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AN ANALYSIS METHOD FOR TWO-DIMENSIONAL

TRANSONIC VISCOUS FLOW

By Paul C. Bavitz 1

Langley Research Center

SUMMARY

A method for the approximate calculation of transonic flow over airfoils, including

shock waves and viscous effects, is described. Numerical solutions are obtained by use

of a computer program which is discussed in the appendix. The importance of including

the boundary layer in the analysis is clearly demonstrated, as well as the need to improve

on existing procedures near the trailing edge. Comparisons between calculations and

experimental data are presented for both conventional and supercritical airfoils, emphasis

being on the surface pressure distribution, and good agreement is indicated.

INTRODUCTION

Higher cruise speeds with improved transonic performance are currently being

demanded of new aircraft designs. A fundamental requirement in achieving these goals

is the development of an effective method for the aerodynamic analysis of transonic air-

foil sections, including viscous effects. The approach most widely used to account for

viscous effects in an analysis was first suggested by Prandtl. The boundary-layer dis-

placement thickness is added to the original geometry and produces an equivalent inviscid

shape which represents the displacement of the inviscid-flow streamlines by the boundary

layer. This procedure has been successfully applied to compute incompressible viscous

flows with compressibility corrections (ref. 1, for example), but has never been incorpo-

rated with a fully compressible inviscid analysis, including embedded shock waves, as is

herein attempted. (Similar efforts are, however, currently underway at the Courant

Institute of New York University.)

The requirement for a viscous transonic analysis stems from the dramatic effects

that the boundary layer has on shock location and lift in transonic flow, as compared with

the innocuous results it produces in incompressible flow. Unfortunately, the region con-

trolling most of these effects is near the trailing edge, where no theory yet exists to model

the correct behavior of the flow. Because Prandtl's method is not valid, in general, near

1Grumman Aerospace Corporation; work done as Industry Research Associate at

Langley Research Center.



a separation point, empirical procedures are required to generate the effective inviscid

shape near these regions. Recent advances in both inviscid and boundary-layer analysis

methods for compressible flow (ref. 2) however prompted this somewhat crude attempt at

a combined solution. Specifically, this report defines an engineering technique, in the

form of a computer program, to predict airfoil performance at transonic speeds; the

method is a combination of existing analytical methods which have been modified by

empirical formulations where necessary.

SYMBOLS

a speed of sound

al,G,L empirical functions in boundary-layer analysis

Cp pressure coefficient

c airfoil chord

cd section drag coefficient

c l  section lift coefficient

cn section normal-force coefficient

H shape factor

K factor defined by equation (7)

M Mach number

Mdd drag-divergence Mach number

p pressure

q2 = u2 + v2

R Reynolds number

r,O polar coordinates

2



r l  recovery factor

tlr 1
ti constant such that 7

a,

U,V, variables (see eq. (5))

u,v velocity components in x,y directions

x,y Cartesian coordinates

xs  shock location

a theoretical angle of attack

y ratio of specific heats

6* displacement thickness

6 rate of dissipation of turbulent kinetic energy per unit mass

p density

7 shear stress

4) modified velocity potential

velocity potential

w modulus of derivative of map function

Partial differentiation is implied when x, y, r, or 8 appear as subscripts. Over-

bars and primes denote mean and fluctuating quantities, respectively, in the boundary-

layer analysis, and their absence indicates instantaneous (mean plus fluctuating) quantities.

THEORETICAL FORMULATION

General Discussion

The overall problem of defining the viscous aerodynamic characteristics of transonic

flow past airfoils is divided into three broad areas: inviscid solution, boundary-layer

3



solution, and combined iterated solution. The inviscid method consists of an iterative,

finite-difference, numerical solution of the exact potential equation

(a2 - pxp -
2 x y xy + (a2 - ,>, = Q (1)

for two-dimensional, steady, irrotational flow. The boundary-layer analysis models only

turbulent flow and numerically solves a system of equations consisting of the mean

momentum equation, the mean continuity equation, and the turbulent energy equation.

This system, after simplification, can be expressed as

(pi)x + + p'v' )=

()q2) + (pv + j ) - p +2v p v 2(2
Sy y 2 2

t1 r l (y - 1)M 2 T(T/ )

-pe -
ual

The combined solution employs an iteration scheme to link these two analyses. This

procedure is initiated by computing the inviscid pressure distribution about the physical

airfoil and then describing a boundary layer based on this distribution. The boundary-

layer displacement thickness, adjusted by'the empiricism mentioned in the introduction,

is added to the airfoil to produce an equivalent inviscid shape. Then a new inviscid cal-

culation is performed. The resulting pressure distribution is used to redefine the bound-

ary layer, and so forth, until the iterations converge. An illustration of the fundamental

features is shown in figure 1.

The individual analysis methods were selected from several available computational

schemes not only by examining their capability to correlate with data but also by examin-

ing any specific characteristics which would be desirable in the combined solution. For

example, the boundary-layer analysis method provides excellent correlation with the

experimental displacement thickness on the upper surface of an airfoil forward of about

90 percent chord and poor correlation near the trailing edge. Although it underpredicts

the displacement thickness in this region, it is consistent in doing so. By recognizing the

inherent failings of any boundary-layer analysis near the trailing edge, particularly on a
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supercritical airfoil, and by realizing that some modification will be necessary, it

becomes obvious that consistent results can only be derived by starting with a method

which is, in some sense, consistent. Only brief descriptions of the inviscid and boundary-

layer analytical methods are included in this paper; a more detailed explanation can be

found in the appropriate references. However, the combined solution, the empiricism,

and the requirements for convergence are discussed in detail in the next section.

Inviscid and Boundary-Layer Analyses

The method used to analyze the inviscid flow was developed by Garabedian and Korn,

(ref. 3) and it implements a rapidly convergent transonic finite-difference scheme defined

in reference 4. A similar analysis was also developed by Jameson (ref. 5). The coordi-

nate system, suggested by Sells in reference 6, consists of mapping the interior of the

unit circle conformally on to the exterior of the airfoil with the point at infinity corre-

sponding to the origin in the circle plane. The modulus of the derivative of the map func-

tion w is calculated by using a finite-difference approximation based on uniform mesh

sizes in r and 0. As an initial guess of the conformal mapping, a Fourier series is

computed at equal intervals on the unit circle.

In this coordinate system, equation (1) becomes

- 2r3W2 (oor 0 + r4w r W-3 (02 + 2r2) + r(a2 + r2w-2 0
2 - 2r4w-2 r 2)r

rw-3 0 2 + r2 r2) [w0 sin (0 + a) + rwr cos (0 + a

(3)

where the singularity at the origin is removed by the substitution

= - cos( + 0a) (4)
r

The circulation is determined at 0 = 0 by using the Kutta-Joukowski condition; that is,

the velocity at the trailing edge is required to be continuous. A finite-difference scheme

related to that of reference 4 is used to solve equation (3) in a uniform grid with mesh

sizes Ar and AO over the range 0 80 27 and 0 5 r - 1. Successively refined

grids are employed because (1) the major features of the flow, especially the circulation

and shock location, are well approximated on a coarse grid so that the coarse solution

provides good initial conditions for the next refinement, and (2) the asymptotic convergence
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rate slows down tremendously with decreasing mesh size so that improved initial esti-

mates for the potential field are extremely desirable. Also, an artificial viscosity

parameter is introduced in an attempt to decrease the truncation errors, which are other-

wise first order at supersonic flow field points. (It should be noted that this parameter

applies only to the inviscid scheme, and it has nothing to do with the boundary-layer

effects in the overall solution.) A sufficient amount of artificial viscosity guarantees that

the correct entropy inequality is imposed on the solution. Shock waves arise naturally,

and the process is continued until the desired level of convergence is attained.

The boundary-layer analysis method was developed by Bradshaw and others. (See

refs. 7 and 8.) It is based on the turbulent energy equation which is transformed into a

differential equation for the turbulent shear stress by defining three empirical functions

which relate the turbulent intensity, diffusion, and dissipation to the shear stress profile.

The major hypotheses are (1) the usual boundary-layer approximation, which implies no

static-pressure difference across the layer; and (2) the turbulence structure is essentially

unaltered by compressibility, as suggested in reference 9. Furthermore, equations (2)

are derived from the exact equations for compressible flow by using typical order-of-

magnitude arguments, as described in reference 8. The accuracy of the method thus

depends almost entirely on the definition of the empirical functions al, L, and G, and

the final form of the equations is

2] U y Vrl(y - 1)M2 Up

UM p

UUx + K- r YM2 5y +(5)

UTr 1 7 G rl( - 1)MGT ly- M2 ~3/2 ~1/2G
_1 maxr ... . yj

al Ual 1  1 L max y

for the variables U, V, and ' where U- u, V v + -- , and just for this set
p p

of equations. The method of characteristics is used to obtain the solution, and the empir-

ical data inputs are those suggested in reference 8. The empirical functions mentioned

previously are solely related to the boundary-layer analysis and should not be confused

with any empiricism necessary to combine the inviscid and viscous analysis methods.
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CALCULATION PROCEDURE

The inviscid-flow and boundary-layer analysis methods discussed in the previous

section use computer programs to determine numerical solutions. The combined analysis

is also accomplished by using a computer program whose basic structure is composed

from these two separate programs. Specific details of the individual computational

schemes can be found in references 10 and 11, whereas the important highlights of the

overall calculation procedure follow.

First, the airfoil coordinates are processed by computing and smoothing the slopes

and curvatures. The mesh size is set for a fine grid (160 points by 32 points) and the air-

foil is conformally mapped onto the unit circle. Then the mesh size is adjusted to a crude

grid (40 points by 8 points) and the inviscid-flow-boundary-layer iteration process is

initiated by computing the inviscid flow about the physical airfoil. This solution normally

requires 50 to 250 cycles to converge (throughout this discussion, "cycle" refers to a

single sweep of the computational grid within the inviscid solution and "iteration" refers

to one pair of completed inviscid-flow and boundary-layer solutions).

The next step is to define the boundary-layer characteristics. As input to the

boundary-layer routine, pressure coefficients at 41 equally spaced points are specified

on both the upper and lower surface; this number is independent of the grid size used for

the inviscid computations. A spacing of 2.5 percent chord was selected because it seemed

to best simulate the behavior of the boundary layer near a shock wave. Since there is no

model in the analysis for the interaction of the shock wave and the boundary layer, the

effects of the shock wave are only accounted for in the purely classical sense. A denser

definition of the pressure distribution, for example, every 1 percent chord, would yield

shock-induced separation for conditions which do not warrant it; a sparser definition,

typically every 5 percent chord, would not accurately produce the expected hump in the

boundary-layer displacement thickness near the shock. Based on results to date, this

procedure seems to be adequate and indicates that an interaction model might not be

necessary.

Then, before the boundary layer is computed, the pressure distribution is modified

by an empirical formulation. As previously mentioned, the boundary-layer displacement

thickness is not accurately predicted near the trailing edge, probably because of the

neglect of normal pressure gradients and near wake effects. In fact, it is not even clear

that a displacement-type effect will produce the appropriate streamline curvature or that

the displacement thickness is the correct parameter to use in defining the effective invis-

cid shape near the trailing edge (based upon discussions with R. E. Melnik of Grumman

Aerospace Corporation). Therefore, since some adjustment is necessary, modifying the

pressure distribution is easier than working with the displacement thickness itself. This

procedure is implemented only to generate the input data to the boundary-layer routine,
7



and the actual surface pressure distribution is still defined as the one computed by the

inviscid analysis. Hence, the empiricism is primarily concerned with producing the

appropriate effective inviscid shape near the trailing edge; and the resulting thickness

distribution in this region, which is computed from the modified pressure distribution,

may not precisely agree with a true definition of the boundary-layer displacement thick-

ness although its general character is still preserved.

The modifications to the pressure distribution were initially developed for super-

critical airfoils but work equally well for conventional airfoils. First, the maximum

pressure coefficient on the aft portion of the lower surface is held constant from its

chord location to the trailing edge; forward of this point, the surface pressure distribu-

tion is unmodified. On the upper surface, the most aft point at which the surface pressure

distribution is used is determined by an empirical equation based on trailing-edge slope.

Then, a second-degree polynomial variation for the pressure distribution is described by

using the pressure at this last point, the point before it, and the new trailing-edge pres-

sure value from the lower surface. The trailing-edge slope used to compute the deviation

point from the upper surface pressure distribution is a weighted average of the upper and

lower surface trailing-edge slopes, two-thirds and one-third, respectively. This devia-

tion point is designated IFIX in the computer program, and the variation of IFIX with

slope is shown in figure 2. Approximately 12 airfoils have been analyzed in order to

generate this variation. The integer value is used; that is, if 39.7 is computed, the last

usable surface pressure distribution point is the 39th (95 percent chord). Figure 3 illus-

trates typical modifications to the pressure distribution for airfoils with small, medium,

and large amounts of aft camber. As the aft camber increases, the deviation point moves

forward. In a crude sense, this movement is consistent with an intuitive picture of the

region in which there are near-wake influences and in which the basic assumptions about

the boundary-layer break down; for example, normal pressure gradients might be intro-

duced as a result of the increased curvature. Whenever a rigorous solution is obtained

for the problem of the interaction of inviscid flow, boundary layer, and the near wake, this

empirical model can be replaced or modified.

The boundary-layer characteristics are therefore calculated by using a modified

pressure distribution; and, obviously, the problem of separation must be confronted. At

transonic speeds, most airfoils have a small separated zone on the upper surface near

the trailing edge and, for supercritical airfoils, occasionally on the lower surface in the

cove region. Empirical definitions for the displacement thickness in these areas have

therefore been included in the calculation procedure. No attempt has been made to reckon

with shock-induced separation. However, the analytical method apparently produces a

reasonable definition of the boundary for incipient shock-induced separation, as described

in the next section.
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On the upper surface, the slope of the equivalent airfoil at the separation point is

maintained constant to the trailing edge. This requirement is imposed before the equiv-

alent airfoil is processed so that anomalies in the curvature are resolved by the smooth-

ing routine. For conventional airfoils, the same is done on the lower surface. Super-

critical airfoils, however, have a favorable pressure gradient near the trailing edge on

the lower surface; and if separation occurs, it usually is located slightly forward of the

cove. Furthermore, separation is often predicted there only on the first boundary-layer

calculation, and subsequent iterations are unseparated. This feature is a result of the

relieving effect that the boundary layer has on the pressure distribution; therefore, pres-

sure gradients are higher when the boundary layer is not yet taken into account. There-

fore, a model was developed simply to allow the iteration process to continue without

intending to cope with cases where the cove separation was still present in the final anal-

ysis. Of course, a representative shape for the displacement thickness was assumed in

order to minimize the number of iterations. However, cases analyzed to date indicate

data correlation is good even when the cove separation persists. A third-degree polyno-

mial variation defines the displacement thickness by using stations at (1) 10 percent chord

before the separation point, (2) 8 percent chord before the separation point, (3) midway

between the trailing edge and the separation point, and (4) the trailing edge. The calcu-

lated values of displacement thickness are used at the first two stations. At the third

station, an increment to the first value is derived from an empirical equation based on

the difference in the pressure coefficients between the stations. The average of the first

and third values is used at the trailing edge. When the lack of sensitivity of the pressure

distribution to the geometry in this region is considered, the correlation actually is not

surprising. The most arbitrary values in this model, those near the third station, are

defining the y-coordinates of the equivalent inviscid shape in the region of the cove where

the slope is approximately zero. The variations in the pressure distribution with small

geometric perturbations in this area are insignificant. Therefore, as long as the magni-

tudes are reasonably appropriate, qualitatively reproducing the general shape seems to be

sufficient. This fact is further substantiated when the effects of smoothing the airfoils

are examined. Although the coordinates are accurately maintained over most of the air-

foil, there is a tendency for the cove region to be filled in slightly; yet, correlation with

experimental results is not affected by these changes. In view of the arbitrary nature of

this procedure, however, results with extensive separation on the aft part of the lower

surface should still be treated with caution. Occasionally, separation near the leading

edge is predicted for early iterations, and the boundary-layer displacement thickness is

temporarily defined as zero over the entire corresponding surface.

Once the boundary-layer displacement thickness is completely defined on both sur-

faces, it is added to the physical airfoil normal to the surface and thereby produces an

equivalent inviscid airfoil. The resulting shape is processed as was the original airfoil.
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The mesh size is adjusted to the fine grid for the mapping process and then changed back

to the crude grid for the next inviscid-flow computation. Smoothing the airfoil at this

stage is very important because the inviscid computation is more sensitive than the

boundary-layer analysis. Minute wiggles in the displacement thickness, which are there-

fore present in the effective inviscid airfoil, could produce oscillations in the pressure

distribution which would hinder the convergence of the overall analysis.

A new inviscid solution is then computed by using the new geometry. The resulting

surface pressure distribution is again modified, a boundary-layer displacement thickness

is calculated, and the effective inviscid shape is redefined. This process is repeated

until a stabilized result is obtained. In order to make the procedure as automatic as pos-

sible and to determine solutions quickly and inexpensively, some convergence criteria

must be included, for it can hardly be expected that both the inviscid-flow and boundary-

layer equations will be exactly satisfied simultaneously. Two types of .criteria are

employed, one physically and one computationally oriented, and either one or the other

must be satisfied. The most stringent criterion would be to require the coefficient -of

pressure at each calculation point to remain approximately the same from one iteration

to the next. However, simply imposing a small increment within which this difference

must remain is not adequate since the pressure distribution is apt to contain a shock. A

shift in shock location of only 2 percent chord from one iteration to the next might be

tolerable; the pressure coefficients at a station between these shock locations however

could differ by 0.5. The criterion must therefore consider the local gradient in the pres-

sure distributions in establishing an acceptable tolerance, and the form currently used is

(Cp)new - (C )old 0.025 + 0.0005K 
(6)

at each calculation station where

2 -2 -2 2

K~ = Max(AC P)new ACp new AC)old AC)old (7)
K(x/c) A(x/c) A(x/c) A(x/c)

"New" refers to the current pressure distribution and "old" refers to the pressure distri-

bution of the previous iteration. The local pressure gradients at a particular point are

simply calculated from the pressure coefficient and x-coordinate at that point and the cor-

responding values at the computational grid points immediately on either side, as indicated

by the plus and minus subscripts. At most stations the local gradient is less than 4.0 and

so the pressure distribution is basically required to repeat within a level of 0.025 every-
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where. Additionally, the lift coefficient must repeat within 0.02. This condition on the

lift helps to limit the acceptable shock travel from one iteration to the next, for a shift in

shock location is manifested in a change in lift coefficient. Hence, the convergence cri-

teria associated with physical parameters are comprised of these two requirements.

Alternately, a second type of test is included to measure the convergence of the

overall process, and it is associated with the computational cycles of the inviscid analysis

itself. The initial inviscid calculation starts from incompressible flow conditions. The

remaining inviscid calculations always start from the last flow-field definition of the pre-

vious inviscid solution; that is, they are starting from a converged inviscid solution but

with a different geometry. As the inviscid-flow -boundary-layer iteration process con-

verges, the changes to the effective airfoil shape diminish; and eventually, the starting

point for a given set of inviscid calculations will be very close to the end point. There-

fore, the number of computational cycles for the inviscid analysis has been used to mea-

sure the overall convergence level. By excluding the initial inviscid solution, therefore,

a solution which requires 20 computational cycles or less implies convergence. This

formulation emerged because the other set of criteria occasionally did not indicate con-

vergence for cases where consecutive pressure distributions appeared to be almost iden-

tical and correlated well with experimental data. This condition occurred when the dif-

ference in pressure coefficients from one iteration to the next did not remain within the

specified tolerance at only one or two of the many computation points. Obviously, any set

of convergence criteria must be somewhat arbitrary, and these have been chosen because

they provide a good balance between quickness and accuracy. This subject is also dis-

cussed in the appendix as it applies to the use of the computer program.

Once the iteration process converges, the last inviscid solution is refined; that is,

the inviscid flow-field definition with the crude grid (40 points by 8 points) is used as a

starting solution for calculations employing a medium size grid (80 points by 16 points).

There is no boundary-layer calculation between these two inviscid analyses, but the pres-

sure distribution will change slightly. For example, if it contains a shock wave which is

spread over two mesh points, the width in x/c for the medium grid will be half the width

for the crude grid; thereby, a stronger shock jump is produced. Therefore, the iteration

process is reinitiated by using this new inviscid solution as the starting point. All other

facets of the analysis procedure remain the same. Once these iterations converge, a fine

grid (160 points by 32 points) is introduced in a similar manner. When this final set of

calculations converges, the process is terminated and the last pressure distribution repre-

sents the overall solution. These grid refinements are necessary because a solution with

a coarse grid is not accurate enough (although it is desirable to start with a coarse grid

for the reasons mentioned in the previous section). Limits are placed on the number of

iterations performed with each of the grids in case convergence is not attained. They are

set at six, four, and three iterations with the crude, medium, and fine grids, respectively.
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This procedure allows a maximum of seven, five, and four inviscid analyses and six, four,

and three boundary-layer analyses because each set always starts and ends with an invis-

cid solution. The number of computational cycles for the inviscid analysis itself is also

limited to 800, 500, and 300 on the crude, medium, and fine grids, respectively. If any

limit is reached for an intermediate calculation step, that particular step is terminated,

but the overall analysis still continues with the next step in a normal fashion. If con-

vergence is not indicated after six iterations by using the crude grid, for example, the

seventh inviscid solution is still refined and iterations using the medium grid are started.

However, if the limit is reached when iterating with the fine grid or if the intermediate

inviscid calculations diverge, the process is terminated. Interpretation of results for

cases such as these is discussed in the appendix.

The introduction of the crude and medium grids for the inviscid analysis, combined

with the requirement that these intermediate inviscid-flow-boundary-layer iterations

converge, helps to reduce total computer time. Initially, when the pressure distribution

is not accurate because the boundary-layer effects are not fully sensed, only 320 compu-

tation points are used rather than 5 120. When the fine grid is finally employed, the

inviscid solution is easier to attain because the boundary layer has driven the shock wave

forward on the airfoil and reduced the amount of lift. Thus, not only are the inviscid-

flow-boundary-layer iterations with the fine grid minimized because the intermediate

iterations have converged, but also the number of computational cycles for a particular

inviscid analysis with the fine grid is small. Most solutions are attained in 5 to 10 min-

utes of computer time on the Control Data 6600 series computer.

To illustrate the effects of the boundary layer on the pressure distribution, two sets

of sample calculations have been made. First, the result of inviscid and viscous analyses

are compared in figure 4 for both a subcritical and supercritical case. At the low Mach

number, the effects are minimal. This fact is consistent with the past practice of ignoring

the boundary layer in evaluating airfoils. However, at supercritical speeds with embedded

shock waves, the effects of the boundary layer are dramatic. The inviscid prediction

overestimates the lift coefficient by 40 percent (75 percent is not uncommon) and the char-

acteristics of the pressure distribution are very different. These trends primarily stem

from the reduction in effective aft camber which the boundary layer introduces by thick-

ening the upper surface and filling the concave region on the lower surface of a typical

supercritical airfoil. The second set of calculations illustrate the effects produced by

varying the Reynolds number over a range from 2 x 106 to 2 x 108. (Obviously, any invis-

cid analysis can show trends with variations in Mach number and angle of attack, but the

new parameter introduced in this combined analysis is the Reynolds number.) The case

presented is for off-design conditions on a supercritical airfoil where substantial changes

in the important parameters might be anticipated. Figure 5 shows the pressure distribu-

tions for eight different Reynolds numbers and figure 6 summarizes the trends in both the
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boundary-layer and external-flow characteristics by presenting the displacement thick-

ness, shape factor, shock location, and lift coefficient. The corresponding inviscid solu-

tion is shown in figure 4(b). These trends, therefore, account for the interplay between

the external flow and the boundary layer and show large variations, particularly at the

low Reynolds numbers, as would be expected. They also demonstrate that the inviscid

solution (corresponding to an infinite Reynolds number), at least for cases such as this,

can be far removed even from a Reynolds number as high as 2 x 108. This condition is

also discussed in the next section. The slight scatter in the calculation points arises

because each individual analysis is only accurate within a band associated with the toler-

ances of the convergence criteria. Thus, trends must often be faired, as experimental

data would be.

EXPERIMENTAL VERIFICATION

To discuss the results of the analytical method and to obtain an indication of its

accuracy and capability, comparisons with experimental data are presented for several

airfoil shapes, both supercritical and conventional. Primarily, the ability of the theory

to predict the surface pressure distribution is evaluated. None of the airfoils herein

analyzed was used in developing the empiricism in the method. Most of the computations

for data correlation are made at one nominal Mach number for a series of angles of

attack, although the actual tunnel Mach number may vary by ±0.001. The order of this

deviation is only significant near a design point, and special note is made for these cases.

Similarly, the nominal Reynolds number is used, but variations of this magnitude are

insignificant. Since the aerodynamic angle of attack for two-dimensional wind-tunnel

tests is rarely known, the comparisons are made at approximately the same lift. In

order to accomplish the comparisons, computations at several arbitrarily selected angles

were initially made, and an approximate lift curve was constructed. Then the angles nec-

essary to produce solutions at lift values where data existed were defined by interpolation.

Since there is some scatter in the analysis resulting from the tolerances on the conver-

gence criteria, as discussed in the previous section, exactly identical lift values were

rarely obtained. In general, comparisons between theory and experiment at nominally the

same lift could have differences in the coefficients of up to 0.02. Thus, both the experi-

mental normal-force coefficient and the theoretical lift coefficient are indicated in the

comparisons because this small difference sometimes accounts for minor discrepancies

between the pressure distributions. However, these differences are never substantial

enough to warrant repeating the calculation at a new angle of attack.

The first airfoil evaluated is one designed by Korn using his inviscid complex-

characteristics hodograph method. It was designed to be shockless at M = 0.75 with

c1 = 0.63. It is approximately an 11.5-percent-thick supercritical airfoil whose charac-
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teristics are well documented in reference 12. Calculations are made over a wide range
of Mach number and angle of attack, through drag divergence, with a Reynolds number of
about 21 x 106. All these computations used the theoretical design coordinates (rather
than the measured coordinates). Calibration studies of the facility which generated this
data have produced an estimate for the effects of wall interference so that the geometric
angle of attack can be corrected to the aerodynamic value. However, to be consistent
with other comparisons, the theoretical results are still evaluated at the same lift as the
data. An extensive analysis is presented in reference 13, this same data being used, in
an attempt to account theoretically for these wall effects. Since that work employs the
same type of inviscid solution as the method herein presented (except that the Kutta con-
dition is not satisfied) and since it describes some details pertinent to data correlation in
great depth, it is referred to throughout the following discussion.

Theoretical and experimental pressure distributions are compared in figure 7 for
increasing angles of attack at M = 0.512. As indicated by the critical pressure coeffi-
cient (the long tick on the vertical axis), all these cases are for subcritical flow. The
entire pressure distribution is accurately predicted, starting from the typical figure-eight
shape at near-zero lift (fig. 7(a)) to the more evenly distributed lift variation at c I = 0.63
(fig. 7(d)). The leading-edge peak, the central plateau, and the trailing-edge recovery are
all reasonably defined for the four cases. Figure 8 compares pressure distributions at
M = 0.700 for lift coefficients that range from slightly negative to almost 1.0. At the
lowest lift, a very weak shock is present on the lower surface near the leading edge, and
it is detected by the theory. The next case (fig. 8(b)) has a very slight peak near the nose
on the upper surface and the correlation in this region is excellent. Although this case is
for subcritical flow, minor irregularities in the pressure distribution such as this can
adversely affect the overall transonic performance of an airfoil. As the angle of attack
increases, the flow over the upper surface becomes supercritical and a well-defined shock
wave develops. This trend is depicted in figures 8(c) to 8(e). The predicted shock loca-
tion and the overall pressure distribution agree well with the data. However, some dis-
crepancy occurs immediately behind the shock wave, as figure 8(e) aptly illustrates. This
characteristic is present in all the computations with shocks. The difference in pressure
levels in this region may be due, at least partly, to the failure of the inviscid solution to
satisfy the correct jump condition rather than any interaction problem with the boundary
layer. This is discussed in reference 13 which shows that neither the irrotational jump
condition, appropriate to the potential flow equation, nor the Rankine-Hugoniot jump con-
dition are matched. Thus, the pressure coefficient at the foot of the shock is not positive
enough and this difference slowly diminishes over the next 20 percent to 30 percent chord. 2

2 After completing this note, a relaxation analysis routine for the full potential equa-tion in conservation form was developed by Jameson, and his preliminary calculationsindicate this formulation apparently accounts for the discrepancy just downstream of theshock.
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The magnitude of the shock jump is also discussed in reference 14 by use of small-

disturbance theory. This shortcoming of the inviscid calculation complicates the com-

parisons because they are made at constant lift. An angle of attack slightly smaller than

otherwise expected is therefore required to compensate for the additional local lift behind

the shock. This smaller angle results in a corresponding reduction in lift locally over

the front of the airfoil, as figure 8(e) also depicts. A separation bubble behind the shock

is just beginning to form for this case and it is obviously present in the next case shown

in figure 8(f). Any discrepancies in the correlation in the region of the bubble cannot be

explained by this interpretation; and probably, only an interaction method can detail that

part. Still, the overall correlation is very good, particularly in the region near the trail-

ing edge. Both sets of calculations just described were made at the nominal indicated

tunnel Mach number which was not corrected for blockage effects.

A series of comparisons near the design Mach number are shown in figure 9 over a

wide range in lift. Since the pressure distribution is very sensitive to Mach number at

these conditions, a blockage correction of AM = -0.005 suggested in reference 13 has

been applied; that is, the indicated test Mach number for these angles is 0.757 ± 0.001.

Therefore, the computations were made at M = 0.752 for all angles. Again, the corre-

lation with the data is good. The characteristics of the upper surface pressure distribu-

tions are particularly interesting; as a increases, the shock waves start near the lead-

ing edge with a weak jump, evolve through a multiple system, and finally locate in an aft

position with a large strength. (See figs. 9(c) to 9(f).) To validate the. blockage correc-

tion, the calculations in figure 9(c) have been repeated at M = 0.757, and both results are

shown in figure 10 with the corresponding results from reference 13. The effects pro-

duced by the shift in Mach number are almost identical for either analysis method. (Since

the calculations in this report, for a series of angles, are made at one average Mach num-

ber, fig. 10(a) compares results at M = 0.757 and M = 0.752. For this particular data

point, the indicated test Mach number is 0.758; therefore fig. 10(b) compares M = 0.758

and M = 0.753 because the precise Mach number at each data point was used. If the

computations in figs. 10(a) and 9(c) were made at M = 0.753, the data correlation could

only be enhanced.) The procedure outlined in reference 13 is solely aimed at providing

the actual Mach number and angle of attack for wind-tunnel data so that indicated values

can be corrected, and it requires the experimental pressure distribution to accomplish

this. Since the data correlation for the analysis method herein presented is good, it too

can be used, to some extent, to provide similar answers although this was not the original

intent. The discrepancy behind the shock wave, and its corresponding effect on the angle

of attack, does however presently limit this application. The Kutta condition at the trail-

ing edge is not imposed in the method of reference 13, so the upper and lower surface

pressure distributions cross near the trailing edge and produce a local region of
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decreased lift. This condition somewhat compensates for the increased local lift behind
the shock and thus minimizes its effect on the angle of attack.

A final set of calculations has been made at M = 0.782, and these are presented in
figure 11. Since the sensitivity to Mach number is greatly reduced because these condi-
tions are not at the design point and since the precise blockage correction is not known,
the indicated Mach number is again used. In general, the correlation with the data is
good. However, the theory does fail to predict a very weak shock in the pressure distri-
bution forward of the main shock. This inadequacy can be attributed to the mesh size;
that is, the "fine" grid is not fine enough and an additional refinement would be necessary.
Since this type of pressure distribution does not often occur, and the main shock and other
characteristics are well defined, and since the cost of a computer run with an extra fine
mesh would be prohibitive, it is not worth including further grid refinements in the anal-
ysis. Also, an examination of the sonic line will usually indicate the potential for such a
wave because, as discussed in reference 13, an indentation in the sonic line appears in
the general location of this weak shock and forecasts the division into two or more dis-
tinct supersonic zones.

Calculations at high transonic Mach numbers are presently limited by the ability of
the initial inviscid solution to converge. Cases where the shock would be located about
10 percent to 20 percent chord forward of the trailing edge in the final analysis cannot be
obtained because, without the boundary-layer displacement effect included, the initial
solution would have the shock back at the trailing edge; and the present inviscid analysis
method is unstable for this condition. Modifications are being made to the inviscid
method, however, at the Courant Institute. Results however can currently be computed
through drag divergence. In an attempt to provide temporarily a wider calculation envel-
ope, the present analysis method automatically defines an arbitrary boundary-layer dis-
placement thickness on the first cycle if the initial inviscid solution diverges. An effec-
tive inviscid shape is then prescribed, all other quantities are reinitialized, and the first
inviscid solution repeated since it should now be less likely to diverge. However, the
increase in attainable computation points has been disappointing. A minor error in this
phase of the computer program is suspected, where everything is not properly reinitial-
ized. This matter is also discussed in the appendix.

Although the correlation between theoretical and experimental pressure distributions
is of prime importance, the prediction of the integrated forces and moments should also
be examined. Normal-force values are relatively insensitive to the integration procedure
and are routinely obtained. Rotation into the lift direction does not require precise knowl-
edge of the angle of attack. However, comparisons between theoretical and experimental
lift curves are usually meaningless. Generally, only the geometric angle is tabulated in
the data without any correction for wind-tunnel wall interference, and the value for the
aerodynamic angle from the theory is slightly tainted by the local overprediction of lift
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just behind a shock wave, as previously mentioned. Accurate pitching-moment informa-

tion is usually insured by good correlation between pressure distributions because the

location of the shock wave is the major contributing factor. The prediction of axial force

and rotation into the drag direction has been and still is a problem. The absolute theoret-

ical drag levels, estimated by adding the friction and pressure drags, are not very accu-

rate. In fact, the precise origin of the wave drag in these types of analyses is not very

clear. (An interpretation of the wave drag from isentropic shock waves is discussed in

ref. 15.) Presently, the surface pressure distribution is integrated in the normal fashion

to predict this drag. 3 Reference 15 suggests a shock integration method which has not

yet been tried in this analysis because of the difficulty in accurately locating the shock

wave in the flow field. Theoretical and experimental drag polars for the Korn airfoil are

shown in figure 12 at several Mach numbers. The data points lie within a narrow band in

Mach number for each curve and are labeled at the average value. Since reference 12

only tabulates this data, these polars were faired in order to examine drag creep and drag

divergence. The variation in incremental drag with Mach number, from the subsonic level

at M = 0.512, is therefore shown in figure 13 for several lift and normal-force coeffi-

cients. The correlation between the estimated and actual creep is only fair, in that the

amount of creep near the divergence point is not known within the accuracy usually asso-

ciated with drag. Of course, since this is only an incremental trend, and since the abso-

lute level is not really known, precise definition of the amount of creep alone is not

extremely useful. As the buildup in drag with increased Mach number becomes large,

however, the theoretical and experimental trends agree very well and this agreement pro-

vides for an accurate definition of the drag divergence boundary. By using a slope crite-

rion of acd/aM = 0.1, this boundary is summarized in figure 14, where the correlation

between theory and data is excellent.

To evaluate the analysis method on a conventional airfoil, results for an

NACA 64A410 are compared with data from reference 16 in figures 15 to 17. The coordi-

nates tabulated in the data report are used in the computations. Unfortunately, the test

Reynolds number is near 106, and a lambda shock pattern is present instead of a normal

shock. Additionally, the transition is natural rather than fixed, whereas the analysis

method only models a turbulent boundary layer. Figure 15(f) typically illustrates the dis-

crepancy in the shock region resulting from the two-part compression associated with the

lambda wave. At higher Reynolds numbers with turbulent boundary layers this situation

would not occur. The general characteristics of the pressure distribution are accurately

represented in all the cases. Even though the empiricism in the analysis method was ini-

tially introduced to cope with supercritical airfoil shapes, good correlation is achieved in

the aft region of the conventional airfoil, where the geometry of the two differs the most.

3 The integration of the pressure distribution obtained by using Jameson's new con-

servative difference scheme produces drag levels which better approximate the experi-
mentally measured values.
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The theoretical and experimental drag polars are again used to examine the drag creep
and the drag divergence boundary. Figure 16 shows that the creep is defined slightly
worse than it is for the Korn supercritical airfoil, and figure 17 shows the divergence
boundary is again well represented.

The development of the analysis procedure made considerable use of data on the
recent series of NASA supercritical airfoils. Although the ability to predict the pressure
distributions for these airfoils would probably generate the most interest, these data are
unpublished and so these correlations are not shown. However, a few pressure distribu-
tions on one of the early NASA supercritical airfoils have recently been presented in ref-
erence 17. Therefore, two cases have been computed by use of the measured model coor-
dinates for this airfoil, and the resulting comparisons with the data are presented in
figure 18. The subcritical computation illustrates two regions where the correlations
are not quite in line, and this is typical of most of the comparisons for this class of air-
foils. At the entrance to the cove region on the lower surface, the theoretical pressure
coefficients are slightly more positive than the experimental values, most likely because
of the presence of a small separation bubble in the actual flow which modifies the effec-
tive shape of the airfoil and thereby delays the start of the compression. On the upper
surface, just forward of the trailing edge, the experimental pressures are inexplicably
more negative, but this difference seems to be consistent. If any of these supercritical
airfoils are to be modified for a new design point, the original shape should be analyzed,
the results correlated with the data, and the predictions for the new geometry adjusted
accordingly. This adjustment can be undertaken safely because the general character-
istics should be closely estimated so that the adjustments are minor, and because the
slight differences will normally remain consistent. For the supercritical flow case in
figure 18(b), separation is predicted at 72 percent chord on the lower surface; yet the
calculations proceeded by use of the empiricism discussed in the previous section. The
predicted separation point was compared with the value from the Stratford criterion
(ref. 18), and both locations are in perfect agreement.

