air back
into the gas stream at any point on the vane surface. This is
possible because the static pressure around the surface of the
vane i1s everywhere lower than the stagnation pressure of the
coolant, except at leading edge. However, when a tube insert
is used as part of the cooling system, the coolant stagnation
pressure is reduced and then it is only possible to discharge
the cooling air back into the gas stream at points on the vane
surfaces, which are close to trailing edge. The choice in
practice is a compromise between the requirements of cooling,
mechanical strength and good aerodynamic performance. The
present analysis does not consider the aerodynamic effects of .
cooling air discharge on the turbine performance. The penalties
in terms of turbine efficlency are minimized however for cooling
air exhaust on the pressure surface near trailing edge.

The blade metal temperature distribution obtained for the

B2 cooling configuration is shown in Figure 27. For this
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configuration the cooling air path near discharge location was
chosen keeping in mind that the minimum thickness for casting
is 0.02 to 0.025 inch. The cocling effectiveness on the blade
surface corresponding to the above configuration is shown in
Figure 28. The isothermal lines and the cooling effectiveness
corresponding to B3 and C3 configurations are shown in Figures
29 through 32. The effect of changing the coolant discharge
position is demonstrated in Figure 33 which combines the results
of A3, B3 and C3 cooling configurations. It can be seen that
the B3 cooling configuration shows a better heat transfer
performance compared to the A3 and C3 configurations.

A closer examination of Figure 30 reveals that, generally
the cooling effectiveness is higher on the pressure side as
compared to the suction side when the array configuration
impingement tube of configuration B3 is used. Another cooling
configuration B4 was studied in order to improve the suction
surface cooling. In this arrangement, the tube has a closely
spaced grid of 0.012 inch diameter holes which provides impinge-
ment cooling on the suction surface, while the pressure surface
is provided with convection cooling only. Figures 34 and 35
show the temperature and cooling effectiveness distributions
corresponding to this configuration. The cooling effectiveness
variations for B3 and B4 conficgurations are plotted in Figure 36
to provide a means of comparison. It is evident that more
uniform temperature distribution is obtained by employing B4
configuration and that this configuration demonstrates best
heat transfer performance in the leading edge area, central

portion of the blade as well as in the trailing edge area.

The computer time naturally depends on the particular blade
geometry under consideration, as well as on the initial guesses
of metal and coolant temperatures, but did not exceed 35

seconds in any of the cases reported here.
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7. CONCLUSION

A useful numerical technique has been developed to predict
the temperature field in the cooled guide vane blade of a radial
inflow turbine. The computer program which has been developed
can be used to predict the temperature distribution in the con-
ventional nozzle guide vane with impingement cooling at the
leading edge and film cooling near the trailing edge. The
impingement tube can have any geometry but the coolant can be
discharged through a single slot. This computer program can
also be used to study the effects of changes in the coolant to
primary mass flow ratio and initial temperature of the coolant
on the temperature distribution in the blade. In the present
investigation, the temperature distribution in the cooled guide
vane blade was obtained using four different impingement
tubes and three different discharge locations. The results
show that simple convection cooling configurations are not
particularly suitable for turbine wvanes under the combination
of high gas temperatures and pressures. Of the various cooling
configurations investigated the case of impingement cooling of
the leading edge, cooling of suction side by round jet array
and cooling discharge near the trailing edge was found to give
the best temperature distribution. According to the numerical
results obtained the areas which need special attention if
high local metal temperatures are to be avoided are:

(1) Leading edge where external heat transfer coefficients

are high.

(2) The suction surface where external heat transfer
coefficients are high after boundary layer transition
from laminar to turbulent.

(3) 7Trailing edge where difficulties exist in getting

internal passages with adequate surface area.
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LIST OF SYMBOLS

Symbol Description

A,B,C Letters to identify coolant discharge position
(see table 1l}.

C Specific heat at constant pressure.

d Distance of a point from the point of coolant

discharge (see figure 11).

DN Normal distance {see figure 3).

DX Grid spacing in the x direction (see figure 3).
pY . Grid spacing in the vy direction (see figure 3).
h Heat transfer coefficient.

T Mesh line perpendicular to the x axig (see

figure 16).

J Mesh line perpendicular to the y axis (see

figure 16)}.

k Thermal conductivity.

LB Length of the blade (equation b.1l).

ﬁ Mass flow rate (see figure 18).

Nu Nusselt number.

n Normal direction (see eguation 2).

Pr Prandtl number.

Re Reynolds number.

S Distance along blade surface (see figure 8).

T Temperature.

T{(i,J) Temperature at grid point (i,J), (see figure 2).
Tf Film coolant temperature.

T, Temperature of the coolant in the impingement tube.
T, Temperature after ntB iteration {equation 14}.
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Symbol Description

T Temperature on the blade surface (equation 16),
TG Temperature of the gas (equation b.1l).

TB Temperature of the blade (equation b.l}.

u Velocity of the s;réam.

\% Slot width.

w Over-relaxation factor (equation 15}.

X,V Coordinate directions (see figure l).

Ng ' Cooling effectiveness (egquation 16),

N Film cooling effectiveness (eguation 10).

Am Additional mass flow rate from the impingement
tube (see figure 18).

D Density.

u Viscosity.

o Coolant discharge angle {equation 11).

€ BError limit (equation 14},

51;52,61,62 Fractions (see figure 2).

1,2,3,4 Numbers to identify the impingement tube (see
table 1).

Subscripts

aw Adiabatic wall.

c Coolant.

= Reference stream.
g Hot gas.
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FIGURE 1. RADIAL TURBINE GUIDE VAME BLADE PROFILE.
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FIGURE 4a, SCHEMATIC OF IMPINGEMENT AND FILM COOLED AIRFOIL.

Impingement Tube

FIGURE 4s, SCHEMATIC OF IMPINGEMENT-COOLED AIRFOIL LEADING EDGE.

37



4

S

o

Width of Slot Jet = W, = 0.02 in,
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3% Cooling Air Through Leading Edge Slot

Impingement Tube No. 1 (Slot Jet)

Impingement Tube No.

NN

Width of Slot Jet = 0.d2 in.
Length of Slot Jet = 0.339 in.
Height of Impingement Tube = 0.5 in.

3% Cooling Air Through Leading Edge Slot

2 (8lot Jet)

FIGURE 5A. SCHEMATIC OF THE AIR JET IMPINGEMENT CONFIGURATIONS,
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Length of Slot Jet = 0.339% in.
Height of Impingement Tube = 0.5 in.
Round Jet Diameter = 0.01l2 in.

Round Jet Spacing = 0.10 in.

1% Cooling Air Through Leading Edge Slot

1% Cooling Air Through Grid on Suction Side

1% Cooling Air Through Grid on Pressure Sid

3 (Slot Jet and Array of Round Jets)

Width of Slot Jet 0.0 in.

Length of Slot Jet 0.339 in.
Height of Impingement Tube 0.5 in.
0.012 in.

Round Jet Spacing = 0.05 in.

1.5% Cooling Air Through Leading Edge Slot
of which 1% flows towards pressure side

Round Jet Diameter

1.5% Cooling Air Through Grid on Suction Si

Impingement Tube No. 4 (Slot Jet and Array of Round Jets)

FIGURE 5B.
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FIGURE 6. SCHEMATIC OF THE,SLOT GEOMETRIES FOR COOLANT DISCHARGE.
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HEAT TRANSFER COEFFICIENT DISTRIBUTION ON INNER BOUNDARY WITH
3% COOLANT (CONFIGURATION B4).
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FIGURE 18, SKETCH ILLUSTRATING THE CONTROL VOLUMES FOR COOLANT MASS BALANCE.
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FIGURE 19. SKETCH ILLUSTRATING THE CONTROL VOLUMES FOR DERIVING HEAT
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FIGURE 21, EFFECTIVENESS OF COOLING ON BLADE SURFACES'WITH 3% COOLANT (CONFIGURATION A1),
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FIGURE 23, EFFECTIVENESS OF COOLING OM BLADE SURFACES WITH 3% COOLANT
(CONFIGURATION A2), :
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FIGURE 25, EFFECTIVENESS OF COOLING ON BLADE SURFACES WITH 3% COOLANT (CONFIGURATION A3).
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FIGURE 28, EFFECTIVENESS OF COOLING OH BLADE SURFACES WITH 3% COOLANT (CONFIGURATION B2).
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FIGURE 28, NOZZLE VANE TEMPERATURE DISTRIBUTION WITH 3% COOLANT
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FIGURE 30, EFFECTIVENESS OF COOLING OM BLADE SURFACES WITH 3% COOLANT (CONFIGURATION B3)
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FIGURE 32, EFFECTIVENESS OF COOLING ON BLADE SURFACES WITH 3% COOLANT (CONFIGURATION C3).
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FIGURE 33, EFFECTIVENESS OF COOLING OM BLADE SURFACES WITH 3% COOLANT FOR
DIFFEREMT SLOT POSITIONS.
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FIGURE 35, EFFECTIVENESS OF COOLING ON BLADE SURFACES WITH 3% COOLANT (CONFIGURATION BH).
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OO0 OO0

Oy O3 Y

YOV

%]
A~
in

[pS
N
o3

~na
n
\n

ORIGINAL PAGE 1
OF POOR QU

FCRTRAN CCMFLTER FRCCRAM TC CETAIN EMPERATUREZ CISTRIBUTION
In A  BLACE USINC THE FINITE CIFFERENCE NMETHCLC

¥ MAIN FRCGRAM ANCL1  *%

FCE . CLCLANT LISCRARGE CN  LCWER CUTER  SURFACE USE
MAIN  PROGRAM  NC,1  ALCAC WwWITHF  ALL . THE SUBRCUTINMES

CIMENSICN TGTEN(2G),TEXTEM{E5])

CIMENSIGN XISC{30,2C),YISC(2C,3G),TSCLT{38),MNY (3G}

CIMENSION CELS{20+4)+MASC{20,434C(20+4),CELM{20,4)

CIMENSION TI20,€5) ,TB{23G,4)},T8X14465),TG{38,4),TGX{4,£5),
IF{36+4) sFX{4,65),Y1(201:Y2{3C),Y¥2(Z2C)9yY4{20)ax1{EE)4%X2(E5),
ZX3{€5}),%X4165),B%(200),BY(2C01,BxI{Z20GC),BYI{2Q0),18{2C0)

CIMENSICN VELGUZ20,€5) <

CIMENSION EFF(3(,65})

REAL LB,MASC

INTEGER*4 TSCLT
COMMON Ty TRy TBXsTCsTCXsHaHX 3 YL s Y29 Y3 4Y4 3 X Lo X2 X3 9X49BX9BY8XTIHBY]
1,1F
COMMON DX CY s BXoNY s NXCGNXIHZITERSNLZN2 ) N3 9 NG NPy NS, NELNT

CCMMCN/TAT/ AXLeAYLeNLL,N2140N21,0N414N51,N52,N61L+NE2ZHNTL4NSR,
ICELY ,¥ASC,CELS , XK, CME, SUNMNM, TVAX,,NTE,TCCLN,LE,CP

COMNON/TENM/  VELG,PRNCTENMFC,CEC,VISCCsALPFAL,FLCC,EEANSC

COMMON/ISE/ XISO,YTISCHTSCLToNSCLToARMY

CALL CATA . .

CCNTINUE

TENFCRARY STCRACE FLR CAS TEMPS CCWNSTREAM CF SLOT

CC 250 I=NEZ2,NX1
TETEM[II=TG(I,1}
CCNTINUE

CC 285 J=2,N¢6
TCGXTEM(JY=TGX{1 4J)
CCNTINLE

CALCULLATES ACIABATIC wWALL TEMPFERATURES [CGWNSTREAM CGF SLCT

260

™~
e
in

CC 260 I=NE2,NX1
CALL TEMAL({I.1,7AL)
TC{I,1l)=74aC

CC Z2&5  J=2 .N¢

CALL TEMAC(1.,J,T7AD}
TCX{1,4)=TAL

DC 2¢& 1=NBZ2,N21
TG(I,s4)=TG{I,1}
CUNTIANUE
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O M

OO0 O

BC 2¢&¢7 J=MN321,NE
TCX{4,J)=TGX{1,J]
267 CONTINUE
20C CONTIAUE

STAﬁTihG OF GAULSS~SEICELL METHCG CF ITERATICN ON I LINES

SL¥=0.

CC 3510 I=2,.MX1

IL=TFIX{Y1I(1)/BY+0.0GCCL)+2
IF=TFIX(Y2{I)/DY+(.0G01)+1
TF(ABSH{Y2{I}-FLOAT{TIFr-13*CY}LT.0.00001) Ib=IF-]

CLTER LCWER ECUMNEARY

CARLCS wiITr NECA CCMMENT TQ SPECIFY SLCGPES AT SPECIAL PCINTS

BZ=FLCAT({I-1)%*EX

C2=Y1(13}

CALL CUR{EBZ,C24+B4C 40}

AMN=B+2 ., *C*B¢
IF{I.EQ.NXLY XMA=0.01

YT=FLCAT({IL-1)=3*CY

X={C2-YTI*XMAN+RZ
IF(I.EC. &} AMA=-1,0
IF{IGTWNSLJANCalaLT2) CL TC 252
IF{I.CELN2) GC TC 205

IF(X.GT-X23(IL))Y GE T€ 33
IFr{ABS{XMN}.LELD.O18Y GC TC 3325
TF(X.LELRZ2)GC TC 320

AR=BZ2+CX

IF{TICELNZ2)Y GO TC 210

IF {{X2(IL)-XR}1.CT.C.0C31) GL TC 310
TTT=T(I,IL3+{TBX{2,IL)}=-T{I,IL)IF(X-B2)}/(X2{IL}Y=B2)
GC ¢ 325
21¢  IF({X2{IL}-XR)L.CGT.G.0001) GC TC 231¢%
TTT=T(I IL)#{TBRA{Z,TL)-T{ I, )= {X-B2}/{XZ(IL}~-82)
GC TC 322¢

CCATINUE

IF{{X-XP}.GT L0001} £C TC 227
TTT=T{IIL)+{TII+LIL)~TL{T,IL)I*{X=-B2)/CX
GC 7C 32%
22¢ TTT=T{T1:,IL)=-{T(I,TL}=-T{I=-1,IL})5{BZ2=-X)/CX
22¢ ANL=(X—B2}3{A-82)+{C2-YT}*{CZ-YT}
ANL=SCRT{XNL)
GC TG 344
TTT=TBX{3,1IL)
XNL={X3(IL)=-B2) ¥ {X3{IL)-BZ2)+{C2-¥T}#{L2~-%T)
AML=SCRT(xNL)

W
o
w

[§Y]
fy
Ln

w
[PV}
o
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http:IF(I.GE.N2
http:IF{I.GT.N51.ANC.I.LT.N2

GC TC 249
TTT=T{(I,IL}
XNL=YT—-CZ
GC 1€ 340
TTIT=T{I+1,IL}
XML SCX*CXA(C2-YTI#{C2~-YT)
XML=SCRT{XAL)
340 AM.=F{I,1)/XK
TNEW=(XALXALFTCE (I, 1)+TTT I/ {1 +XNL*AL)
28¢ CLCNTINUS
TAEW={1.~CME)STE{],1J+0ONME+TNEW
SLM=SUMFL{TELI , 1) =ThREWIR(TR{I 1} ~-TMEW)
TE(I,1)=TNEHW
382 CCATINLE
IF(T.GT«MNLJANGLILLTLAN2) GC TC 2&0

[F%]
in

(18]

[§¥]
1)
|

INTERICR POINTS STARTING FRCM LCWER ZMDG FOR I LINES WPICKF CC NGY CUT
THE IANER BOUNCAPRY

s NeRuNaNel

CC 255 J=IL,1IH

CALL MESH(I,JsTNEW)
TNEW={1.~CMEI*T(I,J}2CNMEXTNEW
SUM=SUMF(TNEW-T{I,,J) I {TNER-T(T 4} }
T(IsJ)=TNEW

¢L TC 480

%]
(%]
N

FCF I LIMES INTERSECTING INNER BCUNCARY-ALL INTERIOR POINTS FROM
LCWER SURFACE CF CULTER BCUNLCARY TC LCWER SURFACE CF INNER BCUNCARY

OO OO0

13V

c CONTINLE
ILT=1FTIX{Y2{I}/CY+0. 0001 )+1
IF{ABSCY3({I)-FLCAT{ILI-1) DY) LT.0.080Q1) [LI=ILI-1
IFI=IFTIX(Y4{I}/CY+0.Q001)+2

IF{lGT NSL.ANDLTLLTLNZY GC TC 378
IF{IL.CT.ILI} GEC TC 275

CC 2¢% J=IL,1L1

CALL “ESH{I1,J:TNEW)
TNEW=(1.=-CVME)FT{I,J)+CNEXTNER
SUM=SUM+(TNEW—T{I,J) ) {ThecHh=-T{(I,Jd))
A2EE T{I1.J)=TNEW

[

~
C INNEF BCUMEARY — LLCWER SURFACE
278 B2=FLCAT(I-1)%CX
C2=v2(1)
CaLL CUR(22,C2,8,0,11}
XVAN=B+Z . *(*BZ
IF{T.EC.N11} X¥Fih=-1.0
YT=FLECAT{ILI-1)=CY


http:IF(I.EC.Nl
http:IF(I.GT.N51.AND.i.LT
http:IF(I.GT.NI.ANC.I.LT.N2

ORIGINAE PAGE IS

X={(C2-YT)*¥XMN+B2Z
IF‘IGEQ’?} XNN="1‘O
IF{T.GT.NSLLANDLTLLTLNZ)Y GC TC 412
TF{X.LT-X1(ILT)) GC TC 280
IF{{C2-YTYLCELICZ-Y1{T})) GC TC 38¢
¢C 10 382

ZEG TTT7=1BXx{1l,ILI}
ANL=(C2-¥YT )2 (C2-YT I+ {X1{ILT)-B2)*{x1(ILT)~B2Z])
XMNL=SGRT{XNL)
GC 7T 400

282 IF{ABS(XMN}.LE.0.015}) ¢C TC 3265
IF{Xx.LE-BZ) GC TC 2§£3
TTT=T{I,ILI I +{TLI+1, ILE}-TH{L,ILE) 37 (X-B2)/CX
GC TC 360

282 CCNTINUE
XL=B2-CX .
IFC(XL-X1{ILI)).GT-0.0001) €GC TC 285
TTT=T{I,ILI)-{T{I ILTI}-TEBX{1,IL T} )#{(B2-X)/{B2-X1{ILI}}
CC TC 350

28 TIT=T(I,ILI3~{T(I,ILI)-T{I-1,TLT})*(82-X}/CX

353 XML=(X-B2Ix{(X~BZ)+{C2-YTI*{C2-YT)
XML=SQRT{XNL)
GC TC 460

2365 TTT=T{I,IL1}
Xht=C2-¥T

400 AL=H(1,3}/XK
TAEW=(XALFALFTG{I»2)+TTT)/ {1+XNL2AL)

410 CCNTINUYUE
TRNEW={1.~CNME)*TE(I,3}3CMEATNEWN
SUNM=SUMH{TELI y3)-TNEWIF(TB{I 3)-ThEW}
TE(I+3)=TNEY

412 CCNTINLE

C

L]

C CALCULATES NEwWw CCCLANT TEMF USING MEAT RALANCE ECUATIONS
C
IF{T.GT.NS AMNDLTLLT, hZ} GC T 43¢
C{T,,3) =PI, 33 {TB(I,2)}-TC{I,2})*CELS{I,3}3LE
GUlI4+4)=H{I,4)}%{TE{I, 4)~TC{J,4)}*EtL¢{I 4)3LR
IF{I.EC.NTL) GC TC 41%
TRITLLTWNFLY GCT TC 420
TFITLCET.NTL)Y GC TC 4Zz=
415 TG{T+1,3)={VMASC{I 3 )3CP3TC{I 2)+VMASC{Iy4)*CERTG(T 43 +C{I,2}+Q{1,+4}
1Y /UMASCH{I+1,:2)%(CP)
CC TG 432¢
420 ?C{I+113}~{M¢SC(L:33*CP*TC(::~)+EtL“(I,:?*CP*TCOLN+ SLI,2)Y/{FASCH
11+1,3}2CP}
GC TF 4320
425 TE({I+Ls3)=(FASCLI 3)2CP=TC{I,2)+ C{I:3)+ C(1,4)}/{MASC{I+1,3)2CP)

oy

C LFFEF SULRFACE CF ITNMNER BCUNDARY
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http:IFII.GT.N5
http:IF(X.LE.82
http:IF(I.GT.N51.ANC.I.LT.N2

(o]

€

447

CZ=v4(1)

CALL CUR(E2,C24E+Cs1)
XVN=B+2,%(CxB2
IF(I.EC.N1L) XMN=1,Z
YT=FLCAT(IRI-1)=*CY

IF(ABS(XMN) WLE-Q.015) GC TC 445

X={CZ2-YT)#XMN+B2Z
AR=B2+CX

XL=BZ-BX

IF(X.LELB2) GC TC 42°¢

IF{X.GT.X2{1IHI}) GC TC 446
IF{{X-XR).CTL0.0001) GC TC 441

IF({X2{IFI)-XP).LE.0.0001)

GC TC 4z4

TTT=T{I,THI}+(T{I+1,IFI)-T{I,IKI}}*{X-B2)/CX

CC TC 44¢C

TIT=T({I4IHI)+(TBX(Z2,IFI)-T{I,IRI3)%{Xx~-82}/CX

GC TC 440

CONTINLE
IF({X-XI(IFI}}.LT.C.0001)
IFE(XL-X1(IFT ) LT .G.00CL)

G

C TC 448
GC TC 4327

TTTI=T(I 9 IHI)={TUIT,IFI}-T(I-1,IFI))F(B2-%X)/CX

GC TC 4310

TTT=T{I IR - (T{T4IFI)-TBX(1,IFT}){B2-X}/{B2-X1{IFI))
ANL={X-B2)*{X=-82)+{C2-YT)*{CZ~YT})

XNL=SCRT{XNL)

GC TC 45¢

TT7=T(Iy 11}

NL=YT=-C2°

GEC TC 4540
IF{{Y2(I+1)-Y¥T).CTA0.0001)
TTT=TBX{2,IF1}

CC TC 441

ANL={EZ2=-X2( 11} 3={B2-X2{IHI)}+Cy=%lY

XNL=SCRT{XNL)

GO TC 459

TYT=T{I+1.,1IF1}
XNL=DX*DX+{C2~-YT)=*{C2-YT)
XNL=SQRT{XNL)

CC TC 456

TTT=TBX{1,IHI}

XNL=(82-X1{IrI))*{B2-X1(IFI}}+CYRCY

XAL=SERT{XNL)
AL=F{I,4) /XK

TRNEWS (XNLFALXTC(I+434TTT )/ (1ot xNL5AL)
TREW=(1.~CVMEYXTE(] o4} +CNEXTNEWN
SUM=SUM+{TE(I 4 )-TINEWIF{TBI{T ,43-TREW)

TE(I+4)=TNERL

CALCULATES NEW CCCLANT TEMP USING HKEAT BALANCE ZQUATIONS
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http:IF(X.LE.B2
http:IF(ABS(XMN).LE.0.15

IF{I.GT.NS LANDLILLT.NZ) GC TC 47C
TFITLECLNTLY GC TC 4t¢ -
IF(TI.LT.N71} GC TC 4¢€Q
IF(IL.CTLNTL) CGUT TC 4¢¢
432 TGUI+1,4)={VMASC(I,2}#CPATGII3)+FASCIT,4)%CPTC{I,4)+ Q{1,323+ QlI,
1432/ (MASC(I1+1,4)%CP}
GC 1C 470 :
460 TGUI+1,4)={MASC(I »4)*CP*TG(I +4)+0ELM(1,4)*CP=TCCLN+ C(I,4))/(MASCH
1I1+144)%CP)
CC TC 470
4€5 TGII+1,4)={VMASCLT4)#CP*TG(I,4)+ C{1,3)+ C{I:4))/{MASC{I+1,4}=CP)