To substantiate the Reynolds number variations shown in the previous section, cal-
culations are compared with some unpublished data on a NACA 651-213 (a = 0.5) airfoil.
Wind-tunnel data are rarely obtained at very high Reynolds numbers, but these measure-
ments were made by using a model with a chord of 0.914 meter in the NAE facility in
Ottowa, Canada (under NASA Contract NAS1-10632) which is the same facility as was used
in reference 12. Figure 19 therefore shows the resulting pressure distributions over a
range in Reynolds number from 25.0 x 106 to 52.6 x 106 for the nominal conditions of
M = 0.75 and a = 0.00. Although the Mach number and lift are not exactly the same at
each point, the Reynolds number is the principal variable. The Mach number is corrected
for blockage effects, and the theoretical computations use this value. The correlation in
all cases is very good, particularly the shock location. For these conditions, there is not

18



a high degree of sensitivity to Reynolds number. This result is further substantiated by

examining the results of an inviscid analysis at the nominal conditions, where the shock

wave is located at about 59 percent chord with c1 = 0.29. The computations in fig-

ure 19(c), closest to the nominal conditions, indicate a shock location of about 57 percent

chord. The analysis method did, however, predict this insensitivity; and in view of the

wide variations shown on the supercritical airfoil in the previous section, these correla-

tions indicate that predicted trends are valid. This method should therefore be capable

of providing answers for conditions which more closely resemble flight and which most

wind tunnels cannot attain. In addition, the comparisons between the inviscid and viscous

calculations for both airfoils indicate that a positive conclusion about the character of the

flow at high Reynolds numbers (on the order of flight values) cannot be drawn simply from

an inviscid analysis.

Finally, the ability to predict the shock-induced separation boundary has yet to be

thoroughly examined. A few cases arose for the NASA supercritical airfoils where the

inviscid-flow -boundary-layer iterations using the crude and medium grids for the invis-

cid computations would converge, but the refinement to the fine grid immediately yielded

a pressure distribution with an adverse pressure gradient at the shock wave strong enough

to separate the boundary layer. (As discussed in the previous section, the pressure gra-

dient at the shock increases as the grid becomes finer because the shock jump is contained

over a narrower range in x/c.) The angle of attack was reduced in small increments in

order to define the angle below which this no longer occurred. When an empirical curve,

based on data for a variety of airfoils, was used to check this point for these cases,

remarkably close agreement with the present results was observed. (This curve typically

shows the variation with Mach number of the pressure coefficient just prior to the shock

wave for incipient separation, and it appears as a narrow data band.) Although any cor-

relation between the present results and the incipient separation boundary would appear

to be fortuitous, since a true shock-boundary-layer interaction is not modeled, it might

be plausible. The spacing of the input points for the boundary-layer routine within the

analysis is chosen solely to provide reasonable characteristics in the vicinity of the shock

as described by the fine grid, but for cases where shock-induced separation is not present.

The results just up to the demarcation point should therefore be valid, and it might be

expected to reasonably indicate when the shock strength is such that separation is immi-

nent. Of course, this still has to be validated over a wide range of conditions.

CONCLUDING RE MARKS

The present analysis method, in the form of a computer program, has the capability

to calculate surface pressure distributions at transonic speeds for both conventional and

supercritical airfoils with viscous effects included. An automated iteration scheme was
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used to link separate, existing inviscid and boundary-layer analyses. Empirical formula-

tions were included primarily to allow the computations to proceed when separation is

present and to modify the boundary-layer displacement thickness near the trailing edge

so that the effective inviscid shape in this region is more correctly defined. In an engi-

neering sense, these formulations appear to be adequate.

The approximations to the surface pressure distribution have been shown to corre-

late reasonably well with experimental data for a variety of airfoil shapes over a wide

range in Mach number, angle of attack, and Reynolds number. The shock was located

within a few percent chord for almost every case analyzed, and good estimates of the

pressure coefficients were obtained in the region of the trailing edge. Although the drag

is not accurately predicted, the drag divergence boundary is well defined.

Several refinements are necessary to improve upon the existing version of the anal-

ysis method. The major factor requiring attention is the difference in theoretical and

experimental pressure levels consistently observed immediately downstream of a shock

wave. However, since improved estimates of the transonic performance of airfoils appear

to result from almost any attempt to include the boundary layer in an analysis, the tech-

nique herein described is appreciably better than the current practice of using inviscid

methods alone.

Langley Research Center,

National Aeronautics and Space Administration,

Hampton, Va., December 3, 1974.
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APPENDIX

A FORTRAN COMPUTER PROGRAM

The FORTRAN program which follows computes the pressure distribution about an

airfoil by using the procedure outlined in the previous sections. It is written for the

Control Data 6000 series computers. This program is basically composed of two other

programs (refs. 10 and 11) which are separately used to analyze the inviscid flow and the

boundary layer. These programs have been combined in a very crude manner by using

the general format of the inviscid computational scheme; thus, the result probably con-

tains some loose ends. The version tabulated in this report requires a field length of

approximately 134 0008 words (octal), of which 121 0008 are required for execution. An

overlaid version exists, which requires only 75 0008 words. In the absolute binary mode,

this field length is reduced to 66 5008 words, and most of the computations are made with

this version for obvious reasons. It is not shown, however, because it is difficult to

follow.

Input and Output Data

The input consists of an identifying title, the airfoil coordinates, and the calculation

points in terms of Mach number, angle of attack, and Reynolds number. The title and

coordinates are copied, by means of the control cards, on to a disk file labeled TAPE3

to be read later by the main program. An end-of-record card is therefore necessary to

separate this part of the input from the remainder. Then follows the aerodynamic infor-

mation, with one card for each calculation point; multiple cases are automatically executed.

All the input data, except the title card, use an F10.0 format. A maximum of 160 total

coordinates can be specified, and the amount on one surface is limited to 100. The scal-

ing for the x/c values is from 0.0 to 1.0. A summary of this input mode follows:

Title card - columns 2 to 59

Input control card - 3 fields

Number of upper surface coordinates

Number of lower surface coordinates

Number of cases - automatically set to 1 if blank

Blank card or any desired label

Table of upper surface x/c values - 8 fields per card

Table of upper surface y/c values - 8 fields per card

Blank card or any desired label

Table of lower surface x/c values - 8 fields per card
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Table of lower surface y/c values - 8 fields per card

End-of-record card

Run cards - 5 fields per card - as many cards as number of .cases

Run number - does not have to be sequenced

Mach number

Angle of attack, degrees

Reynolds number times 10-6

IFIX - automatically selected if blank

The output starts by tabulating the information pertinent to the geometry of the air-

foil and the conformal mapping. The information relative to the flow solution is tem-

porarily written on TAPE3 until the iteration process is terminated. Then either one of

two forms is used. If the overall process converges, only the last set of boundary-layer

characteristics and the last inviscid-flow definition are retrieved from TAPE3. Addi-

tionally, a CalComp plot of the pressure distribution is generated. If convergence is not

attained, and the iteration process is automatically stopped at the limit of four inviscid

calculations by using the fine grid, the boundary-layer and inviscid-flow characteristics

are presented for all the iterations. Four CalComp plots are generated for the four pres-

sure distributions computed by using the fine grid. Then, TAPE3 is rewound, and the out-

put data for the next case is again temporarily written on it and again retrieved after the

convergence is evaluated.

For the converged case, the specifics of the output are as follows. The title card

and input data are printed for identification purposes along with a statement regarding the

convergence of the iteration process. Next, the information used for the boundary-layer

calculation is tabulated as well as the boundary-layer characteristics on the upper and

lower surfaces. The displacement thickness, momentum thickness, shape factor, and

local skin-friction coefficient are listed, and the presence of separation is noted. Then,

a page-size plot of the displacement thickness on the upper and lower surfaces from

1 percent to 100 percent chord is shown. The coordinates for the equivalent inviscid air-

foil are listed, followed by the pressure distribution and the lift, drag, and pitching moment

in coefficient form. A page-size plot of the pressure distribution is also shown from

1 percent to 100 percent chord. Finally, a summary chart of all the iterations is pre-

sented which lists the lift coefficient, the number of cycles for an inviscid computation,

and the location of separation, if any, on both the upper and lower surfaces. This chart

should be examined for any peculiar behavior of the intermediate iterations. The output

for cases which are not converged consists of this data for all the iterations rather than

just the last one. It should be noted that the overlaid version does not produce a CalComp
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plotting tape until all cases are analyzed. If an abnormal exit is encountered, the plotting

information for the cases thus far completed will be lost unless saved on a tape by means

of the control cards. Then this save tape can be used to generate a plotting tape by com-

bining it with the appropriate part of the program and resubmitting it.

A listing of the input data and the program output is given on the following pages

for a sample case which required 200 seconds of central processor time. The trailing-

edge adjustment parameter IFIX was not defined in the input, and so the empirical rela-

tion within the analysis selected the appropriate value. The resulting CalComp plot of the

pressure distribution is shown in figure 20 to illustrate its format. The input data appear

across the top. The lift, pitching-moment, and drag coefficients are summarized at the

bottom along with the value for IFIX, the number of cycles for the inviscid computation

NCY, the artificial viscosity level EP, and the number of grid points for the inviscid solu-

tion M x N. The long tick on the vertical axis indicates the critical pressure coefficient

level.

INPUT DATA - SAMPLE CASE

COLUMN NUMBER

00000000011111111 112222222222333333333344444444445555555555666666666677777777778

12345678901234567890123456789012345678901234567890123456789012345678901234567890

KORN AIRFOIL (THEOR COORD WITH AXIS ROTATED 0.12 DEG)

76. 74. 1.

UPPER SURFACE COORDINATES (TABLE OF X/C THEN TABLE OF Y/C)

.0000000 .0001707 .0002774 .0004024 .0008207 .0014433 .0027634 .0043530

.0069575 *0087138 .0111412 .0146477 *0196968 .0235426 .0283907 *0339274

.0378338 .0409463 *0511148 ,0540662 .0570022 .0600323 *0629989 *0688572

.0740271 .0766130 *0791126 .0818048 .0848120 .0887955 .0943301 .1029820

.1088650 *1160702 .1252516 '.1364073 .1497806 *1655668 *1843911 *2060384

.2304857 .2575924 .2870966 *3187641 *3521519 *3867489 .4211690 *4558077

.4901447 *5236700 .5546379 .5841017 .6116746 *6369992 *6587513 *6780408

.7065550 *7280635 .7383184 *7610531 *7765781 .7918669 .8087590 *8246416

.8366122 *8568614 .8752980 .8979475 .9133730 .9273796 *9395038 *9517002

.9715175 *9888925 .9976367 1.0000000

.0000000 .0031239 .0038896 .0045925 *0062157 *0078003 .0100386 *0119356

.0143825 .0157936 .0175490 .0198103 .0226760 .0246304 .0268818 .0292199

.0307471 *0318990 .0352243 .0361355 *0370040 .0378621 .0386661 .0401522

.0413517 .0419114 .0424275 .0429563 *0435175 .0442192 .0451322 .0464543

.0472947 .0482710 .0494409 .0507635 *0522269 *0538026 .0554932 .0572142

.0589021 .0604900 .0619121 .0631136 .0640399 .0646494 .0649128 .0648330

.0644033 .0636268 .0625651 .0612071 .0595843 *0577608 *0559207 *0540710

.0508592 .0481866 .0468213 .0435875 .0412078 .0387602 .0359227 .0331232

.0309434 .0271255 .0235324 *0190136 .0159090 .0131128 *0107233 .0083711

.0047122 .0017650 .0004593 .0001234

LOWER SURFACE COORDINATES (TABLE OF X/C THEN TABLE OF Y/C)

.0000000 .0001020 .0001677 .0002520 .0003544 .0004675 .0006943 .0010316

.0015058 .0019019 .0023409 .0030747 *0042774 *0048290 .0058715 .0071353

.0083710 .0100814 *0124032 .0154701 .0194148 *0254882 .0295958 *0393139

.0527423 .0627017 .0735680 *0855366 .1000756 .1188486 .1413490 .1675828

.2026627 .2283692 .2479330 .2641452 .2822689 .2973241 *3105001 *3245101

.3454288 .3641594 .3884023 .40'3111 .4271864 .4509051 .4762792 .5219445

.5499170 .5786508 .6053171 .6234647 .6421117 .6574869 *6711358 *6902354

.7087596 .7265269 *7464950 .7682830 .7846519 .8008943 .8189163 .8382702
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.8585386 o8791581 .9034650 .9262652 .9434243 .9583859 o9733971 o9859140

.9962660 1-0000000
00000000 -. 0020190 -. 0026897 -. 0032561 -,0037992 -,0042930 -. 0050788 -- 0059921

-. 0070163 -. 0077434 -. 0084678 -. 0095382 -o0109573 -. 0115718 -. 0126227 -.
0137472

-. 0147253 -. 0159378 -.0173967 -. 0190951 -. 0210218 -. 0236028 -*0251638 -. 0284252

-0322162 -. 0346358 -. 0369776 -o0392487 -. 0416518 -,0442745 -. 0468145 -. 0490945

-. 0512022 -. 0521781 -. 0526385 -. 0528460 -0529007 -. 0528072 -. 0526265 -0523362

-. 0517160 -. 0509
7 4

4 -. 0497571 -. 0487396 -. 0472198 -. 0453149 -. 0429923 -00381648

-. 0347510 -. 0309447 -. 0271778 -. 0245072 -. 0216993 -. 0193718 -*0172837 -o.043739

-. 0116115 -,009C595 -.0063567 -.0036779 -o0018970 -o0003194 .0011607 .0024410

.0034392 .0040999 .0044234 .0042731 .0038563 .0032664 .0024303 .0015165

,0005652 .0001234

END OF PECORD
10. 0.702 1.10 21.18

OUTPUT DATA - SAMPLE CASE

ANALYSIS OF TWO-DIMENSIONAL, TRANSONIC, VISCOUS FLOW

KORN AIRFOIL (THEOR COORD WITH AXIS RCTATED 0.12 DEG)

THERE ARE 10 SMOOTHING ITERATIONS USED

AIRFOIL COORDINATES AND CURVATURES

X Y ARC LENGTH THETA KAPPA KP KPP

1.000000 .000123 C.U00000 -5.862 -76944.0904 4.378E+00 0.

.998020 .000323 .001990 -5.653 3.0663 4.378E+00 -3.330E+02

.995648 .000549 .004373 -5.289 1.8639 -5.666E+00 5.298E+02

.992955 .000794 .007077 -5.056 1.6810 7.707E+00 -4.271E+02

.989775 .001065 .010268 -4.706 1.8232 -2.610E+00 1.625E+02

.9860Z8 u001362 .014027 -4.365 1.4677 1.295E+00 -6.041E+01

.9d1663 .U01681 .018404 -4.009 1.3535 -1.685E-01 2.374E+01

.976659 .002016 .023419 -3.642 1.2150 4.122E-01 -4.037E+00

.971020 .002356 .029068 -3.264 1.1291 3.128E-01 3.395E+00

.954762 .002691 .035336 -2.872 1.0586 3.966E-01 1.721E-01

.957909 .003010 .042196 -2.467 1.0042 4.009E-01 7.746E-01

.950490 .00330e .049620 -2.049 .9599 4.199E-01 7,210E-01

.94253t .003557 .057578 -1.620 .9239 4.375E-01 1.142E+00

.934077 .003764 .066040 -1. 180 .8948 4.652E-01 1.496E+00

.9251 .003912 .074975 -.728 .8719 5.010E-01 1.788E+00

.915764 .u03993 .084355 -. 264 .8545 5.435E-01 1.915E4-00

.905969 .003998 .094150 .212 .8420 5.885E-01 1.820E+00

.895787 .003917 .104332 .700 .8334 6.308E-01 1.416E+00

.885246 .003742 .114874 1.202 .8280 6.633E-01 5.945E-01

.874374 .003465 .125750 1.717 .8246 6.767E-01 -7.595E-01

.8o3197 .003078 .136934 2.244 .8218 6.597E-01 -2.728E+00

.851741 .002575 .148401 2.783 .8180 5.996E-01 -5,323E+00

.840032 .001950 .160127 3.330 .8114 4.838E-01 -8.452E+00

.828094 .JOLL97 .172088 3.883 .8001 3.025E-01 -1,190E+01

.815952 .000314 .184263 4.435 .7821 5.071E-02 -1.536E+01

.80368d -. 000701 .196629 4.981 .7559 -2.694E-01 -1.841E+01

.791144 -. 001848 .209165 5.511 .7202 -6.477E-01 -2.066E+01

.778522 -. 00123 .221852 6.019 .6744 -1.066E+00 -2.176E+01

.I65 780 -. 004520 .234670 6.494 .6187 -1.500E+00 -2.147E+01

.752938 -.006032 .247600 6.929 .554L -1.922E+00 -I.971E+01

.740014 -.0074d .z60625 7.316 .4820 -2.303t+00 -1.655E+01

.727023 -. 009i56 .Z73726 7.649 .4046 -2.618E+00 -1.224E+01

.713981 -. 011140 .266892 7.924 .3244 -2.848E+00 -7.219E+00

.70090 -. 012987 .400100 8.139 .2439 -2.981E+00 -2.074E+00

.687799 -. 014680 .313339 8.294 .1655 -3.019E+00 2.520E+00

.674686 -. 016804 .326593 8.391 .0911 -2.974E+00 6.009E+00

.661513 -. 016744 .339849 8.434 .0221 -2.868E+00 8.170E+00

.648472 -. 020687 .353093 8.426 -. 0410 -2.727E+00 9.169E+00

.635394 -. 022619 .366312 8.373 -.0980 -2.571E+00 9.428E+00

.022349 -. 024529 .379497 8.279 -. 1492 -2.413E+00 9.381LE+00

.609347 -. 026407 .392634 8.150 -. 1950 -2.259E+00 9.330E+00

.596397 -. 028243 .405713 7.988 -. 2360 -2.108E+00 9.507E+00

.583509 -. 030030 .418725 7.798 -. 2725 -1.957E+00 1.018E+01

24
ORIGINAL PAGE, lb

OF POOR QUALIT



CCC OCCC CCCCIO(.400000000 C@-'@- N N N N N N NNII4l4' I4 UIU@@ IiI@@I
C'~ ~ ~ ~ 41I U Vic a~ -7, -1 M M, 'C z, z c'- ~ C N 'C V.4 a, C, LN 4-C0N0'-C '0 .0U - MC M 4z ' 0 ' w 4' Q C '41 M4 cN N W,' ,4 4- 4' -1 NM C w 4' V 4 , m.4 z'' CC

-i Ic cc, U, 0 (7, C 0 C MhP ~PS~~uScn~

. . . .. . . . .. . .. .o

C'U'L'4C'aC,.N--. ~'~CUC'c'UCCinUC'U-44NC'C4'C''C'0'C4'4''O~ ~CC'C''U-4C''~00 ~OC'CC9

1t 411 41 1i 11i 4i f l i ll I 111i1iIi lll 44lil l i1 l i 4 f 4 4 ff4Iii111t litl 4 f il 441

,,,,, ~ ~ , ,,.,, , , , , ,,,,,,., ,,,,,,,,.--: i ,,,,,,,.,,,,,.,. '------- rr I

o c . 0 C, c C, c C, C 0 0 C, Q 0 0 C 0 C C CC c C CC 0 0 0 c c 0 c c C, c c c c c) c C'CC 0 0 .. c C c c0

N N N N ! N N N '4w '4'4 44'4 4 '' 4 'k.4 444. 44'. '4'4 4 ' ' ,4'4 Ck 4 ' ' '4'4 u '' ,U'PU U 4U U 41'4 , ViU I , , ,'4 , 4'4'4 4' 4' 4' 4' '4 ''4'~'~'4'44
4',UC"C'CC"N4U

4 '
' EOCC '-4aa'CCC4444'UUC'C 4C'C'OC'CCC N NN NN NN '-'--CC' -0 4'4-0CCCIf

'4 0 '4 N 'CC'44- C '.o '1 C 4 N 'C0''4 0 0 V,'' C, N j -i a4 0 M4 '44- '1' ,0 ''~C' 0' N'0 4 4N' ''~0 0 N ' C' C N N N N C, 24c' 0, Vf C ' '

- ~ ~ ~ ~ V N4- 0 'C 'U ,UU '4 '4 44 N - 0 0 C L '4(IC'C'U Q 4 '-N C, ' a - '- C , ' . ' N . M O N% N' ,4'44N -C CV,' ' , ''4 - C ' J -1'4

- 0 0 z4U 0 4- , ' 4 1 M 'C ' C , z 0' z N VU- C U, 4 , ' , '4 C~ C 'C C'm '4, w' M 04', 4 C N' v, k - ; -i 0 -P44 , C' ' '04 'D Il 4- N, w w 4' k. w C' 4' wC ,C

aC C 'C N i C' 0 C' N C' M- 'C M4 ~ C w C' C'4 '' 'C C4 , z z C' V, -P4 '4 0' r, 4' a, M' N' N C' , M w4 C N C N - 1 N 0 N wC .C 4 'C 4 C 44'0 0C , - 0' C) U

- 0C'4 C' C l N C' V, N , 'C N l , '-U,'1C NU -N 4 C' U, M ' 4' 44C C 4' 'U 0 ' N N' c ' M , -1 U 0 4' 1 r ' Z ' C' U, -P ' -4 . C C N - N 'C -41 -4, C ' C '

'4 C' , ol r, pi N M Vi V, I IN ' I' U, V" 4 M M U CC 0 , V) 0 0 U 4 ' ' 44 'C U, In cc 4 ' N , C .; N CC' 'C

IMUiwI-iii4ll-- - - - I f1 11 111 1@ 11 I1 1 1 41

-i(YIN41-4 P,41 N jvt4-W C0 4IN VC 11 01 41 W W N 0 z ix --j N x,

........................ . .o.... ... .....

44414 11111- 1 441111ffM 4 44 4f CZZ0NVMVVif 4 44ffW 414V -144 4f ffZ '1 W Z M 11141 14 111. 1 4 1 N ; 0 0W - I f

M 'C C' -~ C' , C' V, 04 'C U, N 1 C'U4 ZCU, 4 N -C, 4C i' 'C '4 -4 W-0 N, M'4C'4C'C -4 ~ N '-4C'' C' U, N U, C'C aU omo Mvir C' W

mmnr0 Crn4'nprrrmrn~flflfr41rnmTh,,mmmn,,mC'nr~nCC1rn1 1m m

a000 COOCCC~~~C~' ~ ~ ~ ~COCCmE~OuCC)~OCC~ co

0 00 4

_- - - - 'CC'4C'CUU,,UU4'4'.4NN- - - 'C 'C'4N...'N4',UNC4'U

4'..- ~ ~ ~ ~ ~ : 4' '44 N1 1.C',' 4'4C '-4' N ' 0 4'C44UC'C44,C ,4 CC- 4 4' 4~ w4 4' 'C -M 4 N, 0 M C' UP, w4 44 C' U, ON N -~ M Q1 -. 'C 4 C -4 . -4 VI m4 Z ,U

C n z m. U, V 4. w. 4 N U,' -4 - N ''- 'Ui 4-'4~' C N 4' 4' 'C 7:0 UM C44 C , N N 'C N -41 'C W 44 N: W 'C 04N NI W'' ,U ,C ,C .--. 4 -C C

i n 1,i m 'mm n nin nC444mmmC ''C mmi nm ' in m rn C 10 rn ni m m m' n, ni M' C' M' C M m a' i-n mf ii m in in m m' rn in m M' M' C'n MnC in M' M' M M. M' MMMMM MC'Mj-m7 mrr

NNN 4
i

4 ' 
V

'  
- - - - - - N- - - - N 0 0 00-- - - -------- CC CCC-C CC-- CC--CC--OC--C 0

16- ~~'c~~~e~oh~c~~~wcSD~PhC~~wOm

~~Wr~~NS~WCDr ~rC~9"OV, I - - - - - - - - . . . . . .h' S~~~W

:0 ;, Z. ;, ;,, ilZ. , ; % :_ I . . 1 1 0 z zz :0 Z" :c :0 % i. Z

41-, 'W.N. Z4'WO :- NZ~o 4wocm ow~n h w~o W4'0 '6 ;w'Z-WN 6MO 2 oON -470 WZ4,40 -- 41W;M N4,.

0-4-r'N ' Z - N C ZC' P' - Z 0 ' 4 MVI ' w ' 0 ' I Nr o N' w D w4,N 0-1N N= i 0in , 01N - 4,- W a

mm m m mm m m aitm fm mm-mmm m m rm rmnim m mn~~M mnlm m m rnedm m m

. ...... ....... ...... ...... ....... . I....

000000000000000 OOCOO O)CO 00 , c. 00 c0 00.0



APPENDIX

o02028 -. 023685 .980050 -21.419 -6.7724 -3.236E+02 -3.472E+04
.024294 -. 022992 .981918 -22.177 -7.4116 -3.872E*02 -4.317E+04.022638 -. 022304 .983712 -22.975 -8.1464 -4.633E+02 -5.325E+04.021056 -. 021619 .985435 -23.820 -8.9900 -5.533E+02 -6.600E+04.019547 -. 020939 .987090 -24.717 -9.9577 -6.606E+02 -8.262E+04
.018108 -. 020263 .988680 -25.673 -11.0679 -7.895E+02 -1.039E05
.016738 -. 019589 .990207 -26.696 -12.3435 -9.453E+02 -L.298E+05
.015433 -. 018918 .991674 -27.793 -13.8107 -1.132E003 -1.583E+05.014194 -. 018248 .993083 -28.974 -15.4954 -1.351E+03 -1.852E405.013016 -. 017580 0994437 -30.248 -17.4171 -1.597E+03 -2.036E+05
.011900 -. 016911 .995739 -31.626 -19.5814 -1.857E+03 -2.031E+05.010843 -. 016241 .996990 -33.113 -21.9698 -2.107E+03 -1.770E+05
.009844 -.015570 .998194 -34.716 -24.5339 -2.317E+03 -1.244E+05.008901 -. 014896 .999353 -36.433 -27.1984 -2.458E+03 -6.620E04.008012 -. 014218 1.000470 -38.260 -29.8812 -2.531E+03 -4.432E+04.007177 -. 013537 1.001548 -40.187 -32.5313 -2.578E003 -1.058E+05
.006394 -. 012851 1.002589 -42.205 -35.1686 -2.686E+03 -2.683E+05
.005660 -. 012161 1.003596 -44.312 -37.9004 -2.951E+03 -4.904E+05.004975 -. 011467 1.004572 -46.512 -40.8917 -3.420E+03 -6.773E+05.004338 -. 010767 10.005518 -48.819 -44.2945 -4.049E+03 -7.278E+05.003747 -.010062 1.006438 -51.254 -48.L715 -4.706E+03 -5.885E+05.003202 -. 009351 1.007334 -53.835 -52.4537 -5.224E+03 -2.654E+05.002702 -.008633 1.008209 -56.575 -56.9468 -5.451E+03 2.163E+05.002249 -. 007908 1.009065 -59.475 -61.3620 -5.270E+03 8.528E+05.001842 -. 007174 1.009904 -62.525 -65.3363 -4.567E+03 1o630E+06.001481 -. 006431 1.010730 -65.695 -68.4426 -3.246E+03 2.431E+06.001166 -.005678 1.011546 -68.941 -70.2272 -1.301E+03 2.983E+06.000898 -. 004916 1.012354 -72.202 -70.3190 1.064E+03 2.964E+06.000674 -.004144 1.013158 -75.408 -68.5908 3.402E+03 2.217E+06.000492 -.003363 1.013960 -78.492 -65.2881 5.147E+03 8.991E+05.000352 -. 002571 1.014765 -81.404 -61.0283 5.857E+03 -5.861E+05.000251 -. 001768 1.015573 -84.129 -56.6503 5.392E+03 -1.809E+06.000186 -. 000956 1.016389 -86.686 -52.9861 3.944E+03 -2.508E+06.000156 -.000132 1.017213 -89.128 -50.6608 1.915E+03 -2.638E06.000161 .000704 1.018049 -91.531 -49.9903 -2482E+02 -2.302E+06.000201 .001552 1.018898 -93.980 -50.9768 -2.166E+03 -1.648E+06.000281 .00Z42 1..019762 -96.559 -53.3601 -3.564E+03 -8.059E+05.000U402 .00385 1.020644 -99,335 -56.6797 -4.261E+03 1.150E+05.000571 .004170 1.021545 -102.355 -60.3303 -4.159E+03 9.951E-05
.00079 * .005065 1.022467 -105.634 -63.6236 -3.259E+03 1.694E+06.001077 .005968 1.023414 -109.153 -65.8763 -1.685E+03 2.076E+06.001426 .006877 1.064388 -112.855 -66.5266 2.984E+02 2.066E+06.001846 .007189 1.025392 -116.656 -65.2545 2.334E+03 1.694E+06.00Z343 .0u8701 1.026430 -120.451 -62.0597 4.060E.03 1.092E+06.002918 .009610 1.027506 -124.135 -57.2582 5.213E+03 4.444E+05.003573 .010515 1.028623 -127.615 -51.3899 5.700E+03 -9,697E+04.00430d .011414 1.029785 -130.826 -45.0747 5.592E+03 -4.457E05.005123 .012309 1.U30995 -133.732 -38.8710 5.063E+03 -6.049E+05.006015 .03199 1.032Z55 -136.328 -33.1833 4.3152E03 -6.182E+05.006983 .014086 1.033568 -138.632 -28.2331 3.518E403 -5.460E+05.003026 .016971 1.034937 -160.676 -24.0821 2.785E+03 -4.406E05
.009143 .015856 1.036362 -142.498 -20.6828 2.169E+03 -3.356E+05.010334 .016743 1.037847 -144.136 -17.9313 1.680E+03 -2.471E+05.01160O .017632 1.039394 -145.622 -15.7086 1.305E+03 -1.788E+05
.012941 .018526 1.041005 -146.986 -13.9035 1.022E+03 -1.286E+05.014358 .019424 1.042683 -148.249 -12.4232 8.104E+02 -9.256E+04.015853 .020328 1.044431 -149.429 -11.1935 6.517E+02 -6.705E.04.01742J .021238 1.046250 -150.539 -10.1570 5.320E+02 -4.941E04.019086 .022154 1.048143 -151.592 -9.2709 4.402E+02 -3.757E+04.020821 .023076 1.050113 -152.594 -8.5049 3.675E+C2 -2.984204
.022654 .024004 1.052163 -153.552 -7.8389 3.074E+02 -2.468E+04.024571 .024938 1.054295 -154.473 -7.2610 2.558E+02 -2.067E+04.02657d .025877 1.056511 -155.363 -6,7631 2,108E02 -1.662E04.0Z8679 .U26821 1.05d815 -156226 -6.3373 1.732E+02 -1.195E+04.030817 .027770 1.0612C8 -157.070 -5.9705 1.452E+02 -6.897E+03.033173 .028721 1.063694 -157.896 -5.6434 1,283E+02 -2.529E03.035571 .029675 1.066274 -158.707 -5.3326 1.219E+02 -1.444E02.036073 .030630 1.068952 -159.502 -5.0187 1.215E+02 -4.425E+02.040681 .031585 1.071731 -160,275 -4.6952 1.203E+02 -2942E03.043400 .032540 1.074611 -161,023 -4.3729 1,120E+02 -6.133E+03.04622) .03J493 1.0177597 -161.745 -4.0766 9.400E+01 -8.295E03.049174 .034444 1.080691 -162.445 -3.8341 6.8782E01 -8.3932+03.052Z34 .035392 1.0838 6 -163.132 -3.6628 42346E+01 -6.482E2,03.05414 .036335 1.087213 -163,817 -3.5617 2.120E+01 -3.431E+03.058716 .037272 1.090645 -164.512 -3.5113 9.624E+00 -3.157E+02.062143 .036193 1.094194 -165.223 -3.4810 8.522E+00 2.082E+03.065697 .039112 1.097864 -165.951 -3.4384 1.604E+01 3.435E+03.069381 .040008 1.101656 -166,690 -3.3569 2.886E+01 3.759E+03
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.829126 .032015 1.864679 -190.130 -. 3783 1.177E+00 3.500E+00

.841018 .0e9863 1.876764 -190.380 -. 3434 1.252E+00 3.048E+00

.852667 .027705 1.888611 -190.600 -. 3027 1.319E+00 2.282E+00

.864051 .025555 L.900196 -190.786 -.2560 1.369E+00 1.210E+00

.875148 .023426 1.911496 -190.935 -. 2033 1.397E+00 -1.162E-01

.885935 .021331 1.922484 -191.045 -. 1448 1.394E+00 -1.584E+00

.896387 .019283 1.933135 -191.114 -. 0813 1.357E.00 -3.015E+00

.906480 .017297 1.943421 -191.142 -. 0135 1.287E+CO -4.205E+00

.916189 .015386 1.953317 -191.130 .0574 1.188E+00 -4.995E+00
.925486 .013560 1.962792 -191.079 .1306 1.068E+00 -5.334E+00
.934345 .011832 1.971818 -190.992 .2056 9.397E-01 -5.270E+00
.942737 .010210 1.980365 -190.873 .2826 8.114E-01 -5.030E+00
.950633 .008704 1.988403 -190.725 .3621 6.880E-01 -4.567E+00
.958003 .007319 1.995902 -190.552 .4454 5.752E-01 -4.789E+00
.964816 .006061 2.002830 -190.358 .5337 4.565E-01 -3.126E+00
.971045 .004935 2.009160 -190.148 .6302 3.789E-01 -8.150E+00
.976663 .003940 2.014865 -189.925 .7327 1.772E-01 7.580E+00
.981653 .003077 2.019930 -189.696 .8597 3.636E-01 -4.310E+01
.986011 .002341 2.024350 -189.463 .9606 -6.858E-01 8.842E+01
.989756 .001724 2.028145 -189.238 1.1852 1.449E+00 -2.575E+02
.992938 .001213 2.031368 -189.009 1.0887 -4.803E+00 3.100E+02
.995635 .000790 2.034098 -188.859 1.1510 3.061E+00 -1.868E+02
.998013 .000423 2.036504 -188.639 1.8143 -2.600E+00 -2.263E-13

1.000000 .00012 2.038513 -188.515 -46340.9029 -2.600E+00 -2.263E-13

ERR DA DB

2.946951E-02 5.758071E-03 4.372224E-02
6.458831E-03 -1.805529E-03 1.327163E-02
2.615811E-03 1.652716E-04 3.823044E-03
7.410768E-04 -1.796608E-04 7.819629E-04
2.471375E-04 3.686719E-05 2.027501E-04
8.302199E-05 -3.058255E-05 2.283669E-C5
3.098620E-05 -1.211597E-06 -8.316692E-06
1.063870E-05 -1.197288E-05 -1.825942E-C5
4.389199E-06 -7.662224E-06 -1.977655E-C5
1.605039E-06 -9.308708E-06 -2.033855E-C5
6.4903946E-07 -8.662946E-06 -2.040102E-05

MAPPING TO THE INSIDE OF A CIRCLE

DL/DSIG(4A =-(l/SIGMA4**2)*(1-SIGMA)**(1-PSIL)*(EXP(W(SIGMA))

W(SIGMA) = SUM((A(N)+I B(N))*SIGMA**(N-1))

EPSIL = .015 300 POINTS AROUND THE CIRCLE

A(N) B(N)

2.0385132+00 4.t34364E-02
9.852617E-01 -2.040102E-0o

-3.198867 -01 9.236633E-02
2.080350 -01 -1.811353L-02

-1.350887 -01 2.670647E-U2
7.248768E-02 -3.248779L-02

-5.571157c-02 1.979z892-02
3.730862'-02 -2.1 56461E-02

-2.510498E-02 1.896828E-02
1.706313i-02 -1.428820E-02

-1.381416t-02 1.261280E-Oz
7.774508E-03 -8.407565E-03

-6.
3 7

8555t-03 5.599031E-03
3.36152JE-03 -3.276317E-03

-2.261805E-03 1.245588E-03
4.536691E-04 1.056b26E-04

DEL S RES S/L W(O)
2.855E-OU 0. 1.00006 -1.29843
1.356E-04 1.3

3
3LE-

0
6 .99999 -1.29843

ANGLE DF ZERO LIFT = -2.65350 OUTER MAPPING RADIUS = .27296
THE THICKNESS TO CHURD RATIO IS .1173
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INPUT FOR BOUNDARY LAYER CALCULATION FROM PREVIOUS INVISCIO SOLUTION

**** UPPER SURFACE **** ***** LOWER SURFACE *****

X/C CP CURV CP CURV

0.000 .800000 50.325570 .800000 50.325570

.025 -.644574 7.154498 .247582 7.151358

.050 -. 904418 3.787818 .034812 3.128971

.075 -1.132435 3.132292 -. 087394 2.050502

.100 -1.233545 1.o18051 -. 163480 1.507463

.125 -1.228268 .893546 -.213747 1.202042

.150 -1.144247 .658656 -.246087 .988527

.175 -. 766439 .540442 -.266166 .835771

.200 -. 822957 .466162 -.277978 .722812

.225 -. 833460 .414162 -.283975 .645317

.250 -. 787089 .375801 -.286101 .594810

.275 -.763934 .347159 -.284648 .558995

.300 -. 746957 .326000 -.279691 .531835

.325 -.733023 .310527 -. 271465 .512231

.350 -. 721137 .299751 -. 260100 .497967

.375 -. 710333 .292998 -.245148 .486316

.400 -. 700528 .290539 -. 226944 .474087

.425 -. 691813 .292568 -.205043 .458154

.450 -. 683925 .299458 -. 179807 .438851

.475 -.676098 .312066 -.151904 .421502

.500 -. 669793 .331473 -.121146 .406279

.525 -.662460 .358332 -.087135 .384354

.550 -. 653692 .392034 -. 049945 .347374

.575 -. 641293 .430447 -.009794 .293820

.600 -.624116 .470444 .032810 .224617

.625 -. 600530 .507663 .076672 .138782

.650 -. 568350 .535304 .t2C984 .033644

.675 -. 5Z8569 .546198 .164639 -.092892

.700 -. 481069 .53938C .206403 -.238516

.725 -. 4/8190 .522984 .245058 -. 392171

.750 -. 371034 .502770 .278807 -.537666

.775 -.310435 .477160 .306605 -.659005

.800 -.246164 .441C30 .328546 -. 745513

.825 -. 118736 .388435 .343755 -. 795522

.850 -.108469 .312030 .353884 -. 817025

.875 -. 036827 .204012 .358944 -. 824780

.900 .034019 .05701C .359874 -. 836970

.925 .1U0582 -. 126779 .359874 -. 871639

.950 .153476 -. 355721 .359874 -. 957667

.975 .178075 -. 702334 .359874 -1.189744

1.000 .359874 -2.368634 .359874 -4.070168

UPPER SURFACE BOUNDA4Y LAYER

A/C DELSTAR/C MOMNTM/C H CF

.025 .000 7 .0000 1.669 3.858E-03

.051 .00008 .0000 1.874 3.238E-03

.075 .0001 .0001 1.873 2.948E-03

.L01 .00020 .0001 1.909 2.677E-03

.125 .00026 .0001 1.924 2.471E-03

.152 .00039 .0002 1.906 2.046E-03

.175 .00037 .000 1L.799 2.145E-03

.204 .00055 .0003 1.765 2.040E-03

.231 .00058 .0003 1.732 2.159E-03

.251 .00062 .0004 1.730 2.152E-03

.275 .00068 .0004 1.734 2.026E-03

.307 .00076 .0004 1.741 1.949E-03

.328 .00080 .C005 1.740 1.919E-03

.359 .00086 .0005 1.734 1.889E-03

.380 .00090 .0005 1.727 1.877E-03

.401 .00093 .0005 1.720 1.872E-03

.428 .00098 .0006 1.703 1.859E-03

.461 .00103 .0006 ..693 1.872E-03

.477 .00106 .0006 1.689 1.873E-03

.511 .00112 .0007 1.682 1.865E-03

.527 .00115 .0007 1.680 1.859E-03

.560 .00121 .0007 1.676 1.840E-03

.577 .00124 .0007 1.675 1.824E-03

G A pAG IS 29
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.609 .00132 .0008 1.675 1.781E-03