IANTERIOR POINTS FRCVM UFPPER SURFACE CF IANER BCUANDARY TC THE UPPER
SLRFECE GF CUTER BCUMNCARY

MO0 M

4306 BC 475 J=IhI,IF
CALL MESH{IsJ,TNEW)
TREW=(1.~-CME}*T{1,J) +CME*TNEW
SUM=SUMH(TNEW=T(IJ} )% {TNER-T{I+d}]

475 TAI,Jd)=TNEW

4LED CONTIMNLE

C
C UFPER BGUNCARY CF CUTEF SURFACE
C

CZ2=%21(1}
CALL CUR{BZ2,C02+8+C48)
ANN=B+2 ,*=({%EB2
TF{T.EQ.NXL) XiN=-1,8
IF{1.5C.18) XMAN==Z.8
IF{T.50.16) XN¥h=-2,8
YT1=FLCAT({IP-1}%0Y
IF(ARS{XMNYLLELQLO015) CGC TC E0Q
X={C2~-YT}*XMN+BZ
XR=B2+(X
AL=BZ-CX
IF{1.26.3) XM¥N=1.Q
IF{TILENLL.CR.ISEELNZY GC TC 481
IF((C2-{va{I)+Y4(I+1))/2).GE.CY} GC TC 481
TTT=T8(1,4)
XAL=C2-Y4(1}
GC TC 5@QE&
481 CCNTINLE
IF{x.LE.BZ}Y GC TC 4832
IF{IF .GZ N4 0RLIFLLELNZY CGC TC 4040
IF{{X=X2{IH)}).GT.0.0001) GC 7TC 492
TRF{X2{IF}.LE.XR)} GC TC 4EZ
GE40  TTT=T{lyIt)+{T{I41,,T+3~T{T,IH)}2{RX-EZ}/CX
GC TC 4645
482 TIT=T{I»TF)}+{T8X(2,I-)-TL{I,,IR})2{X~EZ)/{X2{]IF)}-82)
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http:F(IF.G.:4.OP.II.LE.N3
http:IF(0.LE.82
http:IF((C2-(Y4(I)+Y4(1+1)J/2).GE.GY
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http:IF(I.EC.I8
http:AND.I.LT
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DY Y Oy

4E5

i

ORIGINAL PAGE 1y

OF POOR QuALITY,
GC TC 4S5
CCANTINUE
IF{Ih«GE:N4.CRaIk.LELN3) CGE 7TC 485
IF{xeLELXal{Ik}) CC TC 468
TRO(XL=-X4{IF))LETL.2.0001) GC 7C 4%0
TTT=T{L s IF)={T{ I IF}-TBX (4, IHL}F{(BZ2-X}/{RB2=-X4(IH}))
CC TC 4%5
CONTINUE
ITFIXLLEXILIR}Y GC T2 4%7
IF{{XL~X1(IFJ))}sCTG-C001) GC TC 450
TTT=T I, IR)=A{T{I,IE)~-TBX{1,IH} ) X{B2~-X)/{B2-X1(I8})
GC TC 455
TIT=T{I IR} (T{I4Ih}-T{I-14IR})X{B2~-X)/LX
CC TC 495
TTT=T3%X{3,1IkK)}
XNL=(B2-X3 (I} {8Z-XZ({IF})+CY=CY
ARL=SQRT(XML)
GCC TL £B05
XNL={X-B2)*(X=BZ)+(C2-YT)1=(C2-YT}
AML=SERTIXNLY
GC TC 5035
TTT=78%{1s1IF}
GC TC 543
TTIT=TEBX{4,1H)
GL TC 582
TIT=T{I:IF}
AMNL=C2-YT
GC TC E24c=
XAL=(B2-X1(IH) ) #(BZ2-XL{IF)I+{LZ2-YT)#{C2~-¥T}
AML=SCRT (XKL)
Al=H(T1,2) /XK
TAEWS(ANL=ALXTC{I 2 4TTTI/ {1 +XNLEAL)
TNEW={1.-CME}FTB{I,2 )+ NEFTNEW
SLM=SUM+{TE{I+2)-TREW])F{TB(I,2}~-TAEW)
TE({I23=TNEh
CONTINLE

ITER. FCR J LINES CMLY BCUMCARY PCINTS INTERSECTED BY J LINES

EC £50 J=2,4NY1

IN =IFIX{X1(J)}/LX+0.0001)+2

TA =IFIX(X2{J3}/CX+0.C0U0L} +1
IF(ABS{X2(J)-FLOAT{TA-13*#CX}.LT.0.00001) I2=1a-1

NEAR SURFACE CF CUTER BCUNCARY

Bz=X1(J})
C2=FLTAT{J=-11}=LY
CALL CUR(RZ,C2,8,C,0)
XNN=8+2 *(CHE7

78


http:IF(Ih.GE.N4.CR.IH.LE.N3

n
[\¥]

N
AN

in

mn
™

\n

V]

48]

in
a8
Nl

in
™)
\n

in
[§8]

[

(1]
NG

inan

[SVIEY]

I

XT=FLCAT(IN-1)2CX
IF{J.EQ.28)} XMA=-1.0
IF{JCEN3LLAND,JLELNEL)Y GG TC 547
IF(ABS(XMN]) LCGEL54)CC TC £72
L=XT-0OX
K=-DY=XMN+R2 )
IF(X.LE.B2) GC TC 520
IF{JWLTWNELR «J.CELMN4YY GC TC 512
TF{X«CTaR2{J+1)) CGC TQ t54Z
IF({X2(J+1}-AT).GT.C.0001) GC TC 515
TIT=T{IN-LJ+1)+{TEX{Z2,J%13-TUIN=1,J+13 ) {X=-XL)Y/{X2{J+1)-X1)
GC T7C 525
COCANTIMNLE
TF(X.GTX21J+1)) CC TC &322
TF{(X2{J+1)~XT}.GT.0.0001) GE TC s51¢
TTT=TL{IN=Lyd+ L)+ (TBX{2yJ+1)=TUIN=1,J41) )= {X=2XL}/{(X2{J+1}-XL)
GC TC 52¢&
CCNTINUE
IF{(XL-X1{J+]1)).GT.0.0001) &GO TQ =18
IF{X.GTXT) GG TC &322
TTT=T{INsJ+L)+ATEX{ L, J+ 1} =T{IN I+ L} I3 {A T2}/ {XT~X1{J+1})
GC T1C 525
CCNTINLE
TTT=TUINy JH LI+ (TLIN=1 3 J+ ) =TLIN,J+ 1)} {XT-%)/DX
GC 1C 525
CCNTINUE
X=DY*{MN+EZ
IF{XT.GE.X3(J=-1}) GC 7L 524
TF{X.CTaXT} GO TC £232
TIT=T(IN =L} +{TUIN-1,J=1)-TUINJ=1))*{XT=x}/CX
GC TC 525
TTi=T{IN,d=-1)
GC TC £34
TTT=TBX(3,J-1)
ANL=(B2=-X3(J=11 )% {B2=X3{J~1))1+CY¥=CY
ADML=SCRT{XNL)
GC TC 535
XMNL={82-X)={B2-X}+CY3LY
INL=SGRT{XNL}
GC 7C 535
TTT=T{IN,J)
ANL=XT-82
GC TC 535
TTT=TB{IN,2}
ANL=(B2-XT)*{(R2=XTI+{C2-YZ(INI}®{C2-%2(IN})
ML=SERTOXNL)
GC 7C =525
TTT=T{IN,J+1)
ANL=(B2=-XT)#{B2-XTI+CY%DY
XMNL=SCRT{XNL)
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AL=FX{1,J) /XK
TANEW={TTTH+AL*XNL*TCEX{1,J) )/ {1a+xNL*AL)
CL TC 545

TNEW={TB(IN,1}+TB{IN-1,1})/2

CCNTINUE
TAEW={1.-CME}J*TEX{1,J)+CPME*TAEhW
SUM=SUM+{TNEW-TEX{1,J}}={TNEW-TEX(1,4})
TEX(1,J)=TNENW

CCNTINLE

IF{JCTaN3JANCLJLLTLNE} GC TG 5EC

GC TC 625

FCR J LINES INTERSECTING INMER BCUNCARY-BGUNERRY POINTS ON THE
NEARER SURFACE CF INMER BCLEDARY

CONTINUE
INI=IFIXIX3{J)/CX+G.00013+1
IF{ABS{X3{JI~FLCAT{INI-1)=3CX)aLT-0.00001) INI=INI-]
TAT=1FIX{x4{J}/Cx+C. 0001242
BZ=X3{J}
-CALL CUR{EZ2,4C24+E4C51)
AVN=Bt2 . =(*B7
IF{J.C0N31]) KMh==1,.7
XT=FLCAT{INI-1)%CX
XR=XT+EX
*L=XxT-CX
IF(J.EQ.28) X¥A=1.20
IF{ABS{XMN)JCGE.EL)EC TC 5¢5
IF (J.GE.N2,ANCLJ.LELNEL) GC 7C 5&7
TP{{C2—={YLLINII+YL{INT+1)Y)/2.).LELEY) COTC &574
X=CY=XMN+E2
IF{x.GT.B2}) GC TC B&E
IF{XLELXL{J~-1)} GC TC =57¢
TR{XLI{J=-1)=-XT)aGT.0.0001) GC TC 552
IF{{XT-%}.CT.0.00Q01) CC TC =Be2
TTT=TIINT«d=1 0+ {TL{INI+1,J=1)=-T{INIJ=-1) )% {X=-2T) /0¥
GC 7C 5&Q
TIT=TBX{LyJd=1)+(TUIN+15J-1)=T8X (1, J=1} 15 {X=X1{J=-1) )/ {XR=X1(J~1))
GC TC 2¢0
X=~DYEXMAN+R2
JR{XeLEL.XTIT{J+1}) L TC 572
TTT=TLINL pJ+L I+ {TOINI I+ 1) ~TOINT 1,041 ) ) {%-XT) /DX
GC TC 5&0
IF{{XL-XE{J-1)).6T.0.0001) CC TC Eé2
TTT=T8X {1, =134 {T{INT sJ=1)~TEX{1,J—-1 ) F{XT-X}/{XT-X1(J=-1})
GC TC 560
TTIT=T{INI=1,3-3}+{T{IAI sJ-1)-TEINI-1,J-1)}x={XT~X}/EX
XhNL={B2-X}*¥(EZ2-X)}4CYRLY
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http:IF(.GT.82
http:PtN=1.20
http:IF(J.EQ.2E
http:IF(J.GT.N3.ANC.J.LT.N4

s ERES]

XNL=SCRT{XAL)
GC 7C 575

ZES TTT=T{INTs+d)
XNL=BZ-XT
GC TC 575

E1C  CCNTINLE

IF{INTI.EQ.NEL} GE TC 377

IF{IXE=-X1(J)).CT.0.0881) CGC TG 574

TTT=(TB{INT,1}+7BX{1,J}3/2.

ANL=B2-{XT+X1{J}})/2.

GC TC 575

TIT=TBIINI,2}

ANL={XT-B2)+{XT-B2)+{YZUINT)-C2)x{YZ{INT)-C2)

XML=SQRTIXMNL)

GC TC 578

E74  TIT7=TB{INI.l)
ANL=AB2-XT)*{B2-XT)+{C2~YLLINT) }*{C2-Y1{IAI})
XAL=SCRT(XAL)

o AL=HX{3,Jd} /XK
TNEW=(TTTHALRXNLETEX{2,J)3)/ (1o +XNLRAL)
¢C TC 585

E77  TNEW=TB{INI,1)

585 CCNTINUE
TNEW={1.-CME)*TEX{2,J)+4CNMEFTNEW
SUM=SUMF{TNEW=TEX{ 2, JI}*(TNEW-TEX(Z,J))
TEX{3,J)=TNEW

ZE7  CONTINUE

CC 590 I=N1,N2

KR = FLOAT(I-1)3CX

IF{ {XR-X3{J}}.CE.C.00Q1) I32=1-1

IFL (AES({XR-X2{J)}.CEL(0.95SS#CX))) I32=1332~1

IF( {XR=X3{(J)).CELC.C001} GC TC £52

CCNTINLE

IF{T22. L TUNLL) 1323=M11

TEX{3,J3¥=TG{122,2)

¥

wn
-t
(AN}

N4l
[RY K von )

inwn
[Kel

FARTHFER SURFACE CF INNER BCUNCARY
Bz=x4(J)
CALL CUR{R2,CZ+B,C,1}
XNN=E+2 . *¥(*E2
TR{J.EQ.N21} XMAh=~1,.7
XT=FLCAT(IAI=-1}%0X
XL=XxT-0X
IF(ABSIXMN)CELS.)GEC TC €&CE
X==CY*XMMN+EZ
IF{IX=-XT).GT.0.0001) ¢CC 7C 555
IF{x. LT.Xx2{J4+1)) GC TC EST
ECS  CCONTINMLE

TE{(Y2(TAT}-{C2+0Y)}.CT-0.G001}
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ORIGINATL; PAGE IS
OF POOR QUALITY

TTT=T8X{2+J+1)
XNL=(B2-X2{J+1 3 )3 (E2-X2(J+1))+CY=TY
XhL=SCRT{XNL}
cC 7C 610
TTT=T{IATl 4J+1}
ANL=(B2-XT)*{B2-XT}+IVY%CY
XPML=SERTOXNL)
GC TC €10
CCNTINUE
IF(XZ(J+1).LELXTY GC TC =58
TTT=T(IATyJ+ 1} (T{TAT =1, d+1)-T{TIAI3J+1)}*(XT-X)/DX
GC T£ 640G
TIT=TBX{23J+ 1)+ (T(IAT-1,d+1)-TEX{2,J+1 13 {X2{J+1)-X}/{X2(J+1)-XL}
ANL={82-X)*(E2-X)+LY3LY
FML=SCERT(XNL}
GC TC €1cC
TTT=T(1aT,4}
XhL=XT-E2
AlL=HX{4,J1/XK
TREW=(TTTH+ALFXALFTEN{4,J) )/ (1. +XDNEH2L)
TNER=(1,-CME)=TEBX{4,J)+CNE*TNEW
SUM=SUNM+(TNEW~TEX (4,33 (TNEW-TEX (4,4}
TEX{44J)=TNEW
EC 615 I=1I32,N2
XRafFLTAT{I-1)%0x
IF {{XR—-X4(J}).CE.Q.E001) I4=1
IF(ABS(XR-X4{J)).LE.DU.0001) 14=14+1
[IF{IXR=X4{J)).GE.C.Q0Q1) GC TO €24
CCNTINLE
TF{I4.GF.N21} T4=MNZ1
TCX(4,d3=TC{I14,41}

FARTHER BCUNCARY FCINTS CMN CUTER SURFACE

B2=x2{J)
CALL CUR(EZ,C2,E,C,G)
XNN=B+2 . %(*E2
IF{JECLLE} XMA=-Z.0
IF{JEG. 1T} XM¥MN=-z.C
IF{JaEQa2 )} XMMh=€.Q
CXT=FLCAT{IA-1)%CX
IF(ABS(XMN)LCELS4) GO TC €45
XR=XT+CX
XL=XT-CX
X=DY*XMN+E2
IF(JoLE.N2L1Y GC TC £35
IF{IA.CT.NZ1} CC TL €27
IF{({C2-Y4(T2)}).CT.LY} €C TC 627
TiT=TE{14,4)
XbL=(C2-Y4 (IA})*(C2-Y4({TA) I+ {BZ~XT)*{B2~XT)
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XNL=SCRT{XNL) QUALITY
GC TC 646
CONTINUR
IF((XT=X4(J-11).6T.0.00001} GO TC €28
IF ((X4(J=1)=X).GT.0.0001) GC TC &332
TF((XR=X2(J-1)).LT.0.0001) GC TC €28
TTT=TBX{4,J=1)= {TEX (4, J=13-TBX{2,J=11 )% (X-%4{J=1)1/(X2(J-1)-X4
(J=11)
GC T4 642
TTT=TEX (4 yd=1)= (TBX(4,J=1) =T (IA+1,J=1) )% {X=X4{J=1))/{XR=X4 (J=1} ]
GC TC ¢42
CCNTINUE
TF(X.GT.xT}) GC TC &4¢
CCNTINUE
TF((X=X4(J-1)).CT.0.0601) GC TC 632
TTT=7(12,J-1)
XAL={82-XT)%(B2-XT )4 (CY#CY)
XML=SERT{XNL)
CC TC 646
CONTINUE
TF{(XL=X&(J=1}}.CT.0.0601) G TC &24
TTT=TEX(4,d-1)
XNL=(B2~X4 (J-11 )% (BZ-X4{J=-1) )+CY#CY
XML=SCRT{XAL)
GL 1C &46
TTT=T(IA=15J=10#{T(IA~1,J=1}=T{(1A,J~1) )% {X=XL}/CX
TF({XL-X).GT.C.0CC1) GC TC €31
GC TC €42
CCNTINUE
IF((C2-YL{IA}).ET.CY] GG TC 632¢
TTT=TB(IA 1)
XNL=(C2-Y1{IA))#(C2~YL(IA}}+(B2-XTI*(B2-XT)
XNL=SCRT{XNL)
GC TG é&4¢
CONTINLE
IF({XT=-X1{J=1)}.6T.C.00001) GC TC £2¢
IF((XL{J=1)=X).CT.£.0001) GC TC &44
IF{{XR-X2{J=1}}.LT.0.000L) GC TC 628
TTT=TBX(1,J=1)=(TBX{ 14J=13-TEX{2,J=13 1% {X-X1(J=131/(X2{J-1)=X1

1 {J-11) )

GC TC €42 .
TTT=T8X(1,J-1)-ATEX{1yd-1)= TL{TIA+1,J-100F(X-X1{J=-12)/{XR-X1{J=-212}
GC 1€ €42

CONTINULE

IF{X.CT.XT} CC TL 640

IFE{X=-X1{J=-1)).CGT.6G.0001) GC TC 643

CC TC &21

CCNTINLE

IF(IXR=-%2{J~11}.LT.CG.CCQ1) GC TC €41
TIT=T{IA,J-13+(TBRAZ,d=-1)}-T{IL,J-1) 3% {(X~-XT}/(%2{J-1}-XT}
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http:IF(X.C-T.XT
http:IF((C2-YI(IAJ.CT.CY
http:IF(X.GT.XT

YO YOO

€4%

g4¢

£47

£57

GC TC &42
TTT=T{IAJ-LI+(T{1A+1,J-1)-T{IA,J=-1))*{(X~-XT)/LCX
XNL={B2-X}*(B2-X)+CY*LCY

AML=SCRT{ANL)

CE TC €46

CCNTINUE

IE{(XL=-X1(J=-1}}.GT.0.0001} GC TC £é324

TTT=TRX{1,J-1}

ANL={B2-X1{J-1)}*{E2~-X1{J=-1})+CY¥=*CY

XAL=SQERTIXNL)

CL TC 646

TTT=T{1A,J}

ANL=R2-XT
AL=FX(24J)/%K

TNEW={TTT+ALFINL*TEX{2,J) )/ {latxhL=AL)

CCNTINUE

TRER={1.~EME)RTEX{2,J)+CNMEFTAEN

SUM=SUM+{TBX({2:J)}-TNERI={TBX{2,J)-TNEW}

TEX{2,4J)=TAEkK
CCNTIMNLE

CC €55 I=1,NX1

EC 658 J=1,AY1

X=FLCAT{I-1)}=*[CX

TE{L,L1}=TEX{1,J4}

Y=FLCAT{J-1}%*CY

IF(ABS{X=XI{J)}) L T,0.00001.ANGCLABS{Y-YI{I}}LT.G.080001)

11,1)

TF{ABS{X=X1{J)}) o LT . CuaO0COL . ANDLABS{Y-Y2(I}}).LT.0.00001)

11,2}
IF{ABS(X=X2{J)) o LlT.0.000CL ANCARS{Y-Y2( 1)) LT.2.00001)
11,2)

CCNTINUE

EC €27 I=M11,AM21

EC 657 J=h31.Kk41

X=FLCAT{I-1}%CX

Y=FLGAT{J~13=*CY

TE{ABS{X=X3{J) ) alLT 000001 .ANC . ABSIY=-Y2({T1}).LT.0.G600C01)

11,2)

IF(ABS{X~X4{J)) alTeD000CL.AND.ABS{Y=-Y4{1))LT.0.00001)
11.4)
IFIABSI{X=X3{J}) LT 00001 ANCLABST{Y-Y4(1}).LT.0.00001}
11:4)

CCNTINUE

CCMFLETICN CF AN ITERATICN-CRECKS FCR FEGQUIREL CONVERGENCE

IF(ITER.EC.1) WRITE(6,660)
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EEG FERMAT{1IHL)
WRITE(&,6658) ITER,SLM

EES FCRMAT{SX, ' ITERATILCN=',I342X 'ERRCR=7,£12.E )
IF(ITER.GE.IMAX} GC TC 2ZGOC
IF(SUMLLELSUMMY €C TC 676
IF{(ITER/NTEXNTE)LECLITERY €C TC &7C
ITER=ITER+1
GEC T1C 300

eTC CONTINUE
WRITE{&,7L8)

110G FORMATU// 10X " T=VMATRIX3GIVES ALL IMTERICR PCINTS.INITIAL SETTING
1 CF T IS5 16C0.0'/10X,'CNLY THCSE ITASICE BLACE ARE CHANGEE aAND WILL
2 8t CIFFERENT FRCF 16Q0.001")

WRITE(G6,70%)

T05  FCORMATIU/ 32X =V g4 g VLY g TR P20 3 TX G P2V TR 148 ,TX T8, TX,167T,TXy 7
TV T X 8y TX 1S 38Xy P 101 96X 1P gEX V12 ,6X38131,6X,114%,86X,01581/
22Xy 710}

IFINY.GT.15) WRITE{E,714)

TLIO FCRMAT(BX 116" y6X51 178 46Xy V1B 46X 191,6%X,120% ,6X1217,6X,1221,8%

1,122 ,6X,124814E6X,028 1)
CC 715 I=1,AMX

TLZ WRITE(6,72C) I, (T{IJd)d=1,MNY)

728 FCORMAT(/ ¢2X412,1X,15FE8.242(/5X%,15F8.21))

. WRITE(S6.725)

728 FCRMAT{'11,//15X,'GAS TENVMFERATURE CISTRIBUTION ON THE BLACES INNER
TAND CUTER SURFACE',//)

WRITE({E,745) AX1
WRITE{B,7203) (TG{l1,1),I=1,NX11}
WRITE{6:+750} AX1
WRITE(&,720) {TCG(I421,1=14AX1}
WRITE {(6,755) MN11,021
WRITE(64+800) {TG(TI,2),T=K11,N21}
WEITE{E,760) M11,40NZ1
WRITE(E+8C0) (TE{144)+1=MN11,021)
WRITE (£,77C) NYI1 '
WRITE(S6,8C0) {(TEX{1lsd) +d=2,NY1}
WRITE(&,78C) NY1
WRITE(&+800) (TEX{2sJd)sJ=2,NY1)
WRITE(6,785) AN21,N41
WEITE(6,800) (TCEX{3,J)2J=0h2140M41)
WRITE(E£,7C0) N21,MN41
WRITEL6+800) {TEX{4,J),d=M321,041)
WRITE(&,T75E)
WRITE(6,T748)
740 FORMAT(YL1t,//,5X,*TENFERATURE CISTRIBUTICN ON THE BCUNDARY?',////}
WRITE(H,742) AX1

745  FORMAT(//4+10X:'BCUNCARY FCINTS CN I-LINES FOR LOWER SURFACE CF

1 CUTER BCUNCRY?'/,12X4'{START FRC¥ = 2 TC I=1,I3," }1)
WRITELSE,720) (TE{I41)sI=]1,hX1)
WRITE(&,720) NX1
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http:FCRPAT(/,2x,I2,lX,ISFE.2,2(/5X,15F8.2J
http:IF(NY.GT.15

NES FOR UPPER SURFACE CF

75¢ FCRMAT(//,10X,'ECUNCARY PCINTS CN I LI
i= 2 TC I=%,13,"' }°%)