.625 .00L37 .0008 L.670 1.751E-03

.650 .00145 .00G9 1.671 1.685E-03

.697 .00L65 .0010 1.684 1.563E-03

.720 .00177 .0010 1.693 1.489E-03

.742 .00190 .0011 .704 1.411E-03

.763 .00206 .0012 1.717 1.330E-03

.784 .00223 .0013 1.733 1.245E-03

.803 .00242 .0014 1.752 1.158E-03

.838 .00284 .0016 1.793 9.807E-04

.861 .00322 .0018 1.841 8.378E-04

.881 .00363 .0019 1.891 7.152E-04

.899 .00401 .0021 1.948 6.184E-04

.914 .00453 .0023 2.009 5.247E-04

.929 .00498 .0024 2.068 4.445E-04

.942 .00541 .0026 2.114 3.913E-04

.956 .00577 .0027 2.141 3.646E-04

.968 .00655 .0029 2.228 2.140E-04

.975 .00749 .0032 2.364 9.454E-05

SEPARATION

LOWER SURFACE OUNDOAFY LAYER

X/C DELSTAR/C MCMNTM/C H CF

.026 .00006 .0o00 1.526 4.174E-03

.051 .00009 .0001 1.608 3.448E-03

.076 .00013 .0001 1.602 3.119E-03

.101 .00017 .0001 1.594 2.946E-03

.126 .00021 .0001 1.594 2.825E-03

.151 .00025 .0002 1.594 2.668E-03

.177 .00030 .0002 1.597 2.561E-03

.204 .00034 .0001 1.599 2.485E-03

.226 .00038 .0002 1.591 2.422E-03

.253 .00043 .0003 1.589 2.371E-03

.280 .00046 .0003 1.588 2.32LE-03

.300 .00052 .0003 L.587 2.281E-03

.335 .00059 .0004 1.581 2.197E-03

.356 .00063 .0004 1.581 2.164E-03

.377 .00067 .0004 1.581 2.124E-03

.408 .00074 .0005 1.581 2.067E-03

.429 .00079 .0005 1.581 2.027E-03

.459 .00088 .0006 1.578 1.963E-03

.475 .00092 .0006 1.578 1.912E-03

.506 .00102 .000 1.581 1.849E-03

.537 .00113 .0007 1.565 1.773E-03

.552 .00119 .0007 1.588 1.733E-03

.581 .00132 .0008 1.593 1.655E-03

.610 .00147 .0009 1.602 1.572E-03

.645 .00168 .0010 1.610 1.455E-03

.665 .00182 .0011 1.618 1.400E-03

.685 .00197 .0012 1.626 1.350E-03

.703 .00211 .0013 1.634 1.301E-03

.738 .00240 .0015 1.643 1.225E-03

.755 .00251 .0015 1.644 1.204E-03

.798 .00280. .0017 L.627 1.197E-03

.824 .0029Z .0018 1.612 1.224E-03

.851 .00300 .0019 1.589 1.273E-03

.879 .00303 .0019 1.561 1.341E-03

.907 .00303 .0020 1.532 1.414E-03

.935 .00302 .0020 1.507 1.481E-03

RUN CUMPLETED
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.8565
.8393 *
.8222
.8051
.7819
. 7708
.7537
.7366
.7194
.7023
.6852
. 66d0
.6509
.6338
.6167
.5995
.5824 *
.5653 *
.5481
.5310
.5139
.4907 *
.4796
.4625 *
.44i4
.4282
.4111 *
.3940
.3768
.3597 *
.3426
.3255 ++*++..+++
.3083 ++++*
.2912 ++
.2741 ++
.25o9 ++ **
.2398 **
.2227 + *
.2056 *
.1884 +
.1713 +++4 4++
1542 ***

0 0 .1310 44444*4444

.1028

.0856

.05L4

.0 171 **** + +++

• u7L ***#*+



ADDIT IOG CF BOUNDARY LAYER DELSTAR TO AIRFOIL COORDINATES

* * UPPER SURFACE ***** ***** LOWER SURFACE *****

A-BODY Y-BODY THETA DELSTAR X-NEW Y-NEW X-BODY Y-BODY THETA DELSTAR X-NEW Y-NEW

0.00000 3.00J0000 -89.257 0.000000 0.000000 0.000000 0.000000 0.000000 -89.257 0.000000 0.000000 0.000000

.000171 .003124 -96.944 .000001 .000169 .003124 .000102 -.002019 -85.354 .000000 .000102 -. 002019

.000277 .003890 -98.979 .000002 .000275 .003890 .000168 -. 002690 -82.959 .000001 .000167 -.002690

.000402 .004592 -101.273 .000003 .CC0400 .004593 .000252 -. 003256 -80.336 .000001 .000251 -. 003256

.000821 .006216 -107.818 .000006 .000815 .006217 .000354 -. 003799 -78.234 .000002 .000353 -. 003800

.031443 .007600 -115.101 .C00010 .001934 .007805 .000467 -. 004293 -75.898 .000002 .000466 -. 004293

.002763 .010039 -125.806 .000018 .002749 .010049 .000694 -. 005079 -71.955 .000003 .000691 -. 005080

.004353 .OL1936 -133.375 .000027 .004333 .011954 .001032 -. 005992 -67.536 .000004 .001028 -. 005994

.00O958 .014383 -139.746 .000039 .006932 .014413 .001506 -. 007016 -62.903 .000006 .001500 -. 007019

.008714 .015794 -142.585 .000046 .008686 .015830 .001902 -. 007743 -60.014 .000008 .001895 -. 007747

.011141 .017549 -145.540 .000054 .011111 .017593 .002341 -. 008468 -57.684 .000010 .002333 -. 008473

.014648 .019810 -143.679 .000062 .0C14616 .019863 .003075 -. 009538 -52.814 .000012 .003065 -. 009546

.019b97 .02Z676 -152.030 .000068 .019665 .022736 .004277 -. 0L0957 -48.390 .000017 .004265 -. 0109b8

.023543 .024630 -154.028 .000071 .023512 .024694 .004829 -.011572 -47.289 .000019 .004815 -. 011584

.028391 .026882 -156.095 .000072 .028362 .026947 .005872 -. 012623 -43.429 .000022 .005856 -. 012639

.033927 .029220 -158.063 .000072 .633900 .C29287 .007135 -.013747 -39.894 .000026 .007119 -. 013767

.037834 .030147 -159.186 .000072 .037808 .030815 .008371 -. 014725 -36.949 .000030 .008353 -. 014749

.040946 .031899 -160.309 .000073 .040922 .031568 .010081 -. 015938 -33.827 .000034 .010062 -. 015966

.051115 .035224 -162.694 .000082 .051090 .035302 .012403 -. 017397 -30.601 .000040 .012383 -. 017431

.054066 .036136 -163.133 .000088 .054041 .03622C .015470 -. 019095 -27.521 .000046 .015449 -. 019136

.057002 .037004 -163.868 .000095 .056976 .037095 .019415 -. 021022 -24.670 .000053 .019393 -. 021070

.060032 .037862 -164.515 .000103 .060005 .037961 .025488 -. 023603 -21.590 .000062 .025466 -. 023660

.062999 .03do66 -165.152 .000110 .062971 .038773 .029596 -. 025164 -20.058 .000066 .029573 -. 025226

.0686657 .040152 -166.382 .000125 .068828 .040274 .039314 -. 028425 -17.214 .000076 .039291 -. 028498

.J74J27 .041352 -167.504 .000139 .073997 .041487 .052742 -. 032216 -14.459 .000091 .052720 -.032304

.07bb13 .0419LL -168.066 .000145 .076583 .042053 .062702 -. 034636 -12.900 .000107 .062678 -. 034740

.079113 .042'28 -163.606 .000151 .079083 .042575 .073568 -. 036978 -11.449 .000125 .073543 -. 037100

.081805 .04295o -169.155 .000157 .081775 .04311L .085537 -. 039249 -10.087 .000144 .085511 -. 039391

.084812 .04j518 -169.695 .000164 .084783 .043679 .100076 -. 041652 -8.722 .000168 .100050 -. 041817

.088795 .044219 -170.300 .000173 .088760 .044389 .LL8849 -. 044274 -7.22L .000198 .118824 -. 044471

.094330 .045152 -170.931 .000184 .C94301 .045314 .141349 -. 046814 -5.712 .000236 .141325 -. 047050

.102982 .046454 -17L.663 .000200 .102953 .046652 .167583 -. 049095 -4.263 .000282 .167562 -. 049376

.108865 .047295 -172.066 .000208 .108836 .047501 .202663 -. 051202 -2.673 .000343 .202647 -. 051545

.116070 .048271 -172.492 .000224 .116041 .048493 .228369 -. 052178 -1.694 .000388 .228358 -. 052566

.125252 .049441 -172.976 .000256 .125220 .049695 .247933 -.052639 -1.007 .000423 .247926 -. 053061

.136407 .050763 -173.486 .000327 .136370 .051089 .264145 -. 052846 -.465 .000452 .264142 -. 053298

.149781 .052227 -174.016 .000382 .149741 .052607 .282269 -. 052901 .119 .000485 .282270 -. 053386

.165567 .053803 -174.572 .000364 .165532 .054165 .297324 -. 052807 .588 .000513 .297329 -. 053320

.184391 .055493 -175.152 .000428 .184355 .055920 .310500 -. 052626 .981 .000538 .310509 -. 053164

.206038 .057214 -175.745 .000552 .205997 .057764 .324510 -. 052336 1.393 .000565 .324524 -. 052901

.230486 .058902 -17u.344 .000582 .230449 .05G482 .345429 -. 051716 2.000 .000607 .345450 -. 052322

.257592 .060490 -176.941 .000633 .257559 .061122 .364159 -. 050974 2.534 .000646 .364188 -. 051620

.287097 .0oL912 -177.531 .000714 .287066 .062625 .388402 -. 049757 3.211 .000699 .388441 -. 050455

.318164 .0o3114 -178.L17 .00073 .318738 .063897 .405311 -. 048740 3.676 .000737 .405358 -. 049475

.352152 .064040 -178.700 .000849 .352133 .064888 .427156 -. 047220 4.271 .000791 .427245 -. 048008

.3 6749 .064649 -179.278 .000909 .386737 .065559 .450905 -. 045315 4.913 .000852 .450978 -. 046164

.421169 .064913 -179.845 .000965 .421166 .065878 .476279 -. 042992 5.517 .000924 .476368 -. 043912

.455808 .064833 -180.422 .001024 .455815 .065857 .521945 -. 038165 6.607 .001073 .522068 -. 039231

.490145 .064403 -181.018 .001081 .490164 .065484 .549917 -. 034751 7.271 .001183 .550067 -. 035924

.523670 .063627 -181.646 .00L140 .523703 .064767 .578651 -. 030945 7.815 .001309 .578829 -. 032242

.554638 .062565 -132.294 .001197 .554686 .063761 .605317 -. 027178 8.248 .001446 .605524 -. 028609

.584102 .061207 -183.001 .001260 .584168 .062465 .623465 -. 024507 8.490 .001547 .623693 -. 026037

.011675 .059584 -183.746 .001328 .611761 .060910 .642112 -. 021699 8.592 .001662 .642360 -. 023343

.636999 .057761 -184.505 .001404 .637109 .059160 .657487 -. 019372 8.656 .001767 .657753 -.021118

.658751 .055921 -185.149 .001477 .658884 .057392 .671136 -. 017284 8.710 .001865 .671418 -. 019127

.678041 .054071 -185.875 .001555 .678200 .055618 .690235 -. 014374 8.593 .002010 .690536 -. 016362

.706555 .050859 -186.830 .001692 .706756 .05254C .708760 -. 011611 8.346 .002158 .709073 -. 013747



.728004 .048187 -87.407 .001815 .728298 .049987 .726527 -. 009059 7.981 .002304 .726847 -.011341

.738318 .046821 -187.745 .00L880 .738 .04.048684 .746495 -. 006357 7.403 .002463 .746812 -. 008799

.761053 .043587 -188.473 .002042 .761354 .045607 .768283 -. 003678 6.590 .002618 .768583 -. 006279

.776578 .041208 -188.917 .0021b
7  

.776914 .043349 .784652 -. 001887 5.887 .002722 .784931 -.004595
.7B7657 .03841270 -188.292 .002308 .792240 .041038 .800894 -. 000319 5.131 .002815 .801146 -. 003123

.808759 .035923 -89.78292 .002483 .80981 .038369 .818916 .001161 4.257 .002903 .819132 -. 001734

.8087594642 .03323 -190.789 .002669 .82509114 .035750 .838270 .002441 3.312 .002967 .838442 -. 000521

.836612 .030943 -190.457 .002831 .837126 .0337127 .858539 .003439 2.323 .003032 .858661 .000631

.856861 .027126 -190.878 .003156 .857457 .030224 .879158 .004100 1.343 .003032 .879229 .001069

.875298 .023532 -191.163 .003510 .875978 .026976 .903465 .004423 .180 .003031 .903475 .001393

.897948 .019014 -191.372 .004055 .898747 .022989 .926265 .004273 -.947 .003018 .926215 .001255

.913374 .015909 -191.352 .004497 .914259 .020318 .943424 .003856 -1.841 .003011 .943328 .000846

.927383 .013113 -191.226 .004941 .928341 .017959 .958386 .003266 -2.698 .003004 .958244 .000266

.939504 .010733 -19i.21 .005339 .940527 .015964 .973397 .002430 -3.701 .002997 .973204 -. 000560

.951700 .008371 -190.067 .005648 .952755 .013920 .985914 .001516 -4.678 .002991 .985670 -. 001464

.971518 .004712 -190.104 .000895 .972727 .011500 .996266 .000565 -6.081 .002986 .995950 -.002404

.988892 .001165 -188.978 .008061 .990150 .009728 1.000000 .000123 -8.078 .002984 1.000000 -. 002884

.997637 .000459 -188.088 .008470 .998828 .008845

1.000000 .000123 -188.093 .008565 1.C000000 .008725

NOTE THAT THE TRAILING EDGE OF THE EQUIVALENT AIRFOIL IS REDEFINED SO THAT X/C = 1.000

t7"d
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PRESSURE DISTRIBUTION VS EQUIVALENT AIRFOIL COORDINATES

X/C Y/C CP
1.000000 0.000000 .201169
.999543 .000047 .244899
*998164 .000181 .264341
.995850 .000409 .279081
.992594 .000704 .292719
.988389 .001055 .304729
.983235 .001446 .315018
.977132 .001860 .323736
.970088 .002280 .331584
.962109 .002688 .338547
.953205 .003065 .344619
.943390 .003392 .349764
.932681 .003646 .353940
.921100 .003806 .357103
.908670 .003852 .359199
.895420 .003760 .360148
.881383 .003509 .359824
.866595 .003077 .358035
.851101 .002441 .354501
.834948 .001582 .348857
.818194 .000483 .340659
.800901 -. 000869 .329462
.783138 -. 002476 .314856
.764976 -. 004333 .296594
.746487 -. 006423 .274644
.72773' -. 008717 .249216
.708793 -.011180 .220741
.689699 -. 013771 .189817
.670501 -. 016447 .157123
.651231 -. 019165 .123340
.631916 -. 021889 .089082
.612578 -. 024583 .054886
.593234 -. 027216 .021231
.573901 -. 029764 -. 011436
.554592 -.032204 -. 042695
.535319 -. 034519 -. 072169
.516096 -. 036695 -. 099608
.496933 -. 038723 -.124982
.477848 -. 040597 -. 148463
.458858 -. 042313 -. 170246
.439980 -. 043866 -. 190352
.421234 -. 045253 -. 208617
.402638 -. 046470 -. 224853
.384211 -.047517 -. 238988
.365972 -. 048394 -. 251069
.347941 -. 049101 -. 261203
.330139 -. 049641 -. 2695L0
.312587 -.050018 -. 276103
.295307 -. 050232 -. 281054
.278322 -. 050287 -. 284390
.261654 -. 050187 -. 286123
.245325 -. 049934 -. 286291
.229357 -. 049531 -. 284959
.213773 -. 048981 -. 282161
.198595 -. 048288 -. 277805
.183844 -. 047454 -. 271631
.169541 -. 046479 -. 26326t
.155703 -. 045367 -.252365
.142350 -. 044120 -. 238622
.129497 -. 042742 -. 221733
.117160 -. 041236 -. 201368
.105354 -. 039608 -. 177334
.094093 -. 037664 -. 149608
.083392 -.036011 -. 118011
.073265 -. 034055 -. 081947
.063726 -. U32005 -. 040925
.054786 -. 029870 .004889
.046462 -. 027660 .055280
.038769 -. 025386 .1107d4
.031726 -. 02305b .172518
.025352 -. 020618 .241677
.019667 -. 018256 .320237
.014696 -. 015789 .413087
.010459 -. 013262 .529028
.006963 -. 010650 .678021
.004190 -.007937 .850553
.002130 -.005127 1.013099
.000782 -. OU2205 1.117206
.000104 .000854 1.110560
.000000 .004019 .985257
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.000431 .007170 .730289

.00[468 .010208 .366201

.003212 .013116 .022219

.005718 .015940 -. 202190

.008985 .018738 -. 337272

.012978 .021540 -. 438969

.017659 .024347 -. 530189

.03002 .027144 -. 616367

.028987 .029914 -. 699118

.035600 .032634 -. 777359

.042833 .035287 -. 844362

.050618 .037859 -. 908697

.059117 .040333 -. 986b702

.068141 .042674 -1.074912

.077770 .044846 -1.153852

.088038 .04684J -1.207015

.098970 .048691 -1.231194

.110563 .050428 -1.234446

.L2788 .052085 -1.221483

.135607 .053671 -1.213954

.148991 .055185 -1.165445

.162917 .056625 -. 913638

.177358 .057999 -. 736340

.192279 .059308 -. 798488

.207651 .060540 -. 843860

.223449 .061688 -. 839522

.239656 .062750 -. 801599

.256245 .063729 -. 775589

.273188 .064625 -. 765135

.290454 .065435 -. 755229

.308015 .066156 -. 745581

.325a44 .066785 -. 735901

.343913 .067318 -. 726452

.362195 .067756 -. 7L7485

.380660 .068096 -. 709109

.399280 .068336 -. 701376

.418024 .068476 -. 694318

.436b63 .068513 -. 687923

.455767 .068446 -. 682113

.474705 .068270 -. 676746

.493648 .067982 -. 671609

.512566 .067580 -. 666393

.531430 .067057 -. 660660

.550213 .066409 -. 653842

.568890 .065630 -. 645270

.587437 .064715 -. 634250

.605831 .063658 -. 620129

.624054 .062457 -. 602353

.642088 .061108 -. 580543

.659918 .059612 -. 554623

.677531 .057973 -. 524909

.694912 .056196 -. 492069

.712047 .054293 -. 456911

.728922 .052274 -. 420148

.745518 .050154 -. 382255

.761818 .047946 -. 343507

.777805 .045665 -. 304089

.793459 .043329 -. 264199

.808760 .040935 -. 224084

.823689 .038562 -. 184057

.838223 .036170 -. 144476

.852340 .033800 -. 105727 ORIGINAL PAGE

.866012 .031415 -.068168 PAGE

.879212 .029213 -. 032054 OF POOR QUALITY

.891912 .027036 .002475

.904081 .024962 .035402

.915688 .023009 .066669

.926700 .021195 .095917

.937083 .019536 .122626

.946799 .018048 .145593

.955803 .016741 .163877

.964052 .015616 .176958

.971506 .014664 .185139

.978129 .013871 .189539

.983897 .013218 .191801

.988795 .012687 .193567

.992814 .012263 .196294

.995949 .011939 .198421

.998195 .011709 .199945

.999547 .011571 .200863

.999999 .011525 .201169

CL = .583 CM = -. 107 CD = .C0338
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-1.2343
-1.1986 * *
-1.1630
-1.1273
-1.0917 *
-1.0560
-1.0203 *

-. 9847
-. 9490
-. 9134 *
-. 8717
-. 8421 * * * 44
-. 8064 * **
-. 7707 *
-. *7351 * 44 *4*
-. 6994
-. 6638 **
-. 6281 *
-. 5924 *
-. 5568
-. 5211 *4

-. 4855 **
-. 4498 ,
-. 4142 *
-. 37d5 *
-. 3428 *
-. 3012 +++++++++ *

-. 2715 ... + .++++.4
-. 2715 9

-. 2002
-. 6 ++ +
-. 12139 4 +

-. 0932 4 ,
-. 0516 *

.0139----------------------------------------------------------------------- ------- ---

.037 ---- -----------------------------

.0494

.0850 *

.LL07 **

.L1564

.1920 +

.277

.2633 ++++ ++

.2990 + + .++ ++.+++++

.3347

.3703

.4060

.4416

.4773

.5129 4
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SUMMARY OF RUN 10 FOUR KORN AIRFOIL (TFEOR COORD WITH AXIS ROTATED 0.12 DEG)

MACH = .702 ALPHA = 1.10 RN X 10E-6 : 21.18 IFIX = 40

CALCULATIONS USIING THE CRUDE GRID ( CCNV I

CYCLL CL NCY X/C UPP SEP X/C LOW SEP

1 .722 144 .722144.957 1.030

2 .591 68
.977 1.000

3 .591 8

CALCULATI10S USING THE MEDIUM GRID ( CCNV )

CYCLE CL NCY X/C UPP SEP X/C LOW SEP

1 .590 19
L .971 1.000

2 .585 It,

CALCULATIONS USING THE FINE GRID ( CCNV )

CYCLE CL NCY X/C UPP SEP X/C LOw SEP

1 .584 15.975.000
.975 1.000

z .583 3

ONE CALCOMP PLUT IS GENERATED

03/27/74 LRC ICOPS PRODUCTN 6600C-131K 01/23/74A

09.54.07. ACCT - TOTAL EXCEEDED

09.54.07.TER1901.
09.54.07.JUB,1,0600,b06500,5000. A4314 R

09.54.01.1711 100710 8641 CENT

O9.5 4 .0 7.USER.bAVITZ,PAUL 
C. 1724

09.5 4 .U7.04516 33100 NAS GRUM

09.54.U7.LINECNT(L00I)0
O 9 .54.08.FETCH(A314,SPRL16,BINARY,,8AVITZ)
09.514.TIME i3G ATTACH

09.55.07.TIME LD ATTACH

09.55.08.END FETCH

09.55.09.COPYBR(INPUT,TAPE3)
09.55.11.SETINDF.
09.55.12.64VITZ.
10.08.06.PLOTTING COMMENCLU

10.08.27.LAST CALCUMP BLOCK ADDKESS = 1

10.08.27. DATA PLOTTED = 9060

1O.08.Z8.STOP 0101
LO.08.28.SPPRINTIOUTPUT,3)
10.08.30.RFL,10000.
10.08.3O.MEMORY 010000 CM

10.08.30.RFL 0000355 0/S CALLS

LO.08.30.RFL CPU 200.519090 SEC.

10.08.31.RcWINIUCALTPE)
10.11.51.TXLO2 ASSIGN51,PLT2L8

10.11.53.REQUEST,TAPE97,HI,X- CALTP,RIM,PCB,A3

10.11.3.275,B 641

10.11.53. (57 ASSIGNED)
10.11.53.REWIND(TAPE97)
10.11.55.COPYBF(CLLTPETAPE97)
L0.11.57.DROPFIL(TAPE97)
10.11.59. 0000381 U/S CALLS

10.11.59.CPU 200.532222 SEC.

10.11.59.PPU 188.895232 SEC.

10.LZ.00.LJST OF THIS JOB WAS $ 17

10.12.O0.KWH 4.22Z KILOWCRO HOURS

11.42.21. TER1901. 1066 LINES PRINTED. LP21

tIGNAL pAGE 
37
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User Particulars

Convergence.- In some instances, the inviscid-flow-boundary-layer iterations with

the crude and medium grids, or at least the medium grid, will converge, although the

iterations with the fine grid will not. The convergence criterion assodiated with the num-

ber of cycles of an inviscid computation was introduced to prevent this convergence, but

the current requirement of 20 cycles or less occasionally is not adequate. Sometimes

the limit of four inviscid solutions with the fine grid is reached without convergence of

the iterations. In almost all these cases, however, the first solution with the fine grid

(which is just a refinement of the last converged solution with the medium grid) is accept-

able. In fact, some of the data correlations in this paper fall in this category. There-

fore, as a rule of thumb, use the first of the four pressure distributions provided they are

all reasonably similar and provided the inviscid-flow-boundary-layer iterations using

the medium grid have converged. A reduction in the maximum number of fine-grid com-

putations to 1 or 2 was contemplated to save computer time; but in rare instances all four

of the aforementioned pressure distributions are not similar and thus the results cannot

be used. The program can be modified, if desired, to increase the allowable number of

inviscid computational cycles associated with overall convergence (from 20 to about 23

or 24), or to raise the tolerance level on the inviscid solution (to redefine ST from

5 x 10-5 to approximately 10-4).

At high transonic Mach numbers, when the shock wave is very near the trailing

edge, the initial inviscid solution currently diverges. As previously mentioned, an arbi-

trary boundary layer is introduced in an attempt to increase the number of attainable

computation points with disappointing results. It should be noted that although a minor

error is suspected in the version of the program which is herein listed, an additional

error definitely exists in the overlaid version. Instead of starting from an incompress-

ible flow definition, the second inviscid calculation definitely starts from the last cycle of

the first inviscid calculation. Thus, it too diverges. This whole process probably should

be deleted from the computer program. Additional computation points at the high Mach

numbers can be attained, however, by reducing the value of the term associated with the

artificial viscosity EP. It is currently defined as 0.7. For cases where the initial invis-

cid solution would diverge, a value of 0.0 has successfully been used. (EP can vary from

0.0, which corresponds to second-order accuracy at those points.) Also, the program can

be modified to start the calculations at a lower Mach number or angle of attack where the

first solution will not diverge, and then to increase to the desired level after the boundary

layer has been incorporated, for example, on the second or third iteration.

Effect of IFIX.- This empirical factor can be input or automatically selected. To

illustrate the typical effects it has on the pressure distribution, results on a supercritical

airfoil are shown in figure 21 for the automatically selected value (IFIX = 37) and for a

specified value corresponding to no internal adjustment of the aft surface pressure distri-
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bution (IFIX = 41). Initially, IFIX was intended to vary with thickness ratio as well as

trailing-edge slope, but consistent data over a range of thickness ratios were not avail-

able. Recent calculations for thin supercritical airfoils have indicated that the present

empirical formula apparently produces values of IFIX which are slightly low. This fact

can be deduced by examining the behavior of the upper surface pressure distribution near

the trailing edge, where an atypical reversal from an unfavorable pressure gradient to a

favorable one occurs.

Insufficient coordinate definition.- Inadequate definition of the airfoil, particularly

near the nose, or incorrect definition of a particular coordinate can cause the program

to terminate with no message. Thus, special note is being made here. After the first

line of output, the program exits from subroutine AIRFOL. Additionally, there should be

no coordinate input aft of the 99-percent chord, except for the trailing-edge coordinate,

because an error can arise in the definition of the equivalent inviscid airfoil in this

region.

Program Listing

PROGRAM FLOWI(INPUT= 6 6 .OUTPUT=500TAP
E 3 = 5

00,TAP
E 6 =OUTPUT.TAPE5=INP A 00

A 10

C ANALYSIS OF TWO-DIMENSIONAL, TRANSONIC, VISCOUS FLOW 
A 20

COMMON PHI(162,33).FP(162,33) 
A 30

COMMON /B/ AA(100).BB(100) 
A 40

COMMON /C/ M,MM,MP,N.NN*LLLP*IIMIMMIM3,11*JJlIKJKIZ.ITYP*MXP 
A 50

1 NS.NCY.TEP RAD.TP.TPI.DT.DRDELTHDELR.RA.RAS.RA2 PA3,RA4,RA5.E 
A 60

2M.OCRIT.CI ,C2 *C 4 ,C5. C6.C7.8ETEPSIL, TCCLCHD 
ALP* ALPO.DPHI XPHI C A 70

3 N.SN.EPC3A7.RARA8,RA9.EL*M.XSFSYMST 
.X.Y,YM.XA,YAAO.BQKPiYR*E A 80

4 MO.EEIOIMNFC.NMPISN2N3.N4NS5M4.NAN.NCASE 
A 90

COMMON /E/ KCYCLEFNUFNL,IBNDLAY(13),ABNDLAY(19),XBODY(1
6 2

).YBODY A 100

1(1 6 2 ),BODSLOP(162).BODCURV(82)XNEW(162).YNEW(162),CPSURF(1
6 2

).CPB A 110

2DLY(82).IGRIDGRIOXUPLE(20).XUPARC(20) XLOLE(20) 
XLOARC(20).TITLO A 120

3 UT(15) CLOUT(3.7)SUPOUT(3.7 
) ,SLOWOUT(37).CMOUT CPUP(85) .CPLO(85) A 130

4.XTEMUP(85),XTEMLO(85)DELBLX(162).KOUNT.KOUNTUP.LOWGRD.INVDIV 
A 140

COMMON /F/ XBL(75),DELBL(75).THET8L(75),HBL(75)ICFRBL(75).KTYPE$KK 
A 150
A 160

1K A 16n

COMMON /G/ SS(310),TH(310),U(310).V(310).w(310).SP(310) 
A 170

COMPLEX Z 
A 180

COMMON /A/ A( 4 0),B(4 0).C(40)D(40)E(40)RHO(40) 
RP(40),R(

4  
) RS(

4  
A 190

11),RI(41),SI(162),CO(162).Z(162).FM(162),PHIR(16
2
) A 200

DIMENSION KwRIT(3). CONVOUT(3,2). NCYOUT(3.7), COME(1838). COMF(37 A 210

17). COMC(86). XTM(101)* DELTM(101), XPLOT(100). DELeLXF(100*2). CP A 220

2PLOT(IO002). PYS(2) 
A 230

EQUIVALENCE (COME(1) KCYCLE) 
A 240

EQUIVALENCE (COMF(I),XBL(1)) 
A 250

EQUIVALENCE (COMC(I).M) 
A 260

KONTROL=0 
A 270

IRUN=1 
A 280

KPLOT=O 
A 290

DATA GAM IMO/1.4.0/ 
A 300

DATA (PYS(J),J=1.2)/1H+.IH*/ 
A 310

N2=6 
A 320

N3=3 
A 330

N4=6 
A 350

N5=5 
A 360

M4=N4 
A 360

DO 20 KI=1.3 
A 370

DO 20 K2=1,7 P VAL PAGE A 380

SUPOUT(KI K2)=1.O OF POORA QUATI T A 390
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20 SLOWOUT(KlK2)
= 1

O
0  A 400

KCYCLE=I A 420

IGRID=0

C IBNDLAY I THRU 11 AND ABNDLAY I THRU 17 ARE INPUTS FOR THE A 430

C BOUNDARY LAYER ROUTINE 
A 440

IBNDLAY(I )=1 
A 450

IBNDLAY(2)=500 
A 460

IBNOLAY(3)=5000 
A 470

IBNDLAY(4)=20 A 480
IBNDLAY(4)=20 A 490

IBNDLAY(5)=41 A 500

IBNDLAY(6)=10 A 510

IBNDLAY(7)=1 A 520

IBNDLAY(8)=4 A 530

IBNDLAY(9)= 2  A 540

1BNDLAYlO)=2
IBNDLAY(11 )= 

A 550

IBNDLAY(12)=7 
A 560

ABNDLAY(2)=0oo25 
A 570

ABNOLAY(3)=0oO 
A 580

ABNOLAY(5)=OoO015 
A 590

ABNOLAY(6)=OoO 
A 600

ABNDLAY(7)=0oO01 
A 610

ABNDLAY(8)=0015 A 620

ABNDLAY(9)=0.40 A 630

ABNDLAY(10)=2.0 A 640

ABNDLAY(11)=oO0 A 650

ABNDLAY(12)=1 o4 A 660

ABNDLAY(13)=0o89 A 670

ABNDLAY(14)=0o76 A 680

ABNOLAY( 15)=0o70 A 690

ABNOLAY(16)=OoO A 700

ABNDLAY(17)=0oO05 A 710

FIS=FLOAT(IBNDLAY(5)) A 720

30 KSTOP=3 A 730

ISKlP= 0  
A 740

IF (IRUNoGTol) READ (N3) COME.COMC.PHIFPOAA.BBA.B.C.ODERHORP.R A 750

I RSoRI SICO.ZFMPHIR A 760

READ (N59940) FNRNgEMALP.ABNDLAY(18).FIFIX A 770

NRN=FNRN A 780

18NDLAY(13)=FIFIX A 790

KMAXCYC=IBNDLAY(12) 
A 800

40 CONTINUE A 8120

KONTROL=KONTROL+ 1  
A 820

GO TO (140,50.60,70,90O1000110120,130), KONTROL A 830

50 NS=-1 A 840

ITYP=I A 850

GO TO 140 A 860

60 NS=-1 A 870

ITYP=I A 880

GO TO 140 A 890

70 IF (NCASEoGTloANDoIUNoEQol ) WRITE (N3) COMECOMCOPHIoFP.AAOBBogA A 900

18C DERHORP ,RRSoRI.SI.CO Z FM.PHIR A 910

IF (FIFIXoGToloO) GO TO 80 A 920

C DEFINE PARAMETER FOR To E. BOUNDARY LAYER ADJUSTMENT IF NOT ON A 930

C THE INPUT CARD A 940

IF (TESLOP oGE. -12.0) FIFIX = 41o0 + (TESLOP + 2.0)/20.0 A 950

IF (TESLOP oLEo -15o0) FIFIX = 39o5 + (TESLOP + 15.0)/2.0 A 955

IF (TESLOP 0LTo -12.0 .AND. TESLOP oGT0 -15.0) FIFIX = A 960

1 -7oC*TESLOP**3/540oo - 0.6*TESLOP**2 - 8.75*TESLOP - 0.5 A 965

IBNDLAY(13)=FIFIX A 970

80C NS=800 A 980

ITYP=4 A 990

GO TO 140 A1000

90 NS=I AI010

ITYP=-I A1020

GO TO 140 A1030

100 NS=500 A1040

ITYP=4 A1050

GO TO 140 A1060

ORIGINAL PAGE IS
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110 NS=1 
A1070

ITYP=-l 
AI080

GO TO 140 
A1090

120 NS=300 
AIl0

ITYP=4 
Al120

GO TO 140 
All30

130 NS=O 
A1140

ITYP=O 
A1140

140 ALP=ALP/RAD 
All50

IF (NS.EQ.O) GO TO 340 
A1160

C COMPUTE CONSTANTS NEEDED IN CALCULATION A1170

RA7=1.+EP 
A1190

RA8=1.+3.*EP 
A1190

RA9=1.+RA8 
A1200

C3=2.+EP 
A1210

EL=2.*RA7 
A1220

IF (EM.EO.EMO) GO TO 150 
A1230

C NEW MACH NUMBER. ADJUST CONSTANTS WHICH DEPEND ON 
MACH NUMBER A1240

EMO=AMAXI(EMl.IE-40) 
A1250

EM=EMO 
A1260

C2=.5*(GAM-1.) 
A1270

CI=C2+1./(EM*EM) 
A1280

C5=1 ./(.5GAM*EM*EM) 
A1290

C6=C2*EM*EM 
Al300

C4=C6+1. 
A1310

C7=1./(C5*C6) 
A1320

BET=SORT(I.-EM*EM) 
A1330

IMO=I 
AL1340

150 QCRIT=2.*Cl/(GAM+
I
.) 

Al350

IF (NS.GT.0) GO TO 160 
A1360

NS=O 
A1370

IF (ITYP.GT.O) CALL CRUDER 
A1380

GO TO 250 
A1390

160 IF (ITYP) 170.180.190 
A1400

A1410
170 CALL REFINE 

A1420

GO TO 250 
A1420

C SET UP CONSTANTS AND DO CONFORMAL MAPPING 
A1430

180 CALL AIRFOL 
A1440

TESLOP = (RAD*(2.0*TH(NMP+I) + TH(I)) + 360.0)/3.0 A1450

CALL RESTRT 
A1460

GO TO 250 
A1470

190 IF (IMO.LE.O0) GO TO 200 Al480

I MO=O 
A1490

CALL PHIRR 
A1500

200 CONTINUE 
A

C CHECK TO SEE IF ANGLE OF ATTACK HAS CHANGED A1520

IF (ABS(ALP-ALPO).GT.IE-8) CALL SICO 
A1530

y=(XS-XM)/(I.-OCRIT) 
A1540

YM=XS-Y 
41560

IF (XPHI.EQ.O.) YA=YA/(2.*CHD)