1 CUTER BOUMCRY' /412%,Y{STAFT FRC¥
WRITE(E,72C0) {TEB{I,2),I=1,AX1)
WEITE (6,755} MN11,A21
755 FORMAT(//+10X,'BCUACARY PCIMTS €N I LINES FCR LCWER SURFACE CF
1 INNER BOUNCARY '/, 12X, (START FROM 1=',12,' TG I=v,13," )1}
YWRITE(6,8C03({TR{I4+3) y3=N11sM21)
WRITE{6,760) N11,K21
16C FCRMAT{//,10Xs'BCUNCARY FLINTS CN I LINES FCR UPPER SURFACE OF
1 INNER BOUNCARY ' /,12X,'{START FRCVM I=1,132,' TC 1I=%,1I3,' 1}
WRITE(G+8003(TB(I,4)+1=N11s021)
WRITE {&,770) NY1
77C FCRMAT(//410%3 BCUNCARY PCINTS CN J LINSS FOR NEARER SURFACE 2F
1 CUTER BOUMNCARY!'/,12Xs"(START FRCF J= 2 TC =t,13,!' })
WRITE(&,8003(TBX{1,J}sd=2,NY1]}
WEITE(6,780) MY]
780 FQRMAT{//,10X,'2CUACAFY PCIATS CN J LINES FOR FARTHRER SURFACE OF
1 CLTER ROUNCARY'/,12X,"{START FRCFM J= 2 TL J=141I32,% )1)
WRITE{6,800)0{TBX1Zyd)+1d=2,AY1)
WFITE(6:785) AN31,4N41
785 FOBMAT(//s10X,'BCUNCARY FCIATS €N J LINES FCR NEARER SURFACE CF
1TANER BCUNCARY 1/12X:'{START FRCM Jd=1',13,1 TC J=t,13,0 )t
WRITZE(6:800){TBX(35dY+d=h21,0N41)
WRITE(&,T7SC1 N31,0N41
760 FORMAT{//,10Xs"BCUADARY FCINTS GN J LINES FOR FARTHER SURFACE DOF
LINNER RCUNTCARY. ¥/12X, ' {START FPL¥ J=1,13,* TO J=1,I3,"' }1)
WRITE(6,8000{T8BX(4,43:d=031,N41])
WRITE(&,7GE) -
TSE  FCENAT(1FR1)
200 FCORMAT{3({/,EX,1E8Fc.21})
WRITE {6,818
810 FCRMATI(1F1/// 318X, *TEFFERATURE DISYRIBUTION INSICE THE BLADE AND D
AN ITS SURFACE'///2R,%4=1)
CC 885 Jl=2.NY1
CC 815 I=1,AhX
J=AY+1-J1
XR=FLECAT({I~1)=3DX
[F{ {XR=-X1{J}).GELC.Q001) T1=1
TR{ABSIXR=-X1{J)).LEL0.0001) [1=1+1
IF{ {¥XR-%x1(J)}.GE.0.0001) GC TL &ZC
g18 (CCNTIAUE
£20G ODC €25 I=11,MX
XKE=FLCAT{I-1)*0X
IF{ {XR—=%X2(J) ) .EE.L.0001) I2=1-1
IE{ABSIXR=XZ2(J} ) CEL{£5999%0X)) 12=12-1
IF( {(XR=X2{J)}.CE.0.8D01) ¢C TC EZg
E2°¢ CCNTINLE
€30 CCNTINLE
J=AY+1i~J1
IF{J.CELMaCRaJaLELNS) CC TC E&G
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http:IF(J.GE.1N4.CR.J.LE.N3

OO0

sEe NN}

g3 LCUNTINUE
CC 840 I=N1,N2
J=AY+1-41
XR = FLOAT({I-1)=CX
IF0 (XR=-X3(J)).CE.Q0.0001) 133=1-1 .
IF{ (ABS{XR=X2(J}).CGE.(Q.GSS5S%CX)}) I32=1323-1
IF{ (XR-X3{J}).CE.Q0.0001) GC TC €45

€4C CCNTINUE

E45 CC 854 I=I33,N2
XR=FLCAT{I-1)*LCX
IF ({XR-X41J)}.CE.C.HC01) T4=1
IF(ABS{XR~X4(J)}LE.C.Q001) [4=14+1
IF({XR=-X4(J)}}CE.0.G001} GC TC E5%

ESC  CCNTINUE
EZE  COCNTINLE
J= NY+1-J1

WRITE{6,875) JyTBX({19J) o {T(I4d),I=11,133),TBX(3,4)
WRITEL6,88C) TBX{4yJ) o {T{I4dVsT1=14,12),TBX(Z2,d)
CC TC 8653
ECU  WRITE(E,8701 JoT8X{19d)»IT{IJ)5I=11,12),TEX{2,J)
€€5  CLATINUE
E1C FCRMAT (/2Xy124+44X415F8.2)
€75 FORMAT(/Z2X312+4X415FEL21}
E80 FOFMAT(/16X,"HA4#47,3X,12F8.2)
E8Z CCNTINUE
IF(SUMLLELSUMM]} CC TC 8S4
ITER=ITER+1
GC 70 200
890 CCONTINUE
IF{ABS(TENMPC-TGI{NB1,3)}.LE5) GC TC 910

NEW VALUE OF FILM CCCLANT TEMF IS CETRAINEL
TFEN GCES BACK TG CET FIMAL SET CF TEMES

TEMPC=TGINE1,2)

CENSC=198.57/TG({NEL,2}
CPC={S.87=3E-1/({TCINSL2)*30.5)-228S./TCINEL1,2)+S.CEECS5/(TIG{T )%=
12.13/28.57

VISCC=7.77E~O07H{TG{NEL,3))#*1E/{TE(NEL, 3)+16G8.)

REASSIGNING GAS TEMFS CCwWNSTREANM CF SLCT 7O CRIG. VALUES
CC 500 I=NBZ,NX1
TC(I,1)}=TGTENMII])

¢00 CCNTINUE

CC sa5 J=2,N¢
TEXL1,3)=TGXTEN(J)
CCNTINUZ

W
(]
in
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S10

[ EeNeNe

£EC

EES

ea7

EGC-

€S7Z

2G040

GL TC 245
CONTINUE

CABTAINS ISCTRERMAL LINE -LCCATIGAS

WRITE{6,945)

FCRMAT{1H1,38X,y* ISCTHERNMAL LINE LCCATICNS /49X ,111,4X,1J0%,3X,'T*,

14K 'T = 1'4EX37T ~ 2 18Xy 'FRAC", /)
CALL TEWNF

- CONTINUE

WRITE(£,552)

FCRFEAT{1Xy1K1)

CC 555 NN=1,NSCLT

WRITE(63555) TSCLTINM)

FORMAT(1X, ' THE ISCTEERM AT 1,I5,/)
WRITE(64557)

FCRMAT{5X,"X=COBRC ! 418X,tY-CLCRE 1,/)
NAZ=NNY (NN )

WRITE(6,968) ((XISCIANSNNL) s YISC{NALANLY) $NNL=1,NNZ}
FCRMAT(SX 1 FRu4 410X FE L4} .
CCATINUE

CC 100G I=NS2,Mx1
TG(I,L)=TCTEN(I)

CONTINUE

CC 1010 J=2,A¢
TEX{1,JI=TEXTENVM{J)

CONTINUE

CC &80 I=2,NX1

EFF(T, 1 )={TC(I,1}-TB{I,1})}/{TG{1,1)-TCCLN}
EFF{I 2)={TC{I,2)=-TB(142)3/({TG(I,2}-TCCLA)
COCNTINUE

CEC &€EBS J=24hY1
EFF {1, Ji={TCX{1sJ)=TRX{1yJ) I/ (TOX{14J)=TCCLMN)
EFF(2,J)1={TCX(24J)-TRXL2,J3)7{TCX12,J)-TCOLN}
CCANTINUE
WRITE(&q+6E7}
FCRMAT{ 'L, //, 10X, 'EFFICIENCY OF CICLING!4////}
WRITE(6,745) AX1
WRITE(646S0){FFF(I,1)4I=14NX1}

FCRVAT(/ 42X, 121X 315FB04,2(/5Xs15F€44))
WRITE(&,750)INX1
WRPITE(E+6SOI{EFF({T,2),1=1,AKX1}
WRITE{&,770) NY1
WRITEL(6,6G2 ) (EFF{1,J)5d=2,AY1)
FCRMAT(2(/+5X,15F8.41))
WRITE(E&4780) NYL
WRITE(E,6S2I{EFF{2,J5J=2,AY1)
CCNTINUE

STCF

ENC
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FLCRTRAN CCMPUTER PRGCGRAM TO OBTAIN TEMPERATULRE DISTRIBUTIGN
In A BLADE USING TFHE FINITE CIFFERENCE NMETHCLC

£% MAIN FRCGRAN ML .2 *%

FCR CCCLAMT LISCHARGE Ch UEFER CGUTER SURFACE USE
MAIN PROGRAM NC.2 ALGM wWITH ALL THE SUERCUTINES

CIMENEION XISO(3Cs3C)+YISC(30+30) »TSCLT{30)+MNY{(30)

CIMENSION DELS{(30+4)sMASCI{Z0+4)sG(3G+4) +DELM{ZCs4)

BINMENSION T30 208 )»yTE{30 44} s TEBX(4:65)+TG({30043sTCX{44E6S),
IE(Z0s4) s X{4+ES) s YL{30) »YE{3C) aY3({3)»74(3C) sX1{63),X2{65)
2RI(ES )+ X4 {(6S)»BX{200)sEY{20C)-BXI(200)+8BYI{200),IP{ 200}

DINVENZSION TGTEM{ZC) +TCXATEN(SES)

CIMENSIGN VELG(3C,89)

CINMENSION EFF(30 +65)

KEAL LB MASC

INTEGER=4 TSCLT

COMNON THTESTEX»TCsTGXoHaFX s Y1 aY2,Y33Y4,X13sX2»X3:X43BX+BYaBXIABYI
%y 1P

COMMEN CXSCYsNXs MYy NXCaNX1 ITERINIJNZyNI NG NP INESNESNT

CCMMON/DAT Y NXLaNY1 abl 1 4h21 o031 sMNF1aNE1aNE23hE613NRE2.0MT1aNSR,
I1CELMsMASCLCELS + XK »OME ,SUNN, INAX‘!N‘TE’ TCOLNLBsCP

CEMNOCN/TEMS VELGsPENC+TENFCSCFC,VISCCy ALPFA,FLOC,DENSC

COMMON/ISC/ XISO,YISU.TSCLT,NSCLT,NNY

CALL EAT A

CCRTINLE

TENELRFARY STCRAGE FCR GAS TEMPS COWNSTREAM OF SLOT

CC 25€& I=NEZ1.NX1
TCTEM{I)=TG{I2)
CCANTINUE

CC 258 J=z:NEZ
TCXTENM{ JYI=TCX{(24+J}
CONT INUE

C CALCLLATES ACIAEATIC WALL TENMFEFATURES CLCWNSTREAN CF SLCT

L

2¢€€

287

268

2€¢G

EC 2&7 I=pS1s0X1

CaAaLL TEMAD{1.2.,TAD)
TC({I.2)=TAC

oC Z68 J=2 002

CALL TEMAD(Z,JsTAD)

TCX{2:J3=TAC

gg zecs I=pEL1sh21

TE{I+Z)I=Te( 152}

CCMTIMUE
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http:iCELM,MASC.CELS,XK,OME,SUt'N,INAXN'TE,TCOLN,LB.CP

a s NaNaNalal

QRKﬁNAIhﬂA' ¥
@ POOR QU:Gi%yi

ZCC CChMTINLE
STAFTING GF GAUSS-SEIDELL NETHCEC COF ITERATION ON I LINES

SLM=0 «

CC S10 I=2,MX1

IL=IFIX{(YI(I)/DY+CeQ0CG1}+2
IF=IFIXA(YZ2(1}/DYAC.C001)+1
IF(ABS{YZ(I)~FLCAT{IE=1)3LY)}elT«000001) It=1k=-1

CLUTEFR LCWER ECUNLARY

CAFLS WITF NECA COMMENT TGO SPECIFY SLOPES AT SPECIAL PLINTS

EZ=FLOAT{I~1)3DX
C2=Y1(1)
XR=B z+D X
CALL CURI{EZ+CZ2+EsCs0)
PEHN=E+2.,xCkE2
YT=FLCAT(IL=-1)=LCY
X={CZ=YTI* XMN+BZ
IF{I-EQ.&) XMI\:—I.O
IF{ILWLE«NZ) GC T8 305
IF{I«CGEsNZ) GO TOo 32QE
IF(X.CTJX3(IL)) GC TO 3230
IF(ABES{ XMN) LESD.Q15) GC TC 335
IF{X+LELEZ)EQ TO 320
XR=B2+DX
IF{IL JLE.NZ) GG TO 3F1C
IF{T+GENZ) GG TC 310
IF ((X3{IL)-XR)+GT+0.0C01)Y CC TC 310
TTT=T{Is IL)H{TBX{3IL)-T{IIL) }=(X=-B2)/(X2{IL)-B2)
cC TC 325
31cC IF{{XZ(IL)~>RYGCT«D0.0CC1)Y GC TL 3215
TTIT=T(TsILJH(TBXL(Z2, IL)-T{I,IL) ) x{X=B2)/{ x2{ Il }-B2)
GL TC 32&
CCNT INUE
IF{{X-XR)CT.0.00G1) ¢o TQ 337
TTT=TOL L ILI+{T(I4L~IL)=T{I,1L) )R {X=E2)/ DX
¢C 7O Zz&
FTTIT=TAIL L IL)={T(I-IL)=-T{I~1,IL))®{(E2«X)/DX
INL=( R=BZ)x( X=-BZ2)+{C2-YT)%{C2-Y T}
ANL=SCRT (XhL)
GC TC 34C
TTT=TEX(Z51IL)
APML=AX3(IL)Y-E2 )= (X3 (IL )-E2}+{Cz=-¥YT)x(C2-YT)
XML=SCRT{ 2N}
¢C TG 340

L6V
[
tn

b )
LR \8 ] —
n o 41}

[ #1]
ta
[

g0


http:IF(I.CE.N2
http:IF(I.CE.N2
http:IF(IL.LE.N3
http:IF(I.EQ.NX

325 TTIT=T(I +1L)

XNL=YT-Cz
€L TC 340

TT1T=T(I+1s1L)
XML=CXF0XA(CE2=-YTIH(C2~YT)
XPL=SCRT(XnL) '

(A
(]
[N

z4c¢ AL=H({I 1) /2K
TRNEWS{XM#AL®TG (I 1)+TTT)/ (1 +XNLAAL)
3:&¢ TPEW=(1e~CWEIXTB(I»1)+CNE*TNEW

SUM=SUMAH{TE(I »1 }-TNEWI=(TB{I+1)-TNEW)
TE(IS13I=TNEW
IF(T«GTaNlsANDaISLTaN2) L TG 360

INTERICR FOINTS STARTING FRCM LCWEF EMD FGR I LINES WRICKR DC NOT CUT
THE INNER ECUNLCARY

aWaRiNalal

BEC ZI£€ J=ILIH

CALL MESKF({1l+.JsTNEW}

THNEW=(1l o —CNER=ET( I J)+CHEFTHEY

ELM=SUMFCTNEW=T{T+3) ) RLTRER-T(I5J})
355 T(1,J)=TNEW

GC TC 4890

FCF I LINES INTERSECTING INNER ECUNEARY=ALL INTERIGR POINTE FROM
LOWEF SULRFACE OF QLTER SBLUNDARY TC LCWER SURFALCE CF TIMNMNEF EBCUNDARY

AN AN

3EG CONTINLE
ILI=IFEX(YZS({I)})/DY+0.C0001)3+1
IF{AES(Y 3 (I )=FLCAT(ILI-1}=CY)LT.C.C0001) ILI=ILI-1
IHI=IFIX(Y4(I)/DY¥+0,00C1 }42
IF(ILLGTLILI) GO TO 37E
CC 3288 J=1IL,IL1I
CapLt MESH({I »J»TNEW}
TRNEW=({1 +—OME}=T( I4J }+0ONMEFTNEYW
SLN=SLMF{TNER-T{I ) IR{THEW~T(I+J)}

2EE T(I+J)=TNEW
C
C INMER BCUNCARY = LCWER SURFACE
C

37E EZ=FLLAT{I-11}#*CX

Ce=x¥3(1)

CALL CQURIEZC2:8,Cs 1)
XMAh=B+2, ¥CHE2

IF{I-EQ.N11) AMN==1,(
YT=FLCAT(ILI-1)}=CY
X={CZ2~YT)EXxMN+B2

IF{I:EQ.71} XMN==100
IF{X, LT X1{ILI}) -GC TC 280
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http:IF(I.GT.N1.AND.IoLT.N2

ZEC

382

41¢

C

IF{{CE2~YT)CEL(CE~Y1(I})) GO TO 2EQ

¢C TC 382

TIT=TEX(1sILI)
ANL=A{C2=-YT)#{CE2-YT)H{ X1I{ ILI)-BZ2)*{ Xx1{ILI)}-B2)
XPL=SGRT {XNL) '
c¢C 10O 4¢¢C

IF(AES(XMN) LELD15) GO TA Z2¢E

IF({(X.LEsEB2) GC TC 383

TTT=T(I,» ILI)+{TCI+L1,TLT)=T(TILILT})%R{X-82) /DX
G¢LC TC 390

CChTINLE

XL=EZ~CX

IFC(XL-XI{ILI}).CT.0.0001) &G TG 38€

TITSTL I ILI)~{TCI-ILI)Y=TEX(L+ELI))¥(B2=-X)/(E2~X1{ILI})
¢C T 3990

TIT=F{T 2 ILI = (T(I»ILI)=-T{I-1,ILI))*{E2-X}/CX
ANL={ X-82)=({X-EB2)+{C2-YT)Ix{C2-¥T)

XPL=SCRT {XhL)

GC TG 4CC

TTT=T(I, ILI}

ANL=C2-YT

AL=R{I+32) /XK
TRNEWS{XANL*ALFTG( L2 30 +TTTI/7{ Lo+ XNLFAL)
TREW={1—CME)*TEB(I »3)+LCNMEFTNEW
SUNMSSUMH{TE(I,3)-TNEW)={ TE{I +3)~ThEn)
TE(I+2)=TNEW

C CALCULATES NEW CUOOL ANT TEMP LIING HEAT BALANCE EGUATILAS

C

415

4290

425
C
C
C
43C

IF{I-GT«NER) GC TO 43¢C
G {Is+Z)=h{T+32)3(TB{I,3)~TG{I+3))1*0DELS{I »3i%LE
C{l+4)=h(1+4)%(TE(I+4 )-TC{I+4))I3CELS{I+4)}*E
IF(I.EQ.N71) GO 70 41¢
IF(I«LT«N71) GO TO 424
IF{1.GT«N71l) GC TCQ 428
TE(I+1a32)=(MASC{I+3)HCPEXTGLI B3I+ NMASC{I +4)%CPRERTG{I »4)+QUI+3)+G{ x4}
11/ (NASC(I+143)%CF}
GG TO 43¢
TC{T+1,3 )= (MASCI I+3)=CP¥TG{ I 2)+DELM{I,3)XCPTCOLNY C{I»3)}/(M¥ASCI
1141 3)}xCF)
¢C TO 4Z=¢
TC(I+1,3)=(MASC{ I+3)*CEFTE{I+3)+ Q(I+3)+ Q(I548))/{MASC(I+1,3)>CP)

UPFER SURFACE OF INKER OCUNCARY

Cz=Ya{1}

CALL CUR(EZsC24B4+Cs 1)
ANDER+Z2 4 #FCHEZ
IF(I.EQ.N1L)} XMh=1.2
YT=FLCAT (IFI-~1)%D0Y



C
C
C

<
{l
[$1}

437
44C

448

4L 4E

447

44E

452

IF(I1.GTe NS ARNCaT L TeN2) GC TO 452
IF(ABS({XMN) JLELGsC1E8) GO T0O 445
Xx= {((2-YTI=aXNMN+E2
FR=EZ+DX
AL=E2-CX
IF{(X.LE.B2} GC TL 435
IF{X«GT-XZ(IHI)) GO TO 44€
IF{{X=XR}4CT .0.0001) GO TQ 447
IF({XZ(IHI)~XR}sLEWDLCGOL) cC TC 434
TTT=T{Iy IRI)I+(T{ 1414 IRE}=-TLI,IHI)}I*®(X=B2) /DX
GC TC 440
TIT=T(Ls IRHL)+{(TBX(2IHI)} -T{I+IKE}}*(X-B2)/EX
GC TO 449
CEMTIMLE
IF({X-X1{IB1))-L T20.0GC1) &G TQ 448
IF(IXL-X1(IFI))}-LT.0,0001) GO TQ 4Z7
TIT=T{IIHI)={T(IsIHLI}~T(I=1,IRI)I*{E2-X)/LCX
CC TOQ 44¢C
TVI=T{IL 2 IFT )={T{ T+ IRI)=~TEX (1, IFI) ) *{EZ-X)}/(BE2=-X1{IRI))
INL={ X=B2)=x{ X~-B2)+(CE2~YT)*{(C2~-YT}
XML=SCRT {XpL)
GL TC 450
TTT=T(IsIRI)
Xhb=yT-C2
GE TC 4%5¢
IF{YZ{LI+1)=¥YT)CTQ.0€C01) GC TL 447
TTI=TEX(25IF1)
XNL=({B2-XZ{ IHL) )} *{B2-XZ{ IH1})+CY*LCY
XhL=SGRT (XML}
GC TC 4540
TTT=T{I+1.IKI)
XML=CXFCXH(CZ2~-YT }x{C2-YT}
XML=SGRTOXNL}
€C 7O 4£C
TTTI=TEX(L s Ik 1}
AL={B2-x1{ IHI})*(B82=-X1{IHI})+DY*CY
ANL=SGORT (XML}
AL=HA{I »4) /XK
TNEW= (XNLA#ALXTG(I+4)+TTT ) A(1e+XNLFAL)
CEMTINUE .
TNEW={1.~CME)}RTEB (1 +4)+CNE=TAEW
SUN=SUME{TE(I+4)~-TNEW }F{TB{ I+4}-TNEW)
TJE{I +4)=TNEW
CCNT INVE

CALCLLATES NEW CCCLANT TENMF LSIMNG KEAT EALANCE EGUATIGHNS

IF{I.&T.NER) cC TQ
IF{1.EQ.N71) GO TG
IF LI «LT aN71 ] CC TO

PP
& (th ~
Ci tn ©
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http:IF(X.LE.82
http:IF(I.GT.NS.ANC.I.LT.K2

450

465

O N NN

470

471

4€1

4€£4¢C

ORIGINAL PAGH 1§
¥ POOR QUALITH

IF(I«GTenNTl} GLC TC 4et

TC{I+1,s4={MASCI I3)3CP*TG{I,3)+MASCA{L +4)*CP®TG(I1,43+ C(I1.3)+ Q{1
14))7{NASC{I+] +4)%CP)

GC 7O 47¢C

TC(I+1,4)=(NMASCl 1,4 )3CP*TC{ I, 4)}+DELM{I+4)xCPETCOLNY Q{I 4737 (MASC(
1I4144)%CF)

CC TO 47¢C . :
TCE{I+1+4)={NASC{I+4)7CP®TC{I+4)+ Q{I+3)+ QUI24))/7{MASC{I+1,4)FCP)

INTERICR PLINTS FROM UPFER SURFACE OF INNER BOULNDARY TO THE LUPPER

CONTIRUE

IF{ToCT.a NS s AND o+ L1 4L T «N2Z2) O TO 4E9Q
IF{IHIZGTW Ik} GC T4 4&GC

IF (YTLCELYEZ(I)) GO TO 4E8¢
LC 472 J=1F1I,.1t
CALL NESH(I+JdsTNEW)
ThEw=(1.~CMEI*T{(1sJ) +CMEZTNEW
SAV=SLMA {TINER—T{ Iy} I®{(THEW-T{(IsJ))
T{IsJ)=TNEW
¢C TC 480
T{I sIHY=TG{NE2,3)

CENT INUE

UFFER BCUNELCARY CF CUTER SURFACE

CZ2=Y2(1)}

CALL CLR{BZ4+C24B+C+90)
XMN=E+2 3C#FE2

IF{I.EG.18) XNNz==2 ,8

IF(I.EQ.1%) XMN==2, 8
YT=FLCAT {It-1)%DY
IF{RABE(XMN) aLE W G-C15) GG TLC 300
X={Cz=-YT JIXMNIE2

XE=g2+CX

x=8z-D=x

IF{I.EQ.3) XMnN=1 0
IF(IeCTaNEcANDalaLToRN2) CC TG S0S
IF(I+lLE+N1+sCRWILGESN2) GC 7C 481
IF((CE-{Y4 lI)4Ya(I+1))/2)CELLY) GO TOo 481
TIT=TE(X s4)
AML=Cz~Y4(1)
GCC TC 58S
CENTINLE

IF(XLEsEZ) GO TQ 48F

IF{IH.GE« NG e CReIheLE+N3) GCC TC 48490
IF{({X=XZ{Ik)).6T.Ca P0G} GC TO 4%2
IF{X3{IRh)LELKR) G0 TC 4€E2

TITETOI +IHMIF(T(I+Y oI R)=-T{ILIF))}®{X-E2)/EX

94


http:IF(X3(Ih).LE.XR
http:IF(X.LE.22
http:IF((C2-(Y4(1)+Y4(I+1)b)/2).C-E.CY
http:IF(I.LE.N1.CR.I.GE.N2
http:IF(I.GT.NS.A.D.I.LT.N2
http:IF(1.E0.19
http:NESH(I.J4

g

[a N
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OF POOR QUALITY]
CC TO 495