C COMPUTE INVISCID FLOW WITH A MAXIMUM OF NS CYCLES A1570

210 NCY
=
O A1590

INVDIV=O A1600

DO 240 K=1.NS Al610

CL=2.*DPHI*CHD 
A1620

CALL SWEEP

C CHECK FOR CONVERGENCE OF INVISCID SOLUTION A1630

IF (AMAXI(YR.ABS(YA)).GE.ST) GO TO 220 A1640

NCY=K 
A1660

GO TO 250 
A1670

C CHECK FOR DIVERGENCE

220 IF (AMAX1(YR.ABS(YA)).LT.IO.**IO) GO TO 230 A1680

NCY=K 
A1700

INVDIV=I A1710

GO TO 250 A1720

230 YA=YA*XPHI A1730

IF (XPHI.NE.O.) YA=YA/(XPHI*XPHI) A1730

240 CONTINUE A1750

NCY=NS
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A 1760
250 ALP

=R
AD*ALP A1770

ITYp=IABS(ITYP) A1780

NCYOUT(IGRID+I KCYCLE)=NCY Al780

IF (INVDIVoEOoO) GO TO 260 
A1790

IF (KCYCLEoEoloANDolGRIDoEQoO) GO TO 260 
A1800

C TERMINATE CASE IF INVISCID SOLUTION DIVERGES ON ANY CYCLE OTHER 
A1810

C THAN THE FIRST WITH THE CRUDE GRID 
A1820

CLOUT(IGRID+IKCYCLE)=999o0  
A1830

CONVOUT(IGRID+191)=GRID A1840

CONVOUT(IGRID+1o2)=BHNOT CONV A1850

wRITE (N3) COMEqCOMCZ A1860

KWRIT(IGRID+1)=KCYCLE-1 
A1870

KSTOP=IGRID+1 
A1880

GO TO 340 
A1890

260 IF (ITYPoGEo2) CALL GETCP A19O

IF (ITYPoLTo2) GO TO 40 A1910

C CHECK FOR CONVERGENCE OF INVISCID-FLOW/BOUNDARY-LAYER ITERATIONS A1920

CALL CONVER (ICHECKvKCYCLE MqCLZ.CPSURF.NCY) 
A1930

IF (INVDIVoEQoO) CLOUT(IGRID+I1KCYCLE)
=
CL A1940

IF (ICHECKoEQoO) GO TO 270 
A1950

KWRITE=KCYCLE-1 
A1960

KCYCLE=KMAXCYC 
A197a

270 IF (INVDIVoEOoO) CALL SETCP 
A1986

WRITE (N3) COMEqCOMCoZ 
A1990

C IF I-F/B-L ITERATIONS HAVE NOT CONVERGED AND KCYCLE 
HAS NOT A2000

C REACHED MAXIMUM VALUED CONTINUE ITERATING A2010

IF (KCYCLEoLToKMAXCYC) GO TO 300 A2020

KCYCLE=I 
A2030

IF (ICHECKoEQol) GO TO 280 
A2040

KWRITE=KMAXCYC-1I 
A2050

KWRIT(IGRID+I)=KWRITE 
A2060

CONVOUT(IGRID+ l1)=GRID 
A2070

CONVOUT(IGRID+1.2)=8HNOT CONV 
A2080

GO TO 290 
A2090

280 KWRIT(IGRID+I)=KWRITE 
A2100

CONVOUT(IGRID+1 I)=GRID 
A2110

CONVOUT(IGRID+1 2)=8H CONV 
A2120

290 KMAXCYC=KMAXCYC/2+2 
A2130

IBNDLAY(12)=KMAXCYC 
A2140

IGRID=IGRID+1 
A2150

C REFINE GRID OR TERMINATE CASE 
A2160

GO TO 40 
A2170

300 ALP=ALP/RAD 
A2180

C COMPUTE BOUNDARY LAYER AND DEFINE NEW INVISCID AIRFOIL 
A2190

CALL BNDLAY 
A2200

KCYCLE=KCYCLE+1 
A2210

IF (IGRIDoGToO) GO TO 310 
A2220

CALL REFINE 
A2230

310 IF (IGRIDoGTol) GO TO 320 A2240

CALL REFINE 
A2250

C MAP NEW INVISCID AIRFOIL (WITH FINE GRID) A2260

320 CALL AIRFOL 
A2270

CALL RESTRT 
A2280

CALL COSI 
A2290

IF (IGRIDoGToO) GO TO 330 
A2300

CALL CRUDER 
A2310

330 IF (IGRIDoGTol) GO TO 210 A2320

CALL CRUDER 
A2330

C REPEAT INVISCID SOLUTION WITH NEW AIRFOIL 
A2340

GO TO 210 
A2350

340 ITYP=4 
A2360

IF (INVDIVoEOoO) ALP=ALP*RAD 
A2370

C OUTPUT LAST INVISCID-FLOW/BOUNDARY-LAYER ITERATION IF OVERALL A2380

C SOLUTION CONVERGED OTHERwISE OUTPUT ALL ITERATIONS A2390

WRITE (N2.950) 
A2400

WRITE (N491390) TITLOUTNRN 
A2410

WRITE (N4,1270) EMALPABNDLAY(18).IBNDLAY(13) A2420

KI=FNU 
A2430

K2=FNL 
A2440
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K12=KI+K2 A2450

K2Pl=K2+1 A2460

REWIND N3 A2470

IF (NCASE.GT.1) READ (N3) COME*COMC,PHI.PPAABB,A,B,CDE9RHO.RP. A2480

IRRSRISI.COZFM.PHIR 
A2490

IF (INVDIV.EO.I) GO TO 590 A2500

IF (ICHECK.EQ.O) GO TO 590 A2510

OUTPUT LAST ITERATION 
A2520
A2530

DO 360 KK=1.2

KWRTOUT=KWRIT(KK) 
A2540

00 350 K=I1KWRTOUT 
A2550

READ (N3) COME.COMCZ 
A2560

READ (N3) COMF A2570

350 READ (N3) COMF A2580

360 READ (N3) COME.COMC9Z A250

LOOP=1 A2600

KWRTOUT=KWRIT(3) A2610

370 READ (N3) COME,COMC*Z A2620

IF (LOOP*EQ.KWRTOqT) GO TO 380 A2630

LOOP=LOOP+ 1  A2650

READ (N3) COMF A2650

READ (N3) COMF A2660

GO TO 370 A2670

380 WRITE (N4.960) A2680

WRITE (N4.970) A2690

WRITE (N4.980) A2700

WRITE (N4.990) A2710

15=IBNDLAY(5) A2720

DO 390 K=1,15
XXXX=ABNDLAY(3)+FLOAT(K-1)*ABNDLAY(2) 

A2740

KPLUS=K+I5 
A2750

390 WRITE (N4.1000) XXXX.CPBDLY(KPLUS).BODCURV(KPLUS),CPBDLY(K),BODCUR 
A2760

IV(K) A2770

CDF=O 0O 
A2780

DO 480 LOOP=12 A2790

IF (LOOP.EO.1) WRITE (N4*1010) A2800

IF (LOOP.EO.2) WRITE (N4.1020) 
A2810

WRITE (N4.I030) 
A2820

READ (N3) COMF 
A2830

DO 400 K=2.KKK 
A2840

400 WRITE (N4.1040) XBL(K).DELBL(K)*THETBL(K)*HBL(K).CFRBL(K) 
A2850

XBL(KKK+I)=1.0 
A2860

CFRBL(KKK+I)=CFRBL(KKK) 
A2870

GO TO (410.420.430.440o450), KTYPE 
A2880

410 WRITE (N4*1050) 
A2890

GO TO 460 
A2900

420 WRITE (N4.1060) 
A2910

CFRBL(KKK+1)=0.O 
A2920

GO TO 460 
A2930

430 WRITE (N4.1070) 
A2940

GO TO 460 
A2950

440 WRITE (N4.1080) 
A2960

GO TO 460 
A2970

450 WRITE (N4.1090) 
A2980

C COMPUTE FRICTION DRAG (APPROX) 
A2999

460 DO 470 K=t#KKK A5606
470 CDF=CDF+0.5*(CFRBL(K+I)+CFRBL(K))*(XBL(K+1)-XBL(K)) 

A3010

480 CONTINUE 
A3030

READ (N3) COMECOMC.Z 
A3030

DO 490 K=K2PI.KI2 
A3040

KMN=K-K2 
A3050

XTM(KMN)=xBODY(K) 
A3060

490 DELTM(KMN)=DELBLX(K) 
A3070

DO 500 K=1.100 
A3080

XPLOT(K)=FLOAT(K)0*O1 
A3090

CALL DISCOT (XPLOT(K)*T(K) T(K).XTM.DELTMDETM-OIOK1OiDELBLXF(K A3100

A3110
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500 OELBLXF(K*2)
= I

OO100 
D
ELBLXF(K.2) A3120

DO 510 K=I.K2 A3140

XTM(K)=XB
O
DY(K) A3150

510 DELTM(K)
= D
ELBLX(K) A3160

DO 520 K=1*1O0

CALL DISCOT (XPLOT(K),XPLOT(K).XTM 
MDELTMELT-OIOK

2
*ODELBLXF(K A3170

1.1)) 
A3190

520 DELBLXF(KlI
) =

I
O O

.0*DELBLXF(K) 
) A3200

CALL PLOTN (2 -,00050XPLOT.DELBLXFPYS
2 

10
0
) A3210

WRITE (N4.1100) 
A3220

WRITE (N4.1110O) 
A3230

WRITE (N4oIl20) 
A3240

IF (K2oLE.KI) GO TO 530 
A3250

NMINIM=K1 
A3260

GO TO 540 
A3270

530 NMINIM=K2 
A3280

540 DO 550 K=1,NMINIM 
A3290

KPLS=K+K2 
A3

550 WRITE (N4.1130) XBODY(KPLS),YBODY(KPLS),BODSLOP(KPLS).DELBLX(KPLS) 
A3300

I.XNEW(KPLS),YNEW(KPLS).XBODY(KYBODY(K).BODSLOP(K)'DELBLX(K).XNEW 
A3310

2(K),YNEW(K) A3330

NMINI=NMINIM+1 A3340

IF (K2.EOK1) GO TO 570 A3350

IF (K2.LToKl) GO TO 560

WRITE (N4.1140) (XBODY(K),YBODY(K),BODSLOP(K),DELBLX(K),XNEW(K).YN 
A3360

IEW(K)oK=NMINI.K2) A3380

GO TO 570 A3390

560 KST=K2+NMINI 

3390

WRITE (N4o1150) (XBODY(K),YBODY(K),BOOSLOP(K),DELBLX(K).XNEW(K),YN 
A3400

A3410
IEW(K),K=KSTK12) A3420

570 WRITE (N4.1160) A3430

WRITE (N4,1170) 
A3430

WRITE (N4.1180) (Z(K),CPSURF(K)-K=1.MM) A3440

KCYCLE=KWRIT(IGRID+I)+ A3450

CALL FORCES (CDF) A3460

C CL DEFINED FROM CIRCULATION EXCEPT FOR LAST 
CYCLE, WHICH USES A3470

C PRESSURE COEFFICIENT INTEGRATION A3480

CLI=CLOUT(IGRID+1,KCYCLE) A3490

WRITE (N4.1190) CLLCMOUT.X A3500

DO 580 K=1.100 A3510

CALL DISCOT (XPLOT(K).XPLOT(K),XTEMLOCPLOeCPLO,-OIO.KOUNTO.CPPLO 
A3520

IT(K I)) 
A3540

CPPLOT(Kol.)=-CPPLOT(K 

354 
)

CALL DISCOT (XPLOT(K),XPLOT(K),XTEMUPCPUP.CCPUP,-OIOKOUNTUP.OCPP 
A3550

A3560
ILOT(K.2)) 

A3570

580 CPPLOT(K2)
=
-CPPLOT(K,2) A3580

NPLOT=-23580

CALL PLOTN (NPLOT.100.50,XPLOTCPPLOT-PYS.
2
,100) A3590

CALL GRAFIC 
A3600

KPLOT=KPLOT+I 
A3610

GO TO 880 
A3620

C OUTPUT ALL ITERATIONS A3630

590 WRITE (N4.1200) A3640

DO 600 K=1O100 
A3690

600 XPLOT(K)=FLOAT(K)*0.01 
A3660

DO 860 KK=Io3 
A3670

IF (KK.EO.l) GO TO 610 
A3680

KKMN=KK-I 
3690

WRITE (N4.1240) CONVOUT(KKMN.I).CONVOUT(KKMN-2) 
A3700

WRITE (N4.1250) CONVOUT(KKMN.I).CONVOUT(KK.I) 
A3710

610 LOOP=l 
A3730

620 READ (N3) COME.COMCZ 
A3730

IF (INVDIV.EQ.O) GO TO 640 
A3740

WRITE (N4.1340) LOOP.CONVOUT(KK.I) 
A3750

IF (LOOP.EO.I.AND.IGRIODEO-O) GO TO 630 
A3760

WRITE (N4.1350) 
A3770

GO TO 870 
A3780
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630 WRITE (N4,1360) A3790

ISKIP= A3800

READ (N3) COMF A3810

READ (N3) COMF A3820

LOOP=LOOP+I A3830

GO TO 620 A3840

640 IF (LOOP.EO.1) GO TO 740 A3850

IF (ISKIP.EO.I) GO TO 740 A3860

DO 650 K=K2PIK1I2 A3870

KMN=K-K2 A3880

XTM(KMN)=XBODY(K) A3890

650 DELTM(KMN)=DELBLX(K) A3900

DO 660 K=1IO00 A3910

CALL DISCOT (XPLOT(K),XPLOT(K),XTM.DELTMDELTM-010.KI.O.DELBLXF(K A3920

1.2)) A3930

660 DELBLXF(K2)=200.0*DELBLXF(K,2) A3940

DO 670 K=1K2 A3950

XTM(K)=XBODY(K) A3960

670 DELTM(K)=DELBLX(K) A3970

DO 680 K=1.100 A3980

CALL DISCOT (XPLOT(K),XPLOT(K)XTMDELT MDDELTMDELTM-I.K2.0DELBLXF(K A3990

1.l)) A4000

680 DELBLXF(K,I)=IOO*.*DELBLXF(K
l
) A4010

CALL PLOTN (2,100.50,XPLOTDELBLXF.PYS.2100) A40pO

WRITE (N4.1100) A4030

WRITE (N4,1110) A4040

WRITE (N4,1120) A4050

IF (K2.LE.K1) GO TO 690 A4060

NMINIM=KI A4070

GO TO 700 A4080

690 NMINIM=K2 A4090

700 DO 710 K=I1NMINIM A4100

KPLS=K+K2 A4110

710 WRITE (N4,1130) XBODY(KPLS)*YBODY(KPLS).BODSLOP(KPLS).DEL8LX(KPLS) A4120

1 XNEW(KPLS) YNEW(KPLS),XBODY(K)*YBODY(K) BODSLOP(K) DELBLX(K) XNEW A4130

2(K),YNEW(K) A4140

NMIN1=NMINIM+I A4150

IF (K2.EO.Kl) GO TO 730 A4160

IF (K2oLT.KI) GO TO 720 A4170

WRITE (N4,1140) (XBODY(K).YBODY(K).BODSLOP(K).DELBLX(K).XNEW(K).YN A4180

IEW(K),K=NMINIK2) A4190

GO TO 730 A4200

720 KST=K2+NMINI A4210

WRITE (N4.1150) (XBODY(K).YBODY(K).BODSLOP(K)*DELBLX(K).XNEW(K),YN A4220

1EW(K),K=KSTK12) A4230

730 WRITE (N4,1160) A4240

740 WRITE (N4,1210) LOOPCONVOUT(KK,1) A4250

ISKIP=O A4260

WRITE (N4,1220) A4270

WRITE (N4.1180) (Z(K),CPSURF(K),K=1IMM) A4280

KCYCLE=LOOP A4290

IF (KK.EQ.3) CALL FORCES (CDF) A4300

C CL DEFINED FROM CIRCULATION EXCEPT FOR CYCLES WITH FINE GRID. A4310

C WHICH USE PRESSURE COEFFICIENT INTEGRATION A4320

CLI=CLOUT(IGRID+I.KCYCLE) A4330

IF (KK.EQ.3) WRITE (N4,1190) CLI.CMOUT.X A4340

IF (KK.NE.3) WRITE (N4.1410) CL1 A4350

DO 750 K=1I00 A4360

CALL DISCOT (XPLOT(K)*XPLOT(K),XTEMLO.CPLOCPLO,-01OKOUNT.OCPPLO A4370

IT(K 1)) A4380

CPPLOT(KI)=-CPPLOT(K.l) A4390

CALL DISCOT (XPLOT(K),XPLOT(K)XTEMUPCPCPCPUP-010KOUNTUP.OCPP A4400

ILOT(K,2)) A4410

750 CPPLOT(K,2)=-CPPLOT(K.2) A4420

NPLOT=-2 A4430

CALL PLOTN (NPLOTO00.50,XPLOTCPPLOTPYS,2.100) A4440

IF (KK.EO.3) CALL GRAFIC A4450

IF (KK.EO.3) KPLOT=KPLOT+I A4460

IF (LOOP.GT.KWRIT(KK)) GO TO 860 A4470
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A4480
WRITE (N4.1230) A4490

WRITE (N49980) 
A4500

WRITE (N4o990) 
A4510

15=IBNDLAY(5) A4520

DO 760 K=lI5 A4530

xxxx=ABNDLAY(3)+FLOAT(K-I)*ABNDLAY(2) 
A4530
A4540

KPLUSK+IS A450

760 WRITE (N4O1000) XXXX.CPBDLY(KPLUS)oBODCURV(KPLUS)oCPBDLY(K)BODCUR 
A4550

IV(K) A4570
CDF=OO A4580

DO 850 INLPIl=o2 
A4590

IF (INLPloEQol) WRITE (N4,1010) A4600

IF (INLPI.EQ2) wRITE (N4.1020) A4600

wRITE (N4.1030) 
A4620

READ (N3) COMF 
A4630

DO 770 INLP2=2,KKK

770 WRITE (N491040) XBL(INLP2 ).DELBL(INLP2)THETBL(INLP2)HLP2)BL(INLP
2 1 C A4640

IFRSL(INLP2) 
A4660

XSL(KKK+I)=IO0 
A4670

CFRBL(KKK+I )=CFR8L(KK) A4670

GO TO (780790.800,810.820). KTYPE A4680

780 wRITE (N4,1050) A4700

GO TO 830 
A4710

790 WRITE (N4 91060) 
A4720

CFRSBL(KKK+1)=OO 
A4730

GO TO 830 
A4740

BOO WRITE (N4.1070) 
A4740

GO TO 830 
A4760

81n WRITE (N4,1080) 
A4770

GO TO 830 
A4780

820 WRITE (N4 90) A47

830 IF (KKoEQol) GO TO 850

IF (KKeEO2,ANODLOOPNEOKWRIT(
2
)) GO TO 850 A4800

C COMPUTE FRICTION DRAG (APPROX) A4810

00 840 K=IKKK A4820

640 CDF=COF+O5*(CFRBL(K+1)+CFRBL(K))*(XBL(K+1)-XL(K)) A4830

850 CONTINUE A4850

LOOP=LOOP+I A4860

GO TO 620 A4870

860 CONTINUE 
A4870

WRITE (N441240) CONVOUT(3,1),CONVOUT(
3
.
2
) A4880

870 wRITE (N4 950) 
A4890

C OUTPUT SUMMARY OF OVERALL ITERATION (CL DEFINED FROM A4900

C CIRCULATION EXCEPT FOR LAST CYCLE) A4910

880 WRITE (N4,1260) NRNTITLOUT A4920

WRITE (N4.1270) EMIALP.ABNDLAY(IS).IBNDLAY(1
3
) A4930

DO 900 K=IKSTOP 
A4940

WRITE (N4.1280) CONVOUT(K1).gCONVOUT(K,
2
) A4950

WRITE (N4.1290) 
A4960

KWRTOUT=KWRIT(K) 
A4970

DO 890 KK=I.KWRTOUT 
A4980

WRITE (N4.1300) KKCLOUT(K.KK)NCYOUT(KKK) 
A4990

890 WRITE (N4,1310) SUPOUT(K.KK).SLOWOUT(KKK) 
A5000

KWRTOUT=KWRTOUT+1 
A5010

900 WRITE (N491300) KWRTOUTCLOUT(KKwRTOUT).NCYOUJT(KKWRTOUT) 
A5020

IF (CLOUT(1-1).GTo990O.) wRITE (N4.1360) A5030

IF (CLOUT(KSTOPKWRTOUT).LT.990.0) GO TO 910 
45040

WRITE (N4.1370) 
A5050

IF (KSTOP.LT.3) KWRTOUT=1 A5060

KWPTOUT=KWRTOUT-I1 
A5070

WRITE (N4,1380) KWRTOUT 
A5080

GO TO 920 
A5090

910 IF (ICHECKeEQ.I) WRITE (N4.1320) 
A5100

IF (ICHECKoEO.O) WRITE (N4.1330) 
A5110

920 IF (NCASE.EO IRUN) GO TO 930 A5120

REWIND N3 
A5130

IRUN=IRUN+1 
A5140

KONTROL= 3  

A5150

C GO TO NEXT CASE 
A5160
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GO TO 30 
A5170

C TERMINATE PLOT 5180

930 IF (KPLOT.GT.O) CALL CPLOT ((O.O.).999) 
A5190

IF (NCASE.GT.I) WRITE (N4,1400) KPLOT A5200

CALL EXIT 
A5210

C A5230

C 
A5240

940 FORMAT(SFlO.0) 
A5250

950 FORMAT(IHI)

960 FORMAT (////////////////////3A5X60H9******x******* 
AB260

l*****************X***** ***/35X60H* THE INVISCID-FLOW / BOUND A5270

2ARY-LAYER ITERATION HAS */35X60H* CONVERGED AND THE RESULTS FO A5280

3R THE FINAL ITERATION FOLLOW */35X60HX*****************************Y A5290
- A5300

970 FORMAT(1H168HINPUT FOR BOUNDARY LAYER CALCULATION 
FROM PREVIOUS IN A5310

A 5320

IVISCID SOLUTION) 
A5320

980 FORMAT(1HOl6X25H***** UPPER SURFACE *****10X25H***** 
LOWER SURFACE A5330

S*****) A5340

990 FORMAT(1H05H X/C,15X.2HCPl2X4HCURVI7X2HCP.12X4HCURV) 
A5350

1000 FORMAT(F63.3,5x,2Fl5.6.5X2F5.
6
) A5360

1010 FORMAT(IHI28HUPPER SURFACE BOUNDARY LAYER) 
A5370

1020 FORMAT(1H128HLOWER SURFACE BOUNDARY LAYER) 
A5380

1030 FORMAT(1H5OH X/C,8X,9HDELSTAR/C,7XHMOMNTM/C.10XlHHIX.
2
HCF) A5390

1040 FORMAT(F6.3.F15.5.F15.4.F15.3.ES5.
3
) A5400

1050 FORMAT(IHOl3HRUN COMPLETED) 
A5410

1060 FORMAT(1HO1OHSEPRATION) 
A5420

1070 FORMAT(1HO21HAAT IS LESS THAN -1.0) A5430

1080 FORMAT(IH015HP2 15 IMAGINARY) A5440

1090 FORMAT(1HOISHTOR IS NEGATIVE) A5450

1100 FORMAT(IH093H 
ADDITION OF BOUND A5460

IARY LAYER DELSTAR TO AIRFOIL COORDINATES) 
A5470

1110 FORMAT(lH0112H ***** UPPER SURFACE ***** A5480

1 *****+++ LOWER SURFACE *****) 45490

1120 FORMAT(9HO X-BODYlOH Y-BODYIOH THETA.1H DELSTAR.9H A5500

1 X-NEW.IO0H Y-NEW*20H X-BODY.10H Y-BODY10H A5510

2 THETA,11H DELSTAR.9H X-NEW1OH Y-NEW) A5520

1130 FORMAT(2F0.6.F10.3.3FIO.61OX,2FIO.6F 3FFO6) A5530

1140 FORMAT(70X.FI0.6.F10.*33FIO.
6
) A5540

1150 FORMAT(2F0.6.FlO.3*3F1O.6) 
A5550

1160 FORMAT(IHO86HNOTE THAT THE TRAILING EDGE OF 
THE EQUIVALENT AIRFOIL A5560

1 IS REDEFINED SO THAT X/C = 1.000) A5570

1170 FORMAT(1HISSHPRESSURE DISTRIBUTION VS FOUIVALENT 
AIRFOIL COORDINAT A5580

IES//5X,3HX/C*7X 3HY/C.7X.2HCP) 
A5590

1180 FORMAT(3F0.6) 
A5600

1190 FORMAT(1HOHCL = F5.3.5X.5HCM = .F5.3,5X.SHCD = *F7.5) A5610

1200 FORMAT(////////////////////37X56H***************wxx 
wx A5620

1*** ++******* @********/37X56H* THE INVISCID-FLOW / BOUNDARY-LAYER A5630

2 ITERATION HAS NOT +/37X56H* CONVERGED AND THE RESULTS 
FOR ALL ITE A5640

3RATIONS FOLLOW 
A/37X56H******************************** * A5650

4**w***** *+++4) 
A5660

1210 FORMAT(IHI24HINVISCID SOLUTION NUMBER.12I10H WITH 
THE *A6.5H GRID) A5670

1220 FORMAT(1HO55HPRESSURE DISTRIBUTION VS EOUIVALENT 
AIRFOIL COORDINAT A5680

1ES//SX.3HX/C*7X.3HY/C*7X.2HCP) 
A5690

1230 FORMAT(1HO68HINPUT FOR BOUNDARY LAYER CALCULATION 
FROM PREVIOUS IN A5700

1VISCID SOLUTION) 
A5710

1240 FORMAT(////////////////////56HOTHE INVISCID-FLOW / BOUNDARY-LAYER A5720

1ITFRATIONS WITH THE *A6.10H GRID ARE .A8) A5730

1250 FORMAT(//28HOTHE GRID IS REFINED FROM A *A6.11H MESH TO A *A6.5H M A5740

IESH) 
A5750

1260 FORMAT(1HOI014HSUMMARY OF RUN.14.4H FOR,154) 
A5760

1270 FORMAT(1HO6HMACH =.F5.3.5X.7HALPHA =.F6.2,5X.12HRN 
X 10E-6 =.F6.2. A5770

15X.6HIFIX =l.13) 
A5780

1280 FORMAT(1HO23HCALCULATIONS USING THE .A6.7H GRID (.AB.1H)) A5790

1290 FORMAT(1HOSHCYCLEl12X,2HCL.1X,3HNCY
7
X.IIHX/C UPP SEP.4X.IIHX/C L A5800

1OW SEP/) 
A5810

1300 FORMAT(14.11X,F6.3,1OX913) 
A5820

1310 FORMAT(44XvF5.3IO0X.F5.3) 
A5830

1320 FORMAT(1HO29HONE CALCOMP PLOT IS GENERATED) A5840

1330 FORMAT(HO32HFOUR CALCOMP PLOTS ARE GENERATED) A5850

47



APPENDIX

1340 FORMAT(IHI24HINVISCID SOLUTION NUMSERIl210H 
WITH THE ,A6B18H GRID A5860

1 HAS DIVERGED) 
A5870

1350 FORMAT(lHO60HTHE INVISCID-FLOW / BOUNDARY-LAYER ITERATIONS ARE TER A5880

IMINATED) 
A5890

1360 FORMAT(IH076HA NOMINAL BOUNDARY LAYER IS USED TO RESTART THE SOLUT A5900

110ION ON THE SECOND CYCLE) 
A5910

1370 FORMAT(IHO48HTHE INVISCID SOLUTION DIVERGED 
ON THE LAST CYCLE) A5920

1380 FORMAT(IHO9HTHERE ARE'12,24H CALCOMP 
PLOTS GENERATED) A5930

1390 FORMAT(15A4,4HRUN 913) A5940

1400 FORMAT(IHIIIHA TOTAL OF 12941H CALCOMP PLOTS ARE GENERATED FOR TH 
A5950

IIS JOB) 
A5960

1410 FORMAT(1HO5HCL = *FS.3) 
A5970

A5980-
END
SUBROUTINE AIRFOL 

B 10

C READS IN DATA FOR AIRFOIL AND MAKES INITIAL GUESS FOR MAPPING 
B 20

C FUNCTION BY COMPUTING FOURIER COEFFICIENTS B 30

C IF ONLY X.Y COORDINATES ARE PRESCRIBED SMOOTHING IS DONE B 40

COMMON PHI(162o33)oFP(162.33) 
B 50

COMMON /B/ AA(100),BB(100) 
B 60

COMMON /C/ MoMMMPNoNNILL.LP, IM.IMM.M3, II JJ. IKJK IZoITYP.MXP B 70

toNSqNCY.TE.PIoRADOTPTPI DToDRoDELTHoDELRPRARASRA29RA3oPA
4
oAS' B 86

2MQCRITCI C 2 ,C 4 .CSC69C7,BETEPSIL.TCCLCHD.ALPQALPOoDPHIXPHI.C 
B 90

3 NoSN.EPC3,RA7,RA8.RA94ELXM.XS.FSYMST.X.Y.YMSTX 
MXA.YAAOBOKPoYRE B 100

4MOEE.IDIMNFCNMPIS,lN2,N3,N4.NSM4.NRNNCASE 
8 110

COMMON /E/ KCYCLEoFNUFNLqIBNDLAY(13)oABNDLAY(19).XBODY(16
2
)IYBODY B 120

1 ( 6 2 )BODSLOP(1 6 2 1)BODCURV(82)IXNEW(162),YNEW(162).CPSURF(1
6 2

)gCPB B 130

2DLY(82)o GRIDGRID.XUPLE(20)gXUPARC(20)OXLOLE(20),XLOARC(
2
0),TITLO B 140

3UT(15) 
B 150

DIMENSION XXLO(155) XXUP(155). SUMLO(155). SUMUP(155) xXLOT(155) 8 160

It SUMLOT(155)i XTECUR(3). TECUR(3) 
B 170

COMPLEX Z 
B 180

COMMON /A/ A( 4 0),B(40),C(40).D(40).E(40),RHO(40)-RP(40),R(41) 
RS(

4 
B 190

11).RI(41).SI(1 6 2),CO(162),Z(162)FM(162),PHIR(162) 
B 200

DIMENSION XX(1). YY(I). CIRC(1), TT(1). D5(I). TITLE(15). CX(1). S 8 210

IX(1) 
B 220

COMMON /G/ SS(310),TH(310).U(310),V(310)oW(310).SP(
3
10) B 230

EQUIVALENCE (XX(l) FP(192)), (YY(I).FP(1*5)), (CIRC(1),FP(I,9))1 ( B 240

1TT(I )FP(l 13))- (DS(1).FP(I.l 7)) (TITLE(I)*FP( lol)) (CX(I ).FP(I B 250

2-21))o (SX(I),FP(1 .25)) B 260

SMOOTH(O1 Q0203,04.05)=.0625*(I1+O5+4~*(02+04)+6.*03) 
B 270

SMTH(01 .02.03)=*25*(01+02+02+03) 
B 280

DIS(OI)=(OI-ERR)*((OI-ER)*(Q1-ERR)+CONST ) 
B 290

TOL=IoE-6 
B 300

CONST=.2 
B 310

VAL=4HRUN 
B 320

XT=ABS(TE) 
9 330

C NMP IS THE NUMBER OF POINTS IN CIRCLE PLANE FOR FOURIFP SERIES B 340

LC=NMP/2 
B 350

MC=NMP+I 
8 360

PILC=PI/FLOAT(LC )  
B 370

IF (KCYCLEoEOel) GO TO 30 B 380

C REPLACE COORDINATES WITH NEWLY DEFINED EFFECTIVE INVISCID B 390

C AIRFOIL GEOMETRY 
B 400

NT=FNU+FNL-lo 
B 410

DO 10 I=NL.NT 
B 420

XX(I)=XNEW(I+1 )  
B 430

10 YY(I)=YNEW(I+1) 
8 440

DO 20 I=1.NL 
B 450

J=NP-I 
8 460

XX(J)=XNEW(I) 
B 470

O2 YY(J)=YNEW(I) 
8 480

XMIN=XX(NL )  
8 490

GO TO 70 8 500

30 WRITE (N4.490) B 510

WRITE (N4,520) B 520

REWIND N3 
B 530

READ (N3.500) TITLE 
B 540

DO 40 I=1.15 8 550

40 TITLOUT(I)=TITLEII) B 560
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C READ IN AIRFOIL DATA FROM CARDS B 570

C AND STORE ORIGINAL BODY COORDINATES 8 580

READ (N3.510) FNUFNLFNCASE B 590

NCASE=FNCASE R 600

IF (NCASE.LT.1) NCASE=1 B 610

EPSIL=I . B 620

READ (N3.490) B 630

NT=FNU+FNL-1. B 640

NL=FNL B 650

NP=NL+1 8 660

READ (N39510) (XX(I),I=NL.NT) B 670

READ (N3.510) (YY(I).I=NL.NT) 8 680

DO 50 I=NL.NT B 690

XBODY(I+1)=XX(I) B 700

50 YBODY(I+1)=YY(I) B 710

READ (N3,490) 8 720

READ (N3,510) (XBODY(I).I=1.NL) 8 730

READ (N3-510) (YBODY(I).I=INL) 8 740

DO 60 I=I.NL 8 750

J=NP-I B 760

XX(J)=XBODY(I). B 770

60 YY(J)=YBODY(I) 8 780

XMIN=XX(NL )  
B 790

REWIND N3 8 800

C DEFINE. SLOPES SO THAT ARC LENGTHS CAN BE COMPUTED TO FIRST ORDER B 810

70 DO 80 I=1.NT B 820

80 TH(I)=O. B 830

SP(1)=0. B 840

SUM=O B 850

DO 90 1=2,NT B 860

DUM=AMAXI(.iE-20.ABS(.5*(TH(I)-TH(I-1)))) B 870

UP=XX(I)-XX(I-1) 8 880

VP=YY(I)-YY(I-I) B 890

SUMSUM+SQRT(UP*UP+VP*VP)*DUM/SIN(DUM) B 900

90 SP(I)=SUM 8 910

ARC=SP(NT) 8 920

SN=2./ARC R 930

SCALE=.25*ARC B 940

EE=.5*(1.-EPSIL) B 950

DO 100 L=INT B 960

100 SS(L)=ACOS(I.-SN*SP(L)) 8 970

SS(NT)=PI 8 980

CALL SPLIF (NTSSXXU.SP.W.1,'O...0.) B 990

CALL SPLIF (NT,SSYY,VTT.DSI*O*.,I.O.) 81000

IF (KCYCLE.NE.I) GO TO 110 81010

KKK=1 81020

UTEMPl=U(1) 81030

VTEMPI=V(I) 81040

UTEMP2=U(NT) 81050

VTFMP2=V(NT) 81060

C COMPUTE SLOPES OF ORIGINAL BODY 81070

GO TO 170 81080

110 DT=PI/FLOAT(NMP) BIO90

ERR=SS(NL) Bi100

DUM=~IS(O.) 81110

FAC=PI/(DIS(PI)-DUM )  
81120

DO 120 L=1.MC 81130

120 CIRC(L)=FAC*(DIS(
F
LOAT(L

- I )
*DT

) - D
UM) 81140

CALL INTPL (NMP.CIRC.SX.SSXX.U.SPW) 81150

CALL INTPL (NMP.CIRC.CX*SS.YY*VTT*DS) 81160

SX(MC)=XX(NT) 81170

CX(MC)=YY(NT) 81180

DO 130 L=2.MC 81190

XX(L)=SX(L) 81200

130 YY(L)=CX(L) 81210

GRID=6H CRUDE 81220

IF (IGRID.EO*I) GRID=6HMEDIUM 81230

IF (IGRID.EQ.2) GRID=6H FINE 81240
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IF (ISoEOoO) GO TO 160 81250
C DO IS SMOOTHING ITERATIONS 81260

DO 150 K=1IS 81270
XX(2)=SMTH(SX(I )*SX(2).SX(3)) 81280
YY(2)=SMTH(CX(I )CX(2).CX(3)) 81290
XX(NMP)=SMTH(SX(MC)ISX(NMP),SX(NMP-1)) 81300
YY(NMP)=SMTH(CX(MC)gCX(NMP)CX(NMP-1)) 81310
DO 140 L=4*NMP 81320
XX(L-1)=SMOOTH(SX(L-3)SX(L-2).SX(L-1).SX(L)qSX(L+1)) B1330

140 YY(L-1)=SMOOTH(CX(L-3).CX(L-2)*CX(L-1),CX(L)gCX(L+I)) 81340
00 150 L=29NMP 81350
SX(L)=XX(L) 81360

150 CX(L)=YY(L) 81370
160 NT=MC 81380

CALL SPLIF (NT,CIRCXXoUiSPowl.0.. 1.O.) 81390
CALL SPLIF (NTCIRC.YY.V.TTDSlol oq0I) 81400

170 U(I)=SP(I) 81410
V(1)=TT(I) 81420
U(NT)=SP(NT) 81430
V(NT)=TT(NT) 81440
DO 180 L=.1NT 81450
V(L)=-V(L) 81460

180 U(L)=-U(L) 81470
C COMPUTE SLOPES FROM VELOCITIES 81480

TH(I)=ATAN2(V(1)oU(I)) 81490
FAC=lo 81500
DO 200 I=2.NT 81510
TH(I)=ATAN2(V(I)aU(I)) 81520

C CHOOSE NEAREST BRANCH FOR THE ARCTANGENT 81530
190 IF (ABS(TH(I)-TH(I-I ))oLTolo) GO TO 200 81540

TH(I)=TH(I)-PI*FAC 
81550

IF (ABS(TH(I))oLTo6o) GO TO 190 81560
IF (FACLToO.) CALL EXIT 81570
FAC=-Io 81580
GO TO 190 81590

200 CONTINUE 
81600

IF (KCYCLEoNENEl) GO TO 240 81610
IF (KKKoNEol) GO TO 240 81620

C STORE ORIGINAL BODY SLOPES USING UNSMOOTHED COORDINATES 81630
DO 210 I=IoNL 81640
J=NP-I 1 81650
BODSLOP(I)=TH(J)*RAD 81660

210 TH(J)=0oO 
81670

BODSLOP(NP)=BODSLOP(1) 81680
DO 220 I=NPoNT 81690
BODSLOP(1+1)=TH(I) RAD 81700

220 TH(I)=OoO 81710
KKK=2 81720
DO 230 L=I1NT 81730
V(L)=-V(L) 81740

230 U(L)=-U(L) 
81750

U(1)=UTEMPI 81760
V(1)=VTEMPI 81770
U(NT)=UTEMP2 81780
V(NT)=VTEMP2 81790
GO TO 110 81800

240 IF (EPSILoGTel.) EPSIL=(TH(I)-(PI+TH(NT)))/Pl 81810
IF (KCYCLE.NE.I) EPSIL=(TH(1)-(PI+TH(NT)))/PI 81820

C COMPUTE ARC LENGTH TO FOURTH ORDER ACCURACY 81830
SP(1 =0. 81840
SUM=O. 

81850
DO 250 1=2.NT 

81860
DUM=AMAXI (lE-20,ABS(.5*(TH(I)-TH(I-1)))) 81870
UP=XX(I)-XX( I-1) 81880
VP=YY(I)-YY(I-I ) 81890
SUM=SUM+SORT(UP*UP+VP*VP)+DUM/SIN(DUM) 

81900
250 SP(I)=SUM 

81910
ARC=SP(NT) 

81920
SN=2./ARC 81930

50 glGINAI
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SCALF=*25*ARC 
1940

EE=.5*(1I-EPSIL) 
81950

DO 260 L=INT 
81960

260 SS(L)=ACOS(1.-SN*SP(L)) B1970

SS(NT)=PI 
81980

CALL SPLIF (NT.SS.TH.U.V,W,3.0,3.0O) 
81990

IF (KCYCLE.GT.I) GO TO 360 B2000

WRITE (N4.500) TITLE 
82010

WRITE (N4.530) IS 
B2020

C STORE ORIGINAL BODY CURVATURES AND 
82030

C PRINT OUT DATA ON THE AIRFOIL 
R2040

WRITE (N4.540) 82050

KKUP=O 
82060

KKLO=O 82070

DO 280 L=1,NT B2080

VAL=TH(L)*RAD 82090

SUM=SN*U(L)/AMAXI(.1E-5.SIN(SS(L))) B2100

IF (VAL.LE.-90.0) GO-TO 270 B2110

KKLO=KKLO4i 
8212

XXLO(KKLO)=XX(L) 
B2130

SUMLO(KKLO)=-SUM B2140

GO TO 280 P21n
270 KKLIP=KKI.JP+1 2170

XXUP(KKUP)=XX(L )  
82170

SUMUP(KKUP)=-SUM

280 WRITE (N4.550) XX(L).YY(L).SP(L).VAL.SUM.V(L).W(L) 
82190

C STORE ARC LENGTH VS X/C NEAR THE NOSE 82200

ARCLE=(SP(KKLO)+SP(KKLO+1))/2. 
B2210

DO 290 L=1.20 
R2220

LPLS=KKLO+L 82230

LMNS=KKLO+1-L B2240

XUPLE(L)=XX(LPLS) 82250

XUPARC(L)=SP(LPLS)-ARCLE 
82260

XLOLE(L)=XX(LMNS) 
82270

290 XLOARC(L)=ARCLE-SP(LMNS) 
B2280

C REORDER LOWER SURFACE CURVATURES OF ORIGINAL BODY 
B2290

DO 300 L=IKKLO 
82300

SUMLOT(L)=SUMLO(L) 
B2310

300 XXLOT(L)=XXLO(L) 
82320

DO 310 L=IKKLO 82330

LM=KKLO-L+1 B2340

SUMLO(LM)=SUMLOT(L) 
82350

310 XXLO(LM)=XXLOT(L) 
B2360

C REDEFINE CURVATURE AT THE TRAILING EDGE B2370

KKUMI=KKUP-1 
82380

KKUM3=KKUP-3 
82390

DO 320 L=KKUM3.KKUM1 
82400

LM=L-KKUMI+3 
82410

XTECUR(LM)=XXUP(L) 
82420

320 TECUR(LM)=SUMUP(L) 
82430

CALL DISCOT (1.OO001.OOXTECUR,TECURTECUR.-010*3,0SUMUP(KKUP)) 
82440

KKLMI=KKLO-I 
82450

KKLM3=KKLO-3 
B2460

DO 330 L=KKLM3,KKLM1 
82470

LM=L-KKLMI+3 
82480

XTECUR(LM)=XXLO(L) 
82490

330 TECUR(LM)=SUMLO(L) 
B2500

CALL DISCOT (1.00.1.00.XTECUR.TECUR.TECUR,-010,3,O0SUMLO(KKLO)) 
82510

NCURV=IBNDLAY(5) 
82520

C INTERPOLATE FOR CURVATURES AT INPUT STATIONS FOR 82530

C BOUNDARY LAYER CALCULATION 
82540

DO 350 J=1,NCURV 
82550

XCURV=ABNDLAY(3)+FLOAT(J-1)*ABNDLAY(2) 
82560

IF (XCURV.LE.O.0001) GO TO 340 
82570

CALL DISCOT (XCURV.XCURV.XXLO.SUMLOSMLOSUMLO-010KKLOOBODCURV(J)) 
82580

JPL=J+NCURV 
82590

CALL DISCOT (XCURV.XCURV.XXUP.,SUMUPSUMUP.-OIO.KKUP,08BODCURV(JPL) 
82600

1) 
82610
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GO TO 350 8P620

340 SUMLE=(SUMLO(I)+SUMUP(1))/2o. 2630

BODCURV(J)=SUMLE 82640

JPL=J+NCURV 82650

BODCURV(JPL)=SUMLE 82660

350 CONTINUE B2670

WRITE (N4o560) 82680
C MAKE INITIAL GUESS OF ARC LENGTH AS A FUNCTION OF CIRCLE ANGLE 82690

360 DO 370 I=IMC 82700

ANGL=FLOAT(I-i)*PILC 82710

CIRC(I)=ANGL 82720

CX(I)=COS(ANGL) 82730

SX(I)=SIN(ANGL) 82740

YY(I)=Io 82750

IF (EE.NE.O0) YY(I)=(2*-2.*CX(I))**EE 82760

FAC=SIGN(I.+CX(1),FLOAT(LC-I)) 2770

SP(I)=ACOS(.S*FAC) 82780

370 XX(I)=SCALE*(2-FAC) 82790

C DO AT MOST 100 ITERATIONS TO FIND THE FOURIER COEFFICIENTS 82800

DO 450 KCY=Il100 B2810

CALL INTPL (NMP.SP.TT.SS.THoU.V.W) 82820

DO 380 I=I1NMP 82830

380 TT(I)=TT(I)-5*(1,+EPSIL)*(PI-CIRC(I))+.5*PI 82840

C COMPUTE THE FIRST NFC FOURIER COEFFICIENTS 82850

DO 400 I=IoNFC 82860
SUM=O. 82870

FAC=0o 82880

DO 390 L=IoNMP 82890

LT=I+MOD((L-I)*(I-I )NMP) 82900

SUM=SUM-TT(L)*CX(LT) 82910

390 FAC=FAC+TT(L)*SX(LT) 82920

88(I)=SUM/FLOAT(LC) 82930

400 AA(I)=FAC/FLOAT(LC) 82940

8811 )=.588(1 82950

88(NFC)=5o*88(NFC) 82960

DA=I -EPSIL-AA(2) 82970

AA(2)=I -EPSIL 82980

C ENSURE CLOSURE 82990

C COMPUTE THE CONJUGATE HARMONIC FUNCTION DS 83000

DO 420 I=IoNMP 83010

SUM=(lo-EPSIL)*CX(I) 83020

DO 410 K=3oNFC 83030

LT=I+MOD((K-I)*(I-I )NMP) 83040

410 SUM=SUM+AA(K)*CX(LT)+BB(K)*SX(LT) 83050

420 DS(I)=YY(1)*EXP(SUM) 83060

DS(MC)=DSII) B3070

TT(I )=0 83080

VAL=o5*PILC 83090

C INTEGRATE TO GET NEW ARC LENGTH 83100

DO 430 L=2oMC 83110

430 TT(L)=TT(L-1)+VAL*(DSIL)+DS(L-1)) 83120

SCALE=ARC/TT(MC) B3130

ERRo. h3146
DO 440 I=I.NMP 83150

VAL=SCALE*TT(I) 83160

DUM=ABS(XX(I)-VAL) 83170

ERR=AMAXI (ERRDUM/ARC) 83180

SP(I)=ACOS(I.-SN*VAL) 83190

440 XX(I)=VAL 83200

IF (KCYCLE.EO.I) WRITE (N4.590) ERR.DA.BB(2) 83210

IF (ERRoLToTOL) GO TO 460 83220

450 CONTINUE R3230

IF (KCYCLE.EOol) WRITE (N4.570) 83240

460 AA(1)=ARC 83250

IF (KCYCLE.GT.1) GO TO 480 83260

WRITE (N4.580) EPSIL.NMP 83270

00 470 L=I.NFC 83280

470 WRITE (N4.590) AA(L).BB(L) 83290

480 BB(1)=ALOG(SCALE) 83300

RETURN 83310
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83320

R3330

e3340
490 FORMAT (IHI) 83340

500 FORMAT (15A4) B3360

510 FORMAT (8F0.O)

520 FORMAT(IHO52HANALYSIS OF TWO-DIMENSIONAL. TRANSONIC- VISCOUS FLOW. 83370

113X,30HPAUL BAVITZ, GRUMMAN AEROSPACE/) 
83380

530 FORMAT (IOHOTHERE ARE,14.26H SMOOTHING ITERATIONS USED/) 83390

540 FORMAT (35HOAIRFOIL COORDINATES AND CURVATURES/1HO,6X.IHX,14X,IHY, 
B3400

19X.IOHARC LENGTH.6X.5HTHETA,7X5HKAPPA.IOX.2HKP,1lX,
3
HKPP//) 83410

550 FORMAT (F12.6,2FI4.6,Fl4.3F414 14.2E14 *) B3420

560 FORMAT (IHO.4X.3HERR,14X,2HDA,14X.HDB//) 
83430

570 FORMAT (32H FOURIER SERIES DID NOT CONVERGE) 
B3440

580 FORMAT (34HIMAPPING TO THE INSIDE OF A CIRCLE//3X1IHDZ/DSIGMA = 83450

1 50H -(I/SIGMA**2)*(1-SIGMA)**(I-EPSIL)*(EXP(w(SIGMA))//3X. 
83460

2 42HW(SIGMA) = SUM((A(N)+I*B(N))*SIGMA**(N-1))//
3
X.

7
HFPSIL =* 83470

3 F5.3.20X.I4,25H POINTS AROUND THE CIRCLE//7X4HA(N)IOX4HB(N)//) 
83480

590 FORMAT (3E15.6) 
53490

END 
3500C-

ENO C 10
BLOCK DATA

COMMON PHI(162.33),FP(162.33) C 20

COMMON /B/ AA(100),BB(lO0) C 30

COMMON /C/ MMM.MP,N,NN,LL,.LI,IM.IMM,IM3.IIJJ,IK.JK.IZ.ITYPMXP 
C 40

l.NSNCY.TE.PI,RAD.TP.TPI.DTDRDELTHDELR,PA,RAS,RA2RA3RA
4
.RAE C 50

2 M.OCRIT.CIC 2 C4.C5,C6,C7,ETEPSILTC.CL,CHDALP.ALPODPHIXPHIC 
C 60

3N*SN*EP*C3*RA7,RAB.RA9*EL XMXSFSYMST.X,Y*YM*XA,YA.AO0BO*KP*YR 
E C 70

4MOEEIDIM.NFCNMPIS.N2.N3.N4.N5M
4
.NRN C 80

COMMON /D/ SFSIZE.ANGXMAXYMAX,YOR,YORPGSIZ C 90

DATA SFSIZEANG,.XMAX.YMAX XOR.YOR PGSIZ/ 1 O,.140.. 1 1.1 .. e*C-3. C I10

109.0/ 
C I

DATA YRYAAQ,BOQTE,XM,XPHIEMOPI.AD,ITYP,MXPKJKNCY.JJNRN.I 
C 120

SI.NFCNMP.MNNSIDIM/4*O.,-I.,3*1.,3.14159265359.57.
2 9

5
7 7 9

513O5*0 C 130

2.2*1.130,16,300,160.32.400,162/ 
C 140

DATA EPSTXSKPIZIS,FSYM/O7,OOO005,1.4,10,130 04.0/ C 150

C 160-
END

D 10
SUBROUTINE BNDLAY

C COMPUTE BOUNDARY LAYER CHARACTERISTICS AND DEFINE AN EQUIVALENT D 20

C INVISCID AIRFOIL USING THE ORIGINAL AIRFOIL AND 
THE DISPLACEMENT O 30

C THICKNESS 0 40

COMMON /C/ IDUMMY(20),DUMMY(15).EM 0 50

COMMON /E/ KCYCLE,FNU,FNL I (13).A(19),xBODY(16?).YBODY(162).RODSLO 0 60

IP(162),BODCURV(82),XNEW(162),YNEW(162),CPSURF(16212).CPBDLY(82).IGRI 
D 70

2 DGRIDXUPLE(20).XUPARC(20),XLOLE(20),XLOARC(20)TITLOUIT(15),CLOUT 
D 80

3 (3 .7 ).SUPOUT( 3 ,7),SLOWOUT(3.7),CMOUT.CPJP(85).CPLO(85) 
XTEMUP(

8 5) D 90

4 XTEMLO(85).DELBLX(162).KO'JNT.KOUNTPLOWGRD.INVDIV 
D 100

COMMON /F/ XBL( 7 5 )DELBL(
7 5 ) T H E T L ( 7 5

(75 )THT 7 H 75)CF
R B

L(
7
5)KTYPEKK D 110

D 120
1K

DIMENSION ITEMP(13), ATEMP(19), Z(1), UI(110) TAU(110). UFUT(110). O 130

I TFUT(110). TANA(110), TANB(110). TANAFU(IIO), TANRFU(110). V(110) D 140

2. W(110), WFUT(110), ROU(110), ROJ2(110), AL(2.3), P(41). RD(41). D 150

3XXX(6). YYY(6). BBB(6), XLAST(4). DELLAST(4), COMF(377) D 160

EQUIVALENCE (COMF(I),xBL(I)) D 170
n Io

N3=3

C ROUTINE IS SET FOR TWO CYCLES IN ORDER TO CALCULATE BOTH UPPER 
AND 0 190

C LOWER SURFACE 8B L. CHARACTERISTICS 
D 200

NUMBER=2 0 210

KSURF=1 D 220

XTRAIL=1.0O 230

XLAST(I)=1.1 D 250

XLAST(2)=1** D 290

NT=FNU+FNL 0 270

NU=FNU D 280

NL=FNL D 290

NLI=NL+ 0 300

115=1(5) O 310

IF (INVDIV.EQO0) GO TO 40 D 310

C NOMINAL B L DELSTAR FOR INIT INV SOL DIVERGENCE D 320

DO 20 J=NLINT 
D 330

IF (XBODY(J).GT.O.80) GO TO 10 D 340

DELBLX(J)=XBODY(J)*O.O03125 
0 350
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GO TO 20 0 360
10 DELBLX(J)=Oo1

2 1
875*X

B O D
Y(J)*

X B O D
Y(J

)-
0.191875*

X B
ODY(J

)+
O078 0 370

20 CONTINUE D 380

DO0 30 J=IoNL O 390

30 DELBLX(J)
=
Oo

0  D 400

WRITE (N3) COMF D 410

WRITE (N3) COMF 0 420

GO TO 1340 D 430

C STORE INPUT MATRICES FOR USE IN SECOND CYCLE D 440

40 DO 50 J=l13 D 450

50 ITFMP(J)=I(J) D 460

DO 60 J=1,19 D 470

60 ATEMP(J)
=
A(J) D 480

NORUN=O 0 4~0
70 KTSTSEP=O 0 500

NCOUNT=O D 510

10=1 n
X=A (3) 530

LIMIT=I(4) D 54f

FP=I ) 50
KKK=I D 560

XBL(1)=0o000 0 570
DELBL(I)=0000 D 580

THETBL(I )=0000 D 590

HBL(I)=0o000 D 600

CFRBL(1)=0O000 D 610

80 CONTINUE D 620

WARN=Oo D 630

15=1(5) 0 640
16=1(6) D 650

17=1(7) D 660

18=I(8) D 670

19=1(9) D 680

110=1(10) D 690

111=1(11) D 700

R12=1. D 710

RI5=FLOAT(15) D 720

RI6=FLOAT(16) o D 730

161=16+1 D 740

162=16+2 O 750

164=16+4 D 760

RM=Oo D 770

AY=A(13)*(A(12)-lo) D 780

IF (X-A(3)) 230990o230 D 790

C BOUNDARY VALUE INPUT D 800

90 TEMP=(Io+o5(A(12)-Io)*EM*2o)**(A(12)/(Io-A(12) )) D 810

DO 110 J=1-15 D 820

IF (KSURFoEQo2) GO TO 100 D 830

JPL=J+15 D 840

P(J)=TEMP*(Io+.5*A(12)*CPBDLY(JPL)*EM**2o) D 850

GO TO 110 D 860

100 P(J)=TEMP(lo+o.5A(12)*CPBDLY(J)*EM**2.) D 870

110 CONTINUE D 880

IF (17 0EO00 ) GO TO 140 D 890

DO 130 J=11 5 D 900

IF (KSURFoEQo2) GO TO 120 D 910

JPL=J+I5 D 920

RD(J)=BODCURV(JPL) O 930

GO TO 130 D 940
120 RD(J)=BODCURV(J) D 950

130 CONTINUE D 960

GO TO 150 D 970

140 RD(1)=0o 0 980

150 Z(1)=0o D 990

PSTAT=ORDIN(P.A(2) X) 01000
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VOLPDX=SLOPE(PA(2)*I(5).X)/ORDIN(P.A(2) .X) D1010

RK2=2./(A(12)-1.)*(1.-ORDIN(P.A(2).X)**(I.-I./A(12))) 01020

RK=SQRT(RK2) D1030

RK3=AY*PK/(I.-.5*(A(12)-I.)*RK2) 01040

RK5=RK*RK3/2. D1050

RK4=(I.+RK5)/(I.+RK/A(13)) ni op

TAUO=A(5)*RK2*(1.+RK5) D1070

C SYNTHETIC STARTING PROFILE 01080

G=SORT(A(5)*(I.+RK5))/A(9) 01090

T=0.1 01100

TTI=1.-15.*RKS/16. 1110

160 RE=A(4)/TTI/(1.+RK5)**(1.+A(1
4
)) 01120

B=1.-G*(2.+ALOG(A(9)*G*RE/T)) 01130

TI=(G+.5*8-2.*G**2-0.375*B**
2
-1.59*B*G)/(1.+(49.-297.*G)/RE) 01140

HI=(G+.5*B)/TI+49./RE 01150

TTI=I.-RK5*(5.*HI-I.)*(HI-1.)/(3.*HI-l )/(2.*H-l.) 01160

IF (ABS(I.-TI/T).LE.O.005) GO TO 170 01170

T=TI 01180

GO TO 160 01190

170 DO 180 J=1.16 01200

Y=FLOAT(J)/RI6 01210

U(J)=G*ALOG(Y)+1.-.5*B*(1.+COS(3.1415
9
*Y)) 01220

TAU(J)=(G/Y+1.5708*B*SIN(3.14159*Y))**2*(A(9)*Y)**2 01230

IF (Y.LE..2) TAU(J)=TAU(J)*(1.-3.7*Y**I.6) 01240

IF (Y.GT..2) TAU(J)=TAU(J)*1.58*EXP(-3.9*Y) 01250

W(J)=U(J)*RK/(RK4/AY-.5*U(J)**2*RK?) 01260

TAU(J)=TAU(J)/(1.+RKS) D1270

ROU(J)=U(J)*RK*(I.+*S5U(J)*PRKW(J)) 01280

180 ROU2(J)=ROU(J)RK*U(J) 01290

C A(1).A(4) IND A(6) ARE REASSIGNED BELOW 01300

A(4)=A(4)/A/ /RK*(I.+RKg/A(13))**(1./(A(12)-1.)-A(14)) 01310

RII6=1./R6 01320

DI=1.-(5./6.*ROU(1)/RI6+SIMPSN(ROU.1.16.RTI6))/ROU(16) 01330

TD=1.-DI-(5./7.*ROU2(1)/RI6+5IMPSN(ROU2.1.16RI16))/ROU2(16) 01340

IF (RK.GT..06) GO TO 190 D01350

TD=T I  
01360

190 CONTINUE 01370

A(1)=A(1)/TD/RI6 
01380

A(6)=A(1) RI6*(1.-.005/G )  
01390

DO 200 J=1.3 
01400

200 TAU(J)=.25*FLOAT(J)*TAU(
J )

+(
I
.
-
.25*FLOAT(

J ) )
*(A(5)+.5*VDLPDX*(1.-. 01410

15*(A(12)-1.)*RK2)/RK2/A(12)*A(I)*FLOAT(J)) D1420

TTITI=TTI TI 01430

DO 210 J=161.162 01440

U(J)=RK 01450

TAU(J)=RK2*1.OE-lO 01460

210 W(J)=RK3 
01470

DO 220 J=1.16 01480

0(J)J)=U(J)*RK Dl490

W(J)=U(J)/(RK4/AY-U(J)**2/2. )  
01500

220 TAU(J)=TAU(J)*RK2*(Il+RKS
)/
(1.+.5*

U (J )
*W(J) D01510

ALPHA=(TAU(1)*(1.+.*U(1)*W(1))-TAUO)/A(l) 01526

BETA=O. D1530

GO TO 250 01540

C MOVES RECENTLY CALCULATED PROFILES INTO OLD PROFILE STORE 01550

230 DO 240 J=1.162 01560

U(J)=UFUT(J) 01570

TAU(J)=TFUT(J) 01580

TANA(J)=TANAFU(J )  
01590

TANcBJ)=TANBFU(J )  
01600

ROU(J)=UFUT(J)*(1.+.5*UFUT(J)*WFUT(J)) 01610

W(J)=WFUT(J) 01620

ROU2(J)=ROU(J)*UFUT(J) 01630

240 CONTINUE 01640

250 IENT
=
INT(.25*A(6)/A(1)

)  D1650

C TAU MAX FOR G 01660

IF (IENT.LT.1) IENT=I 01670

DO 270 J=IENT.16 D01680

IF (RM-TAU(J)) 260,270.270 01690
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260 RM=TAU(J) 01700

D1710

270 CONTINUE 
OIPO

RM=RM/RK*SORT((1.+.5*U(L)*W(L))/(1 ,+RK5)) 
01730

IF (X-A(3)) 380.2809380 
01740

280 CONTINUE 
01750

IF (19-1) 290,300310 
01760

290 DIV=O. 
01770

GO TO 340 
01780

300 DIV=1./(X-ORDIN(Z.A(2),X)) 
01790

GO TO 340 
01800

31) IF (19-2) 340.320.330 
01810

323 DIV=SLOPE(ZoA2).f()X)/ORDIN(ZA(2).X) 
01820

GO TO 340 
01830

330 DIV=ORDIN(ZqA(2).X) 
01840

340 CONTINUE 
01850

C V ETC FOR FIRST PROFILE 
01860

V(1)=0. 
01870

DO 350 J=1161 
01880

Y=lo+.25*(U(J+1)+U(J))*(W(J+I)+W(J)) 
01890

350 V(J+l)=(U(J+l)*V(J)
-
Y*(T

A
U(J+

I ) - T
AU(J))

- 
5 

( W (
J+I)+w(J))*(TAU(J+

I )  
01900

I+TAU(J))*Y*(U(J+1 )-U(J)I)*5-o25*(U(J)+U(J+I ))**2*A(1 )(VDLPDX*(I- 01910

2Y*AY/A(12)/(Y-Io))+DIV))/U(J) 
01920

DO 360 J=11I62 
01930

ROU(J)=U(J)(eI.+.5*U(J)*W(J) )  
01940

360 ROU2(J)=ROU(J)*U(J) 
D01950

DO 370 J=1.162 01960

370 CALL TANCAL (GA.VJRM.DUTAU.TANATANBow) 01970

380 CONTINUE 
01980

TAUO=TAUO 01990

K=INT(40o/(A(4)*PSTAT*A(1)*SQRT(TAUO)))+I 02000

IF (KoLEI16) GO TO 390 02010

K=16 
02020

390 PK=K 
02030

DELTAI=RI6A(Il)-(-46./A(4)/PSTAT+PK*A( )*(POU(K)-SORT(TAUO)/A(9))+ 02040

ISIMPSN(ROUK. l6A(l)))/ROU(161) 02050

DELTA2=RI6*(I )-DELTAI-(-687o*SQRT(TAUO)/A(4)/PSTAT+PK*A(I)*(ROU2( 02060

IK)-2 0.ROU(K)*SORT(TAUO)/A(9)+2o*TAUO/A(9)**2)+SIMPSN(ROU2,K 
69A(I 02070

2)))/ROU2(161) 
02080

HI=DELTA1LTA LTA2 02090

CFR=2o*TAUO/RK2/(1o+RKS) 02100

C MOMENTUM INTEGRAL CHECK 02110

RMA2=RK2/(Ilo-o5 (A(12)-l)*PK2 ) 02120

IF (X-4(3)) 400,400,410 02130

400 ORDI=o5*CFR+DELTA2*(VDLPDX*(HI+2o-RMA2)/(A(12)*RMA2)-DIV) 02140

THETA=DELTA2 02150

GO TO 420 02160

410 ORD2=o5*CFR+DELTA2*(VDLPDX*(HI+2o-RMA2)/(A(12)*RMA2)-DIV) 02170

THETA=THETA+.S5(ORDI+ORD2)*XSTEP 02180

ORDI=ORD2 02190

420 CONTINUE 02200

RMAX=0o 02210

IF (TANB(I)) 440,440,430 D2220

430 IO=1 02230

GO TO 590 D2240

C COURANT FRIEDRICHS LEWY XSTEP CRITERION 02250

440 DO 480 J=1.I6 02260

IF (RMAX-TANA(J)) 450,450,460 02270

450 RMAX=TANA(J) 02280

GO TO 480 02290

46C IF (RMAX+TANB(J)) 470.470,480 02300

470 RMAX=-TANB(J) 02310

480 CONTINUE 02320

XSTEP=A(11 )A(1)/RMAX D02330

IF (X+XSTEP-(RIS-1.)*A(2)) 4909490,1140 D2340

490 H=-XSTEP*TANB(1)/A(1) 02350

TORO=TAU(I) 02360

TOR=TAU(2)*H+TAU(I)*(Io-H) 02370

UL=U(2)*H+U( )*(l1-H) 02380
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TINT=TOR 02390

UINT=UL D2400

WW=W(2)*H+W(I)*(I.-H) 02410

C BOUNDARY CONDITION FOR SOLID SURFACE 02420

XXSTEP=X+XSTEP D2430

AZ=ORDIN(P.A(2).XXSTEP) D2440

B=AZ**(I./A(12)-i.) D2450

C=B/(A(13)(8-I.)+I.) D2460

D=ALOG(A(1),A(4)*AZ*C**(1.+A(14)))+A(IO) 02470

E=2./A(13)/(A(12)-1.)/C 02480

UFUT(I)=U(1 )+BETA*XSTEP D2490

500 F=ww*TOR/A(8) 02500

G=(A(15)+.5)*F-SORT(((A(15)+.5)*F)**2+2.*TOR/A(8)) 02510

XPDX2=X+*5*XSTEP 02520

DLPDX=SLOPE(P.A(2).1 (5).XPDX2)/ORDIN(P.A(2).XPDX2) 02530

T=AY/A(12)*DLPD b2546

510 ROOT=SQRT(TAUO) 
02550

F4=TOR*(UFUT(I)+*5*G*TINT/TOR-UINT-XSTEP*(-DLPDX*A(13)*(1l-1I/A(12 
D2560

1))/ww+A(8)*SQRT(TOR)*G/(ULA(9)*(le+.5*H)*A(1))))/(-.S*G) 
D2570

AAT=ALPHA*A(1)/TAUO 
02580

IF (AAT.LT.-1.0) GO TO 1100 D2590

F1=UFUT(1)-ROOT/A(9)*(ALOG(ROOT)+D+FN(AAT)) 
D2600

F5=I./(1.-UFUT(1)**2./E) 
02610

F2=TAUO+ALPHA*A(1)+F4*F5 
02620

F3=DLPDX/C/A(12)+.3*(UFUT(1)**2-U(1)**2)*(2.*F5+1*)/3./XSTEP-ALPHA 
D2630

F6=1./(I.+SQRT(I.+ALPHA*A(I)/TAUO)) 
D2640

DFIDTW=-.5*UFUT(I)/TAUO-(.5-ALPHA*A(I)/TAUO*F6)/ROOT/A(9) 
02650

DFIDA=-A(1 )/A(9)/ROOTF6 
02660

F7=2.*UFUT(1)/(E-UFUT(1)**2) 
02670

DF2DU=F5*(TOR/(-e5*G)+F4*F7) 
D2680'

DF3DU=.2*F5*F7*(UFUT(1)**2-U(1 )**2)/XSTEP+.2*UFUT(I)/XSTEP*(2.F5+ 
02690

11.) 
02700

DU=(DFIDTW*(F2+A(I)*F3)-Fl-DFIDA*F3)/(1.-DFDTW*(DF2DU+A(1)*OF3DU) 
02710

1+DFIDA*DF3DU) 
02720

DA=F3+DF3DU*DU 
D2730

DTW=-F2-DF20U*DU-A(I)*DA 
D2740

UFUT(1)=UFUT(1)+DU 
02750

TAUO=TAUO+DTW 02760

IF (TAUO) 520.520.530 
02770

520 10=1 
D2780

GO TO 590 
02790

530 ALPHA=ALPHA+DA 
D2800

A162=2.*A(16) 
02810

IF (ABS(DU/UFUT(1))-A(16) 540.540.510 02820

540 IF (ABS(DTW/TAUO)-A(16)) 550.550,510 
D2830

550 IF (ABS(DA/ALPHA)-A16
2
) 560.560.510 02840

560 WFUT(1)
=
F7 

02850

TFUT(1)=(TAUO+ALPHA*A(1))/(1 +.5*UFUT(1)*WFUT(1)) 02860

IF (ABS(I.-TFUT(])/TORO)-2.*A(16)) 580.570.570 
02870

570 H=-XSTEP/A(I)*(((A(I5)-.5)*WFUT(I)*TFUT(-SQRT(((A(15)+.
5 )

*FUT(
1 

02880

1)*TFUT(1))**2+2.*A(8)*TFUT(1)))/UFUT(l)) 02890

UINT=U(2)*H+U(I)*(1.-H) D2900

TINT=TAU(2)*H+TAU(I)*(I.-H) 
02910

UL=.5S(UINT+UFUT(1 )) 
D2920

TOR=.S5(TINT+TFUT(1)) 
D2930

WW=2.*UL/(E-UL**2) 
D2940

TORO=TFUT(1) 
D2950

GO TO 500 
02960

580 1Q=0 
02970

BETA=(UFUT(I)-U(1))/XSTEp 
02980

NP=0 
D2990

590 IF (NCOUNT-1) 600.660.600 03000

600 IF (NCOUNT-(NCOUNT/I(2))1(2)) 610.660.610 
03010

610 IF (10-1) 620.660.620 D03020

620 IF ((x-EP*A(2))-A(3)) 630.630.640 03030

630 IF (CFR-A(7)) 650.680.680 
D3040

640 EP=EP+I 
D3050

650 NP=I 
03060

660 IF (X.LT.O.02) GO TO 670 03070

KKK=KKK+l 
03080
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C STORE Bo Lo CHARACTERISTICS FOR OUTPUT 03090
XBL(KKK)=X D3100
DELBL(KKK)=DELTAI D3110
THETBL(KKK)=DELTA2 03120
HBL(KKK)=HI

CFPBL(KKK)=CFR D3130

670 CONTINUE 03150

680 NP=O 03160

IF (10-1) 690.1130.690 D3160
690 IF (NCOUNT-I(3)) 700.1140o1140 03180
700 V(I)=-o5*UFUT(I )A(1)*(TAUO/(A(5)*RK2*(Io+RKS))-lo)/XSTEP D3190

XFUT=X+XSTEP 03200

PSTAT=ORDIN(PA(2),XFUT) 03210
VDLPDX=SLOPE(P.A(2).I(5).XFUT)/ORDIN(PA(2),XFUT) D3220
RK2=2o/(A(12)-lo )*(Io-ORDIN(PA(2).XFUT)* (Io-Io/A(12))) 03230
RK=SORT(RK2) 03240

RK3=AY*RK/( lo-5*(A(12)-l.)*RK2) D3250
RKS=RK*RK3/2. 020
RK4=(lo+RK5)/(l +RK5/A(3)) 03270
IF (17.EOo0) GO'TO 710 03280
RO=ORDIN(RD.A(2),XFUT) 03290
GO TO 720 03300

710 RO=0. 03300

C NEW PROFILE CALCULATION 03320
720 K=2 03320

730 DO 820 11=192 
03330

03340
R=(-XSTEP/A(1))*TANB(K) 03350

GO TO (750,740), II D3360
740 R=(-XSTEP/A(1))*TANA(K) D3370
750 IF (KoLEoINT(o8FLOAT(I(6)))) GO TO 780 03380

IF (R) 770,770.760 D3390
760 UINT=RaU(K+I)+(lo-R)*U(K) 03400

TINT=R*TAU(K+I)+(lo-R)*TAU(K) 03410
WINT=R*W(K+I)+(lo-RI*W(K) D3420
GO TO 790

03430770 UINT=-R*U(K-1)+(lo+R)*U(K) 03440
TINT=-R TAU(K-I)+(1+R)*TAU(K) 03450
WINT=-R*W(K-1)+(lo+R)*W(K) 03460
GO TO 790

O3470
780 CALL FINT (RUoWTAUK.oUINTTINTWINT) D3480
790 ZK=FLOAT(K)

UL=o5*(UINT+U(K)) 03490
TOR=o5*(TINT+TAU(K)) D3510
IF (TORoLTo.OoO) GO TO 1120 03520
WW=oS5(WINT+W(K)) D3530
RR=(ZK+o5*R)*A(1)/A(6) 03530
D=RMaGORD(RR) 03540

E=WW*TOR/A(8) D3566

THET=D*WW+1o 03570
03570

SIGMA=D+(A(15)+o5)*E+SQRT((D+(A(15)+.5)*E)**2+THET*2o*TOR/A(8))*(- 
D3580

Io)#II1II )**I 1 
03590

XYZ=4.5 03590

IF (ROoGToOo) XYZ=7o D3600
RO=RO 03610

DD=RLORD(RR) 03620

DDF=DD 03630

RICH=2o*RO*DD*UL/SQRT(TOR)*A(6)*(1 o+ 5UL*ww) 03650DD=DD/(lo+XYZ*RICH) 03660
IF (DDoLTo2o*DDF) GO TO 800 D3670

800 IF (DDoGToOo) GO TO 810 D3680

DD=2o*DD F  D3680

810 CONTINUE D3690

AL(il 1 )=TORTHET 03700

AL(Il 2)=-o5*SIGMA D3710

D3720820 AL(II 3)=-TINT*AL(I1 2)-TOR*(UINT*THET+XSTEP*(-T*THET/WW+A(8)/UL/A 
03730

1(
6
)*(SQRT(TOR)/DD+RM*SLOG(RR))*SIGMA)) 03740

CALL SOLVE (UFUT(K).TFUT(K),DETOAL) 
03750

IF (DEToEO.Oo) GO TO 870 D3760
IF ((TFUT(K)/RK2)oLTo1

0OE-IO) TFUT(K)=RK2*1E-10 D3770
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IF (UFUT(K).GT.RK) UFUT(K)=RK 
03780

IF (K.LE.(16-5)) GO TO 830 
D3790

IF (TFUT(K).GT.TFUT(K-1)) TFUT(K)=RK2*1.OE-1O 
D3800

IF (UFUT(K).LT.UFUT(K-1)) UFUT(K)=RK 
D3810

830 CONTINUE 
03820

WFUT(K)=UFUT(K)/(RK4/AY-.5*UFUT(K)*2) 
03830

IF (I.-UFUT(K)/RK-I.OE-3) 840.850,850 
D3840

840 IF (TFUT(K)/RK**2-1.OE-6) 880.850,850 
03850

850 IF (K-I(6)) 860.860,880 
D3860

860 K=K+1 
03870

GO TO 730 
03880

870 1(6)=K-1 
D3890

GO TO 890 
03900

880 1(6)=K 
03910

890 16=1(6) 
03920

1 V=o 003930

IF (1(9)) 930,930.900 
03940

900 DIV=I./(X+XSTEP-ORDIN(Z.A(2)9XFUT)) 
03950

IF (1(9)-1) 930.930.910 
D3960

910 DIV=SLOPE(Z.A(2)I(.5).XFUT)/ORDIN(Z.A(2)*xFUT) D3970

IF (1(9)-2) 930.9309920 D3980

920 DIV=ORDIN(Z.A(2)oXFUT) 
03990

930 161=1(6)+1 
04000

162=1 (6)+2 
D4010

164=1(6)+4 
D4020

DO 940 J=161.162 
04030

UFUT(J)=RK 
04040

WFUT(J)=RK3 
04050

940 TFUT(J)=RK2*1.OE-10 
04060

C NEW V 
04070

00 950 J=1,161 
04080

Y=I.+. 2 5 *(UFUT(J+1)+UFUT(J))*(WFUT(J+)+WFUT(J)) 
04090

950 V(J+I)=(UFUT(J+)
( J ) - Y  

UT(J+
) -
TFUT(J

) -
5(FUT(J+I)+FUT(J) 04100

1)*(TFUTUT(J))**(UFUT(J+))-UFUT(J))*.5-.25*(UFUT(J)+UFUT(J 
04110

2+1))** 2 *A(I)*(VDLPDX*(I.-Y*AY/A(12)/(Y-I.))+DIV))/UFUT(J) 
04120

DO 960 J=I.162 
D4130

CALL TANCAL (G.AVJ.,RM.D.UFUTTFUT.TANAFUJTANBFUWFUT) 
04140

960 CONTINUE 
04150

C RECALCULATION NEAR SURFACE USING IMPROVED INTERPOLATION 
04160

DO 1000 J=2.18 
04170

ZJ=FLOAT(J) 
04180

DO 990 11=1.2 
04190

R=(-XSTEP/A(1))+O.5*(TANBFU(J)+TANB(J+I)) 
04200

GO TO (980,970), I1 
D4210

970 R=(-XSTEP/A(1))*
O
.S*(TANAFU

( J )+ T A N A ( J -
1)) 04220

980 CALL FINT (RU.W.TAU.J.UINT,TINTWINT) 
D4230

UL=O.5*(UINT+UFUT(J)) 
04240

TOR=O.5*(TINT+TFUT(J)) 
D4250

WW=.5*(WINT+WFUT(J)) 
04260

RR=(ZJ+.5*R)*A(I)/A(6) 
04270

D=GORD(RR)*RM 
04280

E=ww*TOR/A(8 )  
D4290

THET=1.+D*WW 
04300

SIGMA=D+(A(15)+.5)*E+SQRT((D+(A(15)+.5)*E)**2+THET*2**TOR/A(8))*(- 
04310

11.)**11 
D4320

XYZ=4.5 
04330

IF (RO.GT.O.) XYZ=7. 
D4340

DD=RLORD(RR) 
04350

DD=DD/(I.+2.*XYZ*RO*DDOUL/SQRT(TOR)*A(6)*(1*+*5*UL*WW)) 
04360

AL(IJ. )=TOR*THET 
04370

AL(I112)=-.5*SIGMA 
04380

990 AL(I I3)
=
-TINT*AL(I) 2)

-
TOR*(UINT*THET+XSTEp*

( - T
*THET/W

W
+A(

8
)/UL/A 04390

1(6)*(SQRT(TOR)/DD+RM*SLOG(RR))*SIGMA)) 
04400

CALL SOLVE (UFUT(J).TFUT(J),DETAL) 
04410

WFUT(J)=UFUT(J)/(RK4/AY-.5(FUT(J)**
2
) 04420

CALL TANCAL (G,AVJ.RM.D,UFUTTFUTTANAFU.TANBFU.WFUT) 
04430

IF (TANAFU(J).GT.IO.**70.) GO TO 1110 04440
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1000 CONTINUE 04450
DO 1010 J=1614460