4 £2 TIT=TCIHIHIF{TEX{3+IH)=T{I2IF))IF(X-E2)/{X3(I+)}~-B2)
GG TOo 4¢c¢

483 CCNTINUE
IF(IHWGE 4 N4 CReIH.LELN3) €GC TC 485
IF(XWLEeX4(IF)) GO TO 4S€
TF{(XL=X4({IF))+GT40.0001) CC TC 490
TIT=T(I2IR)={T{I,IH)=TEX (4 +IH) )% {E2=X)/ (B2=X4 (I} })
€C TC 495
4E5 CCONTINLE
IF{XeLELX1{IH)) GO TO 457
IF({XL=X1{IF)) GT.0.0001) €0 TO 4990
TTIT=T(L s I )= (T{ Lo IHI~TEX(1 2 IR)IX{E2=X )/ (E2~X1 (IR} }
GG TC 4¢=
460  TIT=T(ILsIF)={T{IsIH)}=T{(I=1,0iF))}% (E2=X}/0CX
GG TO 4¢S
492 TTT=TEX{(3,1IF)
XNL=(B2~-X3(IH) )% (E2=X3(I}+) }+CY*CY
XNL=SQRT(XNL )
GC TG 505
468  XNL={ X=B2)x{ X=H2)+(C2-YT}=(C2=-YT)
XML=SCRT {XNL )
cC TG 505
4€7  TIT=T8X( 1s1k)
CC TG S0 3
4S8 TT1=TBX{4.1E)
GC TO S0z
500 TTT=T(IsIF)
E¢Z XRL=CZ=-YT
€C TG 0%
5C3 XML=(E2=-X1{IF))={B2~=-X1(IF))+{C2~YT)}*{C2=-YT)
ARL=SQRT{ AL}
505 AL=r{ls2)/XK
INEU={XNLRALETGL{I 2 )4TTT )/ {1 «+XNLFAL }
506 COGNTINUE
TMEW=(1e~CME)STB( I, 2)4GME4TNEW
SUNSELME(TE(I +2) ~TNEWIX{TE(L+2)~ThEW}
TE(1s 2)=TNEW
51¢ CCNTINUE

ITER - FOR J L INES ONLY BCUNDARY POINTE INTERSECTED 8Y J LIMNES
EC €28 J=zshY1
Ih =2IFIX(X1(J)/DX+0.00601)1+%2
IA =IFIX{(xZ2{(J}/DX+0.0001 )41
IF{RAES{XEZ(JI-FLOATI{IA~1I*DX}eLToCeDB0001) IA=TA-~I
NEAF SURFACE CF GQUTER BCLNCAFRY

EE2=X1(J)
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http:IF(XoLE.X1
http:IF((XL-X4(Ii-)).GT
http:IF(IH.GE.N4.CR.IH.LE.N3

AGE I8
OF POOR qua7 17w

Cz=FLOAT(J-1)=xDY
CELL CURI{EZCZ258,Cs0)
AMhN=B+2.FCKRE2
AT=FLOAT(IN=-1}=DX
IF{J+sEGC28) XHMN==1 .0
IF(ABS{ xMN) o GE«ZS)360 TC 230
AL=XT-CX
X==DY®XNMMNLEZ
IF{X.LE«BZ) GO TO E£2¢
IF{JaLlTalNIeCR od +CGEN&G1) GO TO 512
IF(Xe GTe XIZ{J+1)}} GG TC Z42
IF{{XZ(I 4L )=XT)GTL0.0001) GO TC £1¢
TIT=TL{IN=1 50+l )+(TBX{35J+1)=TLIN=1sJ+1) ) ¥{X=-XL I/ (X3(J+1)=-XL)
GC TQ £E£
512 CCRTIMUE
IF{XaGTWaXz(J+1)} Ga TL 532
IF{(XZ2{J+1)=XT}aGT+s0.CCC1) GU TC E£E12
TTIT=T{IN=1 3J41 ) 4{TBX{2sJ41)=T {IN~13J+ 1)} F (X=X )/ X2{J+1)=HL)
GO TO £EE
515 CCRTINUE .
IF{{XL-X1{(J+1} 74 CTs0.0001) GE TG 5138
IF{(RAWCGTXT) GC TOo £33
TTT=TLINSJ+L Y H{TEX {1241 I=T{INs I+ 1)) F(XT=-XI/(XT-X1{J+1)}
GC TOQ E2%8
518 COAT INUE
TTT=T{INJH+L ) H{TIIN=1 241 )-T{INWJ+13I2{(XT-RXY/EX
GC 1O £2£
520 CENT INUE
X=DYXRXMNFER
IF(AT aGE e X3Z(J—1) 1} GG TQ £24
IF(XeCT oXT} GC TG 523
TFTTIT=T{INs =13+ {T{IN=1 3y d=1)=TUINsI=-1)})F{XT=X}/LCX
GC TC Z2%
c23 TTIT=T{(INsu"1)
CC T &34
524 TTT=sTEX{3,4=1)
XRL=({E2~xZ{J~1)2*{(B2-X3(J=-1))+CY=*LY
RhL=SGRT {xnNL)
GCL TC S53&
INL=(B2=-Xx)=(B2-2)+DY*DY
ANL=SART{XNL }
GL TC 533
TTT=T{IN, L}
XML=XT=-EZ
GL TC E3E
TTT=TE{INsZ)
XM =(E2-XT )= {BE2=-XTI+{(C2-YZ{(IN) I*{C2~-YZ( IN)}))
EDL=SCRTCO 2bL)
¢CC TO 532
TTIT=2T(IN0t1}
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http:IF(X.GT.XT
http:IF(J.LT.i3N.C9
http:IF(X.LE.82
http:IF(J.EG.25

AN AN

4
[A]
s

XM ={BZ-XT)}=(BZ-xT)+DY*D Y

AML=SCRT (XML)

AL=HX(1lsJ} 72K

TREW= {TTTHALAXNLFTGX( 19J ) )}/( 1o+XNL=AL)
GC T4 548

842 THREW=S(TB({IN, 1)+TB(IN-1,1}) 2,2

548 COAT INUE

TREW={1.~ENVME)IRTEX(1l »JI)4+CHEFTNEN
SUN=SUMA{TNEW-TBX( 1+ 3113 {INEW-TBX{1+0))
TEX(1 2 J}=ThEW

TE(JIoGTaNZ e ANDSJLTeN4)] GL TC E£E5C

¢t TC s62¢

tn
tud
N

FCF J LINES INTERSECT ING INMER BOUNCARY-BOUNLARY PCINTE O THE
NEAREFR SURFACE CF INMNER ECLLCARY

Zs86 CONTINLE
INI=IFIX(XZ{J)/DXA+0,00C1)+1
IF{FES(XI(J)=FLCAT{ INI=1)}2CX},LT 04 C0001) INI=INI-1
TAI=IFIX{X4{J)/0%+0.00G1 )+2
Ez=Xx3(J)
CALL CURITEZ2 4C2:8+Cy1)
INN=B+Z2.32C5B2
IF(J EQ.NZL) XMN==—1a2Z2
IF(JEQ.2E) XKW¥h=1l,.2
XT=FLOAT{INI-1}*DX
XE=XTHLCX
AL=2T~DX
IF{J-EQ.2E) AMN=1.20
IF{AES(XNN} ,CE«SL,)GC TC E£565
IF({CE=L Y1 ({INI)+YLI(INI+1})2/2e)0LELLCY) GLTLC 570
X=LCYEXNNTEZ
IF{XeGT.EBZ) GG TL 555
IF{XWLE+X1{d—=11)) GO TO £7¢
IF{IX1{J-1)=XT).CT.0.0001) GO TO 592
IF{{XT=X)oGT0.0001) GC TC 562,
TTIT=TUINTI s =1} {T{INIF1 0= 1)=TLINIsJ=1))R(X=XT) /DX

GC TC 560

8§52 TIT=TBX( 1o J=1)+{TCINF1,J=13=TEX{1,Jd=10)={X=X{{J=1) }/(XF=X1{J=1))
GC TC 500 ’

X33 z~CYXXNNIEZ

IF{X.LE.X1{J+1)} GO TO £7:Z
TITT=T{INTI 4L ) H(TOINIZJ+II=TOINIF1I-J+1))F(X-XTI/CX
CC 70 BEL

562 ITF(AXL=X1{J-1)).CT.0.,0001}) GO TO E€:Z
TTT=T8X{14d~1)+(TIINI J=~1)~TEX{1,5J=1)
GC 70 &0

563 TTT=TOINI-1ad=1)}4{TH{INIsJ=1 3=TUINI=1,J=1})3{XT~-X)/Dx

JRIXT-X ¥/ (XT=-X1{J=1))
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http:IF(X.GT.22
http:fl(INI)+Yl(INI+I))/2.).LE.CY
http:X(MN=i.20
http:IF(J.EQ.2E
http:IF(J.EO.2E
http:IF(JoGT.Nt.AND.J.LT.N4

570

tn

-

n

th

C
<

N
[Tal
th

th Ui
[ 4]
[

hy

(3]

n

ORIGINAL PAGE"
OF POOR QUALIT?

XNL={BZ=-X)%{B2~X)+DYXDY

XNL=SART XML }
GC TC S75

TTT=T{INI 5 J)
XNL=E2=XT
GC TG 578
CGNT INUE

IF ((XL=X1(J))+CT +0.00C1) GO TO S74
TIT=(TB(INI»1)+TEX{Ll +J)} /2.
XNL=EE={(XT+X1(J))/2.
GL TC 575
ITI=TB{INI2)
XMNL=(XT~EZ)${XT-E2)+(Y2( INI)-CZ)3(Y2{INI)~C2)
XML=SGRT(xML)
¢C TO E7%
TTT=TE{INI, 1)
XNL=(E2=XT)*{B2=XxT)+{(C2=YI{INI)}={(C2=-Y1{INI))
XNL=SGRT ( xNL )

AL=HX(3,4) /XK
TNEWS( TTT+ALFXNL*TCX{3+J) ) /(1 +XNLEAL)
TANEW={1=CME)EXTBX{3,J)+0ONEXTNEY
SUN=SLM4 {TRNEW=TBX(3 s J) )X {TNEW-TEX(3,J))
TEX{3sJ)=TNEW
CL S90 I=N1,Ah2
xR = FLOAT(I-1)%DX

IF{ (XR=X3{J)) +GE 200001 IE=i-1
IF{ (ABS(XR=X3(J))eGE.(0.5599%CX})} I33=133-1
IF({ (XR=XZ{J)).GE.0.00C1) &0 TO S63
CCATINUE
IF(I3ZLTeN11)  I3Z3=N1l
TGX{E!J )=TG{ 1339-‘-:)
IF{JsEGC«NMNG2 ) TGX (3 +J) =TLCI(NS1,3)

FARTFER SURFACE OF INNER BOUNDARY

Bz=X4(J}
CAalLlL CUR(EZsCZ,8sCs 1)

 XNMZE+Z2.¥(RE2

IF{JUEQaNI1) AMN==1 47
XT=FLECAT{I1AI-1)%CX
XL=XT=~CX
IF{ABS{ X¥N) GE.E.)GC TC £CE
X==CY%XVMMN+EZ
IF(JeGT+a hZ s ANDeJsLTaNE) CL TC al4
IF{(X=XT}+¢6T.5.C001) GO 10 £%E
IF{XaLTaX2(J41}) GG TC EG7
CCMNTINLE
IF(IYZ({IAI)-{(C2+DY}}.cT-L0001) GO 7O
TTT=TEX(2+J+1)}
ANL={EBZ~XZ{ 4+1))%(B2-X2(J+1})+CY=CY
XDPL=SGRT {XNL}

n
WO
m
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http:IF(J.GT.3N.ANO.J.LT.N6

5¢¢

568
&CC

€11
€lE

€la

GC T0O €1¢

ITT=T{lAal,Jd+41}
Xh=(E2=-XT)*{E2-XT }+DY DY
ANL=SQRT( xNL)

¢C Ta 610

CCNTINUE

IF(X2(J+ 1) +LE«XT)} GO TO EGE
TTT=T{IAL s+l 3+ (T{IAI-1 4041 )}-T{IAI J+1) }H{XT-X)/DX

GC TC €0Q¢C

TTT=TEX(Z5J4 1)+ (T(IAI= 15 J+1)=TBR{Z+sJ+ 1)) E{X2{J+1)=-2) /(X2 {J+1)-XL)
ADML=(B2-X)&(E2-X)}+DY =LY
INL=SQR T XML}

GC TO 614

TTT=T{IAI dJd}

XNL=XT—-B z
AL=HX {4 ,d )/ XK

TRNEWS({ TTTFALRXNNETGX (4 +d))/ (L a+XMhLxAL)

COCNT INUE

TREW= (]l « =CNEIRTEX{4 s J)YSCAEFTNEW

SEM=SUMA{UTINER—TBX{4 +JIXFE{TMNEU-TEX(44+J))

TEX(4 o J)=TAEW

CONTINMUE

CC E1E I=1ZZ.N2Z

Xp=fFLCAT {I-1)}*EX

I ({xR=X4(J})GE.0.0CC1 ) Ig=1

IF(AEBS{XE=-X4{(J))LE+C.CQCC1l)} I4=14+1

IF{{XR-X4{J)})+CE-0.U001) CC TG &E£C

CONTINUE

IF{14 «CT N213} I4=N21

TCEX{4 3 J)=TGC(I4 4)

FAFRTFER BOUMNCARY PULINTS €N CUTER SURFACE

Ec=Xxz(J])
CALL CUR(EZ+C2sE3Cs0)
INM=B+2.%CHKE2
IF{JEQ.158) AMN==2.8 -
IF(JeEQ.17) XNRN==2 48
IF{JsEQ.Z2 ) AMN=E. O
XT=FLCAT{1A~1)3DX
IF(ABS(XMN) »GELS.) GLC TL 545
IR=XT+0D X
XL=XT=-CX
J=DYERXVMNEBE
IF{J «CT oDNIZ o ANC oJ oL T «NE) GC TO €£9Q
IF{JesLEN31} CC TO 635
IF{TA GTLNZ L) GL TC £z27
IF{{C2=Y4{1A}) «CT DY} GO TO €27
TIT=TE(1A+4)
XML=(C2-Y4(IA})IF(C2-Y4({TIA))I+{B2-XT)=(82-XT)

29


http:IF((C2-Y4(IA)).-T.DY
http:IF(J.CT.N-.ANC.J.LT.N6
http:IF(J.EQ.17
http:IF(J.EQ.15
http:IF(X2(J+1).LE.XT

627

M
{u
{n

636

6840

H

1

*ML=SCRT (XML)

CC TO €4€

CCATINUE

IF({XT=X4{J=1))aGT+0.00001) GC TC 629

IF({X4(J=1)=X) «GT+0,0CC1) GG TO €33

IF({XR=X2{(J=1))aLT40.0601) GO TO 6z8

TTTETEX(4sJ=1)=(TEX{43J=1)=TEX(2+J=1))%{(X=X&(J=1))/(X2(J=1)~X&
(J=13)

GCL TC 642 .

TTIT=TEBX( 4,d=1)={ TEBX(4 sd=1) ~T(IA+1 s -1 )% (X=X4{J=1) I/ {XF=X&{J=~1})

CC TO 842

CCNTINLE

IF{X.CT.XT} GG TC &4¢

CONTINUE

IF((X=X4(J=1))«GT.0.00601) GEL TC 632

TIT=T(IA,J=1) )

XPL=(E2=XT)2(E2-XT)+(CY*CY)

XNL=SGRT( *AL)

GC TC 646

CCNTINLE

IF({XL=X4(J=1))eGTa0sGCG1) GG TC 634

TTT=TEX{4+4-1)

ANL={E2-X4 (J=1))%{B2=X4 (J=13)+CY3DY

XML=SGRT (XNL }

GE TC G646

TITST(IA=1 4 d=3 )4 (T{IA=L,d=1)=T(IA,J=1))=(X=XL)}/CX

IF(IXL=X)CT0.0001) GO TO €31

GC 1TC 642

COGNT INUE

IF({C2~Y1{I2)).CT DY) GL TO 636

TIT=TE(IA,1)

XNL=(C2=Y¥1{IA))=(C2~Y1{IA})I+{BZ-XT)=®(32-XT)

XPL=SCRT (XANL)

GC 10 &4¢

CCRTINUE i

IF{(XT=X1{J=1})+CTe0.000C1l) GCL TC B3S
IF{{X1{J~13=X)aGTa0.0CC1)} GG TC €44

IF((XF=X2(J=1))+LT<0.,0001) GC TG 638

TIT=TSX{ 1+d=1)~( TBX(13J=1)=TEX(Z2,J=1) )5 {X=X1{J=1))/(X2{J=~1)=X1
{(J~11)

GC TC 642

TTT=TBXL 1sJ=1)={ TBX{ 1ad=1)= TL{IA+1,J=1))%(X=X1(Juwl))/(XFRmX1{J=1))

€C TC 642

CCNTINGLE

IF(X «CGT +XT) GO TO 64C

IF({X=X1(u~1))eGTH+0.0001) GC TC 643

GC TO 631

CCATINJE

IF((XF=X2{J=1))+LTa0.C001) .GC TC 641

TTT=T(IAsJ=1)4(TBX{ 24 =1)=TUIA+J=13 )= ( X=XT)/{X2{J=1)=XT}


http:IF((C2-Y(IA)).CT.DY
http:IF(X.GT.XT

cC TGO 642
€41 TTT=T{IAsd=1)+{(T{IA+1+0=1)=-T{IAsJ~1))={X~-XT}/LX
642 XML={E2-X )3 (E2=-X)+0YALY
XPML=SCRT I XxML)
CC 7O €4¢
ea43 CEMTIMNUE
IF{{XL-X1{J=-1))+GT.0,0001) GC TC 634
H44 TTT=TEX{(1sJ-1)
INL=2{B2-X1{J=1))}x(B2-X1(J=1))+CYAHLCY
ANL=SQRT{ XNL )
GCLC TC c4¢
€45 TTT=TC(IA 34}
ANL=EZ2~XT
£4¢6 AL=HX{2 y5) 7XK
TRNEH={TTTHALXXNUETGX(Z29J) )/ {1a+ XRL=AL)
647 THEa=(l.-CNMEIXTEX{2+JI40NFEFTNEW
SLNV=SIMH{TEX(2+J)=TNEW)IF{TEX{2 +J)=THhEW)
TEX{Z29d )J=TNEW
&0 CCRTINUE
CC EEE I=1,7NX1
CC &5% J=1.NY1 .
X=FLCAT(I-1)x0X
TE(1. 1)=TBX{1,J)
Y=FLCAT(J=~1)20Y
IF(ABS{X=X1{J} ) aLTeO2a000Cl s ANCLAES{Y-=YI{ I3 )alT o0 400001 ) T{I.J)}=T8{
1I,1)
IF(AES{X=XI1(JY)elT O +00001 ANCAES{Y=YZ2( I2)4LT+00CCC1Y T(ILJ)=TB{
1I1s+2)
IF{AES(X=X2(Jd)) LT +040UTC1eANDABS{Y=YZ2{1))elTaCaCCLC1) T{I4J)=TB(
11:2}
EEE  CENTIANLE
CC 8657 I=N11,N21
L 827 J=hZ1,0M41
X=FLOAT{ I-13%DX
Y=FLCAT{(J~1)=CY
IF{ABS{X~XI{J) ) »LTaT+000Cl L ANCLABS(Y~Y3(1)).LT o0 00001 ) T{I»J)=T7T8(
11,3) ’
IF(AES{X~Ra(J))eLlT a0 0000 2ANCoRAES(Y~Y4{ I))alT«0a0CCCL) T{I,33=TB(
11,4)
IF{RAES{X=X3(J))sLTsO0s0C0CIsANCLABSI{Y~Y4{ 1)) 4l To0CCGC1) TL{ILJ)=TB{
11,4)
EE7 CCNTINUE

CCMFLETICN CF AN 1 TERATION-(FECKS FCK REGUIREL CLCAVERCENCE

laWalala

IF{ITER.EG.1} WRITE(S,E56()
GEQ FCRMAT{itr 1}
WEITE(6+6c5) I[TERSUM
£EE FORMAT(SX,'ITERATICN=' yIZ,3Xy*ERFCR=*,E£12,8 )



IF(ITER/NTE4NTELEC.ITER) GO TO €7C
IF({SUNSLELSLIVM)} GC TE €7¢
IF{ITERLCE.IMAX} GO TO 2(C¢C
ITEF=ITER+!
CC TO 3CC
670 CCNTINUE
WEITE{6.700)
700 FCRMAT(//s1CGXs?T~MATRIXsCIVES ALL INTERICR PCINTS.INITIAL SETTING
I EF T IS 1600.0*/10X, *CNLY THOSE INSIDE BLADE ARE CHANGED AND will
2 EE DIFFERENT FRCM 16€C+CG")
wFITE(63s 7G5 )
7CS  FCRNMATI(/ 92X 31 Jd SV 34X %1% 37X 3120, TX e 131, 7 X3 P48, 7R3 15T 37X TEV,7Xy *7
19 37X ¥ T 3T X 37 ST 3 EXy P 107 g EXa®11% yEX 9 12% yBHX 7137 46X 17147 16X 7157/
22Xs%10)
IF(NYaGT.15) RRITE(6,710)
T10 FORMAT(8X2 1 1€ 46X 1171 3EX 1187 43EX451GC9 3EX21201 LEX 7219 ,6X4%22% ,6X
133231 386X 4124% 46K 47251 )
CG 71% 1=1:h%
715 WERITE{(62720) Is (T{IsJ)sJ=1sNY)
720 FCRMAT(/ 32X al2 31 X215F 842 +2(/EX315F8.2})
WFRITE(&s 725)
725 FLRNAT{Y17,//15X,'GAS TEMFERATURE DISTRIBUTION ON THE BLACE INNER
1ANE OLTER SULRFACEY,//)
WEITE(6+745) NX1
YRITE(S s720) (TGC{I+1)sI=1sRX1)
WRITE{E,75C) NX1
WEITE(S:72C) (TG(I+2)s I=1,NX1)
IF({N1.EQsNZ+AND+N3.EC.N4) GC TC 730
WRITE (6,755) N11,N21
YRITE{6,80C0) (TG{I»3).I=N11,N21)
WEITE(Es7€C) N11,M21
WFEITE(S+800) (TG(I+4)s ISN11,NEL)
736 CCRTIAUE ’
WRITE (€+77C) NY1
VFITE(GE+800) (TCEX(1sJd)sJ=23NY1)
WRITE(ESTELC) NYL
WEITE(S5:800) (TGX(2+J)+3=2+MY1)
IF{N12SECeNZ+ANCLN3LEGaDE)Y GL TC 733
WFITE{6s7E5) NI1,NG1
WFITE(8+800) (TCX(3242sJd=0MN314N&1)
WRITE(E,7SG) N31aN&l
WEITE(6,800) (TGX{4sJ s J=N314N4l)
WRITE(S 47S5)
73S COATINUE
WFITE(64+740)
74C FCRMAT(®1? 4,7/ 25X+ TEMPERATURE CISTRIEUTIGN OGN THE ECUNCARY ', ////)
WEITE(6,74E) NX1
745 FCENATU(//31GX ' ECUNCARY FCINTS CN I-LINES FOR LOWER SURFACE OF
1 CLTER BCULNDRY?®/ 312X+ 1 (START FRCWM I= 2 TC I=1,13,7 )3y
WRITE(S:720 ) (TE{I,1), 1= JsNX1)
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http:VFITE(6.0O

WRITE{(ELTFECY NX1
TEC FOCRMAT{//:10X,*BOLNDARY FCINTS EN I LINES FCR UFFER SUFRFACE GF
1 CLTER BCUNLRY'/ ,12X+"{(START FRCGM I= 2 TOQO =*53 1359 )V)
WRITE(E,72G) (TB(I1+2) +I=1aNX13
IF{N] +sEGeNZ s ANC N3 ECG NG ) CO TO 7EE
YWRITE (64725} N114N21
7EL FCRMAT(/73 10X *BOQLNDARY PRCINTSE CN I LINES FCR LLCWER SURFACE CF
1 INMMNER BCUNECARY* /512X »*{START FROM I=*,13,°* TO I=¥sI3s% )
WEITE(E,ECC)I(TIB(I,3) +I=N114R21)
wRITE{(6,760 ) N11l,N21
7&¢C FCREMATI(/7 10X sYBLUNDARY FLINTS €N T LINES FOR UPRPRER SURFACE QF
1 INMER BCUNDARY*/+12X+s7( £TART FRON I=¥ 4,13 4°* TC I=%,13,* )%}
WRITE{(S5+800)(TE( 144} I=N11aN213}
T€E COCNTINLUE
WEITE (6,770 ) NY 1
77C FCRMVAT{//3s1CXs'BCUNDARY FLINTS CN J LINES FfOR NEARER SURFACE OF
1 CUTER BOUNDARY' /512X Y START FREM J= 2 TC J=* , 13+ 3t}
WFITE(AsBRC){TEX{(1,J) sJ=2sNY1)
RRITE{(ELTFEC) NY1
TEQ FORMAT (/710X "BOULNDARY FCINTS OGN J LINES FCR FARTRER SURFACE GF
1 CLTER BCULNLARY*® /,12Xs"(STAKRT FRCHV J= 2 TO J=3, 13,1 )7
WEITE(ELECCI{TBX {24 J) s d=ZsMY1)
IF{NY sECNZ sANCNILECNEG) GO TO ECE
REITE(E.7EZT) P31 N4l
TEE FLRMAT( (/7 10X, "BOULNDARY FCIAMTE Ch J LINES FORk DNEAREFR SURFACE CF
1INMMNER BCUNLCARY '"/12X,'{(START FRGCM J=1,13, TO J=1, 13,1 }1)
BRITE(ELECCI(TBR{35J) ad=1314041)
REITE(S+790 ) NI1.N41
7¢C FCRVMAT{// 10X s*BCUNDARY FCINTS CM J LINES FOR FARTFER SURFACE OF
1INNER BOUNDARY Y /12X, ' (START FRONM J=%T 413, TC J=T 41348 )
WRITE(H+8C0 I(TER {4+ J)2Jd=Ph214N&1Y}
ReITE(E,TEE)
75¢ FOEMAT{1IrR 12
sCQ FEENMATIZ{/+EX415F8B.2))
ELE CONTINLE
WRITE (6.81G)
810G FCRNAT(IHL/ /7 2lS X TENFEFATURE CISTRIBUT ION INSICE THE EBLADE AND O
XN ITS SURFACCY///72Xs'd=0)
CC 885 Jl=z.shY1
CC E1E% I=1,NX
JEhY+1=-01
XR=FLLCAT{ I-1)=CX
IF{  (XR-X1(J)) eGE+CeCOC1) I1=I
IF(2ES{AR~X1{J)) LEsTLCOG1) Il=]+1
IF( (XR=-x1{J)) sGE.CLC0O0CL1) GC TE 82D
81& CCANTINUE
g2C CC E2&8 I=11 40X
XE=FLOAT(I-1)%DX
IF(  (XR-XZ{J)) «GE.0.C001) Iz=1—-1}
IF{ABS(XRTAZLIL) +GE# (U2 ISOGHOX ) L IA= 127 L o0 )
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http:IF(NI.EC.N2.ANCN3.EG.N4
http:N1.EG.N2.ANC.N3.EQ.N4