Y=I.+.25*(UFUT(J+1)+UFUT(J))*(WFUT(J+1I)+WUT(T(J)) 
04470

1010 V(J+I)=(UFUT(J+I 
) V (

J)
- Y

*(TFUT(J+1
) -
TFUT(J)

) -
.5(wFUT(J+

I +
WF

U
T(J

) 
04480

1),(TFUT(J+I)+TFUT(J))*Y*(UFT(J+)T(J) (J))*.5-.25*(UFUT(J)+UFUT(J 04490

2+1 ))**2*A(I1)(VDLPDX*I1.-Y*AY/A(12)/(Y-1l))+DIV))/UFUT(J) 
04500

A(5)=TAUO/RK2/(l+PK5) 
D4510

C DELTA 995 FOR SCALING L AND G 04520

1625=1(6)/4 
04530

DO 1030 J=1625,16 
04540

IF (UFUT(J)/RK-.9
9
5) 1020.1030.1030 

04550

1020 L=J 
04560

RL=FLOAT(L) 
D457G

1030 CONTINUE 
b4598

A( 6 )=A( 1)((.99 5*RK-U UFT(L))/(UFUT(L+1)-UFUT(L))+RL) 
D4590

C REDUCTION IN NUMBER OF PROFILE POINTS IF REQUIRED D4600

IF (I(6)-LIMIT) 1090,1090,104C 
04610

1040 IF (CFR-A(17)1 1090.1090.1050 04620

1050 I(6)=INT
(
FLOAT

( I 
(6))*2./3 

)  D4630

161=1(6)+1 
D4650

00 1080 J=1,I61 
D4660

IS=3*J/2 
04660

RIS=FLOAT(IS) 
04670

IF (J-2*(J/2)) 1060,1070.1060 
D4680

1060 UFUT(J)
=
(UFUT(

I S +
1)*ALOG(I.+.5/RIS

) -
UFUT(IS)*ALOG

( I -
.
5 / (R

IS
+ I

1
) ) ) 

D4690

1/ALOG( 1+1./RIS) 
04700

TFUT(J)=.S*(TFUT(IS)+TFUT(IS+1)) 
04710

WFUT(J)=.5*(WFUT(IS)+WFUT(IS+I)) 
04720

TANAFU(J)=o5*(TANAFU(IS)+TANAFU(IS+I)) 
04730

TANBFU(J)=.5*(TANBFU(IS)+TANBFU(IS+1I
1
) 4740

V(J)=.5*(V(IS)+V(IS+1)) 
D4750

GO TO 1080 
04760

1070 UFUT(J)=UFUT( IS) 
04770

WFUT(J)=WFUT(IS) 
04780

TFUT(J)=TFUT(IS) 
D4790

TANAFU(J)=TANAFU(IS) 
D4800

TANBFU(J)=TANBFU(IS) 
D4810

V(J)=V(IS) 
04820

1080 CONTINUE 
04830

A(1 )=A( )* ~ 0484n

1090 X=X+XSTEP 
04850

NCOUNT=NCOUNT+1 
D4860

GO TO 80 
04870

1100 KTYPE=3 
04880

GO TO 1150 
D4890

1110 KTYPE=4 
04900

GO TO 1150 
D4910

1120 KTYPE=5 
04920

GO TO 1150 
04930

1130 KTYPF=2 
.04940

KTSTSEP=1 
04950

GO TO 1150 
04960

1140 KTYPE=I 
04970

1150 NORUN=NORUN+1 
04980

IF (XBL(KKK).GT.O.15) GO TO 1190 
04990

C DEFINE DISPLACEMENT THICKNESS TO BE ZERO EVERYWHERE ON GIVEN 
05000

C SURFACE IF SEPARATION OCCURS NEAR THE LEADING EDGE 05010

IF (KSURF.EQ.2) GO TO 1170 05020

DO 1160 J=NLI.NT 
05030

1160 DELBLX(J)=O.O 
05040

SUPOUT(IGRID+1,KCYCLE)=XBL(KKK) 
05050

GO TO 1310 
05060

1170 DO 1180 J=1INL 
D5070

1180 DELBLX(J)=O.O 
D5080

SLOWOUT(IGRID+1,KCYCLE)=XBL(KKK) 
05090

GO TO 1310 
D5100

1190 IF (KSURF.EQ.2) GO TO 1230 D05110

C INTERPOLATE FOR DELSTAR AT UPPER SURFACE STATIONS WHERE BODY 05120
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C COORDINATES ARE KNOWN 
05130

DO 1220 J=NLI,NT 
05140

IF (XBODY(J).GT.XBL(KKK)) GO TO 1200 05150

CALL DISCOT (XBODY(J),XBODY(J)XBLDELBLDELBL,-04OKKK.O.DELBLXA) 
D5160

GO TO 1210 
05170

C EXTRAPOLATION AFT OF LAST CALCULATION POINT IS ONLY TEMPORARY D5180

C AND IS CHANGED WHEN DEFINING THE EQUIVALENT INVISCID AIRFOIL D5190

1200 CALL DISCOT (XBODY(J).XBODY(J)XBLDELBLDELBL.-O010KKK9O.DELBLXA) 
D5200

1210 IF (DELBLXA.GT.O.0251 DELBLXA=0.025 05210

IF (DELBLXA.LT.O.OOO00) DELBLXA=0.00OOO 
05220

1220 DELBLX(J)=DELBLXA 
05230

IF (KTSTSEP.EQ.1) SUPOUT(IGRID+
I
1KCYCLE)

=
XBL

(
KKK

)  05240

XLAST(1)=XBL(KKK)-.OO05 
D5260

XLAST(3)=XLAST(1)-0.01 D5260

CALL DISCOT (XLASXL 1)XLAST(1),XBLDELBLDELBL.-040KKK.OODELLAST( 
D5270
05280

CALL DISCOT (XLAST(3 ),XLAST(3),XBLDELBLDELBL.-040KKKO.DELLAST( 
05290

13)) 05310

GO TO 1310

C INTERPOLATE FOR DELSTAR AT LOWER SURFACE STATIONS 
WHERE BODY D5320

C COORDINATES ARE KNOWN D5340

1230 IF (KTSTSEP.EQ.O) GO TO 1240

C EXTRAPOLATION AFT OF LAST CALCULATION POINT IS LINEAR FOR NO 05350

C SEPARATION AND IS A FUNCTION OF THE CP DISTRIBUTION OTHERWISE 
D5360

C (LOWGRD IS DEFINED IN GETCP) 05370

SLOWOUT(IGRID+1.KCYCLE)=XBL(KKK) 
D5380

IF (LOWGRD.LT.O) GO TO 1280 D5390

1240 DO 1270 J=I.NL 05410
IF (XBODY(J).GT.XBL(KKK)) GO TO 1250

CALL DISCOT (XBODY(J).XBODY(J)XBL.DELBLDELBL*-04O.KKK.ODELBLXA) 
D5420

GO TO 1260 
05430

1250 CALL DISCOT (XBODY(J).XBODY(J),XBL.DELBL.DEDELKKK 
DELBLXA) 5440

1260 IF (DELBLXA.GT.OO025) DELBLXA=0.025 05450

IF (DELBLXA.LT.O.000) DELBLXA=0.O00 05460

1270 DELBLX(J)
= D

ELBLXA 05480

IF (KTSTSEP.NEl) GO TO 1310 05490

XLAST(2)=XBL(KKK)-O005 
05490

XLAST(4)=xLAST(2)-O.01 05500

CALL DISCOT (XLAST(2 ).XLAST(2),XBL.DELBL*DELBL.-040KKKoOtDELLAST( 
05510

12)) 
05520

CALL DISCOT (XLAST(4 ).XLAST(4)XBLqDELBL.DELBL*-040.KKKODELLAST( 
D5530

14)) 
05540

GO TO 1310 
D5560

1280 XSEPI
=
XBL(KKK)

-O
.10 05570

XSEP2=XBL(KKK)-0.08 D5580

XSEP3=XBL(KKK)/2.+O'50 05599

XSEP4=1*00

CPI= 2 O *(ORDIN(P.A(2)XSEPi)/TEMP-1O0)/A(12)/ EM*2* 
D56 6

CP 3 =2 .0*(ORDIN(PA(2)XSEP3)/TEMP-1O)/A(12)/(EM**2") 
D5610

CALL DISCOT (XSEPI.XSEPI.XBLDELBLDELBL-040OKKKoOYSEPl) D5620

CALL DISCOT (xSEP2,XSEP2.XBL.DELBL.DELBL-0409KKK*O.YSEP
2
) 05630

YSEP3=YSEPI+O.033*(CP
3
-CPI)-0.022*(XSEP3-XSEPI) 05640

YSEP4=(YSEPI+YSEP
3 )

/2.0 05660

DELX2
=
XSEP

2 -
XSEP1 05670

DELX3
=
XSEP

3-
XSEP1 D5680

DELX4
=
XSEP4-XSEP1 D5690

0 DELY2=YSEP2-YSEP1 05700

DELY3=YSEP3-YSEP1 05710

DELY4=YSEP4-YSEP! 
D5710

APOLY=(DELY2DELX3*DELX4( XSEP4-XSEP3)-DELY3*DELX2*DELX4 
(XSEP4-XS 05720

1EP 2 )+DELY4*DELX2*DELX3*(XSEP3XSEP
2
))/((XSEP2**3-XSEPl**3)*DELX

3
*D D5730

2 ELX 4 *(XSEP4-XSEP3)-(XSEP3**3-XSEPI1*3)*DELX2 
DELX4*(XSEP4-XSEP2)+( D5740

3 XSEP 4 *3_XSEPI**3)*DELX2*DELX3*(XSEP3XSEP
2
)) 05750

BPOLY=(DELY3*DELX2DELY2*DELX3-APOLY( 
(xSEP3**3-xSEPwI*3)*DELX2-(X D5760

1SEP2**3-XSEPl**3)*DELX3))/DELX2/DELX3/(XSEP3-XSEP2) 
05770

CPOLY=(DELY2-BPOLY*DELX2(XSEPl+XSEP
2
)-APOLY*(XSEP2**3-XSEPl**3))/ 05780

IDELX2 
D5790

DPOLY=YSEPI-CPOLYXYSEPIBPOLY*XSEPI,**2-APOLY*XSEPI**3 D5800

DO 1300 J=I1NL 
D5810
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IF (X8ODY(J).GT.XSEP2) GO TO 1290 05820

CALL DISCOT (XBODY(J).XBODY(J).XLDELLgDELBL-0409KKKODELBLXA) D5830

GO TO 1300 D5840

1290 DELBLXA
= A
POLY*

X B O D
Y(J)**3+BPOLY*XBO

D
Y(J

)
**2+CPOLYXBO

D Y
(J)+

D
POLY 05850

1300 DELBLX(J)
= D
ELBLXA 05860

1310 CONTINUE 
05870

KSURF=2 D5880

DO 1320 J=1913 05890

1320 1(J)=ITEMP(J) 
D05900

DO 1330 J=1.19 D05910

1330 A(J)
=
ATEMP(J) D05920

WRITE (N3) COMF 05930

C EITHER REPEAT B- L. CALCULATIONS FOR OTHER SURFACE OR DEFINE 05940

C EQUIVALENT INVISCID AIRFOIL IF BOTH SURFACES ARE COMPLETE 05950

IF (NORUN-NUMBER) 70.134091340 D05960

1340 DO 1350 J=I1NT 05970

ANG=BODSLOP(J)*3.1415
9
/180.0 05980

XNEW(J)=XBODY(J)+DELBLX(J)*SIN(ANG) 05990

1350 YNEW(J)=YBODY
(J )

-DELBLX(J
)
*
C O S (

ANG) 06000

IF (XLAST(1)oGY.I.0) GO TO 1410 D6010

C DEFINE DELSTAR AFT OF LAST CALCULATION POINT ON UPPER SURFACE TO 06020

C MAINTAIN SLOPE OF EOUIV INV AIRF CONSTANT FROM LAST CALC POINT TO 06030

C THE TRAILING EDGE 06040

JJJ=NLI 06050

1360 IF (XBODY(JJJ).GToXLAST(1)) GO TO 1370 06060

JJJ=JJJ+1 D6070

GO TO 1360 D6080

1370 ISURF=I D6090

ISTRT1=JJJ-5 D6100

IFNSHI=JJJ 06110

ISTRT2=JJJ 06120

IFNSH2=NT 06130

IINDX=6-JJJ 06140

1380 DO 1390 J=ISTRTIlFNSHI 06150

JM=IINDX-J*(-1)**ISURF 06160

XXX(JM)=XBODY(J) 06170

YYY(JM)=YBODY(J) 06180

1390 BBB(JM)=BODSLOP(J) 06190

XLST=XLAST(ISURF )  
06200

XLSTM=XLAST(ISURF+2) 06210

CALL DISCOT (XLSTXLST.XXX.YYYQYYY,-030.6 O.YLST) D6220

CALL DISCOT (XLSTM.XLSTMXXXYYYYYYYYY-030.6OYLSTM) 06230

CALL DISCOT (XLSTXLSTXXX.BBB B,-030,6,0BLST) D6240

CALL DISCOT (XLSTM.XLSTMXXXX,BB.Be8.-0306.0BLSTM) 06250

ANG=BLST*3.14159/180OO 06260

XLST=XLST+DELLAST(ISURF)*SIN(ANG) 06270

YLST=YLST-DELLAST(ISURF)*COS(ANG) 06280

ANG=BLSTM*3o.4159/180.0 D6290

XLSTM=XLSTM+DELLAST(ISURF+2)*SIN(ANG) 06300

YLSTM=YLSTM-DELLAST(ISURF+2)*COS(ANG) D6310

SEPSLOP=(YLST-YLSTM)/(XLST-XLSTM) 06320

DO 1400 J=ISTRT2.IFNSH2 06330

ANG=BODSLOP(J)*3.14159/180.O 06340

DELBLXA=(YBODY(J)-YLST+SEPSLOP*(XLST-XBODY(J)))/(SEPSLOP*SIN(ANG)+ D6350

ICOS(ANG)) D6360

IF (DELBLXAGT.O,025) DELBLXA=0.025 D6370

IF (DELBLXA.LT.O.000) DELOLXA=0.000 06380

DELBLX(J)=DFLBLXA 06390

XNEW(J)=XBODY(J)+DELBLX(J) SIN(ANG) 06400

1400 YNEW(J)=YBODY(J)-DELBLX(J)*COS(ANG) 06410

IF (ISURFoGT.1) GO TO 1440 D6420

1410 IF (XLAST(2).GT.1.O) GO TO 1440 06430

C SIMILARLY DEFINE DELSTAR ON LOWER SURFACE IF PRES DIST WARRANTS IT D6440

JJJ=1 06450

1420 IF (XBODY(JJJ).LToXLAST(2)) GO TO 1430 06460

JJJ=JJJ+ 06470

GO TO 1420 D6480
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1430 ISURF=2 06490

IF (JJJ.EO.1) JJJ=2 06500

ISTRT1=JJJ-1 06510

IFNSH1=JJJ+4 06520
ISTRT2=1 D6530

IFNSH2=JJJ-I 06540

IINDX=JJJ+5 06550

GO TO 1380 06560

C REDEFINE THE TRAILING EDGE COORDINATES OF EQUIV INV AIRF SO THAT 06570

C THE LAST X/C IS 1.0 ON BOTH SURFACES 06580

1440 NTM5=NT-5 D6590

DO 1450 J=NTM5,NT 06600

JM=J-NT+6 06610

XXX(JM)=XNEW(J) 06626

1450 YYY(JM)=YNEW(J) 06630

CALL DISCOT (XTRAILXTRAIL.XXXYYYYYYYYY0-30.6.0,YTRAIL 06640

XNEW(NT)=XTRAIL 06650

YNEW(NT)=YTRAIL 06660

NLMS=NL-5 06670

DO 1460 J=NLMS.NL 06680

JM=J-NL+6 06690

XXX(JM)=XNEW(J) 06700

1460 YYY(JM)=YNEW(J) D6710

CALL DISCOT (XTRAILXTRAIL.XXX.YYYYYYY-030,6vq0YTRAIL) D6720

XNEW(NL)=XTRAIL 06730

YNEW(NL)=YTRAIL D6740

RETURN 0675
END D6760-

SUBROUTINE BOTH E 10

COMMON PHI(162.33).FP(162,33) E 20

COMMON /B/ AA(1OO).BB(IOO) E 30

COMMON /C/ MMM.MP.N.NN.LL.LPIlIM.IMM.IM3.I1.JJ.IKJKIZITYP.MXP E 40

INSNCYTE.PI,RAD.TPTPIl DTDR.DELTH.DELR.RARASRA2.RA3.RA4.RA5.E E 50

2MOCRITC1,C2.C4.C5,C6,C7.BET.EPSILTC.CL*CHDALPALPODPHIXPHI.C E 60
3NSN.EPC31RA7.RA8,RA9,EL-XMXS.FSYMST,XqYYM.XA.YA.AOQ..KP.YR.E E 70

4MO.EE 1DIM NFC.NMP. lSN2.N3.N4,N5,M4.NRN E 80

COMPLEX Z E 90

COMMON /A/ A(40).B(40).C(40).D(40).E(40).RHO(40),RP(40)qR(41).PS(4 E 100

11 )RI(41),S1(162),CO(162).Z(162).FM(162),PHIR(162) E 110

DIMENSION XY(2) E 120

EQUIVALENCE (XY(1).Z(1)) E 130

PF=I./X E 140

DELR=X*DELR E 150

DELTH=X*DELTH E 160

DR=PF*DR E 170

DT=PF*DT E 180

RA3=PF*RA3 E 190

RA4=PF*PF*RA4 E 200

RAS=PF*RA5 E 210

NCY
= 0
O E 220

MP=MM+I E 230

CALL PERMUT (R.NN.I) E 240

CALL PERMUT (RS*NN.I) E 250

CALL PERMUT (RINN.1) E 260

CALL PERMUT (COMPI) E 270

CALL PERMUT (SI.MPI.) E 280

CALL PERMUT (PHIR.MP.1) E 290

CALL PERMUT (Z,MP,2) E 300

CALL PERMUT (XY(2).MP.2) E 310

CALL PERMUT (FMMP.1) E 320

DO 10 L=1,NN E 330
CALL PERMUT (FP(I.L).MP*I) E 340

10 CALL PERMUT (PHI(1IL).MPI) E 350

DO 20 L=IMP E 360
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CALL PERMUT (FP(L.1).NNqIDIM) E 370

20 CALL PERMUT (PHI(LlI).NN.IDIM) E 380

MM=M+I E 390

MP=MM+1 E 400

LL=MP/2 E 410

LP=LL+2 E 420

IF (XoEQoo5) GO TO 70, E 430

DO 30 L=I,M,2 E 440

DO 30 J=I.NNo2 E 450

30 PHI(L+1sJ)=o5*
(P
HI(LJ)+PHI

(
L+2.J)) E 460

DO 40 J 1QN 2 E 470

DO 40 L=IeMM E 480

40 PHI(LJ+I)=o5*(PHI(LJ)+PHII(LJ+2)) E 490

DO 50 K=I,NN E 500

FP(2oK)=FP(MP.K) E 510

50 PHI(MPK)=PHI(2,K)+DPHI E 520

DO 60 L=I1MP E 530

BQ=FLOAT(L-I)*DT E 540

CO(L)=COS(BQ) E 550

60 SI(L)=SIN(BO) E 560

CALL COSI E 570

RETURN E 580

70 NN=N+I E 590

DO 80 K=I1NN E 600

FP(MP.K)=FP(2.K) E 610

80 PHI(MP.K)=PHI(2.K)+DPHI E 620

CO(MP)=CO(2) E 630

SI(MP)=SI(2) E 640

PHIR(MP)=PHIR(2)+TP E 650

RETURN E 660

END E 670-

SUBROUTINE CONVER (ICHECKKCYCLE.M.CLZCPSURFNCYI F 10

C CHECK FOR CONVERGENCE OF INVISCID-FLOW/BOUNDARY-LAYER ITERATION F 20

COMPLEX Z F 30

DIMENSION CPSURF(162). CPOLD(162). Z(162). X(162) F 40

MPLUS=M+I F 50

C IF KCYCLE EQ 1 JUST DEFINE OLD VALUES FOR COMPARISON ON NEXT CYCLE F 60

IF (KCYCLEoEOol) GO TO 30 F 70

ICHECK=I F 80

C NCY LE 20 INDICATES CONVERGENCE F 90

IF (NCYoLEo20) GO TO 50 F 100

C THE CL AND EVERY CP REPEATING WITHIN A SPECIFIED TOLERANCE F 110

C INDICATES CONVERGENCE F 1.20

DELTACL=ABS(CL-CLOLD) F 130

IF (DELTACLoGToOO02) GO TO 30 F 140

DO 10 L=1IMPLUS F 150

10 X(L)=REAL(Z(L) F 160

DO 20 L=2.M F 170

SLOPEI=((CPSURF(L)-CPSURF(L-1))/(X(L)-X(L-1)))**2 F 180

SLOPE2=((CPSURF(L)-CPSURF(L+1))/(X(L)-X(L+I)))**2 F 190

SLOPE3=((CPOLD(L)-CPOLD(IL-I))/(X(L)-X(L-1)))**2 F 200

SLOPE4((CPOLD(L)-CPOLDIL+1))/(X(L)-XL+1)))**2 F 210

SLOPEM=AMAXI(SL.OPEI ,SLOPE2,SLOPE3,SLOPE4) F 220

TEST=0.O005*SLOPEM+0.025 F 230

DELTACP=ABS(CPSURF(L)-CPOLD(L)) F 240

IF (DELTACP.GT.TEST) GO TO 30 F 250

20 CONTINUE F 260

SLOPEI=ABS((CPSURF(I -CPSURF(2))/(X(I )-X(2) I F 270

SLOPE2=ABS( (CPSURF(M)-CPSURF(MPLUS) )/(X(M)-X(MPLUS))) F 280

SLOPE3=ABS((CPOLD(I)-CPOLD(2))/(X(I)-X(2))) F 290

SLOPE4=ABS((CPOLD(M)-CPOLD(MPLUS))/(X(M)-X(MPLUS))) F 300

TESLOPI=((SLOPEI+SLOPE2)/2.0)**2 F 310

TESLOP2=((SLOPE3+SLOPE4)/2.0)**2 F 320

SLOPEM=AMAXI (TESLOPITESLOP2) F 330

TEST=0.0005*SLOPEM+0.025 F 340

DELTACP=ABS(CPSURF( 1)-CPOLD(I)) F 350

IF (DELTACP.LETEST) GO TO 50 F 360

35 ICHECK=O F 370

DO 40 L=IMPLUS
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F 380
F 390

40 CPOLD(L)=CPSURF(L) F 400

CLOLD=CL F 410
50 RETURN F 420-

END G 10

SUBROUTINE COSI G 20

COMMON PHI(162,33),FP(162,33) G 30

COMMON /8/ AA(100),BB(100)

COMMON /C/ M.MMMPN,NNLLLPlIPM1IMMMIM3.IIJJ*IKJKIIZ.ITYP.MXP 
G 40

INSNCY.TE.PI.RAD*TP.TPIDTDR.DELTH.DELPA.RAS.RA2,RA3-RA4.RA5.E 
G 50

2M.OCRITCI.C 2 .C4,C 5 C 6 ,C7,BETEPSIL,TCCL.CHD.ALPALPO.DPHI.XPHI.C 
G 60

3N.SN.EP.C3,RA7.RABRA9EL.XM.XS.FSYM.STXY.YM.XA.YAAO'BOKP.YR.E 
G 70

4MO.EEIDIMNFCNMP, IS.N2,N3,N4.N5.M4.NN G 80
G 90

COMPLEX Z

COMMON /A/ A( 4 0 ),B( 4 0 ),C(40)D(4
0 )

.E(40)RHO(40
) 

RP
p
(40),R(4

1 )
.
R S

(
4  

G 100

11).RI(41),SI (162),CO(1662)Z(162),FM(162),PHIR(162) 
11

DO 10 L=1IM G 130

X=CO(L) G 140
CO(L)=X*CN-SI(L)*SN G 150

10 SI(L)=SI(L)*CN+X*SN G 160

CALL INIT G 170

RETURN G 180-

END H 10
SUBROUTINE CPLOT (X.N)

COMMON /D/ SF.SIZE.ANGXMAX,MAX.XOR.YORPGSIZ H 20
H 30

DIMENSION X(2)

C CHANGE RELATIVE MOVEMENTS TO ABSOLUTE INCHES H 40
H 90

XX=XOR+SF*X(1) H 60
YY=YOR+SF*X(2)

C CHECK TO SEE IF WE ARE WITHIN THE PAGE H 70

IF ((XX.LT.O.).OR.(YY.LT.O.).OR.(XX.GT.XMAX).OR.(YY*GT.YMAX)) 
GO T H 80

H 90
10 20 H 100

10 CALL PLOT (XXYY.IABS(N)) H 110

IF (N.GT.O) RETURN H 120

XOR=XX H 130

YOR=YY H 140

RETURN H 150

20 IF (N.LT.O) GO TO 30 H 160

XX=AMAX1(O..AMINI(XXXMAX)) H 170

yy=AMAXI(O.,AMINI(VY.YMAX)) H 180

GO TO 10 H 190

C GO TO NEXT PAGE H 200
30 XOR=0. H 210

YOR=-3.0 H 220
CALL PLOT (PGSIZO.,N) H 230
RETURN H 240-

END 1 10
SUBROUTINE CRUDER 1 20

C DOUBLES THE MESH SIZE 1 20

COMMON PHI(162.33).FP(1
6
2,33) I 30

COMMON /B/ AA(I100),BB(OO) 40

COMMON /C/ M.MMMPNNNLLLPIIMIMMIM3,11JJ,IKJK.IZITYMP 
I 50

1,NS.NCY.TEPl.RADTP,TPI.DTDRDELTHDELR.RASRARA2RA3,RA

4 sRA5.E 1 60

2M,OCRIT*,ClC2,C4.CS5C6.C7.BET.EPSILTC.CL 
CHDALP.ALPO*DPHI XPHI.C I 70

3 N.SN.EPC 3 RA7RAB8RA9,ELLXMXSFSYMSTX.Y.YMXAYA.AO.BO.KP.YR.E 
1 80

4MO,EE. IDIM.NFC.NMPISN2.N3,N4,N5,M4NRN 
1 90
I 100

COMPLEX Z

COMMON /A/ A(40),B(40).C(40),D(40),E(40).RHO(40) RP(40).R(41 
)RS(

4  
1 110

11),S(41).SI( 1 6 2).CO(162).Z(162).FM(162) 
PHIR(162) I 120

1 130
X=.5
M=l/2 1 140
M=M/2 I1m

N=N/' I 160

S11=1 I/2+1 1 170

JJ=JJ/2+1 
1 180

CALL BOTH I 190

RETURN I 200-

END 
1 200-

END J 10
SUBROUTINE CSYMBL (X.N.L)

COMMON /D/ SF.SIZE.ANG.XMAX.YMAX,XOR.YORPGSIZ 
J 20

DIMENSION X(2) J 30
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C CHANGE RELATIVE MOVEMENTS TO ABSOLUTE INCHES 
J 40

XX=XOR+SF*X(1) J 50

YY=YOR+SF*X(2) J 60

C CHECK TO SEE IF WE ARE WITHIN THE PAGE J 70

IF ((XXeLTOo).ORo(YYLTo.0O)ORo(XXeGTXMAX)oORo(YYoGToYMAX)) RETU 
J 80

IRN J 90

CALL SYMBOL (XXqYY.SIZE*NqANGL) J 100

RETURN 
J 110

END 
J 120-

SUBROUTINE DISCOT (XAZAqTABXTABY.TABZoNCNYNZoANS) K 10

C INTERPOLATION AND EXTRAPOLATION ROUTINE K 20

DIMENSION TABX(2) TABY(2). TABZ(2)9 NPX(8)q NPY(8). YY(8) K 30

CALL UNS (NCoIAIDXoIDZ,IMS) K 40

IF (NZ-1) 10,10920 K 50

10 CALL DISSER (XATABX(1)9l~NY.DX.NN) K Cp

NNN=IDX+1 K ~ 6
CALL LAGRAN (XA9TABX(NN)oTABY(NN)oNNNeANS) K 80

GO TO 120 K 90

20 ZARG=ZA K 100

IPIX=IDX+I K 110

IPIZ=IDZ+I K 120

IF (IA) 30.50.30 K 130

30 IF (ZARG-TABZ(NZ)) 50.50.40 K 140

40 ZARG=TABZ(NZ) K 150

50 CALL DISSER (ZARGoTABZ(1),1 NZolDZNPZ) K 160

NX=NY/NZ K 170

NPZL=NPZ+IDZ K 180

1=1 K 190

IF (IMS) 60.60.80 K 200

60 CALL DISSER (XAiTABX(l)o.,NXlIDX-NPX(1)) K 210

DO 70 JJ=NPZgNPZL K 220

NPY(1)=(JJ-1)*NX+NPX(1) K 230

NPX(I)=NPX(1) K 240

70 l=1+1 K 290

GO TO 100 K 260

80 DO 90 JJ=NPZ.NPZL K 270

IS=(JJ-1)*NX+1 K 280

CALL DISSER (XAgTABX(I).IS.NXlDXNPX(I)) K 290

NPY(I)=NPX(I) K 300

9C I=I+1 K 310

100 DO 110 LL=I.IPIZ K 320

NLOC=NPX(LL) K 330

NLOCY=NPY(LL) K 340

110 CALL LAGRAN (XATABX(NLOC).TAY(NLOCY),IPlX.YY(LL)) K 350

CALL LAGRAN (ZARGoTABZ(NPZ),YY(1),IPIZ.ANS) K 360

120 RETURN K 370

END K 380-

SUBROUTINE DISSER (XA.TABrI.NX.IDNPX) L 10

DIMENSION TAB(2) L 20

NPT=ID+1 L 30

NPB=NPT/2 L 40

NPU=NPT-NPB L 50

IF (NX-NPT) 20,10.20 L 60

10 NPX=I L 70

RETURN L 80

20 NLOW=I+NPB L 90

NUPP=I+NX-(NPU+I ) L 100

DO 30 II=NLOW.NUPP L 110

NLOC=II L 120

IF (TAB(II)-XA) 30.40,40 L 130

30 CONTINUE L 140

NPX=NUPP-NPB+I L 150

RETURN L 160

40 NL=NLOC-NPB L 170

NU=NL+ID L 180

DO 90 JJ=NLNU L I1n

NDIS=JJ L 200

IF (TAB(JJ)-TAB(JJ+1)) 50,60.50 L 210
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L 220
50 CONTINUE L 230

NPX=NL L 240

RETURN L 250

60 IF (TAB(NDIS)-XA) 80.70.70 L 260

70 NPX=NDIS-ID L 270

RETURN L 280

80 NPX=NDIS+I L 290

RETURN 
L 300-

END 
M 100

SUBROUTINE FINT (R.U.W,T,J,A.,B.C) M 20

DIMENSION U(110). T(110), W(110) M 30

C1=1.-R**2 M 40

C2=0.5*(R**2+R) M 50

C3=0.5*(R**2-R) M 60

A=CI*U(J)+C2*U(J+I)+C3*U(J-1) 
M 70

B=CI*T(J)+C2*T(J+)+C3*T(J-1 ) 
M 80

C=CI*W(J)+C2*W(J+I)+C3*W(J-1) M 90

RETURN 
M IO0-

END 
N 10-

FUNCTION FN (Z) N 20

A=SQRT(I.+Z) 
N 20

FN=2.*(ALOG(2./(I.+A))+A-I-) 
N 30

RETURN 
N 0-

END 
O 10

SUBROUTINE FORCES (CDF)

C COMPUTE LIFT, DRAG, AND PITCHING MOMENT COEFFICIENTS 
BY 0 20

C INTEGRATING THE PRESSURE DISTRIBUTION 0 30

COMMON /E/ KCYCLEFNUFNL. 
IB N

DLAY(13).ABNDLAY(191
)
XBODY(1

6
2),

YB O D Y 
0 40

1 (162),BODSLOP(16 2 ).BODCURV(82),XNEW(162),YNEW(162),CPSUJRF(1
6 2

)CPB 0 50

2DLY(82) IGRIDGRID.XUPLE(20),XUPARC(20).XLOLE(20),XLOARC(20),TITLO 
0 60

3UT(15) CLOUT(3,7) SUPOUT(3,7 )SLOWCUT(3.7),CMOUTCPLfP(85)CPLO(85) 
0 70

4,XTEMUP(85),XTEMLO(85),DLBLX(162), TKNTKOUNTUPLOGRD. INVDIV 0 80

COMMON /C/ M,MMMPNNNLLLPIIM,IMM.IM3,I11JJIlKJKIZ.ITYPgMXP 
O 90

I,NSNCYTE,PI,RADTP.TPIDTDRDELTHDELR,RA,gASRA
2
. A3.RA4,RA0SE O 100

2 MCCRITCIC 2 ,C4.CBC6.C7,BET,ESILTCCLCHDALPALPODPHI,XPHI.C 
0 110

3N,SN.EPC3,RA7,RA8,RA9,EL,XM,XbFSYMST,X,YYMXAYA.AO.Bo0KPYR.E 
0 120

4 MO.EE,IDIMNFCNMP,ISN2,N3,N4.N5,M4.NRN.NCASE 
0 O 130

DIMENSION XTMB(101), YTMB(O11)* XTMN(IO1I) XBN(162). YBN(162), CPB 0 140

1N(162) 
0 160

NU=FNU 
0 160

NUMI=NU-1 
0 180

NL=FNL 
O 190

NLMI=NL-1 
0 190

C TRANSFER PRESSURE DISTRIBUTION FROM SURFACE 
OF EQOUIVALENT 0 200

C INVISCID AIRFOIL TO ACTUAL AIRFOIL FOR COMPUTATION 
OF FORCES 0 210

DO 10 K=I.KOUNT 
0 220

IF (XTEMLO(K).LE.XNEW(NLM1)) GO TO 10 0 230

KSTOPL=K-I 
0 240

GO TO 20 
0 260

10 CONTINUE 
0 266

20 DO 30 K=I,NLMI 
0 270

XTMB(K)=XBODY(K) 0 290

YTMB(K)=YBODY(K) 
0 300

30 XTMN(K)
=
XNEW(K) 0 310

DO 40 K=1.,KSTOPL 
0 320

KMNS=KSTOPL+2-K 
0 320

CALL DISCOT (XTEMLO(K),XTEMLO(K),XTMN,XTMBXTMB.-030NLM1 
0XBN(I<M 0 330

1INS)) 
0 340

CALL DISCOT (XBN(KMNS),XBN(KMNS),XTMBYTMB,YTMB,-030.NLMI10OYBN(KM 0 350

INS)) 
0 370

40 CPBN(KMNS
)= C

PLO(K) 0 380

XBN(I)=XBODY(NL) O 390

YBN(1)=YBODY(NL) 0 400

CPBN(I)=CPLO(KOUNT) 
0 400

DO 50 K=I,NUMI 
0 410

KPLS=K+NL 
0 430

XTMB(K)=XBODY(KPLS) 
0 430

YTMB(K)=YBODY(KPLS) 
0 440
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50 XTMN(K)=XNEW(KPLS) 
0 450

DO 70 K=1.KOUNTUP O 60

KPLS=K+KSTOPL+ 0 460

IF (XTEMUP(K)oLEoXTMN(NUMI)) GO TO 60 0 480
KSTOPU=K-1

GO TO 80 0 490

60 CALL DISCOT (XTEMUP(K)*XTEMUP(K)XTMN.XTMB.XTMB.-030+NUMI 
OXBN(KP 0 510

ILS)) 0 520CALL DISCOT (XBN(KPLS)IXBN(KPLS)XTMBoYTMBYTMB.-03CNUMI 
O0YBN(KP 0 530

ILS))

70 CPBN(KPLS)=CPUP(K) 0 590
80 KTOT=KSTOPU+KSTOPL+1 

O 560
XBN(KTOT+I)=XBODY(NU+NL) 

0 570
YBN(KTOT+I)=YBODY(NU+NL) 

0 580
CPBN(KTOT+I )=CPUP(KOUNTUP) O 590
CLP=O0.0 O 590

CDP=0.O 0 600

CMP=Oo0 0 610

INTEGRATE PRESSURE DISTRIBUTION O 630
DO 90 K=IoKTOT 0 640
DX=XBN(K+I)-XBN(K) 

0 650
DY=YBN(K+I)-YBN(K) 

0 660
XAVE=0o5*(XBN(K+I)+XBN(K)) 0 670
YAVE=Oo5*(YBN(K+I)+YBN(K)) 

0 670
CPA=0o5*(CPBN(K+1)+CPBN(K)) 0 690
DCL=-CPA*DX O 690
DCD=CPA*DY 0 700

DCM=DCD*YAVE-DCL*(XAVE-o25) 
0 710

CLP=CLP+DC L  O 720

CDP=CDP+DCD O 730
90 CMP=CMP+DCM O 740

CORRECT FOR BASE PRESSURE AND FRICTION DRAG 0 760CDT=CDP+CDF+CPBN(I1)*(YBN(1)-YBN(KTOT+)) 