N oONnoOn

IF( {AR=XZ{(J)) +GE-C.COC1) GC TC 8Z¢C
COMNTINLE
CCMNTINLE
JERY +1-J1
IF{JsGEaNG s CReJaLESN3) ¢C TC gen
CCNTINUE
CL 8B40 I=M1l,.h2
JENYF1I-J1
XF = FLOAT{ I-1)=Dx
IF{ (XR=X2{J))GE.D.0001]} I33=1~1
IF( (ABS(XR=~X3(J))+GEL{(G.5559%DX))) 133=133-1
IFL {(XR=X3{J1]«GE«G«R0C1) GO TO E4S
24C¢ CONTINLE
845 [OC 850 I=IZZ,NZ
XR=FLCAT(I1-1}=CX
IF ((XR=%4(J))eGELQ.U0CL) I4=1
IF(AES({XR=X4{J)) eLE«LCTCC1) [4=14+1
IF{{(XF=X4{J}).GE.CL0001)} ¢C TOQ 8E&S
CONTINLE
CONT INUE
4= MNY$1I-J1
WRITE(E.ETE) JsTBX(1aJd) s {T(IsJ}+I=I1,I33)+TBX{3,J)
WEFITE(6+88C) TEX (440} {T{I153)sI=14,12},TBX{2,4)}
GC TO Eg&gg
BEQ WFRITE(S+87C) JsTEX{15J3{T{I+J151I=11,12}-TEX{2:J)
E€Z CCNTIANLE
8740 FLORMAT {(/Z2X1I2+4%X,15FE.2)
875 FLOEVAT{/ ZX»IZ2,4X+15F8.2)
EEC FLCRANAT(/1EX P AHR#HY 33X 21 2F8B.2)
8EE CONT INUE
IF(SULNLEL.SLMM) CC TC 890G
ITER=ITER®*1
¢C TG 309
860 COCMTINUE
IF{ABS(TEMPC-TG(NE +3}).LE.E) GC TO <910

[T

nom
[x

(o
{h

L m
hm
(S

NEW VALUE OF FilM CCCLANT TENP IS OBTAINED
THEMN GCES EACK TC GET FINAL SET OF TEMPS

TEVMFC=TG{(NE 4+ 23)

CENSC=198.57/TC{NS ,3)

CPC=( S ET=Z€«1/( TGING +3}*%043)~23B9./TG(NS 13 )+G.D6E0S/{TGC{I.J)#x
124)1/728.57

VISCCU=7.77E~-07% ({TGINS 33} )%F1 4S5/ {TGI(NS +3)4158.}

REAFSSIGNING GAS TEMFS DCwNSTREAM QF SLOT TO ORIG. VALLES

sl N ale}

EC G505 I=NZ1.0NX1


http:IF(J.GE.N4.CR.J.LE.N3

TC(142)=TCTEN(I)

906 CCNTINUE
EC 908 JzZ,.N62
TGX{ 2, J)=TGATEN( J)

9G8 CENTINUE
GC 1C 245

9210 CCNTINUE

C CETALINS ISCTHERMAL LINE LCCATICNS
c
$40 WRITE(EsS4E)
945 FLRVAT(1F1-28X.7 ISOTHERMAL LINE LOCATIONS '/ aCXs tI 9, 4Xe% 0% 43X,¢T0,
F4Xs3T =~ 1% ,£6X22T = 2 ¢ 4,8X,'FRAC! 4/)
CAMLL TEMP

$SC CCPTINUE
WRITE(E,CS2)

992 FCREMAT{IXs1F1)

DC S99 NA=1 4NSCLT
WRITE(S,S6S) TSCLT{NMN)

$95 FCENAT(IX,'ThE ISCTHERM AT %, I5,/)
wRITE(E2SCT)

997 FLRMAT{SX,"3=COORE 7, 1CX»*Y=CGGRD * /)
NNZENNY (AN) )

WEITE{G6+SSE) ((XKISOUNNANDLY +YISCI{RNSANLY ) snNRL=1 3 ANZ)
9GB FCFMAT(SX ,FE.4.,10X,F8.4)

SES  CCNTIMNUGE
CC 1000 I=NS1.NX1
TE(I-2)=TCTEN(I)

16€¢  CONTINUE
EC 1010 J=Z,N62
TEX{2,J)=TGXTEN( J)

1010  CONTINUE
CC 680 I=1shX1
EFF(I 41)=(TG(I+1)=TB{I13)/({TGL(I+13~TCTLN)
EFF{I»2)=(TC{I,21=T8(I1+2))/{TG(I+2)=TCCLN)

G6EL CCNTINUE
CC €8S  J=Z.NY1
EFF {1y J)={TCX{1sJ}=TBXL1+J)}/(TGX(1:,J)=TCGLN)}
EFF{2,J)={TCX(2,J}=TBX (253} 1/ ({TCX(25,J)~TCOLN)

685 CONTINUE
WFITE(6,6E7)

6E7 FCLAMAT{*17,,/310X%,2 EFFICIENCY CF CCCLING! s////)
WRITE{6E, 745) NXI
WFITE(6,6SCI(EFF{Is1)sI=1,NX1)

BEC FORNMAT(/2EX+12,1X+15F et +2(/8X15F8,4))
WFITE(S,750 JINX1
WETTE(ELESC) (EFF (1,230 I=1.0X1)

WFRFITE(E, 770) NYI
WREITE (64652 Y (EFF{l,J)sd=EshY1)

E<E FCGRMAT(3(/s5X215F8,41))
WEITE(&,780) NYI
WRITELB +ESZ) (EFF (235 J) s J=2,.AY1)

2000 CCNTINUE
STCE
ENC
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SUBRCLUTINE CATA

DIMENSION DELS{30,4)+MASC{20,4)4C(3Cy4)+CELNM(304+4}

CIVENSION T(30+£€51+TB(20,4)sTBXULG,E5)3TCI3C,4),TGX{44£51),
IH{3C,4) sHX(4,65) ,Y1{20),¥2{30),Y3{3C},Y¥4(30),X1{65),X2165),
2X3{E5) s X4165),8X(204,BY{2C0),BXI{2G8),BYI(2C0),1P{200)

CIMENSICK VELCG{30,65)

REAL LgyMASC

COMVON TaTB s TEXsTCsTCEX sty X eYL,Y2,¥2,Y4,X1,X2)X3,X4,8X,8Y,8X],BYI
1,1F

COMMEON CXaCY o NXoNY S NXC NXT S ITERINLSAZ N2 )N NF NS INELNT

CCMNCR/BATY AXLyMYL1sNE1,N21,021,041,NEL,NEZ,NET,NE2,NTL,NSR,
ICELY 4 MASC 4CELS s XK CME,SUNM IMAX W MTE,TCCLMNSLE,LCP

CCMMON/TEM/  VELGyPRNC,TEMFC,CPC,VISCC,ALPHA,FLCCLCENSC

READS PHYSICAL PARAMETERS CF THE GRIC SYSTEW

=
]

16

REAC(E)5) CXsCYSNXCTHAXT
FCRVMATIZFE.2,21E8)

REACI5,103 NXsNYsNTyNZ2aNZ NG9 NESNEINT NP
FCRVMAT(1015

REACS FRCPERTIES CF THE EBLALE AND THE COCLANT

15

2C

25

REAC{5,15} LEByXK,CF
FCRMAT(Z2FE. €}

REAL(5,2C) PRNC,ALPHFASTCCLN,,TENEC
FCRMATI(4FEL2)

REAL(5,25) CENSC,CPC,VISCC,FLCC
FORMAT{2F13.1GsE1€.104+F8.4)

READS ITERATICN CHECKS

26

REAC(5,30) OME,SUMM,NTE, IMAX
FCRVAT(2FE.3,215)
NX1=NX=1

Ayl=N¥Y-1

N1l=N1+1

h2l=hZ-1

N21=R3+d

N4l=N4~-1

NE1=A5+1

NE2=N5+2

NE1=N&—1

NE2=Ng-2

N71=R7~1

NSR=A5-1

INTATTIALLY TEZMPS AT ALL FCINTS ARE SET TO A CCMVENIENT VALUE

OC

(J%)

1 T=14MX
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OO0

£C 21 J=1,NY
21 T{I.J) = 248C.
BC 32 I=14h0X
ce 22 J=1y4

32 TEB(I,J} = 2400,
DL 332 J=1l,.NY
Lc 23 [=1.4

23 TEX(I,Jd) = 2480.

REACS IN BGUNCARY PCIMNTS SET ANC THE CCRRESPCADING SEQUENCE NUMBERS
FOR TEHE BCUNCARY PCIMNTS

REAC(5435) (Y1I(1),I=14NKX1)

FCENAT({12FE.3))

RELL(5,440) {IP{I),1=1,NX1)

40 FCRMAT(Z2014}
CC 45 I=1,NX1
X=FLCAT(I-1)=*CX
BX(IP(I)I=X

45 BY{IP{I))=Y1(1}
REAC(E43235) {YZ2(I)sI=1,Nx11}
RELL{5,40) {IP{1),I=1,NX1)
OC 20 I=1,NX1
A=FLCAT(I-1}=DX
BX{IP({IN =X

SC BY(IP(I))=Y2(I]}
REAL(5,38) (XI1{J),d=1,NY1)
REAC(E5,40) ({IP{J)sd=1sKY1)
CC 55 J=1ly4NY1
Y=FLCAT{J=11%0Y
BY{IP{JI)=Xx1{J}

5 BY{IP{J})=Y
REAC(S5,35) (X2(d),J=1,:hY1)
REAC(S5,40) (IP{J)sJd=1,NY1])
£C €0 J=1,AY1
Y=FLCAT{J=~1}=*CY
EX(IP{J})=X2{J}

eC BYWIF({J))=Y
REACA(S5,35) {Y2{I},I=N11s0N21)
REAC(S5,40) (IF(I}sT=N11,n21)}
CC 65 I=N11,4NZ1
¥=FLCAT{I-1}*CX
BXI(IP({INY}=X

€5 BYI{IP(I))=Y3({I)
RELC(5435) (v4({I),I=N11,N21)
fEAD(Z,40) {IP{I),I=N11,N21}
CC 76 T=M11,A21
X=FLCAT(I-1)*CX
EXE{IP{I)}=X

9%
iR
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76 BYI(IP(I))=Y4(I) ITY

RELLA(S,35) (XZ2UJ)sJ=A3140N41)

REAC(5,40) {IP{J)sd=h31,AG1)

CC 75 J = N31,N4l

¥Y=FLCAT{J-1)%[Y

BXILIP(J))I=X3(J}
75 BYI(IP{J)})= Y .

RELC(5435) {(X4({J)YsJd=h31,NK41)

REAL(5,401 (IP{J)yJ=N31,N41)

EC 77 J=R21,N41

Y=FLCAT(J-1}*DY

BXI(IP{J))=Xa(J})
77 BYI(IF(J)}=Y

C REACS TN GAS TENMFS ANLC THEN PEAT TRANSFER CCEFFICIENTS

REACIS,S0)(TG({I,1),I=1,NX1)
REAC(S5,SQ) (TG{1+2),T=1,NX1)
REAC(5,G80)M{TCG{1,+3},E=N114N21}
FEAC{S5,S0J{TC{I44},I=0n11,N21)
S8 FLRMAT(1QFR.2)
REAC{S5,S0)(TEX{1sd}sd=2¢NY1)
REAC(E,SOY(TEX{Z+J}9d=2eNY1}
REAC(S,SOM(TCEX(24,J),Jd=0M31,0411
REAC{E S0} TCXx{4sd}+J=h31,N41)
REATC (5,89 {F{I,1},1I=1,NX1}
REAC(54SS ) E{I+2)+I=140X1)
REAC(S,95 1 {F{1:23),1I=N11,N21)
REAC({D,5S ) (H{T44),I=011,A21)
CS FCRMAT(10FB.41}
READI(5,8G ) {EFX{1,J)sd=2,NY1}
READ(S,SS 1 (FX{2,J)+Jd=2,NY1)
REAC{S+99){FX{34d)sd=h21s0h41)
REED({S .65 ) IEX{4+J)9d=M21,0h41)

11

REACS VELCCITIES

¥

YO

NR=1
- TE{(NP.EG.L) AR=2
READ(Sy10S)J{VELG{ T yNR) »I=NEL14NK1]
REAC(E,10EI(VELGINR J)J=24NE)
10 FERMAT{10QFE.2)

C

C REALCS CCCLANT MASS FLCW

C
FEAC{5,110) (MASC(I43),yI=N11,NEL)
REAC{S5,1103{MASC{TI,43,1=811,N51)
REAT(5,11CI(DELNM{I+2),I=011,N5B)
PEAC{5,11G){CELVM{T44)+I=NMN114NE}

C

108



C
C

" CY VO

GE IS
ORICINAL PA
OF POOR QUALITY!

REACS SURFACE CISTAMCES

110

REAC{5,LL0)(CELS{14+43)41I=N11,0A5)
REAT{5,110) (CELS{T+4),I=N11,NA5}
FLENAT (LOF8.4)

ECHFQ CHECK FCR INPLT CATA

113

120

184

ITER=]

WRITE(G,11E})

FCRNAT{// 425X,V INFUT LCATA!)

WRITE(E,120)

FORMAT{///,15X,YBLACE BCUNCARY PCINTS CCCROINATES'/////17X,'CUTEP

L ECUNCARY ' ySX+" INNER BCUNCARY '3/ /10Xy "PTNOL " +SX, ' X138 Xy 'Y 36X,
ZTPTaNGtyEX 1 X1 48Xy Y1/)

AXT1=NXI+1

WRITE(S, 1281 {{IBX{T)+BY{I},L,8XT(T},BYIL{I)})}yI=1,NXI)
WRITE{G,120) (1 ,BX{I)4BY{T}))sI=AXI1,AX)

FORMATI{SX :16+2F10.6+1632F10.6)

FGRNﬁT(QXyIéyZFIQaéi

WRITE(6,1325)

FORMAT{'1¥,//15X,"INPLT DATAY//15X,"CAS TﬁﬁpﬁﬁﬁTURE DISTRIBUTICN

1CN TFHE BLACE INNER ANC CUTER QLRF#CE';/()

WRITE{E+745) AN1sNXL
WRITE(6,728) {TG{I,1}1,I=1,AX1}"
WRITE(E,750) NLl,hX1
WRITE(6,72Q) (TCG{I,Z2),I=1,NX1)
WRITE {£,755) N11,A21
WRITE(6480CG) {TG{1I,2),I=N11,N21)
WREITE(6,7603 N11,M21
WRITE{E,ECGY (TC{I,4),I=N11,0M21)
WRITE (6,776) NY1
WRITE(E,E00) (TCX{1,Jd),d=24NY13
WRITE(6,7E0) AY1
WRITE(64800) (TEX(2,d1:d=2,KY1)
WRITE(6,785) N31,N4l
WRITE(64+4800) (TCX{(3sJd)4Jd=021,M451)
WRITE(&,76C) A31,N41
WRITE(6,800) (TEX{44J)yJ=031,N41)
WRITE(&,76S5
RITE(E,159)
FECRVMAT(*'1%,//15X, "INPUT CATA'//15X,'HEAT CCGEFFICIENT CISTRIBUTICN
L1CN THE BLACE INNZR ANC CUTER SURFACE?,//)
WRITE(6,745) N1,MX1
WRITE(E,720) { R{I,1),I=1,NX1)
WEITE(E&,7E0) NI1,hNX1
WRITE(6,720) ( F{I,42),I=14NX1)
WRITE (£4+4758%) N11,N21
WRITE(6,800) ( F{I1,3.0.I=N11yN21)
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1€8

176

175

17¢

200

1ICIAEBATIC WALL YEMFE IS TC EE LETERNINEC's//)

WRITE(&,7€0) N11,NZ1
WRITE(£4800) ( F(Is4),I=N11sN21)
WRITE [6477C) NYL

WRITE(6,8030) ( FX{1,J},d=2,KY1)
WRITE(6,780) NYL

WRITE(&,8C00) ( FX{Z2,J0),d=24NY1})
WRITE(6,785) N31,N41
WEITE{6,80C) {HX{2,J)sJd=N2140N41)
WRITE(6,7S0Q) N214M41]
WRITE(6,800) ( FX{4,J),J=PM31,N41)
WRITE(&27S5)

WRITE(6,1£5)

FORVWAT('1*,//15Xs " INFUT DATAY//15X, "COOLANT MASS FLOW DISTRIBLTION

11,77}

WEITE(6,755) NMN11,051

WRITELEZITCIINMASCLIL2),I=N11,4051)

WRITE{G,T60INL1,AE1L

WRITE(6,, 70} {FASC({T,4)yI=AN11,A51}

FCRMAT(3{/+5Xy15FE€.4))

WRITE(6,175)

FORMAT(*1L ' /718X "INPUT CATA',/ /15X VELCCITIES AT PCINTS WHERE

IF(NPLEG.1) €C T£ 178

WEITE{6,745) ANE1,NX1

WRITE(6,180) (VELGE(I,NR)},I=A5LsNX1)

WRITE(6,770) N¢&

KEITE(645180) (VELGINRsJ¥yd=2.NE)

GC TC 182

CONTINLE

WRITE(E,T7E50) NE14NX1

RRITE(65180) (VELG(IJNRI,I=NS1,AX1}

WRITE(G6,78G) NS

WRITE(6,180) (VELG(KNR,J}+Jd=2,NE)

FCRFAT{3(/ ,5X,15F8.2))

CCNTINUE

WRITE(&41851)

FORMAT{'1',//15X P INFLT DATAY)

WRITE{&,1S58)

FCRMAT(// 15X, *PHYSICAL FARAMETERS CF THE CRIE SYSTEM?!)
WRITE(6+1S5) CXOYSAXCHNXI

FGRMAT(// 315X CX=1 3FS 43,5 DY=1,FCa235Xy'NXO=",15,5%, 'NXI=?,15}
WRITE(6+200) NXyNY NI yNZ2,A3 4 NG 4Ny NELNTHNF

FCRMATI// 315X s 'NX= 315,53 'AY= 15, 8X, ' N1=1,15,5X,'N2=4,15,//15X%,

1FA3=1,1I5,5X,5x%, tN4=1 s TG4 B Xy IAB= TS 48X, TNE=1,15,5X,ThAT=1,15,
25X 'ANE=1,15]

WRITE(E,205)

FCRMAT(// 15X, "PRCPERTIES OF THE BLACE AND THE COCLANT?)
WRITE(6,210) LEBXK,CF

FORMAT{/ /15X TLE=1 yFE &4 EX T RK=T,FELEHEX,CP=1,FB8.8E)
WRITE(E4215) PRMNC o ALFHLA »TCOLN TENMPC
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221

240

244

T8E

FORMAT(// 412X 'PRNO=Y 3 FE. 25X, YALFHA=Y ,F8.2,5X,"TCCLN=1? ,F8.2,5X%,
1I'TENFC=1,FB.2)

WRITE(6,220) DENSC,LFC,VISCC,FLCC

FORMAT(// 415X+ *CENSC=1,F13,1G,5%, 'CPC=1,F12.10,48X,*VISCC="*,E15.10
1,5%,'FLCC=" ,F844)

WRITE(6422E)

FOCRNAT{//15X,*ITERATICN CHECKS?')

KWRITE(64220) CMESUNM,MNTE,INMAX

FCRMAT(//1EX,'0OME=?,FB8.335X, *SUFM=1,FB.3,;5X,'NTE=",15 , 5X,

1 1IkAX=',15)

PRINT TITLE FCR SUBRCUTINE CURVE CQLTPULT

WRITE(6,235)

FCRVMAT(LHL//+5X,*SUBRCUTINE CURVE ~GUTFUT~ *'//5X,'1=0,CUTER BELUN
ICARY. I=1,INNER BCUNCARYT/5X,'IF BCUNCARY PLINT MUMBER!')