77ALPHA=ALP/RAD 
O 770C ADJUST COEFFICIENTS FOR ANGLE OF ATTACK 0 790

CDC=CDT*COS(ALPHA)+CLP*SIN(ALPHA) 
O 790

CLC=CLP*COS(ALPHA)-CDT*SIN(ALPHA) 0 810
CLOUT(IGRID+1.KCYCLE)=CLC O 810
CMOUT=CMP 

0 820
X=CDC 

0 830
RETURN 

O 850
END 0 850
SUBROUTINE GETCP 

P 860-C COMPUTE PRESSURE COEFFICIENTS 
P 10

COMMON PHI(162933),FP(16
2 ,3 3 ) P 20

COMMON /B/ AA(10O).BB(IOO) P 30
COMMON /C/ M.MM.MP.NNNLL.LPlIIMIMMIM3.IJJ IK.JKPIZ5ITyp0MXP P 50
1NS.NCY.TEgPl.RADTPTPI DTDR DELTH.DELRQAAASRA2RA3,A4,RA5,E P 602MOCRIT.CC5.9I C~oC7. ETEPSIL.TCCL.CHDALP ALPODPHIXPHIC P 703N SNAEPAC3QRAQYABRRA9,ELXMEXPFSYM.STXyyMXAYAA.BQKP.YR.E 

P 804MOEE, IDIMNFCNMP IS.N2,N3NN4.N5,M4,NRN 
P 90

COMMON /E/ KCYCLEFNU*FNLIBNDLAY(13).ABNDLAY(19) 
XBODY(162).YBODY P 1001(162) .BODSLOP(1162)BODCuRV(82), XNEw(162) YNEW(162) CPSURF(162),CPB P 1102DLY(82)9IGRIDGPID.XUPLE(20) XUPARC(20).XLOLE(20),XLOARC(20).TITLO 

P 120
3UT(15).CLO(JT(3.7) SUPOUT(3.7).SLOWOUT(3.7).CMOUT.CPUP(85) 

CPLO(85) P 1304,XTEMUP(85) ,XTEMLO(85),DELBLX(162)*KOUNTKOUNTUP 
LOWGRD INVDIV P 140COMPLEX Z 

P
COMMON /A/ A(40)*B(40),C(40),D(40).E40),HO(40),P40)R(

4 1), S(4 P 60
I). TI4I1 ),SI(1 62).CO(162).Z(162).FM(162)gPHIR(162) 

P 170
INTEGER A 

P 180COMPLEX CLCDTMPCIZEPRCEXP P 190DIMENSION OSi(1) XFIT(3), YFIT(3) P190
EQUIVALENCE (QS(I).PHIR(1)) P 200
CPP(Q)=C5(AMAX(O..C4-C60Q)*C

7 -1) P 210
IF (INVDIVeEQeO) GO TO 20 P 220
DO 10 L=1 MM 

P 230
10 CPSURF(L)=O.O 

P 240
CLOUT(IGRID+IKCYCLE)=

9 9 9 .0 P 250RETURN 
P 260

270
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P 280

20 LLL=MM-M/40+1 
P 290

LLLMI=LLL-1 P 300

LLLM2=LLL-2 P 310

JJJ=M/40 P 320

JJJPI=JJJ+1 
P 330

JJJP2=JJJ+2 
P 340

DO 30 L=JJJPILLLMI 
P 350

U=(PHI(L+1.)-PHI(L-1.1))*DELTH-SI(L) P 350
P 360

OS(L)=(U*U)/FP(L.I) p 370

30 CPSURF(L)=CPR(S(L))

C DEFINE CP AT THE TRAILING EDGE BY CONSIDERING THE GRADIENTS 
IN P 380

C THE CP DISTRIBUTION NEAR THE T. E. RATHER THAN AVERAGING THE UPPER P 390

C AND LOWER CP AT THE POINTS JUST FORWARD OF THE T. E. P 400

TESLOPU=(CPSURF(LLLMI)-CPSURF(LLLM2))/(REAL(Z(LLLM1))-REAL(Z(LLLM2 
P 410

1))) 
P 420

TESLOPL=(CPSURF(JJJPl)-CPSURF(JJJP2))/(REAL(Z(JJJPl))-REAL(Z(JJJP2 
P 430

1))) 
P 450

IF (TESLOPL.GT.2.0) GO TO 60 P 460

LOWGRC=-1 P 470

DO 40 L=2.JJJ P 480

U=(PHI(L+1.1-I PHI(L-I.l))*DELTH
-
SI(L) P 490

OS(L)=(U*U)/FP(LI1) P 500

40 CPSURF(L)=CPR(OS(L
)
) P 510

DO 50 L=LLLMM p 510

CPSURF(L)=CPSURF(LLLMI)+TESLOPU*(REAL(Z(L))-REAL(Z(LLLMI))) 
P 520

50 OS(L)=(C4
-

(C
P
SURF

(
L)/C5+1*)**(I./C7))/C

6  P 530

CPSURF(1)=CPSUF(M P 50

QS(1)=OS(MM) P 560

GO TO 160 P 570

60 LOWGRO=I

CPTEU=CPSURF(LLLMI)+TESLOPU*(REAL(Z(MM))-REAL(Z(LLLM1))) 
P 580

CPTEL=CPSURF(JJJP)+TESLOPL*(REAL(Z(1))-REAL(Z(JJJPI)) )  
P 590

IF (CPTEU-CPTEL) 70.100.130 P 600

70 DO 80 L=IJJJ 
P 610

CPSURF(L)=CPSURF(JJJPl)+TESLOPL*(REAL(Z(L))-REAL(Z(JJJPl))) 
P 620

80 OS(L)=(C4(CPSURF(L)/C5+1.)**
( I

/C
7 ) )

/C6 P 640

XFIT(1)=REAL(Z(LLLM2)) 
P 640

XFIT(2)=RFAL(Z(LLLMI)) 
P 660

XFIT(3)=REAL(Z(1)) 
P 670

YFIT(1)=CPSURF(LLLM2) P 680

YFIT(2)=CPSURF(LLLMI) 
P 690

YFIT(3)=CPSURF(1) P 700

DO 90 L=LLL.MM P 710

XLOOK=REAL(Z(L)) 
P 710

CALL DISCOT (XLOOK.XLOOK.XFIT.YFITYFIT.-020.3.0.CPSURF(L) 
P 720

90 OS(L)
=
(C4

-
(CPSURF(L)/C5+1.

) * * (
I1/C

7
))/C

6  P 730

GO TO 160 
P 750

100 DO 110 L=1.JJJ

CPSURF(L)=CPSURF(JJJPl)+TESLOPL*(REAL(Z(L))REAL(Z(JJJPI))) 
P 760

110 OS(L)=(C4-(CPSURF(L)/C5+1*)*(I./C
7
))/C6 P 770

DO 120 L=LLL.MM

CPSURF(L)=CPSURF(LLLMI )+TESLOPU*(REAL(Z(L))-REAL(Z(LLLMI))) 
P 790

120 OS(L)
=
(C4

- (C
PSURF(L

)
/C5+1

)
**

(I1
/C

7
) )/C6 P 800

GO TO 160 P 820

130 DO 140 L=LLL.MM

CPSURF(L)=CPSURF(LLLMI)+TESLOPU*(REAL(Z(L))-REAL(Z(LLLMI))) 
P 830

140 QS(L)
=
(C

4 -
(CPSURF

(L )
/C5+1)

I '
**(1/C7))/C

6  P 840

XFIT(1)=REAL(Z(JJJP2)) 
8650

XFIT(2)=REAL(Z(JJJP1)) 
P 860

XFIT(3)=PEAL(Z(MM)) P 880

YFIT(1)=CPSURF(JJJP2) 
P 880

YFIT(2)=CPSURF(JJJPI 
P 890

YFIT(3)=CPSURF(MM) 
P 910

DO 190 L=I1JJJ P 920

XLOOK=REAL(Z(L)) 
P 920

CALL DISCOT (XLOOK*XLOOK.XFIT.YFIT.YFIT -020.3.0*CPSURF(L)) 
P 930

150 QS(L)
= (

C4
-
(CPSURF

(
L)/C5+11*

)
*(1

"
/C7)

)
/C

6  P 940

160 CALL PHIRR 
P 960

RETURN 
P 970-

END P 970-
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SUBROUTINE GOPLOT (N) 0 10

C INITIATE PLOT Q 20

CALL CALCOMP 0 30

CALL LEROY O 40

RETURN 0 5
END 0 60-

FUNCTION GORD (Z) p 10

IF (Z-o63) 10.20920 R 20

10 GORD=17.5*Z**1.
8
6 R 30

GO TO 50 P 40

20 IF (Z-o89) 30.40.40 R 50

30 GORD=90.9*Z-49.75 R 60

GO TO 50 R 70

40 GORD=18.7*Z+14o85 p 80

50 RETURN P 90

END R 100-

FUNCTION GRAD (FR.HjIAoI,8N) S 10

DIMENSION FR(11O) S 20

IF (N-IA) 20.10s20 S 30

10 G=(-1,*FR(IA+2)+4.*FR(IA+ )-33*FR(IA))/(2.*H) S 40

GO TO 50 S 50

20 IF (N-IB) 40,30.40 S 60

30 G=(3.*FR(IB)-4*FR(IB-1)+FR(IB-2))/(2.*H) S 70

GO TO 50 S 80

40 G=(FR(N+I)-FR(N-1))/(2.*H) S 90

50 GRAD=G S 100

RETURN S 110

ENO S 120-

SUBROUTINE GRAFIC T 10

COMMON PHI(162.33).FP(162.33) T 20

COMMON /B/ AA(1UO)tBB(100) T 30

COMMON /C/ MMM.MPNNN.LL.LP.I.IM.IMMIM3,1I.JJIKJKIZITYPMXP T 40

I~NSNCY.TE.PI RADOTP.TPIDTDRDELTH.DELR.RARAS*RA2.RA3.RA4,RA5E T 50

2MQCRIT.C1.C2oC4,C5,C6.C7.8ETEPSILTCoCL.CHO.ALP.ALPODPHI XPHI.C T 60

3NSNoEPC3.RA7,RA8,RA9.EL.XMXS,FSYM.ST.XY.YM.XA,YAAQo.BOKPYRE T 70

4MO*EE IDIM.NFCoNMPIS.N2,N3.N4.N5,M4sNRN T 80

COMMON /E/ KCYCLEoFNUFNLIBNDLAY(13),ABNDLAY(19)XBODY(162).YBODY T 90

1(162).BODSLOP(162).BODCURV(82).XNEW(162),YNEW(162),CPSURF(162),CPB T 100

2DLY(82)IGRID.GRID.XUPLE(20).XUPARC(20)XLOLE(20) XLOAPC(20).TITLO T 110

3UT(15) CLOUT(3.7).SUPOUT(3,7).SLOWOUT(397),CMOUT T 120

COMPLEX Z T 130

COMMON /A/ A(40),B(40),C(40). (40)*E(40)1,HO(40)1RP(40),R(41).RS(4 T 140

11)R1I(41) SI(162).CO(162),Z(162).FM(162).PHIR(162) T 150

COMMON /D/ SFSIZE.ANG.XMAXeYMAXXOR.YOR.PGSIZ T 160

DATA NPLOTPFEPFSCF/O,- 0 5.7.0 5./ T 170

PE(Q)=C5*(AMAXI(O.,C4-C6*Q)O*C7-1.) T 180

C INITIATE PLOT OR GO TO NEXT PAGE T 190

IF (NPLOT.EQ.O) CALL GOPLOT (NRN) T 200

IF (NPLOTaGToO) CALL CPLOT ((13.q-120).-3) T 210

NPLOT=1 T 220

C MOVE THE ORIGIN TO THE LOCATION X=O.*CP=O T 230

CALL CPLOT (CMPLX(2.oEPF),-3) T 240

C PLOT CP CURVE AS A FUNCTION OF X T 250

CPF=lo/PF T 260

CCP=CPF*CPSURF(1) T 270

CALL CPLOT (CMPLX(SCF*REALZ(1)),CCP).3) T 280

DO 10 L=2.MM T 290

TEMPCP=CPSURF(L) T 300
IF (TEMPCP.LT-3.2) TEMPCP=-3.2 T 310

CCP=CPF*TEMPCP T 320
10 CALL CPLOT (CMPLX(SCF*REAL(Z(L))CCP)42) T 330

C DRAw AND LABEL CP-AXIS T 340

ANG=90. T 350

CALL XYAXES ((-.5s0o-)3.,5 0.PF) T 360

ANG=O T 370

C COMPUTE AND PLOT CRITICAL SPEED T 380

YMX=CPF*PE(QCRIT) T 390

SIZE=.28 T 400
CALL CSYMBL (CMPLX(-5.YMX).15--1) T 410
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SIZE=*14 
T 420

CALL CSYMBL ((-1.2.1.5),1HCl) T 430

CALL CSYMBL ((-1.05,1.4).1HP1) T 440

YOR=1.5 T 450

C LABEL THE PLOT T 460

SF=I. T 470

SIZE=.11 T 480

CLI=CLOUT(IGRID+1,KCYCLE) T 490

ENCODE (60,20.A) NRN.CL1.CMOUT.X T 500

CALL CSYMBL ((0.O-1.0).A.60) T 510

ENCODE (60.30.A) IBNDLAY(13).NCY.EPM.N T 520

CALL CSYMBL ((O.O.-15).A.60) T 530

ENCODE (60,40,A) TITLOUT T 540

CALL CSYMBL ((-0.1.8.4).A,60) T 550

ENCODE (60,50,A) EM.ALPABNDLAY(18) T 560

CALL CSYMBL ((0.0.7.9),A.60) T 570

RETURN T 580

c T 590

C T 600

20 FORMAT (6HRUN = .1394X.5HCL = *F5.3,4X.5HCM = .F5.3,4X.SHCD = ,F7. T 610

15) T 620

30 FORMAT (7HIFIX = ,12.4X,6HNCY = .13.5X.5HEP = ,F3.2.6X.6HMXN = .13 T 630

1.1HX,12) T 640

40 FORMAT (15A4) T 650

50 FORMAT (7HMACH = ,F4.3.5X,8HALPHA = .F5.2,SX,13HRN X 10E-6 = .F6.2 T 660

1) T 670

END T 680-

SUBROUTINE INIT U 10

COMMON PHI(162.33).FP(162.33) U 20

COMMON /B/ AA(100),BB(100) U 30

COMMON /C/ M.MM.MPNNNLL,LP*I.IM,IMM.IM3,11.JJIKJKIZ.ITYPMXP U 40

l.NS.NCYTEFPI.RADTPTPI.DT.DR,DELTHDFLR.PRA,RAsRA2.RA3,A4,RA5.E U 90

2MOCRIT.CIlC2,C4,C5.C6.C7,BET.EPSIL*TC.CLCHDALP*ALPODPHI.XPHI C U 60

3N.SN.EP.C3.RA7,RABRA9.ELXM.XSFSYM.ST.X.Y.YMXA.YAAO.BQKP.YP.E U 70

4MOEEIDIMNFCNMPISN2,N3.N4.NS.M4,NRN U 80

COMPLEX Z U 90

COMMON /A/ A(40),B(40),C( 4 0)D.040),E(40)RHO(4C)P(40)(41)RS(4 
U 100

I ). RI (41)*S1 (162).CO(162).Z(-162).FM(162).PHIR(162) U 110

CO(MP)=CO(2) U 120

CO(MM)=CO(1) U 130

SI(MM)=Sl(1) U 140

SI(MP)=SI(2) t 1 e

ALPO=ALP U 160

CN=COS(ALP+RB(i)) 
U 170

SN=SIN(ALP+BB(1)) U 180

CALL PHIRR U 190

RETURN 
U 200

END U 210-

SUBROUTINE INTPL (NX.SI.FI.S.F.FPFPPPFPPP) V 10

C GIVEN SF(S) AND THE FIRST THREE DERIVATIVES AT A SET OF POINTS V 20

C FIND FI(SI) AT THE NX VALUES OF SI BY EVALUATING THE TAYLOR SERIES V 30

C OBTAINED BY USING THE FIRST THREE DERIVATIVES V 40

DIMENSION SI(1). FIl ). 5(1). F( ). FP(1), FPP(1), FPPP(I ) V O

DATA PT/.3333333333
3

13
3

/ V 60

J=O V 70

DO 30 I=1.NX V 83

VAL=O* V 90

SS=SI(I1) V 100

10 J=J+1 
V 110

TT=S(J)-55 V 120

IF (FLOAT(J-1)*TT) 10.30,20 V 130

2O J=J-1 V 140

S'=5c-S(J) 
V 190

VAL=SS*(FP(J)+.5*SS*(FPP(J)+SS*PTFPPP(J))) V 160

30 FI(I)=F(J)+VAL 
V 170

RcTI RN V 1Rn

END 
V 190-
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SUBROUTINE LAGRAN (XAXY,NANS) W 10

DIMFNSION X(2), Y(2) v 20

SUM=0o0 W 30

DO 30 I=1oN W 40

PROD=Y(I) W 50

DO 20 J=1 N W 60

A=X(I)-X(J) W 70

IF (A) 10,20.10 W 80

10 B=(xA-X(J))/A W 90

PROD=PROD*B W 100

20 CONTINUE W 110

30 SUM=SUM+PROD W 120

ANS=SUM W 130

RETURN W 140

END W 150-

SUBROUTINE MAP X 10

C SUM UP FOURIER SERIES TO OBTAIN FIRST GUESS X 20

COMMON PHI(162,331.FP(162.33) X 30

COMMON /B/ AA(100OO)B(100) X 40

COMMON /C/ M.MMMPN,NNLL.LPIIM.IMMIM3 ,11JJ,[KJK,[Z.ITYPMXP X 50

1,NSNCYoTEPIoRAD.TP,TPIDT,DPDELTHOELPRA.0AS,PA2,RA3,PA4,RA5SE X 60

2M.OCRIToCIC2.C4,C5.C6.C7ET.EPSILTCCLCHDALPALPODPHIXPHIC X 70

3NoSNEPC3,RA7,RAB,RA99EL.XMXSFSYM.STXYYMXA.YA.AQROKPYR.E X 80

4MOEEIDIMNFCNMPoSN2.N3.N4,N5M4.NRN X 90

COMPLEX Z X 100

COMMON /A/ A(40).B(40).C(40),D(40).E(40)RPHO(40)PP(40),R(41).RS(4 X 110

ll).RI(41)oSI (162),CO2).Z( 162),FM(162),PHIR(162) X 120

DATA TOL/1oE-12/ X 130

DO 50 J=IN X 140

RN=R(J) X 150

DO 10 KK=2,NFC X 160

A(KK)=AA(KK)*RN X 170

D(KK)=RR(KK)*RN X 180

IF (RNoLEoTOL) GO TO 20 X 190

10 RN=R(J)*RN X 200

KK=NFC X 210

20 DO 40 L=I.MM X 220

S=BB(I ) X 230

DO 30 K=2.KK X 240

LT=I+MOD((K-1)*(L-1).M) X 250

30 S=S+A(K)*CO(LT)+D(K)*SI(LT) X 260

40 FP(LJ)=S X 270

50 FP(MPgJ)=FP(2.J) X 280

DO 60 L=1.MP X 290

Z(L)=(OooOo) X 300

60 FP(L.NN)=Oo X 310

CALL MAPI X 320

RETURN X 330

END X 340-

SUBROUTINE MAPI Y 10

COMPLEX TMP.CEXP.TTZER.ONE Y 20

COMMON PHI(162.33).FP(16233) Y 30

COMMON /B/ AA(100).BB(100) Y 40

COMMON /C/ M.MMMPN.NNLL.LPIolIMIlMM.IM3,IIJJIKJKIZ.ITYPMXP Y 50

I.NS.NCY.TE.Pl.PAD.TTgTPIDTDRDELTHDELRRARASRA2,RA3,PA4.RAS5E Y 60

2M.OCRITClqC2qC4.C5,C6,C7BET.EPSILTCCLCHO.ALPALPODPHI XPHI .C Y 70

3NSNEP.C3.RA7,RAB.RA9,EL.XMoXS.FSYMSTX,Y.VYMoXAYAAQoBOK,YRE Y 80

4MOEEIDIMNFC.NMPISN2.N3.N49N59M4,NRN Y 90

COMMON /E/ KCYCLE Y 100

COMPLEX Z Y 110

COMMON /A/ A(40)B(40).C(40)oD(40).E(40) RHO(40).RP(O),R(41),RS(4 Y 120

11).RI(41)SI(162) CO(162),Z( FM(162).PHIR(162) Y 130

DIMENSION XY(2) Y 140

COMMON /G/ SS(310)H(310,U(310)V(310).W(310)DSP(3101 Y 150

EOUIVALENCE (XY(l).TMP) Y 160

DATA ZERoNE/(Ooo0o) (0.0o)/ Y 170

C DO MAPPING Y 180

SN=2 0 /AA(l) Y 190
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IF (KCYCLt.EQ.I) WRITE (N2.70) Y 200

CALL MAP2 Y 210

C FIND SLOPES AT EQUALLY SPACED POINTS IN THE CIRCLE PLANE Y 220

SP(MM)=Pl Y 230

CALL INTPL (MM.SPFMSS.THU.V.W) Y 240

C COMPUTE ANGLE OF ZERO LIFT Y 250

S=.5*(FM(I)+FM(MM)) Y 260

DO 10 L=2.M Y 270

10 S=S+FMiL) Y 280

88(1)=-(.5*PI+S/FLOAT(M)) Y 290

S=-8(1 )*RAD Y 300

IF (KCYCLE.EO.I) WRITE (N2.50) S.80 Y 310

C COMPUTE DS Y 320

DO 20 L=I,MM Y 330

FM(L)=FM(L)+PI Y 340

O=FP(L.I) Y 350

Z(L)=O*CEXP((O..I.)*FM(L)) 
Y 360

20 FP(LI)=OQ* 
Y 370

FP(MP.l)=FP(2,1) Y 380

Z(MP)=Z(2) 
Y 390

TMP=ZER 
Y 400

S=,. 
Y 410

Q=0. Y 420

80=0. Y 430

DO 30 L=I.MM 
Y 440

TT=TMP+.5*DT*(Z(L+I)+Z(L)) Y 450

Z(L)=TMP 
Y 460

TMP=TT 
Y 470

S=AMIN1(S.XY(1)) 
Y 480

Q=AMINI(Q,XY(2)) 
Y 490

B0=AMAXI(BQ.XY(2)) Y 500

30 FP(L.NN)=I. 
Y 510

TC=(O-B0)/S Y 520

CHD=-I./S Y 530

DO 40 L=,MM Y 540

40 Z(L)=ONE+CHD*Z(L) Y 550

IF (KCYCLE.EO.1) WRITE (N2,60) TC V 560

CN=COS(BB(1)+ALP) 
Y 570

SN=S IN (BB ( ) +ALP) Y 580

RETIURN 590

C 
Y 600

C 
Y 610

50 FORMAT (21HOANGLE OF ZERO LIFT =F9.5,7X.22HOUTER MAPPING RADIUS =F Y 620

19.5) Y 630

60 FORMAT (32H THE THICKNESS TO CHORD RATIO IS*F6.4/) Y 640

70 FORMAT (IHO,5X,5HDEL S,8x,3HRES.9X.3HS/L.8BX.4H(O)) X 65..

END Y 660-

SUBROUTINE MAP2 Z 10

COMMON PHI(162.33).FP(162,33) Z 20

COMMON /B/ AA(100).B5(100) Z 30

COMMON /C/ M.MMMP.N.NNILL.LP I II M. IM3. IIJJ.IK.JKlZ ITYP.MXP Z 40

IlNS.NCYTEPIPADTP,TPlDTDRDELTHDELP.PARAS.PA2,RA
3

.RA
4

RA5E Z 50

2M.OCRIT.C1,C2.C4.C5.C6.C 7.ETEPSIL.TCCLCHD.ALP.XLPPODPHI.XPHI.C Z 60

3NSN.EP C3,RA7.RA8QA9ELXMAXSFSYMT YX.YYM.XA.YA.AO.BO.KP YR.E Z 70

4MO0EE IDIMNFC.NMPIS*N2,N3.N4.N5*M4.NRN Z 80

COMMON /E/ KCYCLE Z 90

COMPLEX Z Z 100

COMMON /A/ A(40).,(40),C(40),D(40)E(40 HO(0) P 0) (41).S(
4  

Z 110

11).R I(41),SI(162).CO(162).Z(162).FM(162).PHI (1I62) Z 120

DIMENSION SPO(1) Z 130

COMMON /G/ SS(310),TH(310).U(310).V(
3
10).w(310).SP(310) Z 140

EOUIVALENCE (SPO(l),Z(82)) Z 150

EE'.=5* (I.-EPSIL ) Z 160

AO=I.+EPSIL 7 170

IM=N/2+1 
7 IPO

C COMPUTE ARS(1-SIGMA)**(I-FPSIL) 
Z 100

DO 10 L=1.M 
Z 200

FM(L)=1* 
Z 210
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10 PHIR(
L
)
= ( 2 - 2

*CO
(L )

**EE Z 220

PHIR(MM)=Io Z 240

C DO AT MOST NS CYCLES Z 250

DO 120 K=1INS Z 26n
XR=0o Z 270

YX=Oo 
7 2R0

C COMPUTE DS AND FIND THE MEAN VALUE OF FP AT R=o5 Z 290

DO 20 L=1oM Z 310

XR=XR+FP(L.IM) Z 320

20 SPIL)
=
EXP(FP

I L . 1 )
)*PHIR(L) Z 330

XR=xR/FLOAT(M) 
Z 340

SP(MM)=SP(I) 
Z 340

BO=( o 
7 3 0

C COMPUTE ARC LENGTH AT EOUALLY SPACED POINTS 
IN CIRCLE PLANE Z 360

DO 30 L=lM Z 370

AL=BO+ 05*DT*(SP(L+I)+SP(L)) 
Z 380

SP(L)=80 
Z 390

30 BO=AL 
Z 400

SP(MM)=BO 
Z 410

RO=AA(I)/AL 
4?

C 80 IS THE RATIO OF ARC LENGTH BASED ON READ IN COORDINATES TO THE Z 430

C ARC LENGTH COMPUTED IN THE CIRCLE PLANE Z 440

IF (KoNEol) GO TO 50 
Z 450

DO 40 L=IoMM 
Z 460

40 SPO(L)=BQ*SP(L) Z 480

50 DO 60 L=IMM 
Z 480

C SET PP AT INFINITY TO MEAN VALUE TO ENSURE ANALYTICITY 
THERE Z 490

FP(L.NN)=XR  

Z 500

C SCALE ARC LENGTH TO TRUE ARC LENGTH Z 510

SP(L)=B5OSP(L) 
Z 520

C COMPUTE MAXIMUM CHANGE IN ARC LENGTH AT EQUALLY SPACED POINTS Z 530

AL=SP(L)-SPO(L) 
Z 540

X=AMAXI (XABS(AL)) 
Z 550

C UPDATE ARC LENGTH AT EQUALLY SPACED POINTS IN THE CIRCLE PLANE Z 560

SPO(L)=SPO(L)+XM*AL 
Z 570

C COMPUTE T(S) SINCE SPLINE FIT USES T AS INDEPENDENT VARIABLE Z 580

60 SP(L)=ACOS
( I

o
- S N

*SPO(L)) 
Z 590

C NORMALIZE X Z 600

X=X/AA(I) 
Z 610

C COMPUTE KAPPA AT THE POINTS CORRESPONDING TO SPO(L) 
Z 620

CALL INTPL (M-SPFMSSUVW.Z) 
Z 630

DO 70 L=2.M 
Z 640

FM(L)=SN*FM(L)/SIN(SP(L)) 
Z 660

70 CONTINUE 
Z 660

C COMPUTE KAPPA*ABS(I-SIGMA)**(I-EPSIL) AT THE TAIL Z 670

FM(MM)=o5*(FM(2)*PHIR(2)+FM(M)*PHIR(M)) 
Z 680

1=2 
Z 690

C DO POINT RELAXATION 
Z 700

CALL MAP3 
Z 710

DO 80 J=l NN 
Z 720

80 FP(MPoJ)=FP(2.J) 
Z 730

DO 90 I=3oMM 
Z 740

90 CALL MAP3 
Z 750

DO 100 J=19N 
Z 760

100 FP(IoJ)=FP(MMJ) 
Z 770

IF (KCYCLEoNEol) GO TO Il 
Z 780

IF (MOD(K-1oKP).EOoO) WRITE (N2,170) YRsXBQXR Z 790

C CHECK FOR CONVERGENCE 
Z 800

110 IF (AMAXI(YRX)oLT.ST) GO TO 130 Z 810

120 CONTINUE 
Z 820

130 NCY=K 
Z 830

C NOW COMPUTE MAP FUNCTION 
Z 840

DO 150 L=I1M 
Z 860

DO 140 J=2N 
Z 860

O=EXP(FP(LJ)-XR)*( I+RS(J)-2o*R(J)*CO(L))**EE 
Z 870

74



APPENDIX

Z 880
140 FP(LJ)=OO* Z 890

FP(L,I)=PHIR(L)*EXP(FP(Ll)-XR) Z 900
FP(L.NN)=I. Z 910

150 CONTINUE Z 920

DO 160 J=1.NN Z 930
FP(MM.J)=FP(I1J) Z 940

160 FP(MPJ)=FP(2,J) Z 950

C COMPUTE OUTER MAPPING RADIUS Z 960

BQ=EXP(XR) Z 970

RETURN Z 980

170 FORMAT (2E12.3.2F2.5) 
Z 990Z000-

END 
AA 10

SUBROUTINE MAP3

C DO POINT RELAXATION-FOR LAPEACES EOUATION IN POLAR COORDINATES AA 6

C ALONG LINE I FROM J=N TO J = 1 AA 30

COMMON PHI(162.33).FP(162.3
3
) AA 40

COMMON /8/ AA(100).BB(100) 
AA 50

COMMON /C/ M.MMMP.NNN.LL.LPI*IM*IMM*IM3,II1JJ.IKJKIZ.ITYPMXP 
AA 60

l.NS.NCYTEPI.RAD.TP.TPIDTDRDELTH.DELRRA.RAS.RA2.RA3*RA49RAS5E 
AA 70

2M.OCRIT*C],C2,C4 ,C5,C6,C7,BETEPSILTC.CLCHDALP.ALPO.DPHI.XPHI 
C AA 80

3N.SN.EP,C3.RA7,RA8.RA9.ELXMXS.FSYMST.X.YYM.XA.YA.AOQ80.KP.YRiE 
AA 90

4MO*EE.IDIMNFC.NMP IS.N2.N3.N4.N5.M4.NRN 
/ AA 100

COMPLEX Z

COMMON /A/ A(40).B(40),C(40).D(40).E(40).RHO(40).RP(40),R(41).RS(4 
AA 120

I ),RI(41),SI(162).CO(162),Z(162),FM(162),PHIR(16
2
) AA 130

J=N 
AA 140

10 TA=RAS*RS(J)

XX=(FPiI+I.J)+FP(I-I.J)+TA*(FP(IJ+I)+FP(IJ-1))+RA5*R(J)*(FP(I.J+ 
AA 160

II)-FP(I.J-1)))/(2.+TA+TA) 
AA 170

XX=XX-FP(I.J) AA 180

YR=AMAXI(ABS(XX),YR) 
AA 190

FP(I.J)=FP(I.J)+XX*XS 
AA 200

J=J- 
210

IF (J.GT.) GO TO 10 AA 220

C USE REFLECTION ON THE BOUNDARY 
AA 230

TA=FP(I.2)-DR*(AQ+FM(I)*PHIR(I)*2.*EXP(FP(IsI))) 
AA 240

XX=(FP (I+I.I )+FP( -I1 .)+RAS*(FP( I12)+TA)+RAS*(FP( .2)-TA))/(2.+2"* AA 250

AA 260
IRAS) 

AA 260

XX=XX-FP(IIl) AA 270

YR=AMAXI(ABS(XX).YR) AA 280

FP(I.1)=FP(I. )+XX*XS AA 290

RETURN 
AA 300

ENDAA 310-

SUBROUTINE MOVC (II.W1.I2.W2) 
AB 10

ji=(10-11)*6 
AB 20

J2=(10-12)*6 
AB 30

no00 tO=1.6 
AR &0

CALL SETBIT (JI.J2,WlW2) AB 50

Jl=Jl+1 
AR 60

10 J2=J2+1 AR 70

RETURN 
AB 80

FNn 
AC 10

SUBROUTINE MURMAN 
AC 10

C SET UP COEFFICIENT ARRAYS FOR THE TRIDIAGONAL SYSTEM 
USED FOR LINE AC 20

C RELAXATION AND COMPUTE THE UPDATED PHI ON THIS LINE AC 30

COMMON PHI(162.33).FP(162.3
3
) AC 40

COMMON /8/ AA(100),BR(100) 
AC 50

COMMON /C/ M.MM.MP.NNN.LLLP.I. IM.IMM IM3IIJJ.IKJK.IZITYP.MXP AC 60

I.NS.NCY.TE.PI.RAD.TPTTPI.DT.DRDELTH.DELR.RARAS.RA2.RA3,RA4,RA5.E 
AC 70

2M.OCRITsCI C2.C4.CS.C6.C7,BETEPSIL.TC*CL*CHDALP.ALPODPHIXPHIC 
AC 80

3 N.SN.EP,C3,RA7,RA8.RA9.EL,XM,XSFSYMST.X.Y.YMST 
YMXAYA.AORO.KP.YRE AC 90

4MO.EE.IDIMNFC.MPISN2.N3*N4,N5.M4.NRN 
AC 100

COMPLEX Z 
AC 110

COMMON /A/ A(40).B(40).C(40).D(40).E(40).RHO(40).RP(40).P(41),RS(4 
AC 120

11),RI(41).SI(1 6 2).CO(162).Z(162).FM(162).PHIR(162) 
AC 130

C DO THE BOUNDARY 
AC 140

FAC=FLOAT(IM-IMM) 
AC 150

KK= AC 160
KK75
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U=RP(1)*DELTH-Sl(1) 
AC 170

C CHECK FOR THE TAIL POINT 
AC 180

IF (I.EO.MM) GO TO 10 AC 190

AO=t)/FP(I,I ) AC 200

AO=U*8O 
AC 210

BO=AO*6B*(FP(I-lol )-FP(I+1, )) AC 220

10 CS=CI-C2*AO 
AC 230

RP(I )=AO 
AC 240

C(I )=-CS*RAS 
AC 250

C(I )=C(I)+C(1) 
AC 260

A(I)=CS-AO 
AC 270

X=CO(I)*(C(I )*DR+RA4*(CS+AO)) 
AC 280

IF (AO.LEoOCRIT) GO TO 20 AC 290

C FLOW IS SUPERSONIC, BACKWARD DIFFERENCES 
AC 300

D(1)=A(I)*(RAe*PHI(IMMIi)-RA9*PHI(IMl)-EP*PHI(IM3.1))+RA3*BO+X 
AC 310

A(1)=-(C(I)+A(1)*RA7) 
AC 320

KK=I 
AC 330

GO TO 30 
AC 340

C FLOW SUBCRITICAL- CENTRAL DIFFERENCES 
AC 350

20 D(I)=A(I)*(PHI(I+1,l)+PHI(I-I,1))+RA3*BO+X 
AC 360

A(1)=A( 1)+A(1)-C(1 )  
AC 370

C DO NON-BOUNDARY POINTS 
AC 380

30 DO 50 J=2.N AC 390

DU=RP(J) 
AC 400

U=DU*R(J)*DELTH-S1 I ) AC 410

DV=PHI(I J+I)-PHI(I.J-1) AC 420

V=DV*RS(J)*DELR-CO( )  
AC 430

US=U*U 
AC 440

VS=V*V 
AC 450

BO=e./FP(I.J) 
AC 460

US=BQUS 
AC 470

VS=BQOVS 
AC 480

OS=US+VS 
AC 490

RP(J)=QS 
AC 500

CS=CI-C2*OS 
AC 510

UVS=BO*QS AC 520

C(J)=RS(J)*(VS-CS)*RAS 
AC 530

B(J-1)=C(J) AC 540

A(J)=CS-US AC 550

UV=BO*LI*V AC 560

X=RA2*LIVR (J) AC 570

C COMPUTE CONTRIBUTION OF RIGHT-HAND SIDE FROM LOW ORDER TERMS AC 580

D(J)=RAS*(CS+US-VS-VS)*R(J)*DV-DT*UV*DU+RA3*UVS*(RI(J)*U*(FP(I-I.J 
AC 590

1)-FP(l+1 J) )+RA*V*(FP(I.J- )- ( P(I.J+1))) AC 600

IF (OS.LE.OCRIT) GO TO 40 AC 610

C SUPERSONIC FLOW. USE BACKWARD DIFFERENCING AC 620

KK=KK+1 AC 630

X=)XFAC AC 640

D(J)=D(J)+A(J)*(RABaPHI ( IMMJ)-RA9PHI(IMJ)-EP*PHI(IM3.J))+x (EP* AC 650

1(PHI (IMMJ+1)-PHI(IMM.J-1))+EL*(PHI (IM.J-I)-PHI IM J+1))) AC 660

A(J)=-(RA7*A(J)+2.*C(J)) 
AC 670

OS=C3*X AC 680

R(J-I)=B(J-1)+OS AC 690

C(J)=C(J)-OS AC 700

GO TO 50 AC 710

40 CONTINUE AC 720

C SUBSONIC FLOW, USE CENTRAL DIFFERENCES AC 730

D(J)=D(J)+A(J)*(PHI(I+IJ)+PHI(I-I.J))+X*(PHI(I+I.J+I)+PHI(I-I.J-I AC 740

I)-PHI (I+ .J-I)-PHI(I-I.J+1)) AC 750

A(J)=2.*(A(J)-C(J)) AC 760

50 CONTINUE AC 770

C ADJUST FOR BOUNDARY CONDITION AT INFINITY AC 780

D(N)=D(N)-C(N)*PHI(I.NN) AC 790

MXP=MAXO(MXP.KK) AC 800

C SOLVE THE TRIDIAGONAL SYSTEM AC 810

CALL TRID AC 820

DO 70 J=1,N AC 830

C FIND THE LOCATION OF THE MAXIMUM RESIDUAL AC 840

IF (ABS(E(J)-PHI(I.J)).LE.YR) GO TO 60 AC 850
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YR=ABS(E(J)-PHI(I.J)) 
AC 860