WRITE(&,240)

FCRMAT( / 95X+ P (EZ24C21 IS THE PCINT OGN THE BCUNCARY. (B1,Cl) AN
1C (E2,C2) ARE TFE SURRCUNCING PCINTS CN ELACE., A,B,C, ARE THE COEF
25*/5X 4 '0F THE PARBCGLIC CURVE Y=ABEX+CkXFXT 3/ /44%,%17,3X,11P1,5X,
2TBI s 8X s 01 98Xy TRBZT 9BX 9 1C2 38X 7827, E8X 239X, AT, G X9 BF,9K,1C 1,
4417)

CCNTINUE

IF(MNPLEGQ.1) CC TC 245

N5=N5-1

AS1=hE+1

NEZ=ND+2

CCATIAUE

FORMATI/+s2X91251X,15FB.2:2(/5%X,15F8.2]))

FCRVAT{//+10X,'BOUNCARY PCIMNTS CN I-LINES FOR LOWER SURFACE CF
1 CUTER EBCUNCARY'/ 12X, (START FRCV J=1%,12,1 70 [=1,13,)*}

FORMAT{//410X,*BOLNCARY PCINTS CN I LINES FOR UPPER SURFACE CF
1 CLTEP BCUNCAFRY'/ 412X, {START FRCVM 1I=7,13,* T0 I[=1,12,1)%)

FCRMAT(//+10X"BCUNCARY PCIMTS CN I LINES FCR LCWER SURFACE QOF
1 INMER BOUNCARY'/,12X,*{START FRQM I=4,12,* TC I=1,1I2,' }?}

FORMAT(//+10X,*BCUNCARY FCINTS TN I LINES FOR UPPER SURFACE OF
1 INMNER BOUMNECARY !/, 12X, ' (START FELNM [=7,13,t TC 1=%,13,1 )1}

FORMAT(//10X,*BCUNCARY PCINTS CM J LINES FOR NEARER SURFACE 0OF
1 CUTER BOUNCARY'/,12X,7{START FRCN¥ J= 2 T J=1,13,* )*)

FORMAT(//,10X*BCUNCARY PCINTS CMN J LINES FOR FARTHER SURFACE OF
1 CUTER BOULMEARY'T/,12X,*{START FRC¥ J= 2 TC J=3,13,! )}

FCRMATE// 410X, BCUNCARY FCINTS TN J LINES FOR NEARER SURFACE GF
1INNER BUUNLARY */1ZX,"(START FROF J=7,13,7 TO J=t,13,' }1)

FARMAT(//,10X,"8CUNCARY FCINTS CN J LINES FOR FARTHER SURFACE OF
L1INNER BOUNCARY *#/12X,*{STARY FRCVM J=1,13,% TC Jd=7,13,' )"}

FCRMAT(1F13

FCRMAT(3{/,EX,15F8.2))

RETLRA

ENC
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OO0

1

[§¥)
\TE

2

SUBRAOUTINE FINDS SI-1,81-2,DEL-U,BEL-2. FGR EACH INTERICR PLCINT AND

¢

1a

2¢C

ORIGINAL, PAGE IS
OF POOR QU

SLBRCUTINE NMESH{I,Jd,ThEW)

CCH¥MCN T204658) yTB(30,4) s TBX{4,65),TG{30,4),TEX (4,65},
1H(3C,4) yHX{4465),Y1(20),Y2{30),¥2(30),Y¥4{320),X1(EE),x2{68),
ZX31€65) 3%4(65) ,BX(200) ,8Y(200),8XT{20C),B8YI(200},1P (200}
COVNON CXsCY NXoNY sRXCyNXT,ITERSNLINZ N3y NGINPINSHNESNT

ETS MEW TENMPS FGR EVERY INTERICR PCINT

N51=A5+1
PAR=FLCAT{I-1)%CX
IF(NP.EC.1)Y GC TG 7
IF{JoGToN3ANELJsLELNE) GC TC €
GC TC 7
IF{1.GTNS1.ANC.I.LEN2Y GC TO 12
CENTIMLE
IF({PAR=X1{J)).LELCX)S1=(PAR-XLEJ}}/LCX
IF((PAR=XL{J))QLELTX)ITI=TEX{1,Jd)
IF ((PER=-X1L(J)).LE.TX) GC TC 20
IF{J+GT.N2.ANC.J.LT.N4IGE TC 18
eC TC 15
IF(PAR.GE.X4(J)JIGC TC 12
GG TC 15
IF({PAR=-X4(J) o LELCX)S1I={PAR-X4{J))/CX
TF{{PAR-X4({J})eLELCX)ITI=TBR(4,4)
IF ((PAR-X4{J))}.LE.CX) GC T 20
$1=1.0
T1=T{I=144)
IF(ABS{X1{J)-PAR+DX)}.LT.0.00001) T1=TBX(1l,J}
IF(ABSIX4(J)=PARILX ) LT oaC O0CCL) TI=TBX(44J)
CCATINUE
IF{{X2(J)~PAR) W LELCXI1SZ=(X2(J}-FAR}/CX
IF{{X2{J)=FAR) JLELEX) T2=TBX(2,4)
IF({X2{J)-PAR}LLELCX}) €C TC 35
IF{JaGT N2 ANCJLTN4)IGC TCZ2E
GC 1€ 20
IF{X3{J)-GT.PARIGC TC 27
ce TC 2D
TF{{X2(J}-PAR) . LELCX)S2={X3(J)~F2AR}/CX
IF({X3(J)=PAR) JLE.CXITZ=TBX(2,J}
IF{{X3{J)=-FPAR).LELCX) GC TC 28
Sz=1.
T2=T(I+1,4)
IF(ABS{X2(J)=PAB=CX)+LTo0.G00QL} T2=TBX(2,J}
IF{ABRSIX3(JI~PAR-CX) . LTL.00GCL) T3=TBX(3,J)
PAR=FLCAT(J=10%0Y
IF{NP.EGL1) GC TC 27
TF(JaCT<A3.ANCLJaLELNE) GC TC 3¢
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http:IF(J.GT.N3.ANC.J.LE.N6
http:IF((X3(J)-PAP).LE.CX
http:IF((X2(J)-PAR).LE.CX
http:IF((X2(J)-PAR).LE.CX
http:PAR-X4(JJ).LE.CX
http:PAR-X1(J)).LE.CX
http:IF((PAR-XI(J)).LE
http:IF(I.GT.N51.ANC.I.LE.N2
http:F(J.GT.N3.ANC.J.LE.N6

4G

42

\h
in

in
-

€C

ORIGINAL PAGE IS
OF POOR QUALITY

GC TO 27
IF{ILGT.NSL.ANDJILLTWANEY CGC TC 42
CONTINLE
IF{{PAR-YI{I}).LELDYIOLI={FAR-Y1(I})/CY
IF({PAR-YL(I)).LELLY)T2=TR{I, 1)
IF({PAR-Y1({I}).LELCY)} GC TC 50
IF{ICTNLANGLTLLTLNZIGC TC4C
GC TC 45
IF(PAR.GE.Y4UI))ICGL TC42Z
GC TC 45
IF{{PAR=-Y4(I)) .LE-CYID1i=(PAR-Y4(T)) /DY
IFU{PAR=Y4{1))LELCY]TZ2=TEB(I,+4)
IF{{PAR~-Y4(T})).LE.CY}) GC 7€ 50
€l=1.0
T2=T7{1,J-1}
IF(ABS{YLI{1)-PAR+DY).LT.0.000C01} 72
TF{ABS{Y4{1}-FAR+LY)-LT.CG.G0001) 72
CCATINLE
IFCIYZ2(T}-PAR} LLELEYIDZ={Y2(I}-PAR} /LY
IFI(Y2(TI)-FPAR}LELCY}T4=TE(I,42)
IF((Y2{I)-FPAR).LE.LY) CGC TC 65
IF{I.CT.NI.ANC.ILLTN2)CC TCES
cC TC 60
IF{Y3{I}.GT.PARIGLC TC57
GC TC &0
IF{(Y3{I}-PAR) LEL.CYIC2={Y3(I1)-FAF)/CY
IF{{Y3(I)-FPARILELCYITS4=TE(1,2)
IF{(Y3({I)~FAR) . LE.CY} GC TC 62
£2=1.0
T4=T{I,J+1)
1P {ABS(Y2(T}-PAR-CY).LT7.0.00001) T4=TB(I,2)
TF{ABS(Y3([)-PAR-DY)LT.0.0CCCL) T4=TB{(T,32)
CONTINLE
Al=T1/31/7{51+5Z)
A2=T2/C1/(C1+0C2)
AZ=T2/82/(51+52]}
A4=T4/C2/{L13C2)
E=1./81/S2+{CX/CYI)*{LCX/CYi/C1/C2
TNEW={AL+AZ+CXFDX/{CYIDY}#{A2+A4)}/E
RETLEN
ENC

p
k] ’

g(i,1)
T8(1,4)

1i3


http:IF((Y3(I)-PAR).LE.CY
http:IF((Y2(I)-PAR).LE.CY
http:IF((PAP-Y4(t)).LE.CV
http:IF((PAR-Y1(I)J.LE.CY
http:F(I.CT.NSLSANO.I.LT.N2

MY O

SUBFCUTINE SLC{X1,Y1sX2,Y2sX3sY34A,E,C)
FINCS EQUATICN TEHRU THREE PCINTS AS Y=2+BaX+CHX3X

CALL UMCFLW
IF{ABSIX1-X2) o LE QU1 ARNDLABSE{X2-X2}.LELQ.00L) GC TC 10
XE3=X3%X2
¥82=X2%X2
XS51=X1=X1
Cl=X2%XS3=-X2%XSz
L2=Xx1#X83~A3% X851
C2=X1#X52-X%2%XE1
C=C1~-C2+LC2
IF(ABS(C).LE-0.0000081}) GC TC 14
Al=Y1x(X2% X 83-X3*%527)
A2=Y2®{X1HXE3-X3*X21)
EZ3=y3*{Xx12X82-XZ*X51}
A={A21-A2+2£3}/C
BRl=YZ*XS3-¥32%X52
B2=Y1%X52~Y2%XE1
BR=Y1*®XS2-Y2%XE1
B=(R1-B2+832)/L
Cl=X2%Y2-X3%Y2
CZ=X1%Y¥Y3-X3%Y]l
CA=X1%¥Y2-X2#Y¥1
C={C1~-C2+(31}/C
RETURN
A=1QC.

B=1CC.
€=100.

RETURN
END
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VOO OO0 00

SUBRCUTINE CUR({EZ2,02,B4Cy1) .
CCMMECN T{20+€5),TB{30+4),TBX{4,65) ,7G{30+4),TCX {4465,
IF{3C,4}ybX{4,65),YI{Z2Q) o Y2{2C) 4 Y2{20),¥413C) s X1{85),4X2{65},
2X3{€E5),%4(65) ,3X(2C0),BY{20G).BX1(2C0C),BYI(200),1IP(200}
COMNON CXsCY o NX MY s NXCyNXT ¢y ITERGATWNZ, N3 NG, NF NS NELNT

SUERCUTINE TC FINC ACJACENT TWG PCIKNTS FOP THE POINTI(RZ,C2) aAND THERN
PASSES A CURVE Y=A+EX+(X2 ANC CETERNMIMES A,B,C. B4C CCEFFICIENTS

ARE RETURNELD TO MAIN PRCGRA¥ TC GET SLCPE CF CULRVEL BCUNDARY AT THE
FOINT

IF(l.EC.10CC TC 25
oC 14 M=1,NxC
[F(ABS{PZ-BX{M]) ). LCeC CUGL.AND.ABS{CZ-BY{¥}).LE.Q.GOCL) GG TO 12
1€ CONTIALE
12 IFtV.EC.1} GC TC 15
Bl=BX{M=-1)
Cl=BY(M-1)
CC TC 132
1% Bi=BX(NXOJ
Cl=BY{AXQ]
13 CONTINUE
IF(NVM.EQ.NXC) GC TC 100
B2 = BEX{M+1)
C3 = BY(M+1)
100 CENTINUE
IFIREC.NRC) E3=EBX{1)}
IF{MLJEC.NXC) C3=B¥(1l)
TF{E3.EQ.82.ANCC2L,EL.CZICC TC 14
GC 186 27
14 82 = 8x{M+2)
C2 = BY{M+2Z}
GC 1C 27
L 20 M = 1,KRXI )
IF(ABS(B2~BXI{M))oLEaDQQU1ANDLAES{C2-BYI(VM})).LE.Q.Q00QL) GC TC 32
CCANTINLE
IF{M.EC.1) GO TC 324
Bl=BXT{N;-1}
Cl=8BYI(¥~-1}
GC 7€ 23
Bi=BXI{NXI)
Cl=8YI(NXI)
CENTINUE
IF{¥M.cQ.NXT} GC TC 200
B3=RXI(M+1)
C3=EYI(M+1)

g
in

s}
o

[§%)
FAS ]

[$%]
o

[3¥]
4]
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http:IF(P.EC.1I

CCNTINUE

IF(YM.EQLNXT) E3=EBXI(1]}

IF(M.EGL.NXI) C3=BYI(L)
TF(R3.EQ.B2.ANCLC2.EC.CZICE TC 25

GC 1C 37

BZ=BXI(M+2}

C2=8YI(M+2)

CALL SLC{(B1+C1,E2,:C24E3,C344,8,C)
XVMAN=B+2 ., %C%82

TF{ITER.EC.LL) WRITE(6,401}T4M,B1,01,82,02,
CONTINUE

FLRNMAT 3Xs12515,GF10.5+43X2 ' XMM=",F10.6)
RETURN

ENE

ile

B3,023:A4:8,C+ XMN



OO0 CO,

in

e~

m

[Ay]

1

[
\n

SLEBRCLTINE TEMAL(I,J
CIMENSICN VELG(320,¢°F

2y TAC)

)

CCMNCA T{30,65),TE(30+4),TBX(4+€2),TG(3C,4),TGX{4:€51),
IH(30,4}sHXL4,€5),Y1(320),Y2{301,¥Y3{30),Y4{20),X1{&5),X2(&5),
2X3(65)+%4165),BX{2001:8Y(200),EXT(Z200}+BYI(20C),IP(200C)

COMMON DXy DY oNX NY JNXCoaNXIHZITERYNIZN24 N3, NASNFINSSNESZNT

CONNON/TENM/  VELCFRNODSTENFC,CFCHVISCC,ALPFA, FLOC,CENSC

SLUBRCUTINE TC FIND ACIAEBATIC WALL TEMPERATURE

IN TFE MAIN FRCGRAV CG2S

TEMPERATURE AT PFCINTS COWNSTREAM FROM THE SLG

BE REPLACED BY CCRRESFCACING ACIABATIC WALL TENPERATURE

NELI=NE+1
REYNC=FLOC/VISCC
IF{AF.EC.L) CC TC &
IF({I.EG.1} GC TC 1¢
XRE=FLCAT(NEI-1)=LX
XF=FLCAT{I-1)3*DX
IF{I.GELNZ) GC 7C £
EIST=({{Y4{(N51}-Y4(1]
GE 1C S

CCNTINUE
DIST=0{{Y4{N5E1)-Y1(I
GC 1€ ¢

CONTINUE
IF{I.cC.1+CReI-ELa2)
XPE=FLOAT{(NS ~1)%*DX
XF=FLCAT({I~1}=(X
IF{T.GELN2) GC TC 8
CIST=0{(Y3{(N5 }-Y2(I
¢ 1C S

J)19%2 +{XRE-XP)*x2 %[ ,.5)/12.

J)3%Z2 +{XRE-XP)*3*2 }2%0.5)/12.

GC ¥C 10

JIF 24 (NF-XRE}#32)%%x0,5) /12,

GIST={1{VY3{ND J-Y2(T} )32+ (XP-XRE}F*2)%x20,5)/12.

CCNTINUE

CPG={S.87-3€.1/(T7G(I]
172€.67

VISCC=VISCC*{{TG({I,J

1 J)FEDLE) 2389, /TGLI V4T 06E05/(TG(I,Jd)%x=224))

J/TEWPC) =1 S* [TEMPC+1SEL/{TG{IsJ) 419841}

CENSC=CENSC*TEMFC/TCG{T+d])

¢t i£ 20
@ CCONTINUE

IF(NP.ECLL1) CO TC 1¢

ARE=FLCATINELI-1)3LX
YP=FLCAT{J-1)=*CY

IF{J.LEN3} CC TC 1%
CIST=({{Y4{AS1)-YP)=xx2+ [ XRE-X4(J) 1 *=2)%%0a5}/12.

GC TC 1S
CONTINLE
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http:IF(JoLE.N3
http:IF(I.GE.N2
http:IF(I.GE.N2

1€

18
1g

2¢

g
40

CIST=({(YA(NBL)-YPI®2+(XRE-X1{J) }%*2)}%%0.5)/12.

¢GC TC 19

CCNTINLE

XRE=FLGAT(NS -1)*CX

YP=FLCAT({J~1)3EY

IF{J.LELNZ2) GC TC 18

CIST=(({Y3 (NS J-YPI®x&x24(X3(J)=XRE)x#2)%%Q,.5}/12.

cC T7C 16

CIST=({{Y3(NS }-YP)=%2+(X2(J)-XRE)+*2)*x0.5)/12.

CCNTINUE

CPC={5.87=3¢4 L/{TGX{IyJ)*%0a5)=23894/TCX(1J) ¥ 06EQS/(TGX{I,d)%=2
la3)/28a467
VISCC=VISCCH({TCX(IsJI/TEMPCI¥* 1. S# {TEMPCHIGEL)/{TCX(1,J)+198.))
CENSC=CENSCHTEMPC/TEX{I,4)

CIMF=CENSC*VELCT{T,J)¥2CIST/FLCC
BETA=1.+5C-C4*REYNCH*VISCC*SIN{ALPHAY/VISCG

DANCV=1o40.329% (REYNC)*3 (-0 .2 )#CPC/CPCH{VISCG/VISCC) 350, 2% (DIMF) &x(
10.8)%BETA

EAUNE=1.92FPRNC*%0Q,66666

FCEFF=DAUNME/CANCY

IF(J EC.1.CR.J.EQ.2Z) GC TC 20

TAC=TCX{I yJI+FCEFFH{TEMFC-TCEX(144)2

GC TC 40

TAE=TCG{ I, J)+FCEFFF{TEMPC-TC(I, 4}

CCNTINLE

IF{TAC.LTLTEMPC) TAE=TEMPC

CONTINLE

RETLRN

ENC


http:1.))/2E.S7

ORIGINAL PAGE I§
P POOR QUALITY

SUEROUTINE TEMP .

COMMON T (30 +:035)sTB(30 44 ) TBX{4+85)aTG(3054)+TGX{A3EE)},
IH(S0+4) +HX(4465) +71{30) a¥2(30) +¥2{(30),:Y4(30)aX1{B5)s%2{65),s
ZX3(65 ), X4{(65)+BX{Z00}+8Y{(2CC)-BXI{ZC0)+BYTI(208C)+IP(2(0)
CONNMON DXsDYaNX MY 3 RXCoNXIs ITERINISNZ2sNI s NG, NPs NS NGIN7T

C ALCMNG I-LINE NMIN TEMP STCREC IN *IL* AND MAX TEME STORED IN *iH?

SES

S€Q

SEZ
GES

GEé7

NX1=NXx=1

CC 987 I=ZzZ,0hX1

IF(IaGTaMlaANDSILT.N2) €CC TC S67
IA=IFIX(YI({I)/DY+C,00GC1)+1
IC=IFIX(YZ2(IL}/CY40,0001) 4=

ITI=TB(I+1)

ITZ=TE{(I+2)}

IL=IT1

IF=ITZ

IF(ITL.CE,ITZ) IL=1ITZ

IF(IT1.,GE.1T2) IH=ITI1

CC g€ J=1A,1C

IF{T{I+J) «LToFLOATL{IL}) TE=IFIX{(T{1I,J)})}
IF{T{I,J) «CTFLOAT(IH))IF=IFIX{T{IsJ)}
CCNT INUE

COMNTINUE

CC G&€g II=1IL,1IH

CC 9582 J=1a,1C

IF({FLCATI(. JEDY)aGTH¥2 (1)) T{I,J+13}=TB(1,2)
IFCYI(E) o CT A (FLOAT(J—=1)%DY}) T{I,J}=TBA(I +1}
TV=FLCAT(II}

IFUT{IaJd) oL TeTVANDWT{Isd+1])+GE.TV}) GC TLC G849
IF(TCIJYsCEWTV.ANDWT(IsJ+1)LTaTV) GO TO €&C
GC TC 9862

CONTINUE
FA=S(T{IsJ)=-TVIZ{T(I4J)-T{I:J+411)

CALL ISAOTHR{IILI+IsJ+DXsDYsEX}
WEITE(D+972) T4d5114T{T1sJ):T{i+J+1):sRX
COARTIMUE

CONTINUE

CC TC 937

CCANTINLGE

IA=IFIX(YI(I}/7DY4C.0Q0CC1}+1
IE=IFIX(Y3(1)/DY+C.0001)+2
IC=IFIX(Y4{ L)}/ /DY+C.02001)+1
IL=IFIX(YZ{I)/DY¥CG.0001)+2

IT1=TE(I +1)

ITz=T8(1,3)

IT3=TE(1.4)

IT4=TB(I .2)

IL=1IT1

Ir=1T2
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http:IF(T(IJ.CE.TV.AND.T(IJ+1).LT.TV
http:IF(I.GT.I.AkO.ILT.N2

SEZ
SEes
GET

ORR;

Cw‘PégﬂltRéGE
IL1=173 RQU I
IF1=1IT4

IF(ITI14GELIT2Y IL=IT2

IF{IT1«GE.ITZ2) IH=IT1

IF(IT3L.CELITEG) IL1=1IT4

IF{ITIZ+GECITS4) IHI=IT3

EC 877 TI=1ILs1k

EC €75 J=1a,18

TVv=FLOAT({II}

TFEY L (1) oCT «(FLOAT({J~1)3DY)) T{I+J3)}=TB{I+1)
IF((FLCATI(. DY) e GT Y3 (1)) T(I»J+1)=TB{1,3}
IF{T{I+J) sl TeTVL,AND+T{TIsJ+1).GE.TV} GO T8O S70
IF(T(Iad) s CEGTY o ANDCT( IsJ413.LTLTV} GO TO S7C
GC TO <7¢E

EX={T{lsJ)=TVI/{TLI»d)=T{IJ+1)3

CALL ISOTHA{II »I+J,0XsDYsFRX}

REITE{ESSTE) ToJdeIlsTE(Isd)oaT(IL +Jd+1)sRX
FCRMAT{(SX 43 1S+3F11.4)

COCNTINMLE

CCNTINUE

CL 85 II=1IL1l,1IRht

EC g€z J=IC,ID

TV=FLLCAT(11)}

IF(Ya (1) GCT {FLOAT{J=13¥%EY)) T{ILsJ)=TE{(I+4}
IF{{FLOAT(J=1)3DY}GTe¥Y2{I1)) T{I »J+x1)=T8(1 42}
IF(T{TIsd) sLTaTVeANDJT{1sJ41)CELTV) GO TO S80
IF{T{LIsJ) s CE«TVsAND o T{Isu+1)LT.TV}) GO TC &8O
GCC TQ 982

Fx=(T( 1y J)=TVI/A{T{I »J)=T(I,Jd%1))

CALL ISOTH{IIs+I+JdsDXeDY¥sFEXx)

BFRITE(6+972) T2JsT1I+T{1+JYsT{IsJ41)sRX
CCNTINUE

CEATINUE

CCANTINUE

FETLRN

ENLC
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http:IF(U(I.J).GE.TV.AND.T(I,.J+1).LT.TV
http:IF(T(I.,J).LT.TV.AND.T(1I,J41).GE.TV
http:IF(T(IJ).CE,TV.AND.T(IJ1+)LT.TV
http:IF(T(I,J).LT.TV.AND.T(IJ+1).GE.Tv
http:II=IL.IF
http:IF(IT3.GE

alaNiEaNa!

SLERCLTINE ISOTHIUIIsIsJsLXsDYsFRX)

CIMENSION XISO(3C+30)+YIEC{304+30) +TSCLT{30)»NNY{(30)
INTEGER*4 TSCLY

CONMMON/LECY XISCHYISC+TSCLTANSCLT oNANY

SULBRCLTINE TC CETERWVMINE X~CLCRD AND Y~CLCCRD CF RPGIATS OGN 4 REQUIRED I

1C¢
2C0o

ocC 16¢ Nh=1NECLT

IF{TSCLT{NANI=IIEQ.0Q) GC TC 2¢¢

GC TC 19¢

MRZ=NNY(RNY +1

AXISCUINNsNNZ) =FLOAT{ I-1)%DX

YISC{AN+DMNZ) =(FLCAT(J=1)+FX)%CY

NNY{NNISNNY{NN)+1

GC TC 300

CCNTINUE

FETURN

ENE

ELCCK DATA '

CIMENSION XISO(ZCs306)»YIESC{ICa30) o TSCLTL 3C) «MNY{30)

IMNIEGER=®4 TESCLT

COMMON/LESL Y, XTI SO +YISO+TSCLTANSCLTaMNY

CATA ANY s ASCLT» TSCLT/30F03 30,1500, 1550215%E604+200C0,202020580.,2080,2
11CC 210 22200 422203223 C+2250:2260+2280+2300:12320+2350:228L0+2400+24
220524405 Z4EC 24BL,220C 32520 +254C +25504+2560,2570/

ENC
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SAMPLE OUTPUT CORRESPCNDING TO

B3 COOLING CONFIGURATION
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£CT

INFUT EAYA

ELACE BUUNCARY FCINTS COORCEINAYES

(2 LI

- -
AN B fad B e €3 N D wmi O AR Bk R

-
RN,

XN
o

i
-

CUTER BOUNCARY

X

0.0

0.024009
a.6504a0c
0.160080
0.150000
G.260000
0.250u00
0.264000
0.20CQ00
¢.350000
0.27100¢C
0.400000
€.429000
0.450G00¢C
C.4TEC70
£.5C0000
G.5140G0
0.550U30
0.5€650(C
0.600000
0.£210040
0.£50000C
.£57000
0.693000
0.700000
Q.726900
g. 956000
0.763000
6.752Q00
0.8€0050
6.833000
¢.850000
0.8650C0
0.9c0u00
0.603006
0.940000
€.$%0000
0.516000
1.000000
1.013000
1.04555%
1.0%1upd
1.06565%
1.138000
1.150004

i

1.26599%S
1.2465%%
1.228060
1.226%59
1.2260G0
1.215000
1.2080C0
1,200000
L.18£659
l.1e4000
Le1500€C
fF.12¢6CC
1069996
1.07795%
1.045559
1.018999
1.06CCC0
0.950000
¢.5000060
06.8780CQ
Q.050000
0.680%000
4.800000
0.750000
0.728000
¢.700000
0.6€6L000
0.650000
b.en00000
0.5660C0
¢.5c00¢0
0.525000
6.5C0CCC
0454600
0.450000
0.400000
0.387060
0.35000C
U.314000
¢.300000
0.25C00CY
9.2004000
0.151800
0.1500C00
0.135000

W3 Tl O8I A W RS

PY.NG. X

9. 100004
g.114008
6.150000
0.2000C0
0.z50000
0.285000
¢.2{Cced
0.2£0004
0.3£10¢¢
€.4000C0
0.450000
0.4580C0
0.500060
0.538000
0.5500L0
0.572060
{.6g00ce
0.6070C0
0.643000
0.£5C0CT
0.618000
0.700060
g.i120C0
0.7145000
£.7500CC
0.175060
0.800080
0.8110C0
0.843000
0.850000
6.875000
$.900000
D« SCEGGD
0.5240¢00
0.550000
0.67200C
1.000060
1.002959
L.022000
1.04995%
1.0630C6
1.055699

1.130060

1.150000
t.1810C0

IMER BCLRCARY

Y

1.312999
1,25599%
1.2871999
1.2€8999%

1.241C00

1249999
1.2426%§
1.215000
1.200000
1.106696
1.150000
1.095999
1.C5€000
1,049999
1.020555
1. CQ0qQno
0.561000
0.950000
0.500000
€.0890000
C.BELOCT
0,610000
0. 200069
0.750000

0.7144000

G.7000400
0.668000
0.650000
0.£GCCO00
0.500000
0.560000
0.512000
0.5C3000
¢.450000
0.426000
0.400000
0.254C0C
0.350000
0.200600
0275000
C.250000
0.200000
0.150000
0.135000
0.10c000

)
#avg

J00qg gy,
Nidkzo

Iv,



¥CT

1.1816GC
1.206000
1:224598
1.24555%
1.270000
1.245556
1.240665
1.21059%
1.260000
l.18100C
1.15c000
1.12256¢
1.055999
1.C%2G656
1.062000
1.04599%
1.03755%
1.8¢5£00
1.Cco0000
£.582000
0.956000
£.550000
0.525000
0.501000
0.6C6000
C.ET7C0C
0.851000
L.ESCCCE
p.021000
€.£(3000
C.800000
0.701008
0. 756000
£.1750000
C. 136000
t.71200C
0.700040
C.651C00
C.67C000
C.E50000

-0.625030

c.e0C00C
€.558000

G.EEAGLC

0.550004
C.223000
0.530000
C.4530040
0.45¢000
0.4C0000
¢.350000
0.3200000
0.250000
¢.200000
0.160000
0.150000
0.104000
0.100000
€.cs50004
d.Gl13000

0.100000
0.075¢0Q
§. 050000
c.022¢CC
4.050¢008
2.087000
c.1C0000
€.150000
£.164000
.2CCCu0
0.250000
t.30560400
0.227000
0.250000
g.4CCaCH
0.425000
B.450000
a.5ccCen
0.51460C0
p.580CCC
0.60000Q0
0.60%000
0.65C000
0.7GCQ00
0.7C40C0
0.75CCA0
n.agocon
g.eczceo
0.850000
0.500000
0.5CENGO
0.9%0000
1.06C000
1.018C00
1.0499%8
1.065565
1.121000
1.150000
1.200000
1.245599
1.25595%
1.344654G
1.,349558
1.40C00C
1.415000
1. 450000
1.4646CC0
1.456559
1.500598
1.521CC0
1.5320G0
1.5355585
1.52656%
1.5110C0
1.45495565
1.482000
l.45C0CC
1,447CC0
1.4000C0
1.3495%4

1.143000
1.1500C0
1.11395%
1.0459%%
1.06554%%

" 1058599

1.04559%
1.022966
1.089999
1.0008CL
0.986000
0.961CG0
¢.5500C0
0.933008
g.5050L0
0.500060
0.07164C0
0.£5C0G10
0.822000
C.8006C0
0.758004
0.173000
C.7150000
O.148000
0.724000
C.700CLE
0.L77000
0,£54000
0.650409
0.633000
0.4610008
0.£00000
0.58504d0
0.561000
0.850008
0.5280€C0
a.500CL60
4.485000
0.45080C0
0.412000
0.,400000
¢.280000
0.2000c0
0.250G0C
£.212000
0.2Q00000
0.150000
a.138cC00
0.100000

§.100090
6.150000
0.26C000
0.225000
6.2500048
0.300000
0.315000
€.356008
0.4200008
G.422000
0.450C00
0.500020
0.51£000
0.550000
0.600000
0.£06000
8.6500040
8.7¢0200
a.15c0040
0.153000
0.8¢0000
0.850000
0.894000
€.500000
0.950006
1.00C000
1.04555%
1.04549998
1.112000
1.150000
1.200000
1.215559
1.249999
1.2456499
1.31£000
1.34999%
1.3£4596
14400000
1.4279499
L 450000
1.455000
}.4£5000
1.4£6568
1462999
1,450000
1.443999
1.412599
1.460000
1.349999
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L2

IRPLT CATA

GAS TEVFEGATURE CISTRIBUTION €K THE ELADE INNER AND UUTER SURFACE

BCUNCARY PCIRTS CN T-LIMES FCR LLRER SURFMCE OF
(STAFT FRCM I3 2 10 Iw 2¢&)

2760.00 2760.00 2760.60 2760.00 2760.00 27¢0.00 2760.00
27€0.CC 27€0C.00 27£0.00 2760.00 2760.00 2760.00 2160.04
BCUNCARY POINTS ON I LINES FOR UPPER SURFACE (F

(START FRCV I« 2 TC 1= 26)
2760400 2760.00 2760.00 2760.00 2716000 2760.00 2760,00
27£0.00 2760,00 27£0.00 27¢60.00 2760.00 2760.00 2760.04

ECUMCARY FCINTS CN ! LINES FCR LCMER SURFACE OF
(START FRCKM Ix 3 TC T2 24}

. 1540.C0 1540.00 1540.00 1540.00 1540.00 1540.00 1540.00

1640.6C 1546.00 1540.00 1540.€0 1540.00 1540400 1540.00
BCUNTARY PCINTS Ch T LIMES FCR UFFER SURFACE CF
(START FRGM 1= 3 TO 1= 24 )

PE40.C0 154C.C0 1540.00 1540.00 1540.00 1540.00 1540.00
1540,C0 1540460 1540.00 1540.C0 1540.00 1540.00 1540.00
BLCUMEARY PCINTS CN'J LIMES FCR MEARER SURFACE CF

(STERT FRCH Jx 2 TC J= 31 )

2760400 2760400 27¢0.00 2760.C0 27560200 2760.00 2760.00
2760.00 27€0.00 2780.00 2760.60 Z780.08 2760.00 2760.00

BCUNLCARY POINTS CH J LIKES FOR FARTHER SURFACE OF
(SYARY FRCH Jw 2 70 J= 31 )

27606.00 2760.00 2760.00 2760.00 2760.00 2760400 2760.00
2760.00 27£0.00 2760.00 27¢0.00 2780.00 2760.00 2760.00

BCLMCARY POINTS CH J LIRES FCR KREARER SURFACE OF
(STAFY FRCM J= 3 TC J= 20 )}

1540.00 1£40.C0 1540.00 1540.00 1540.00 }540.00 1540.00
1540400 1540400 1540.00 1540400 1240400 1340.00 154Q.00
ECUNCARY POIRTS GN J LINES FOR FARTHER SURFACE CF
(51288 FRCP J= 3 TC J= 20 }

1540.00 1540.00 1540,00 1540.00 1540.00 1540,00 1540,00

CUTER BCUKRARY

2160.00 2760.00
2760.60 2760.00

QUTER BOUNCARY

2760.00 2760.00
2760.00 2760.00

INNER BOUNDARY

1540.00 1540.00

IANER BOUNDARY

1540.00 1540.00

CUTEA BOUNTARY

2T606.00 2750.00
2160.400 2760.00

QUTER DBOUNGARY

2760400 2760.00
2760.00 2760400

INNER BOUNDARY

1540.00 1540.00
1340.00 1540.00

ENNER EOQUNCARY

1540.00 1520.00

1540.C0 154000 1540400 31340.40 1540.00 1550.€0 1946.08 £540.00 1340.80

2760.00
2760.00

2760,080
2760.00

1540. 00

1540, 00

2760.00
2760.,00

2760. 00
2760.00

1540.00
1540.00

1540.G0
1540.00

2T50.00

2760400

1540.00

1540.00

2760400
276,00

2160.00
2760.00

1540.00
1540.00

1540.00
1540.00

2760.00

2746000

1540.00

1540.00

2760.,00
2760.00

2760400
2150.00

1540.00
1540.00

1540.00

2760.00

2T60.00

1540.00

1540. 00

2760.00
2760.00

2760.00
2740.00

1340.00
1540.00

13540.00

1540400 1540.06

2760.00 27460.00

2760400 2740.00

1540.00 1540.00

1540.00 1540.00

2T60.00 2760.00
2T60.00 2760.00

2760.00 2760.00
2760.00 2760.00

1540.,00 1%40.00

1540.00 1540,00

_ wﬂﬁ B00d wy
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IAPLY GATR

HEAY CCEFFICIENT CISTRIBUYION ON TYE BLADE IRNER AND QUTER SURFACE

ECLALARY PCINTS CN [-LIMES FCR
(START FROM L= 2 TG In 261

4.51 2.40 2.12 1.53

Z.2€ 2,5 2.81 2057

BCUNCARY POINTS ON I LINES FCR
(START FRCM 1= 2 10 Ix 2&)

4.5% 4.06 4458 S.14

- 1§ .67 .51 £.41

BCUMCARY PCIATS CN T LINES FOR
(ST1AFY FRCM I 2 TO e 24

9.03 B.19 5456 Se 2
i.61 2.08 .26 | 2.57
BCUKLARY PCIATS CN I LINES FOR
LETART FRCP I» 23 TL 1= 24
8.89 5.58 EPLY 5.49
1.12 1.61, Z.12 2.45
BCUKCARY PCINYS CN J LIMES FCGR
{S1ART FRQOM Je 2

b.24 5.10 4.86 481
1.£8 1.78 1.72 1.¢¢

BCUNCARY POINTS ON J LIAES FOR

($18RT1 FRCKF J» 2 TC o 31 B

5.2E S.21 .21 S.22
S.EE 5.72 5.78 5.82

BCUANCARY PCINTS R 4 LINES FCR
{START FROM J= 3

2.78 2,78 2.78 2.78

1.35 1.36 1.88 2.8

BCURCARY POLINTS CN J LIMES FOR
{START FRCM 4= 3 YO J= 30

5.10 4.86 4.69 4.40
1.2% 1.39% 1.39 - Y44

10 4= 21 )

LCHER SURFACE OF OUTER BOUNBCARY

E.50 1+84 1.74 leT4 1.49
24€5 4.31 469 4494 517

UPPER SUAFACE OF CUTER BOUHDARY

5.63 5.G% 6.11 6.22 . 6.31%
£.40 5.33 5.28 Se24 5,21

£OWER SUARACE OF
}

IKMER DOGUNDARY

5enS 556 5.42 5456 Se21
278 2478 ¢.78

UPPER SURFACE OF
}

ERNER BOUNDARY

5.86 k2 §5.96 5e42 Se86

299 .62 4494

MEARER SURFACE QF GUYER BOUNDARY

4,31 3.99
1.67 1.67

{0
-l O

3 3.06 2481
i a71 l.88

FARTHER SURFACE OF

.24 Selb 5.29 5431 5.38
5.E8 LIS ) 6,01 £.11 6.18

MEARER SURFACE OF INNER BOUNDARY

€ J= 301

2.7 2ot 2.49 2429 2.18
3.89 .28 5.5¢& 5.49 %456

FARTHER SURFACE CF
]

IMVER BCUNDARY

‘2.22
3498 S437 Jed2

8,17 26§ 2433 2440
2,43 -- 1,19

QUTER AOUNDARY

1.67
Se208

Gad?
5e28

Fe47

S.49

2.57
§.28

5438
6.28

1.98
B.48

2.05

Je8b- -

Lot

Gad9

Z+08

3.21

2.57
b7

LT
3.32°

l.88
B.89

1.9%
-Sah? -

li?%

Ge3%

L.39

3.33

2437
630

Se47
6.45

LT5
6.9%

te.01

- Be38

8%

G268

1+3%

1.60

2.26
4.51

%551
&.39

1.61
Bad2

1.70
1 -1

2.06

G082

Le33

139

2.13
4.04

151

.08

2u2b

5.92

1.72

1.51

Se60
6.31

.39

L
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INFUT CATA
CCCLANT MASS FLOW DIETREBUIICA

BCURCARY PCINTS ON 1 LINES FOR LOWER SURFACE OF IHRER DOUNDARY
LETART FROM 1= 3 TC = 22 )
0.0 44100 543700 6.3700 843300 Be3300 1042900 10.2900 12,2500 U2.2500 26.4400 26.9000 26.4600 26,4500 26,4600

ZEL4E00 2ELAC0C 26.4L00 26,4600 26,4600
BCURCARY PCINTS CH T LINES FCR UPPER SURFACE OF TARER BUUNDARY

(STARY FACH I= 3 YO Y= 22} .

0.0 4100 643700 643700 843360 823300 10.2900 102900 12.2500 B4.2100 26445600 26.4000 26-4&00 26-¢éOG 26,5600
2ELAE00 26.4L00 76,4400 2604800 28.4400

IAPLT DATA
VELCCITIES AT PCINTS WHERE ADEABATIC WALL TEHP IS TO 8E OEVERMWINED

BCUNCARY PCINTS €N I-LIMES FCR LCWER SURFECE OF QUTER BOUNDARY
CSYARY FRCM I« 22 TC 1= 28}

16A1.6E 1635.00 2030.00 226£.00 2416480

~

ECUACARY POINTS ©H J LIMES FOR REARER SUAFACE OF QUTER BOURDARY
{START FRCY J= 2 Y J= @ ) '

2350460 2150400 1975.00 1796456 1631040 140800 1388432

Vb ¥ood &@d
“suvd TVNIDIEG
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IMPUT CATA

PHYSICAL PARAHMEVYERS CF THE GRID SVSTEN

Di=C. 050 C¥»0.050
fk= 27 AY= 32
N3= 2 K4«

hXCe

hla
31

165 hRE= 94
2 Ni= 25
hSe 21 Réo a NYst i3

PRCPERTIES OF THE BLADE AND YHE COOLANT

L8=0,339000 XH=0.537500 CPrl,270200
PRACH d.72 ALPHAS Gt TCOLNe 3540,.00 TEHPCw 1540.00
DERSC~ 0.451319992% CPCe Q42585999570 VISCCaDe 2650299800E-0%,

T1EFATICN CHECHS

CVEs 1.000 SUMM=e

g.020

hTEs 100 FHAHw 300

tPs ]

FLOC=

G=2602

XIITVAD H00d d0

I §Hvd IVNIOIHO



SLEROLYINE CLRVE -CUTPLT-~

150,CLTER BCUNCARY. Ixl,INRER BCUNCARY
Ip BCULACARY FCIAT NULNMEER

(E2,C2) £S TPE POINT CN THE BCUNDARY. (81,CEF ANO (83,030 ARE THE SURROUNDING PCINTS ON ELAUE. AoBsCs ARE THE COEFS
TF THE FARBCLIC CUPVE Y=A+4Ba)#{A)4X

6CT

1w 81 c1 P2 c2 B3 €3 5 B c

0 3 0.02600 1.25000 0.0£000 1.23800  §.10000  1.22700  1.26489 =0.69665  3.1T7€83  KMNx -0.370962
0 104 €.10000 1.44700 0.C5000 1,40000 0.01308  1.35000  1.32936  1.54925 ~4,7260L  XMN= 1.176443
© 4 C.05CC0  1.23800 €.10000 1,226 €.15000  1.22600 1.25900 =0.52005  1.99997  XVN< =0.120056
1 I 0-10000 1.3%0C0 0.10000 1.31400 0.31400  1.30000 100.00000 100.00000 100.00000  XHN=119.999985
1S4  C.12ECC  1.4C000  0.10000 1.35006  0.10000  1.31400 100.09000 100.00000 100.00000  XMK=119,933905
6 107 0.10400 1.4£000 €.10000  1,44700  0.65000  1.40000 '1.33539  1,46772 =-3,51010  XMN= 0.76569¢
0 5 0.10000 1.22700 C.15008 1422600  0.20000 1.21900  1.21100  0,28003 =-1,1999  XMN= -0.079949
i 3 0.11400 1.30000 C.15000 1.26800  0.20000 1.26500  1.32872 -0.190tl =-0.54251  XHNx -0.352666
1 €2 £.70000 1.44400 €.1E000 1.41300 0.12000 1.40000  1,09588  3.23474 -T.4T174  XMN=  0,993222
0 101 C.1ECCO  1.50000 Q.15000 1.46300  0.10400  1.45000  1.34445  1.22121 ~-1.98394  KWK=  0.620027
0 6  0.15000 1.226C0 €.20000 1.21500 0.25000 1.20500  1.20500  0.34999 =-1.39997  XMN= ~0.20999%
1 4 0.15000 1.28800 €.20000 1.26506  €.25¢00  1.2€100  1.41100 ~1.15005  2,20009  XMN« -0.270001
1 51 €.213CC  1.45000  ©.20000 1.44400 0.15000  1.41300  1.24458  1.49955 ~2,51620  XKN= 0.493033
¢ 99 €.25000 L2700 C.z000D TE1100  6.18000 1.50000  1.28272  1.79873 =3.28668  XMN= 0.484061
0 1 0.20000 1.21500 0.25000  1.26500 , 0.26400 - 1.,20000  1.21475  0.26279 -1,20549  KMN= -0.339950
1 5 .20000 1.26500 €.25000 1.26100 ~ 0.28506  1.25000  1.21022 < 0.65697 ~1.81558  XMN= -0.250013
1 €5 0.300€0 1.470€0 0.25000  L.4€3G0  0.21300  1.45000  1.24581  1,47579 ~2.42940 XM= 0.261087
¢ S8 £.20000 1.53600 €.25000 T€3780  0.20000  1.%1100  1.37700  0.95017 -1.40001  XYNs  0.250165
0 §  0.5(400 1.20000 €.20000 1.LETCO  G.35000  1.16400  1.20429  0.28724 -1.14973  XMN= -0.402599
i 7 0.28500 1.25000  €.20000  1.24406  0.25000  1.21500  1.23242  0.49882 =L.54046  KMNx -0.425460
Y EB  C.3£0C0  1.46500  0.20000 L.47000  G.25000 146300  1,30799  1.01994 -1.59976  Kih= 0.060080
¢ $71 -C.25000 1.53300 (-20000 Te3gpo €.25000 1.52700 1.30201  1,49987 -2.39964  XMNa  0.0¢0081
0 10 0.30000 1.1£700 0.25000 1.16400 °0.37100  1,15000  1.C1939  1,4327¢ -2,91L05  XWH= -0,604996
1 2 (.20000 1.24406{ €.35000 1.21900 0,3§100  1.20000  1.24761  0.40591 ~1.39434  XMNa -0.570126
1 &7 £.400C0 1.455C0  0.25000  1.4€500  0.30000  1.47000  1,20299  1.67014 ~2,60023  XHR= -0.150015
0 S&  €.400C0 1.52100  0.35000 .£3200  €.20000 LE1L00  1.36456  1.11009 =1,80008  XMN= =~0.149967
0 12  0.371¢0  1.1£000  €.40000 1.13600 0.42900  1.10000 -0.61078  9.59536 -13.0705%  XMN- -0.861107
L 10 0.30130 1.20000 €.40000 1.1€706  0.45000 115000 1,33760 ~0,05368 -0.80803 - XMH= ~0.700739
1 €6 0.41300 1.45000 0.40000 1.45500  0.35000  1.46900  1.33443  0.96731 ~-1.66220  XuA= ~0.362450
0 95  C.45000 1.£0100 <.40000 1.5216C  0.35000  1.53300 1.39298  0.96017 -1.60012  XMN= -0.319927
0 14  0.42900 1.10000 0.45000 1.07800  0.47500  1.05000  1.24523  0.23498 -1.56896  X#N= ~1.077091
1 11 £.40000 1.18700 ©.45000 1.15000  0.49800  1.10000  0.92805  1.67681L ~3.07883  XEh ~0,894144
L 84 0.48500 1.40000 0.45000 1.42€60  0.413€0  1.45000  1,16536  1.86765 -~2.05358  XHNx ~0.700575
0 54 €.45300 1.50006 0.45000  1.501C0  0.40000  1.52100  1.90B04 ~1.47368  1.26316 XM= -0.336842
6 36 0.475C0 1.C5000 €.50000 1.01500  0.51400  1.00000  0.92663  1.67391 -2.98636  XMi~ -1.313042
U 13 ul4seso  1.10000 0.50000 1.CS800  0.53000  1.65000 -0,04059  5.56063 -6,58823  XMN -1.013607
1 £2 C.E26CC  1.35000 £.50000  1.30500  0.40500  1.40000  0.41525  4.72607 ~5.01518  XMH= -1.089108
0 92 ©.52300 1.4500C ‘50000  1.466CC ©.45300  1.50000 1.25980  1.606835 <-2.37983  XMN= ~0.771473
0 1¢ ©0.51400 1.00000 0.55000 0.55000 0.58500  0.50000  1.55380 -0.79414 -0.55896  KNH» =1.408993
! 15 C.526c0 1.0%00¢ 0.550¢0 1,07100 0.57200  1.00000  3.41223 -7.14569  5.11920 Kih= ~1.514571
Y  fo o0.se16C  1.3C000  C.55000  1.31€60  0.52800  1.35000  2,9774h  ~4.54135  2.76692  XAlw ~1.497745
¢ 50 0.564C0 140000 6.55000  1.4190¢C 'E2300 1.45000 0.58369  4.31923 ~5.09615  XUN= ~1.286537
8 20 O0.5€50C  0.$0000 €.60000 0.8780¢ 0.62100  0.85000  3.04908 ~5.83246  3.08506 XMl -1.409425
1 17 0.51200 1.CC000  0.€0060  C.SENOC  €.£0700  0.65000  0.04511  4.55130 -5.10435  XUNe -1.533912
1 171 C.e1600  1.20000  €.60000 1.22000 0.58500 1.25000  2,40039 -1.96438 ~-0.01363 XN« -2,00312%
0 87 0.62500 1.30000 (.€0000 1.34506  0.59800  1,35000 1246875 -34.54544 26.72726  X4N= ~2.472733
0 22 0.62100 0.85000 0.65000 0.80900 0.65700  0.80000  3.11572 -6,86721  3.57377 ° Xhho «1.321313
1 20 0.£4300 0.90000 G.65000 0.65000 0.67800  0.85000 1.81919 -1.41739 -0.00070 HMN= ~1.420695
1 14 0.€5400 1.10000 0.€5000 K.11300  0.63300  1.15000 =18.47298 63.29186 -51.04166 XN« -3,062485
0 85 €.67000 1.20000 0.65000 1.25000 0.£2200  1.30000 -1.9683% 12.18037 ~E1.12732 KAk~ ~2.205142

ad 9004 I0
Y NIDIE0

g1 4bvd

!



0C€T

ITERATICh=
ITERATICA=
TTERATIC=
ITERATICA=
{1ERATICH=
ITEFATICh=
ITERATICA=
ITERATIE M=
L1ERATICA=
ITEFATICA=
1T1ERATICH=
TTERATICA=
1TERATICH=
LTERATICA=
IVERATICH=
TTEFATICH=
ITERATICHh=
ITZRATIChE
I1€C€a1 b=
JITEFATICH=
ITERATICA=
TTERATICHh=
FTERATICH=
ITEFATICH=
TTERATICH=
1TERATICH=
[TERATICH=
ITEQATICH=
11632 ICh=
TTERATICK=
ITERATIC A=
ITEFATICM=
TTERATICH=
ITEFATICh=
TTERATICh=
TTERATICA=
ITEFATIChS
ITERATICK=
ITERATICAS
1TERATICh=
IYERATICA=
ITEFATICAS
TTEFATICH=
ITERATICh=
ITERATICh=
TTERATICA=
FTEPATICH=
LTERATICHh™
ITERATICA=
LTERATICH=
T1ERATECH=
[1ERATICA=
ITEFATICH=
11ERATICH=
ETERATICH=
ITERATICA=
[TFRATICA=
ITERAYICA=
1TERATICH.
FYERATICH

CeR--R R R N RN XY

13
14
15
16
17
ie
15
20
21
22
23
24
2
26
27
z8
29
30
31
a2
33
34
35
24
¥
ag
a9
40
41
42
43
44
45
46
47
48
45
50
5t
£2
53
54
55
56
57
58
%9
[.11]

ER2CR~
EPPCR=
EPRCR=
EROCR=
ERRCARx~
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ERRCR=
ERRCR=
ERRCR=
ERRCR=
ERRCR=
ERRCR=
EFRCRa
ERRCRw
ERRCR=
ERRCH=
EPRCR=
ERFCF=
ERRCR>
ERKLCR=
EPPCR=
EARCP =
ERRCR=
ERACR=
ERRCA=
ERRCR=
ERACR®
ERRC ft=
ERRCR=
ERACA®
ERQCR=
ENACHR»
ERRCA=
ERRCR=
EfRCR=
FRRCR=
ERECH=
ERRCA=
ERPCA=
ERRACR=
ERRCAx
ERRL R«
ERPCR=
ERRQOR=x
ERRCR=
ERR(CA=
ERRCHR=
EqpCita
EARCA=
ERACHS
ERACH=
ERROAm
ERRCRw
ERRCA=

0.1BEE4E
0.E5SC4E
f.23859¢
0.12171F
0.15721E
0.54534E
0.41€26E
0.22382F
0.25427¢
0.2011¢E
0.15%52E
0.12151E
0.10158E
0.81741E
D.E5&4GE
0.5205¢E
0.42614E
€. 2440 €E
0.27819E
0.22511E
0,18242F
G 14TETE
G 11551F
0.5TZ41E
0.78858¢F
0.E3S75E
0.51608E
0. 415468
0.2352¢F
0.27422E
0,22151F
0.1761€E
Qs 144CEE
0.11855€
0.63221F
0.T4851E
0.£0115E
0.48218F
0.28641F
Q. 20%4CE
Q.247¢2F
0.15EC1E
0.15627F
0.12641E
0.10107€
0.80685E
QL4427
0.51455E
0.41113E
0.3Z2171E
0.26114E
0.20528E
0.16711E
0.13345E
0. 10656E
Q.B%C25E
0.68103E
0.54322E
0.43450€
0.24733¢F



J=n

10

11

12

13

14

T«MATRIN,GEIVES ALL INYERICR
CALY THOSE INSIRE BLADE ARE

}
14

2400.0C
74C0.00
24C0.CC

2407.00
24aco.cl
24C0.CC

2460.0C
24CC.0C
240,00

2400.09
24C¢0.00
AT 4

2400,0C
2420.0C
225,28

24C0.u0
24(6.CC
$ZZS,EE

2400.0C
2460.CC
Ze2l.1

2400.4006
24C0.C0

$283.51

24G0.00
24C0.00
2:50.82

2400.00
24CC. 00
2247461

2400.0C
2400.0C
2400.CC

2400. 00
2400.00
EACO.CC

2400.00
2409.0¢C
ZACC.CC

24C0.00
24€L.00
24€0.0¢C

4
17

24€0.00
2400.00
24CC.00

2400.00
24€0.00
£400.00

2400400
2400.00
2400.00

24C0.0C
24€0.00
240C.80

2400.00
2400.00
1400 L0

2400.00
2400.00
z4(6.00

2400.06
24C0.00
24604040

2400.00
2400.00
26CC.LC

24¢€0,00
2460.00
zacC,0C

2400.00
2460.00
Z4C(C.00

2400.00
2400.00
2400.00Q

2400.00
2460.00
2ACC.00

2400.00
24€0.00
Z4(C.00

2400.00
2400.00
24LC.CO

3

I8
2400.00
2400.00

2400.00
24C0.00

25400.00
2400.0C

2400.00
2500.00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2460.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2600.00

2430.00
218076

4
19

2400.00

2400.00

2400.00
2400.048

2400.00
244G4.00

2400.CC
2404.400

£400.00
2400.00

€500.00
24006.00

2400.00
2400.00

2400.00
2400.00

240000
2400.00

2400.00
2400.00

2400.00
24C0.00

2400.0C
2400400

£400.00
2109.41

€400.00
2400.30

PCIATS.EANITIAL SETTING OF T 15 1600.0
CHANGEE AME WILL GE OIFFERERY FROM 1600.00

]

20
2400.00
2450.00

2400.00
2400.00

2400.100
2400.00

2400.00
2400.00

24Cta00
2400.00

2400.00
244000

2400.00
2400.00

2400.00
2400.00

2410.00
2400.00

2500.400
2400.00

2400.00
2400.00

2400.00
20en. €L

24C0.C0
2090476

2480.€0
2400.00

&

21
2400.00
2400.00

24400.00
264C0.060

24G60.00
246C.00

2400.00
24L0.00

24C6. 00
24C0.00

2400,00
2400.00

24¢0.00
2600.00

2400.00
25¢0.00

2400,00
2400.00

2%60.00
2400.00

2400.00
24(6.00

2400,00
20G4.41

24C¢.00
2400.00

2400.00
2400.00

7

22
2400.00
2400.00

2400.00
2400.090

2400.,00
2400.00

2400.00
2400.00

2400.00
2400.00

240000
2400.00

2400.00
2400.00

2400.00
2400.040

2400.00
24C0.0¢

2400.00
2400.00

2400.00
L93le61

2400.00
2400.00

2400.00
24100400

2400.00
2400400

1}

23
2400.00
2400.60

2400.60
2400.00

2400.00
24006.400

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400400
2400.00

2400.00
2460.00

2400.00
2400.00

2400.00
1903.84

2400.00
2400.00

2500.00
2400.400

2400.00
2400.00

2400.00
2400.,00

9

24
2400.00
2400.00

2400,00
2400.040

2400.00
2400.00

2400.00
2400.00

2490.09
2400.60

2400.00
2400.00

2400.00
2400.00

2400.,00
2400.00

2400.00
196,22

2400.00
1853.27

240G0.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2256.12

10

25
2400.00
2400.00

2400,00
2600.08

24004 00
2400.00

2400,00
2400.08

2500.00
2400.00

2400, 00
2400.00

2400.00
£1953,31

2400.06
1912.25

2400.00
2400, 0¢

2400. 00
240G0.00

2400400
2400.00

2400,00
2400.00

2400.00
24060.040

2400.00
2298.9¢

11

2400.00
2400.00

2400.00
2255.46

240000
2101.74

2400.00
2002.86

2400.00
1958.21

2400.00
1931.79

2400400
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.040
240000

2400.00
2400400

2400400
2158.02

2400.00
2298484

12

2400.00
2333.60

2400.00
2181.92

2400.00
1992.52

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2460.00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2600.00
2400.00

2400.00
2240416

24Q00.00
2403.00

13

2400.00
2400.00

2400.00
2145.6%

2400.00
1875.0%

2400.00
2400.00

2400.00
2400.60

2400.00
2400.00

2400.00
2400.00

2400.00
26400.00

2400400
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
2199.46

2400.00
£500.00

2400.00
2400.00

14

2400,00
2400.00

2400.00
2099454

2400.00
1996. 63

2400.00
2400,.00

24080.00
2400.00

2400.00
2408,00

2400.00
2400.00

2400.00
2400.00

2400.00
2400.00

2400.00
25400.00

2400.00
2196.890

2400.00
2308.93

2400.00
2400.00

2400.00
2400.00

15

2400.00
2400.00

2400.00
2600.00

2400.00
2400.00

2400.00
209%5.87

2400.00
2087.57

2600.00
2400.00

2400.00
2400.00

26400.00
2400.00

2400.00
2400.00

2400.00
2226425

2400.00
2310424

2400.00
2400,00

2400.00
26¢00.00

2500.00
2400.00

RIFIVOD BO0d &0
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GAS TEMPERATURE DISYRIBUTICK CN THE BLADE INNER AND CUTER SURFACE

BCLACARY POINTS CN I-LINES FCR LOWER SURFACE OF
{START FRQ¥ I= 2 1€ 1I= 26 )

2760.00 2760.00 2750.00 2760.00 2740.00 2760.00 2760.00
240,00 2760.00 27€0.00 2760, 00 27€0.00 1765.57 1765.57
ACUMCARY PCIANTS CGN I LIMES FCR UPFER SURFACE OF

{STAFT FRCHM 1= 2 1O I= 2¢ |}

2760.00 2760.00 2760.00 2760.00 2760.00 2760400 2760.00
2760.00 2760.00 2760.00 27€0,00 276C.C0 2760.00 2160.00
BCUACARY POIATS ChN 1 LIMES FOR LOWER SURFACE OF

CSETART FaCK 1= 2 TC I= 24 )

1540.00 16Cl.52 1608.47 14626.05 1617.64 1629.92 1623.08
1721.€61 1741.65 1783.34 1765455 1€40.06 1540.00 1540.040
BCURCARY PCINTS CN I LIKES FOR UPPER SURFACE QOF

(START FRCK I= 3 TC I= 24 )
1540.C0 16(5.92 1609.084 163613 1£633.£0 1654486 1650434
1721461 1741.95 1783434 1765455 17165.57 1T62.57 1765.51
PCUMCARY PCINTS CN & LIMES FOR KEARER SURFACE OF
[START FRCP Ja 2 TC 4= 31 )

1600.16 LB27.17 1765.57 1T765.57 17165.57 LT65.57 1765.57
2760.C0 2760400 27£0.00 2740.00 27¢0.00 2760.00 2760.00

BCUMDARY POINTS CN J LIMES FOR FARTHER SURFACE OF
LSTART FRCF J= 2 TC J= 21 )

27€0.C0 2760.00 2760.00 2760.00 2760.00 2760.00 2760.00
2760.00 27€0.00 2760.00 2760.00 27€60.00 2760.00 27£0.00

BCUMCARY PCINTS €h J LIMES FOR NEARER SURFACE OF
(START FRavV J= 3 1C J= 3Q )

1540.00 1540400 1540.00 1540.00 1765.55 17€65.55 1753.34
1668405 1671422 1671.22 162%.61 1624.99 1633,28 1623.05
BCUACARY PCIATS Ch J LIRES FCR FARTFER SURFACE GF
(START FROV 4= 3 IC J= 30 )

116557 1T€5.57 1765.5T 1765457 LT65.5T LT65.5T7 1765.57
1721.87 1712.81 1712481 1712.081 1762.34 17¥02.34 1680.0%5

t

NUTER B0OUNCRY

2760.00 2760.00 2760400 2760.00
1765.57 1865.15 1927.43

CUTER BCUNCRY -

2760.00 2760.00 2760.00 2760.00
27¢0.00 27560.00 2760.00

INNER BUUNDARY

1633.29 1624.99 1635.81 1671.22

INNER BOQUNDARY

1669.84 1667.47 1669.75 1671.22

GUTER BOUNDARY

27160.00 2760.00 2760.00 2760.00
2760.00 2760,00 2760.00 2760.00

SUTER BOUNDARY

2T60.,00 2760.,00 2760.00 2760.00
2760.00 2760.00 2760.00 2760.00

IMNER BOUNDARY

1741495 1741.95 1731.61 1721.67
1629.92 1626.05 1540.00 1540.00

INNER BGUNDARY

1765.55 1765.55 1T53.34 1753,34
1668.05 16TL.22 16TL.22 1669.75

2760.00

2760.00

16 88.05

1683.05

2760.,00
2760.00¢

2760.00
2760.00

1721.87
1540.00

174195
1667.47

2760.00

2760.00

1702.34

1702.34

2760.00
27160.00

2760.40
2160.00

1712.81
1608.47

iT41.95
1669.84

2760.00

2760.00

1712.81

1712.61

2760.00
2716000

2760.00
276000

1702.34

1¥31.61

2760.00

2760.00

172t.07

1721.87

2760.00
2760.00

2760.00
2760.00

LT02.3%

1721.87
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TEMFERATURE CISTRIBUTION CN YHE BCUNCARY

BCUNCARY POINTYS ON I-LTKES FOR LORER SURFACE GOF
CETARY FRCP 3= 2 TC  I= 26 }

2271.97 2133.44 2040.33 2005.50 1999.09 19748.72 1958.56
2265.58 2213.64 23S2.86 23£S.E85 2760.01 2400.00 2400.00
BCURCARY PCINTS CN T LINES FOR UPPER SURFACE OF

{START FRCHF I= 2 TC I= 26 )

2267.69 2306.02 2330.60 2342.52
2408.54 2446.68 2379.60 2318.13

2099.64 2059.64 2199.12
2548.46 2B€Z2.61 2E24.E%

BCUNCARY PCIATS CN 1 LINES FCR ECWER SURFACE OF
LSTART FRCM = 3 TC 1= 24}

1564556 1517457 1925.76 1914.34 10892.72 16887.71 1071.10
2255.56 2220.23 2227.2¢ ZEELZ. 64 24CC.C0 24CC.00 2400,.00
DCUACARY PCINTS ON I LIAMES FCR LPFER SURFACE COF

(START FREM I= 3 TC t= 24 )

1875.01 1582.40 2070.26 2122.10 2141.22 2164.90 2162.32
24¢0,25 2413.1¢ 2365.12 £316.63 22i1.64 222%.48 23CB.ED
BCUNCARY PLINTS CN J LINES FOR KEARER SLRFACE OF

{STAFT FRCV J= 2 TC Jg= 21 }

2281.42 2400.0C 2400,00 2400.00 2400.00 2400.80 2564493
2226410 2182.47 2104.04 2104.04 201%.87 19495.4€ 1524.02

BOURCARY PGINTS CN J LINES FLR FARTFER SURFACE OF
{START FRCV J= 2 TC J= 21}

23E6Tu 4] 2354.66 236€9.99 22345.94 2350.45 2360.00 2349.90
257114 2545.72 2517.34 2529.35 2f864.78 2527.55 2503.89

BCUNCARY POINTS ON 4 LIMNES FOR NEARER SLRFACE OF
{SYORY FRCV J= 3 YL J= 30 )

CUTER BCUNGRY

19201.24 1927,80 1971,12
2400.00 2246.4% 2287.32

QUTER BOUNDRY

2346423 2345.40 2352,12
2332.20 2341.65 2376.58

INAER BOUNDARY

1853.27 1874.44 1962.43

[NKER SOUNTCARY

2173.86 2167465 2119441

QUTER BAOUNCARY

2381437 2381437 2353.27
1935.40 1584.91 2340.34

OUTER BOUNDARY

2408.46 2412.40 2457.69
2393.78 23808.13 2302.56

INMER BCUNDARY

2400.00 2400.00 2500.00 2400.00 2400.00 2760.0% 2333,97 2334,32 2341.52 2271.05
2173.35 2050.37 2054.58 2000.63 1902.20 1854.12 1844.54 1687.03 1918.00 1936.84

BCUNCARY PULATS CN J LIMNES FOR FARTRHER SURFACE OF INNER BOUNDARY

{SYART FRCM J= 3 TC &= 30 )

2206444 2210.31 2212445 2195.57 2226.05 229%9.52 2325.77 2358.36 2365.60 2408. 16
2458415 2448419 2474,57 2437.455 2341.32 2273.00 2187.54 2142.20 2108.2T7 2131.96

2058.61

2342.217

2077.11

2124446

2304.79
2333.60

2447.26
2322.74

2249.23
1875.01

2416414
2155.52

2139 .47

22T10.67

2140.73

2261.917

2295.57
2352.32

2496.53
2301,92

2265.81
1926.65

2458.68
2158429

2225.48

2296464

2210.82

2436480

2295.57
209964

2492.20
2345.98

2245.57
2084.42

2462.01
2166.322

2246.73

2354.52

2228.76

2574.10

2270.96
2099.358

2538.22
2350.44

2202.35

2691467

2295%5.20

2523.31

22556472

2485.85

2236.10
2237.61

2536.21
2345413

221%5.18

2462.07



VET

J=
31
30

25

2E

21

26

25

24

22

1

20

‘15

12

TEMPERATURE GISTRIBUTION INSIDE THE BLADE AND OH ITS SURFACE

2237.€1 2235,.28
299,58 2¢s5.087
LR
20699.84 1598.63
LLELE]
22522422 2145.6%
LY E R
2233.¢60 2181.92
Abhks
2340434 2255.86
LERA L]
1564.51 1953.31
WRNHB
1535.40 1506422
INAEN
1924.02 1503.04
L
1645.4¢ 152).¢7
kokRA
2C15.87 2006491
WNEAY
2104.04 2C50.76
kNARE
2104.04 2109.41
FEEL L
Z1E2.47 2180.76
[EEEL]

2229.88
2087.57
2166423
1526.65
2158429
1875401
218552
1592, 52
2131.9¢
2101.74
2108.27
1912.25
2142.20
184%5.5%
2187.5¢4
1854.12
2213.00
1502.20
2341,.22
2000.52
243795
20%4%.5

24The ET
2090.27
2440416
2173429
2490.13

2231.17
C0EA .42
2226.29

2154040

2166,.46

1936.84%

2240.1¢

2002.86

21528.02

18€7.03

2258.96

22%6,12

2532.48

»

i419.017

2528.22

2502.7%

2A5E.T6

2320.52

2253.91 2290.63 2347481 2333.13

2310.24 2350444

2208493 2345.90

2201.52

.

2322.74

1553421 1%31.79 1918400

2302.%¢

2388.13

23%3.78

2303.09

2E27.58

256%.78

2539.38

2563454 25717434

2543,.72
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2104
i1cl
flCs
FER
‘ia
£1°5
2124
HRY)
z1¢8
ei(9
z110
2111
2112
132
21154
2112
g
2} 17
Zl1E
119
2120
R}
2122
cle2
HFL]
Z128
13
2127
z128
f1z9
2130
2131
122
2131
124
2135
2136
327
Fli
ilts
£140
2141
zl42
2143
2144
148
2146
)47
148
2148
2150
F38-R4
ais2
FRRS)
2154
£15%
PR %-1-]

ks

214C «cS11
FEELFR AR
218F 082
ela% e ll
elet 53}
dlag i)
2les.t4%21
1At . €521
Z14E.¢531
2145 .£%31
2lat. €631
2145465321
2145,0931
Zi4E.4521
V48,6921
ZlaL.t5231
21462.£531
2145,6%31
2145 .£%21
2142 .¢9318
21456431
E1454¢531
2145 ,6921
£145,¢631
214846531
2145 ,£531
214544531
2148 .,£53)
2145446931
F1468.653%
210546931
214L,¢%531
E145,£652)
2145 ,6G31
2145.46%21
2145.€921
2145, 8501
F1LE.£921
EAELETRRE}
Jialendy
Tles.e52)
2145 ,uG21
214E.£%31
214844931
2145,0931
E188.45231
2181.,9199
21€E1.StED
2181.5180
218]) 45180
21&1.9180
2141 .9180
2181+9180
cl1E1.5180
218149180
21EL.5180
RIBLWG1ED

T -2

209%.625¢
206%,6356
20566168
20V .u25h
2ULS.03%8
2045058
2055,¢35¢
26%5.62%6
20G5.435¢&
2095.6256
2056.62%6
209G.£3%¢
2099.06296
2C€58.£36¢
209G.635¢
205540256
ZUGS.L25&
20096356
20%%. 6356
2066.636¢
2099.6396
2C5%=£35¢€
209G,£166
2066.6356
2065.636¢&
2099.6356
2056%.63%6
2065 .,636¢
2009.6396
2055, €256
2095.626¢
2865.6258
2066 €356
2u99.5308
205%.,6366
20966558
2099.6296
2665, 23568
SOV L2268
L A LY )
20%5.¢25¢
2099 .,0356
2055.6244
20656356
2099.62964
20554 €25¢
2145.£%2]
2145,6521%
2148.4%21
2145.,6%31
2145.6431
2145.6462)
Z2145,6521
214%5,4¢531
2145.6521
2145.6531
2148at82)

ISOTHERM AL L INE LOCATIONS
faac

C.5622
0.9705
CoSut T
Q.9i70
0.00%52
C.bezé
C.HEL9
C.ud2
C.BI1EE
0.7948
Q. 7750
€«7£22
Q.7T316
Cu7CG9
C.0EB2
Q0005
CuddnB
Q.6230
Q8013
[TEAAT]
Q.5579
Ce51C2
CeEL45
0.4928
€.0710
Cad493
Q. 4276
C.aCES
Q.3n42
Ced£25
Ce34C3
0.3:90
C. 2573
0.27£6
0.2529
Ce22i2
Q0.21405
C.lu88,
Celfe10
a1403
Cal22e
Q.1019
0.0802
Ce0EES
g.,0368
Ce01EY
Ce551%5
0.4639
0s53¢3
0.5087
o.0811
CoELTIY
QL8259
C.7582
C+77(7
07431
CeT1E4

h ]



9¢T

THE

JHE

TvE

THE

THE

THE

ISCTHERV
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LET

EFFICIEACY OF COOLTNG

BCUNCARY POINTS GN I-LTMNES FL? LCWER SURFACE
(START FRCM [= 2

OF CUTER BCUNCRY
TC 1= 2¢ )
4 0.4000 0.513¢ 0.5899 0.6184 0.6237 0.6469 0.6569 0.6803 0.560821 0.6466 0.5667 0.5086 0.4381 0.4207 0,3810

0.3804 03659 0.3009 0.215€ -C.0000 0.7Z551 Q42951 0.2551 0.4209 ,0.3874

BCUNCARY POINTS CN I LINES FOR UPPER SLPRFACE CF QUTER BCUNCRY

CETAET FRCM I= 2 TC Is 26 } '
vé 0.3218 0.5413 0.,4597 0.4035 0.3721 Q.3518 €.3422 0.3392 0.3390 0.3343 043424 0.3945 0.3796 0.3324 0.1940
0.1734 0.1615 0.1845 042222 0.29568 042116 0.2€22 0.3507 0.3425 043143
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[START FRCM J= 2 TC: 4= 31 )
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APPENDIX B

HEAT BALANCE EQUATIONS TO OBTAIN COOLANT TEMPERATURES

In this appendix, the equations governing the coolant tem-
perature distribution will be derived. A one~dimensional flow
analysis is performed down each inter tube-vane passage, account
being taken of the area changes, mass addition due to additional
impingement from the flanks of the tube and heat addition from
the vane walls. The temperature of the coolant inside the
impingement tube is assumed to be constant.

Referring to Figure 16, I=Nl and I=N7 are the I mesh lines
enclosing the impingement tube without intersecting it and
N71 = N7-1. To derive equations governing the temperature
distributions, consider the control volumes in the coolant flow
path. A typical control volume is made up of two consecutive
I mesh 1lines and two surfaces. The four types of control
volumes (Cvl, CvV2, CV3 and CV4} which are considered to cal-
culate the coolant tenperature rise are shown in Figure 17.

The sketches illustrating the mass balance and heat balance
for control volumes are shown in Figures 18 and 19 respectively.

Consider first the control volume CV1l, shown in Figure 19.

T@e heat balance equation for this system can be expressed

semantically as:

Influx of Influx of Rate of heat
enthalpy at + enthalpy from + inflow from
I mesh line the impingement the vane wall
tube

Efflux of enthalpy
= at (I+1l) mesh
line

or mathematically as
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m(i,3)Cp TG(i,3) + Am(i,B)Cp TCOLN

+ h(i,3) [TB(i,3) - TG(i,3)] As(i,3) LB

= ﬁ(i+l,3)cp TG {i+l,3) (b.1)
where m(i,3) = +total mass of coolant entering the control
volume at I mesh line per unit time (see
Figure 18).
Cp = sgpecific heat of coolant at constant pressure.
* TG(i,3) = coolant temperature at I mesh line intersection
point on the inner lower surface.
am(i,3) = coolant mass added to the control wvolume between
I and I+l mesh lines from the impingement tube,
per unit time.
TCOLN = temperature of the coolant in the impingement
tube.
h(i,3) = heat transfer coefficient at I mesh line inter-
section point on the blade inner lower surface,
T™8(i,3) = blade temperature at I mesh line intersection
point on the blade inner lower surface.
As(i,3) = surface distance between consecutive points on
inner lower surface intersected by I mesh lines,
{(see Figure 18).
LB = Jlength of the blade.
m{i+1l,3) = total mass of coolant leaving the control volume
at (I+1)} mesh line per unit time.
TG(i+;,3) = coolant temperature at (I+l) mesh line inter-

section point on the inner lower surface.
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The equation (b.1l) can be written in a more convenient form
as follows:

m(i,3)C_ TG(i,3) + am{i,3)C_ TCOLN + Q{(i,3)as{i,3)LB
TG(i+l,3) = P 14

m(1+l,3)cp
{(b.2)

where Q(i,3) = hi(i,3) [TB(i,3) - TG(i,3)] (b.3)
Following the same procedure described above, a similar
equation can be obtained for the control volume CVZ2 shown in

FPigure 19 as follows:

m(i,4)Cp TG({i,4) + ﬂm(i,é)cD TCOLN + Q({i,4)As(i,4)LB

TG(i+1l,4) = .
m(i+1,4)cp

(b.4)

where the second subscript 'four' for the wvariables appearing
in equation (b.4) refers to the conditions at a point on the
upper inner surface.

rReferring to Figure 19, the blade inner upper and lowver
surfaces and the mesh lines I=N7 and I=N71 define the boundaries
for the control volume CV3. The two streams of cocolant coming
from the lower and upper surfaces of the impingement tube merge
at I=N71 1line. The heat balance egquation for this system
(CV3) can be written as follows:

ﬁ(i,s)cp TG(i,3) + i(i,4)cp TG(i,4) + 0(i,3) As(i,3)IB

+ Q(i,4) 4s(i,4)1B

m(i+1,3)cp TG (i+1,3)

H

ﬁ(i+1,4)cp TG (i+1,4) (b.5)
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Since, for I > N71, m(i+l,3) = m{i+l,4), equation (b.3) can

be rewritten as follows:
TG(i+1l,3 = TG(i+l,4)

[5(1,3)cpTG(i,3)+&(i,4)cpwe(i,4)ﬁg(i,3)As(1,3)L3+Q<i,4)aS(i,4>L51

ﬁz(i+1,3)cP

(b.6)

Finally, the heat balance eguation for the system CV4 shown
in Figure 19 can be written as follows:

»

m(i,3)cp TG(i,3) + 0(i,3) As(i,3)LB + Q(i,4) As(i,4)LB
= ﬁ(i+1,3)cp TG (i+1,3) (b.7)

Since, for I > N71, m{i+1,3) = m(i+1,4), eguation (b.7) can
be rewritten as follows:

TG (i+1,3) = TG(i+l,4) =

ﬁ(i,s)cp TG(i,3) + O(i,3) As(i,3)IB + Q(i,4) As(i,4)LB

é(i+1,3)cp
(b.8)

The eguations {(b.2), (b.4}), (b.6) anrd (b.8) are incorporated
in the main program to calculate the coolant temperature rise
over an incremental length As.
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