IK=I 
AC 870

JK=J 
AC 880

C COMPUTE RELAXATION FACTOR 
AC 890

60 X=AMINI(XS.AMAXI(XM.YM+Y*RP(J))) 
AC 900

C SAVE OLD VALUE OF PHI 
AC 910

RP(J)=PHI(IJ) 
AC 920

C COMPUTE NEW PHI AT EACH POINT ON THE LINE AC 930

70 PHI(I.J)=X*E(J)+(1.-X)*PHI (IJ) 
AC 940

RETURN 
AC 950

END 
AC 960-

FUNCTION ORDIN (A.G.X) 
AD 10

DIMENSION A(11O) 
AD 20

J=INT(X/G) 
AD 30

10 R=(X-AINT(X/G)*G)/G 
AD 40

ORDIN=(I.-R)*A(J+I)+RPA(j+2) 
AD 50

RETURN 
AD 60

FND 
AD 70-

SUBROUTINE PERMUT (AX*NX.JX) 
AE 10

C REORDERS POINTS WITHIN AN ARRAY 
AE 20

COMMON PHI(162.33).FP(162,33) 
AE 30

COMMON /B/ AA(100),BB(100) 
AE 40

COMMON /C/ M.MMMP.NNNLLLPIsIMoIMM.,IM3,IIJJ.IKJK IZITYP.MXP AE 50

I1NS.NCY.TEPI.RADTP.TPI.DT,DRODELTHDELRpA.RAS,RA2*RA3RPA
4
.RA5,E AE 60

2M.OCRIT.C1,C2.C4.C5.C6.C7,BET.EPSILTC.CLCHDALPALPOiDPHIXPHI.C 
AE 70

3NSNEP.C3RA7.R7,RARA9.EL,XM,XSFSYMSTX.YYMXA,YAAQ.BQOKPYR.E 
AE 80

4MO.EE.IDIM.NFC.NMP.ISN2.N3,N4.N5,M4,NRN 
AE 90

COMPLEX Z 
AE 100

COMMON /A/ A( 4 0)8(40).C(40).D(40),E(40),RHO(40)ORP(
4
0),R(

4 1
)oRS(4 AE 110

ll ).RI(41 ).SI(6.CO2)CO(162).Z .FM(162).PHIR(162) AF 120

DIMENSION AX(I) 
AE 130

L=I 
AF 140

JY=JX+JX AF 150

NY=2*((NX-')/2)+1 AE 160

NZ=2*(NX/2) 
AE 170

IF (X.EO.2.) GO TO 30 AE 180

NY=JX*(NY-I)+1 
AF 190

NZ=JX*(NZ-1 ) 
AE 200

DO 10 J=I1NYsJY 
AE 210

A(L)=AX(J) 
AE 220

10 L=L+I 
AE 230

DO 20 J=JX.NZJY 
AP 240

A(L)=AX(J+I) 
AE 250

20 L=L+I 
AF 260

GO TO 60 
AE 270

30 DO 40 J=I,NY.2 
AE 280

A(J)=AX(L) 
AE 290

40 L=L+JX 
AE 300

DO 0 J=2,NZ,2 
AF 310

A(J)=AX(L) 
AE 320

50 L=L+JX 
AE 330

60 L=! 
AE 340

DO 70 J=1.NX 
AE 350

AX(L)=A(J) 
AF 360

70 L=L+JX 
AE 370

RETURN 
AE 380

END 
AE 390-

SUBROUTINE PHIRR 
AF 10

COMMON PHI(162,33),FP(162.33) 
AF 20

COMMON /B/ AA(100),BB(100) 
AF 30

COMMON /C/ MMMMPNNNLLLLPlI.IMIMM.IM3.I1,JJ.IKJKeIZ.ITYP'MXP 
AF 40

I .NS.NCY.TEPI.RAD,TP.TTPI.DTDR'DELTHDELR.DARAS.RA2.A3RA4,RA5SE 
AF 50

2M.OCRIT.C1.C 2 .C 4 .C5.C6.C7,BETEPSIL.TC.CL.CHODALP.ALPODPHI.XPHI.C 
AF 60

3 N.SN.EP.C3.RA7.RA,RA9.EL.XM.XS.FSYMSTX.Y.YMXAYA.AQ0.0,KP.YR.E 
AF 70

4MO.EE.IDIMNFC.NMP.IS.N2.N3.N4,N5.M4.NRN 
AF 80

COMPLEX Z 
AF 9O

COMMON /A/ A(40).8(40).C(40).D(40)E( 40)PHO(40),P(40) (41) S(4 AF 100

11).RI(41).SI(162)CO(162).Z(162),FM(162),PHIR(16I) 
AF 110
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C ADJUST CONDITION AT INFINITY FOR MACH NUMBER AND ANGLF OF ATTACK AF 120
B0=-4. AF 130
DO 20 L=19MP AF 140
PHIR(L)=ATAN2(-BET*SI(L).-CO(L)) AF 150

10 IF (PHIR(L).GE.BQ) GQ TO 20 AF 160
PHIR(L)=PHIR(L)+TP AF 170
GO TO 10 AF 180

20 BQ=PHIR(L) AF 190
RETURN AF 200
END AF 210-
SURROUTINE PLOT (X.Y.1) AG 10
CALL CALPLT (x~,Y.I )G Za

RFTURN AC, '0
END AG 40-
SUBROUTINE PLOTN (NPLT.NBIN.NLIN.XAXIS.YAXISPSYMBLMAXPLTMAXPT) AH 10

C GENERATES OUTPUT PLOTS INCLUDED IN THE LISTING AH 20
DIMENSION XAXIS(MAXPT)o PSYMBL(MAXPLT). YAXIS(MAXPT.MAXPLT) AH 30
DIMENSION PS(10) AH 40
DATA BLANK/IH /. AH 50
DATA ZLINE/1OH----------/ AH 60
ITEST=O AH 70
NHI=(NBIN+9)/10 AH 80
IF (NPLT.GT.O) GO TO 10 AH 90
NPLT=-NPLT AH 100
ITFST=I AH 110

10 CONTINUE AH 120
YMAX=YAXIS(Ill) AH 130
YMIN=YMAX 

AH 140
DO 20 J=1.NPLT AH 150
DO 20 I=I,NBIN AH 160
YMAX=AMAXI(YMAX,YAXIS(I.J)) 

AH 170
20 YMIN=AMINI(YMIN.YAXIS(I.J)) AH 180

YSPAN=YMAX-YMIN AH 190
AYMX=YMAX 

AH 200
HYMX=YMAX AH 210
IF (YMIN.GE.O.O) GO TO 30 AH 220
IF ((YMAXoGT.OoO)oAN"o(YMIN.LT.o.0)) GO TO 50 AH 230
HYMX=YMIN 

AH 240
AYMX=-YMIN 

AH 250
YMIN=YMAX 

AH 260
YMAX=HYMX 

AH 270
30 IF (YSPAN.GT.(AYMX/2.)) GO TO 50 AH 280

IF (ABS(YSPAN).LE.I.E-15) YSPAN=10. AH 290
HYMX=HYMX/2. 

AH 300
DO 40 J=I1NPLT AH 310
DO 40 I=1,NBIN AH 320

40 YAXIS(I J)=YAXIS(I.J)-HYMX AH 330
AYMX=AYMX/2* 

AH 340
GO TO 30 

AH 350
50 CONTINUE 

AH 360
NLINES=((IABS(NLIN)-1)/50+1)*50 

AH 370
DY=AMAXI(YSPAN.AYMX)/FLOAT(NLINES) 

AH 380
RESTY=YMAX-HYMX 

AH 390
HYMX=DIM(HYMX.O.O) 

AH 400
XMYH=HYMX 

AH 410
NIBN=NBIN 

AH 420
NGROS=(NBIN-1)/100 

AH 430
IGROS=NGROS 

AH 440
HYMX=XMYH 

AH 450
PRINT 170 AH 460
IF (IGPOS.EO.C) GO TO 60 AH 470
NBIN=100 

AH 480
GO TO 70 

AH 490
60 NBIN=NIBN-NGPOR*100 

AH 500
70 NHI=(NBIN+9)/10 

AH 510
ICOR=100*(NGROS-IGROS) 

AH 520
DO 80 J=I.NPLT 

AH 530
DO 80 I=1.NRIN AH 540
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80 YAXIS(IJ)=YAXIS(I+ICORJ) 
AH 550

DO 90 I=1.NBIN 
AH 560

90 XAXIS(I)=XAXIS(I+ICOR) 
AH 570

LFLG=O 
AH 580

DO 140 K=1,NLINES AH 590

IF ((HYMX.GT.O.O).OR.(LFLG*NEO0)) GO TO 110 AH 600

LFLG=1 
AH 610

DO 100 I=1.NHI 
AH 620

100 PS(I)=ZLINE 
AH 630

PRINT 150. (PS(l),I=1.NHI) 
AH 640

110 DO 120 I=1.NHI 
AH 6~0

120 PS(I)=BLANK 
AH 660

DO 130 J=I.NPLT 
AH 670

00 130 I=INBIN 
AH 680

YI=YAXIS(I.J) 
AH 690

IF ((HYMX.LT.YI).OR.((HYMX-YI).GT*DY)) GO TO 130 AH 700

11=(1+9)/10 
AH 710

12=1-(11-1)*10 
AH 720

CALL MOVC (I.PSYMBL(J),12,PS(I)) 
AH 730

130 CONTINUE 
AH 740

CONT=REDUC(HYMX+RESTY) 
AH 750

IF (ITEST.EQ.1) CONT=-CONT AH 760

PRINT 160. CONT.(PS(I).I=I.
N H I )  AH 770

PRINT 180 
AH 780

140 HYMX=HYMX-DY 
AH 790

RETURN 
AH 800

AH 810

AH 820

150 FORMAT (IH+.19XIOAIO) 
AH 830

160 FORMAT (1H+*F12.4.7X10OAIO) 
AH 840

170 FORMAT (IHI) 
AH 850

180 FORMAT (1H ) AH 860

END AH 870-

FUNCTION REDUC (X) AI 10

REDUC=X 
AI 20

RETURN 
Al 30

END 
40-

SUBROUTINE REFINE 
AJ 10

C HALVES THE MESH SIZE 
AJ 20

COMMON PHI(162.33).FP(162.33) 
AJ 30

COMMON /B/ AA(100)BB(100) AJ 40

COMMON /C/ M.MMMP*N,NNNLLLPIIM.IM
M . I

M3.IIJJIK.JK.IZ.I
T Y

PMXP AJ 50

l.NS.NCYTE.PI,RADTPTPIDTDRDELTHDELR,RA.RAS.,RA2RA3"RA49RA5.E 
AJ 60

2MOCRITCIC2,C4.C5.C6.C7.BETEPSIL.TCCL.CHDoALP.ALPODPHI*XPHI 
C AJ 70

3NSNEPC3.RA7,RAB8RA9,ELXMXSFSYM.ST.XY.YMeXAYAAOQ.80KP.YR.E 
AJ 80

4MO.EE IDIM.NFC,NMP, ISN2,N3,N4.N5.M4.NRN 
AJ 90

COMPLE5 Z AJ 16
COMMON /A/ A( 4 0).B(4 0).C(40),D(40),E(40).RHO(40),RP(40),R(

4
1)*RS(

4 
AJ 110

11).RI(41),SI(162)CO(162).Z(162).FM(162).PHIR(16
2
) AJ 120

X=2. AJ 130
X=2AJ 140
M=M+M 

AJ 140

MM=M+1 
AJ 160

N=N+N 
AJ 160

NN=N+1 
AJ 170

II=11+II-1 
AJ 180

JJ=JJ+JJ-I 
AJ 190

CALL BOTH 
AJ 200

RETURN 
AJ 210

END 
AJ 220-

SUBROUTINE RESTRT 
AK 10

COMMON PHI(162.33).FP(162.3
3
) AK 20

COMMON /B/ AA(100).88(100) 
AK 30

COMMON /C/ MMM.MP,.NNNLLLP,IIM*IMM.IM3,11,JJIK.JKIZ,ITYPMXP AK 40

I.NS.NCYTEPI,RADTP.TPI.DTDRDELTHDELR,P4,RAS.RA2"RA3,RA4.RAS5E 
AK 50

2MOCRIT.C1,C2,C4.C5,C6.C7.BETEPSIL.TCgCL.CHDALPALPODPHI.XPHINC 
AK 60

3 NSNEPC3,RA7.RABRA9EL,XM.XS.FSYMST.X.Y.YMXA.YA.AQO80.KP'YR.E 
AK 70

4MO.EE, IDIM.NFC.NMP, IS,N2,N3,N4.N5.M4"NRN 
AK 80

COMPLEX Z 
AK 90

COMMON /A/ A(40).B(40).C(40).D((40),E(40),RHO(40)RP(40),R(
4
1).RS(4 AK 100
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ll),RI(41).SI(162),CO(162),Z(162).FM(162),PHIR(162) AK 110
COMMON /E/ KCYCLEDUMY(1836).INVDIV AK 120

C SET UP CONSTANTS 
AK 130

TP=PI+PI 
AK 140

TPI=I./TP 
AK 150

RAD=I80./P 
AK 160

IF (KCYCLEoEO.l) ITYP=I AK 170
MM=M+I 

AK 180
MP=MM+1 

AK 190
LL=MP/2 

AK 200
LP=LL+2 

AK 210
NN=N+I 

AK 220
DR=-lo/FLOAT(N) 

AK 230
DT=TP/FLOAT(M) 

AK 240
DELR=.5/DR 

AK 250
DELTH=.5/DT 

AK 260
RA=flT/DR 

AK 270
RAS=RA*RA 

AK 280
RA2=-oSR*A 

AK 290
RA3=-oI25/DELTH 

AK 300
RA4=.25/(DELTH*DELTH) 

AK 310
RA5=-RA*(RA3+RA3) 

AK 320
DO 10 K=1.N 

AK 330
R(K)=I.+DR*FLOAT(K-1) 

AK 340
PS(K)=R(K)*R(K) 

AK 350
RI (K)=1/R(K) 

AK 360
10 CONTINUE 

AK 370
R(NN)=O 

AK 380
PS(NN)=0. 

AK 390
DO 20 L=1oMP 

AK 400
TH=FLOAT(L-I )*DT 

AK 410
CO(L)=COS(TH) 

AK 420
20 SI(L)=SIN(TH) 

AK 430
CALL MAP AK 440

C DO NOT REINITIALIZE PHI ON CYCLES OTHER THAN THE FIRST. UNLESS AK 450
C THE INVISCID SOLUTION DIVERGED AK 460

IF (KCYCLEEQ.I) GO TO 30 AK 470
IF (INVDIVoEQol) GO TO 30 AK 480
RETURN AK 490

30 BO=-4. AK 500
OPHI=PI*SN/(CHD*BET) AK 510
CL=TP*SN/BET AK 510
DO 70 L=IM AK 530

X=CO(L) AK 540

CO(L)=X*CN-SI (L)*SN 
AK 550

SI(L)=SI(L)*CN+X*SN 
AK 560

PHIR(L)=ATAN2(-SI(L*BET,-CO(L)) 
AK 570

40 IF (PHIR(L).GEoBQ) GO TO 50 AK 580
PHIR(L)=PHIR(L)+TP 

AK 590
GO TO 40 AK 600

50 BO=PHIR(L) AK 610
DO 60 J=1.NN AK 620

60 PHI(LJ)=P(J)*CO(L)+DPHI#PHIR(L)*TPI 
AK 630

70 CONTINUE AK 640

PHIR(MM)=PHIR(1)+TP 
AK 650

PHIR(MP)=PHIR(2)+TP AK 660
DO 80 J=1.NN AK 670
PHI (MMJ)=PHI(l J)+DPHI AK 680

80 PHI(MP.J)=PHI(2.J)+DPHI AK 690
CALL INIT
RETURN AK 700

END AK 710

FUNCTION RLORD (Z) AL 10
RLORD=.4*Z AL 20

IF (Z-.18) 40.10.10 AL 20
10 IF (Z-1.1) 20,30.30 AL 30
20 RLORD=0O95-.O55*(2.*Z-I.)**2 

AL 40
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GO TO 40 
AL 60

30 RLORD=.016*EXP(-IO.*(Z-1I )) AL 70

40 RETURN AL 80

END AL 90-

SUBROUTINE SETCP 
AM 10

C INTERPOLATES FOR CP AT INPUT STATIONS TO B. L. CALCULATION AM 20

COMMON /C/ M.MM.MP.N.NNLLLPlIIM,IMMIM3,11,JJIKJK,IZ.ITYP.MXP AM 30

lNS.NCYTEPI,RADTP.TPI.DT.DRDELTH.DELRe RARA2,RA3,RA
4
,RA5,E AM 40

2M,OCRIT,C1.C 2 .C4.CS.C6,C7.BETEPSILTCCLCHDALP.ALPO.DPHIXPHI.C 
AM 50

3NSNEP.C3.7RA7.RA8RA9,EL.XM.XSFSYM.ST.X.Y.YM.XA.YA.AQ.BO.KP.YR.E 
AM 60

4MO.EE.IDIM.NFC.NMP.ISN2.N3.N4.N5,M4.NRN 
AM 70

COMMON /E/ KCYCLE,.NUFNL.IBNDLAY(1
3 )

.ABN
D
LAY(19).XBODY(16

2
).YBODY AM 80

1(162)*BODSLOP(162).9OOCURV(82)*XNEW(162),YNEW(162)*CPSURF(162).CPB 
AM 90

2DLY(82)IGRIDCEIDEXUPLE(20).XUPARC(2
0
),XLOLE(20)*XLOARC(20),TITLO AM 100

3UT(15),CLOUT(3,7),SUPOUT(3.7),SLOw(3T(3,7),CMOUT.CPUP(8).CPLO(85) 
AM 110

4,XTEMUP(65).XTEMLO(85),DELBLX(162).KOUNT.KOUNTUP 
AM 120

COMPLEX Z 
AM 130

COMMON /A/ A( 4 C).N(4 0).C( 4 0).D(40).E(40).RHO(4OI)RP(40)IR(
4 1 )

.RS(
4 

AM 140

11).RI(41).SI(162),CO(162),Z(162).FM(162).PHIR(16
2
) AM 150

MNEG=M/2-5 
AM 160

MPOS=M/2+9 
AM 170

KSTOP=M+1 
AM 180

C REORDER CP DISTRIBUTION 
AM 190

CPNOS1=CPSURF(MNEG) 
AM 200

KOUNT1=MNEG 
AM 210

DO 10 L=MNEG.MPOS 
AM 220

IF (CPSURF(L).LE.CPNOS1) GO TO 10 AM 230

CPNOS1=CPSURF(L) 
AM 240

KOUNT =L 
AM 250

10 CONTINUE 
AM 260

XNOS2=REAL(Z(MNEG)) 
AM 270

KOUNT2=MNEG 
AM 280

DO 20 L=MNEG.MPOS 
AM 290

IF (REAL(Z(L)).GE.XNOS2) GO TO 20 AM 300

XNOS2=REAL(Z(L)) 
AM 310

KOUNT2=L 
AM 320

20 CONTINUE 
AM 330

IF (KOUNT1.GT.KOUNT2) GO TO 30 AM 340

KOUNT=KOUNTI 
AM 350

KOUNTUP=M-KOUNT2+2 
AM 360

KSTART=KOUNT2 
AM 370

GO TO 40 
AM 380

30 KOUNT=KOUNT2 
AM 390

KOUNTUP=M-KOUNTI+2 
AM 400

KSTART=KOUNTI 
AM 410

40 DO 50 L=I.KOUNT 
AM 420

J=KOUNT-L+1 
AM 430

XTEMLO(L)=REAL(Z(J)) 
AM 440

50 CPLO(L)=CPSURF(J) 
AM 450

DO 60 L=KSTART.KSTOP 
AM 460

J=L-KSTART+I 
AM 470

XTEMUP(J)=REAL(Z(L)) 
AM 480

60 CPUP(J)=CPSURF(L) 
AM 490

KMAXCYC=I8NDLAY(12) AM 500

C RETURN IF KCYCLE IS A MAXIMUM AM 510

IF (KCYCLE.EQ.KMAXCYC) GO TO 180 AM 520

C DEFINE ADDITIONAL INPUTS TO BOUNDARY LAYER ROUTINE AM 530

JUP=I 
AM 540

70 IF (CPUP(JUP).LT.lIO.AND.XTEMUP(JUP).GT.XUPLE(I)) GO TO 80 
AM 550

JUP=JUP+1 
AM 560

GO TO 70 
AM 570

80 CALL DISCOT (XTEMUP(JUP),XTEMUP(JUP)XUPLE.XUPARCXUPARC-010I,20.O 
AM 580

I.ARCI) 
AM 590

RNLDS=ABNDLAY(18)*10.**6 
AM 600

AMNTMI=0.292/SORT(RNLDS/ARC1*SQRT(l0O-CPUP(JUP))) 
AM 610

JLO=I 
AM 620

90 IF (CPLO(JLO).LT..O.AND.XTEML(JLOJLO)GTXLOLE(1)) 
GO TO 100 AM 630

JLO=JLO+1 
AM 640

GO TO 90 
AM 650
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100 CALL DISCOT (XTEMLO(JLO).XTEMLO(JLO),XLOLEXLOARCqXLOARC-1OO
2
O00 AM 660

AM 670
IARC2)
AMNTM2=0.292/SORT(RNLDS/ARC2*SQRT(I.0-CPLO(JLO))) 

AM 680

ABNDLAY(1)=(AMNTMI+AMNTM2)/2.0 
AM 690

ABNDLAY(4)=RNLDS*ABNDLAY(1) 
AM 700

NPRES=I1NDLAY(5) AM 710

113=IBNDLAY(13) AM 720

XTEMLO(1)=0.O AM 730

XTEMUP(I)=Oo0 AM 740

C INTERPOLATE FOR CP AT REQUIRED X/C 
AM 750

DO 110 J=1,NPRES 
AM 760

XPRES=ABNDLAY(3)+FLOAT(J-1)*ABNDLAY(2 )  
AM 770

CALL DISCOT (XPRES.XPRESXTEMLO,CPLOCPLO-OIO,KOUNTOCPBDLY(J)) 
AM 780

JPL=J+NPRES 
AM 790

CALL DISCOT (XPRES.XPRESIXTEMUPCPUPCPUP,-OIOKOUNTUPO9CPBDLY(JP 
AM 800

AM 810
IL)) AM 820

110 CONTINUE 
AM 820

C LIMIT CP AT NOSE SO Be Lo ROUTINE DOES NOT BLOW UP AM 830

IF (CPBDLY(1).LEoO0B) GO TO 120 AM 840

CPBDLY(1)=0.8 
AM 850

120 IF (CPBDLY(NPRES+1).LE.08) GO TO 130 AM 860

CPBDLY(NPRES+1)=0.8 AM 870

13C IF (NPRES-113.LE.0) GO TO 180 AM 880

C ADJUST AFT SURFACE PRESSURE COEFFICIENTS FOR BOUNDARY 
LAYER INPUT AM 890

NMAX=NPRES/2+I 
AM 900

CPMAXLO=CPBDLY(NMAX-1) 
AM 910

JMAX=NMAX-I 
AM 920

DO 140 J=NMAXNPRES 
AM 930

IF (CPBOLY(J).LTOCPMAXLO) GO TO 140 AM 940

CPMAXLO=CPBDLY(J) 
AM 950

JMAX=J 
AM 960

140 CONTINUE 
AM 970

DO 150 J=JMAX.NPRES 
AM 980

150 CPBDLY(J)=CPMAXLO 
AM 990

IF INPRES-I13.LT.2) GO TO 170 AMI000

XI=ABNOLAY(3)+FLOAT(113-2)*ABNDLAY(2) 
AM1010

X2=ABNDLAY(3)+FLOAT(13-1)*ABNDLAY(2) 
AM1020

X3=ABNDLAY(3)+FLOAT(NPRES-I)*ABNDLAY(2) 
AM1030

YI=CPBDLY(NPRES+113-1) 
AM1040

Y2=CPBDLY(NPRES+I113 
AM1050

Y3=CPBDLY(NPRES) 
AM1060

APARAB=((Y2-Yl)*(X3-X1)-(Y3-Y1))*(x2-X))/(X2-X)/(X3-X)/(X2-X3) 
AM1070

BPARAB=(Y3-YI-APARAB*(X3*X3-XX1I))/(X3-Xl) 
AMI080

CPARAB=YI-BPARA3*XI-APARAB*X1*XI 
AMI090

113P1=113+1 
AMO1100

DO 160 J=I13PI1NPRES AMI116

JPL=J+NPRES 
AM1120

XPRES=ABNDLAY(3)+FLOAT(J-I)*ABNDLAY(2) 
AM1130

16C CPBDLY(JPL)
=
APARAB*XPS*XPRES

+B
PARAB*XPRES+CPARAB AM1140

GO TO 180 
AMII)1O

170 CPBDLY(NPRES+NPRES)=CPBDLY(NPRES) 
AM1160

180 RETURN 
AM1170

END 
AMIIAO-

SUBROUTINE SICO 
AN 10

COMMON PHI(162,33),FP(162.33) 
AN 20

COMMON /B/ AA(100),8(100) 
AN 30

COMMON /C/ M.MMMP.N,NN*LLLP.I IMIMMIM3.IIJJ.IK.JKIZITYP.MXP AN 40

lINSNCYTE,PI,RADTPTPI.DTD.DELTH.DELRRARAS,RA2RA3RA
4

RA5E AN 50

2M.QCRIT.CIC2.C4.C5,C6,C7. ETEPSILTC.CLCHD.ALP.ALPODPHIXPHIC 
AN 60

3NSN.EP.L3,RA7.RABSRAg.EL,XM ,xS,FSYM.ST.X,Y.YM.sXA YAAQ.aQ.KP.YR.E 
AN 70

4MO.EE- IDIM,NFC,NMP, ISN2.N3,N4.N5.M4.N2N 
AN 80

COMPLEX Z 
AN 90

COMMON /A/ A(40).8(40).C(40) D(40),E(40),RHO(40),RP(40)R()41)RS(4 AN 100

11)RI(41),SI(152).CO(12)Z( 2)FM(162)PHIR(
1
6
2

) AN 110

C COMPUTE COS(THETA+ALPO),SIN(THETA+ALPO) AN 120

CN=COS(ALP-ALPO) 
AN 130

SN=SIN(ALP-ALPO) 
AN 140

CALL COSI 
AN 150

RETURN 
AN 160

END 
AN 170-
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FUNCTION SIMPSN (FR.IA.N.H) 
AO 10

DIMENSION FR(11
0
) 

AO 20

J=(N-IA)/2 
AO 30

IF (N-IA-2*J) 30.10,30 
AO 40

10 S=0. 
AO 50

NI=N-1 
AO 60

DO 20 I=IANI.2 
AO 70

20 5=S+H*(FR(I)+4.*FR(I+1)+FR(I+2))/3. 
AO 80

GO TO 50 
AO 90

30 S=H*(5.*FR(IA)+8.*FR(IA+I)-FR(IA+2))/12. 
AO 100

IAl=IA+1 
AO 110

NI=N-1 
AO 120

DO 40 I=IAi,N,2 
AO 130

40 S=S+H*(FR(I)+4.*FR(I+1)+FR(I+2))/3. 
AO 140

50 SIMPSN=S 
AO 150

RETURN 
AO 160

END 
AO 170-

FUNCTION SLOG (Z) AP 10

SLOG=19.*(1.-EXP(-2.083*Z))+78./(I.+655.*(ABS(Z-.
7 6

))**
3
) AP 20

RETURN 
AP 30

END 
AP 40-

FUNCTION SLOPE (AG.N.X) AO 10

DIMENSION A(110) 
AO 20

J=INT(X/G) 
AO 30

10 R=(X-AINT(X/G)*G)/G 
AQ 40

SLOPE=(I.-R)*GRAD(A.GI.NJ+I)+R*GRAD(A.GIN.J+2) 
AQ 90

RETURN 
AQ 60

END 
AO 70-

SUBROUTINE SOLVE (D,F,DETA) AR 10

DIMENSION A(2,3) 
AR 20

DET=A(1.1 )*A(2.2)-A(2.1 )*A( .2) AR 30

IF (DET) 10.20.10 
AR 40

IC D=(A(1.2)*A(2.3)-A(2.2)*A(I.3))/DET 
AR 50

E=(A(1.3)*A(2.1)-A(2.3)*A(l,1))/DET 
AR 60

20 CONTINUE 
AR 70

RETURN 
AR 80

END 
AR 90-

SUBROUTINE SPLIF (N,S.F.FP.FPPFPPPKMVM.KN.VN) 
AS 10

C GIVEN S AND F AT N CORRESPONDING POINTS. FIT A CUBIC SPLINE AS 20

DIMENSION S(I), F(1). FP(I). FPP(1). FPPP(1) AS 30

K=I 
AS 40

M=I 
AS 90

I=M AS 60

J=M+K 
AS 70

DS=S(J)-S(I) 
AS 80

D=DS 
AS 90

IF (DS.EQ.O.) GO TO 110 AS 100

DF=(F(J)-F(I))/DS 
AS 110

IF (KM-2) 10,20.30 AS 120

10 U=.5 
AS 130

V=3.*(DF-VM)/DS 
AS 140

GO TO 50 
AS 150

20 U=O. 
AS 160

V=VM 
AS 170

GO TO 50 
AS 180

30 U=-lI 
AS 190

V=-DS*VM 
AS 200

GO 1O 50 
AS 210

40 I=J 
AS 220

J=J+K 
AS 230

DS=S(J)-S(I) 
AS 240

IF (D*DS.LE.O.) GO TO 110 AS 250

DF=(F(J)-F(1))/DS 
AS 260

8=1./(DS+DS+U) 
AS 270

U =R.*S 
AS 280

V=B*(6.*DF-V) 
AS 290

50 FP(I)=U 
AS 300

FPP(I)=V 
AS 310
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U=(2 0-U)*DS 
AS 320

V=6o*DF+OS*V AS 330

IF (JoNEoN) GO TO 40 AS 340

IF (KN-2) 60970o8
0  AS 350

60 V=(6 0 *VN-V)/U 
AS 360

GO TO 90 AS 370

70 V=VN AS 380

GO TO 90 AS 390

80 V=(pS*VN+FPP(I))/(lo+FP(1)) AS 400

go eBiV AS 416

O=DS AS 420

100 DS=S(J)-S(I) 
AS 430

U=FPP(I)-FP(I)*V AS 440

FPPP(I)=(V-U)/DS AS 450

FPP(I)=U AS 460

FP(I)=(F(J)-F(I))/DS-DS*(V+U+U)/6 o  
AS 470

V=U AS 480

J=l AS 4q0

I=I-K AS 500

IF (JoNE.M) GO TO 100 AS 510

FPPP(N)=FPPP(N-1) AS 520

FPP(N)=8 AS 530

FP(N)=DF+OD(FPP(N-1)+8+B)/6o AS 540

RETURN AS 550

110 STOP AS 560

END 
AS 570-

SUBROUTINE SWEEP AT 10

C SWEEP THROUGH THE GRID ONE TIME AT 20

COMMON PHI(162933),FP(162.33) AT 30

COMMON /8/ AA(100).BB(100) AT 40

COMMON /C/ MMM.MP.NNNLL.LPISMMMIM3.11OJJ.IKJKIZ.ITYPMXP AT 50

1,NSNCYTEPI.RADO.TP.TPI.DTDRDELTHDELRRA.RAS.RA2RA3oRA4,RA5,E AT 60

2MQCRITC1,C2,C4.C5,C6.C7,BEToEPSIL.TC.CL.CHDALPALPO.DPHIXPHI.C AT 70

3N.SNEPC3.RA7,RA8,RA9,ELXMXSFSYM.STX,Y.YMXA.YAAQ,80.KP.YR.E AT 80

4MO.EE IDIM.NFCgNMP. ISN2,N3,N4,N5M4,NRN AT 90

COMPLEX Z AT 100

COMMON /A/ A(40),B(40).C(40),D(40).E(40).RHO(40),RP(40)gR(41).RS(4 AT 110

11)R1I(41),SI(162),CO(162).Z{162)(FM(162)OPHIR(162) AT 120

YR=0o AT 130

IK=LL AT 140

JK=1 AT 150

DO 10 J=I1N AT 160

10 RP(J)=PHI(LL-IJ) AT 170

MXP=O AT 180

C SWEEP THROUGH THE GRID FROM NOSE TO TAIL ON UPPER SURFACE AT 190

DO 30 I=LL.M AT 200

IM=1-1 AT 210

IMM=I-2 AT 220

IM3=I-3 AT 230

DO 20 J=1.N AT 240

20 RP(J)=PHI(I+1~J)-RP(J) AT 250

30 CALL MURMAN AT 260

AO= 0 AT 270

8Q=00 AT 280

I=MM AT 290

00 40 J=1N AT 300

40 RP(J)=PHI(MPoJ)-RP(J) AT 310

CALL MURMAN AT 320

C UPOATE PHI AT THE TAIL FROM UPPER SURFACE AT 330

DO 50 J=IqN AT 340

50 PHI(IJ)=PHI(MMJ)-DPHI AT 350

C SWEEP THROUGH THE GRID FROM NOSE TO TAIL ON LOWER SURFACE AT 360

DO 60 J=,IN AT 370

60 RP(J)=PHI(LL.J) AT 380

DO 80 J=3.LL AT 390

I=LP-J AT 400

IM=I+l AT 410
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IMM=I+2 AT 420

IM3=I+3 AT 430

DO 70 L=1.N AT 440

70 RP(L)=RP(L)-PHI(I-l.L) AT 450

80 CALL MURMAN AT 460

C ADJUST CIRCULATION TO SATISFY THE KUTTA CONDITION AT 470

IF (XPHI.EQ.O.) GO TO 90 AT 480

YA=XPHI*((PHI(M.I)-PHI(MPI))*DELTH+SI(1)) AT 490

90 DPHI=DPHI+YA AT 500

YA=YA*TPI 
AT 510

DO 100 L=1MP AT 520

PHI(LgNN)=DPHI*TPI*PHIR(L) AT 530

DO 100 J=1,N AT 540

100 PHI(L.J)=PHI(L.J)+YA*PHIR(L) AT 550

DO 110 J=IN 
AT 560

110 PHI(MPJ)=PHI(2,J)+DPHI 
AT 570

RETURN 
AT 580

END 
AT 590-

SUBROUTINE SYMBOL (XYH.N.ANGLE.NCHAR) AU 10

IF (NCHAR.GT.0) GO TO 20 AU 20

IF (N.EO.26) GO TO 10 
AU 30

IF (N.EQ.20) GO TO 10 AU 40

IF (N.EO.17) GO TO 10 AU 50

GO TO 20 AU 60

10 IF (N.EQ.26) N=13 
AU 70

SINA=SIN(ANGLE) 
AU 80

COSA=COS(ANGLE) 
AU 90

X=X+.5*H*(SINA-COSA) AU 100

Y=Y-.5*H*(SINA+COSA) AU 110

20 CONTINUE 
AU 120

CALL NOTATE (XYH.N.ANGLENCHAR) AU 130

RETURN 
AU 140

END 
AU 150-

SUBROUTINE TANCAL (G.A.V.J.RM,D.U.T.TA.TBW) AV 10

DIMENSION A(15). V(110), U(110). T(110), TA(110). TB(II0), W(110) AV 20

G=0. 
AV 30

AAJ=FLOAT(J)*A(1)/A(6) AV 40

D=A(B)*RM*GORD(AAJ) AV 50

C=W(J)*T(J) AV 60

Pl=(V(J)+(A(15)-.5)*C+D)/J(J) AV 70

TEMP=(D+(A(15)+.5)*C)**2+2.*(A(8)*T(J)+D*C) AV 80

IF (TEMP.GE.O.) GO TO 10 AV 90

TA(J)=10.**71. 
AV 100

TR(J)=TA(J) 
AV 110

GO TO 20 AV 120

10 P2=SQRT(TEMP)/U(J) AV 130

TA(J)=P1+P2 
AV 140

TB(J)=PI-P2 
AV 150

20 RETURN 
AV 160

END 
AV 170-

SUBROUTINE TRID 
AW 10

C SOLVE N DIMENSIONAL TRIDIAGONAL SYSTEM OF EQUATIONS AW 20

COMMON PHI(162.33).FP(162.33) 
AW 30

COMMON /B/ AA(100).BB(100) AW 40

COMMON /C/ M.MMMPN.NNNLL.LPI.IM.IMMM,IM3,II.JJIK,JKIZ.ITYPMXP AW 50

1,NSNCYTEPI.RADTPTPIDTDRDELTH.DELR,RARASRA2,RA3,RA4,RA5.E 
AW 60

2M*,CRIT.C1C2*C4,CSC6.C7,BET*EPSIL.TC.CL*CHD ALP ALPO*DPHI*XPH IC 
AW 70

3NSN.EPC3,RA7,RA8,RA9.ELXMXS.FSYMST.XYYM.XA.YA.AQ.BO.KP.YR.E 
AW 80

4MOEEIDIM.NFC.NMP, ISN2,N3.N4,N5,M4,NRN 
AW 90

COMPLEX Z AW 100

COMMON /A/ A(40),B(40).C(40).D(40),40(40)RHO(40),RP(40),R(41)RS(
4  

AW 110

11).RI(41),SI (162).CO(162).Z(162),FM(162),PHIR(162) 
AW 120

XX=1 ./A(1) 
AW 130

E(I)=XX*D(1) 
AW 140

C DO ELIMINATION 
AW 150

00 10 J=29N 
AW 160

C(J-I)=C(J-1)*XX 
AW 170

XX=1./(A(J)-B(J-1)*C(J-1)) 
AW 180

10 E(J)=(D(J)-B(J
- 1

)*E(J
-I
1))*XX AW 190
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C DO BACK SUBSTITUTION 
AW 200

DO 20 J=2.N AW 220
L=NN-J AW 220

20 E(LI=E(L)-C(LE(L+I
)  A 230

RETURN A 250-
END AW 250-
END
SUBROUTINE UNS (IC,IAIDXIDZ9IMS) 

AX 10

IF (IC) 101020 AX 20

10 IMS=I AX 30
NC=-IC AX 50
GO TO 30

AX 60
20 IMS=O AX 70

NC=IC AX 70

30 IF (NC-100) 40.50950 A 80

40 IA=O AX 90

GO TO 60 AX 100
AX 1ln

50 TA=1 AX 110
NC=NC-100 AX 120

60 IDX=NC/IO0 AX 130

IDZ=NC-IDX*10 AX 140

RETURN AX 10-
ENDAX 160-

SUBROUTINE XYAXES (XBOToTOP.SCF) AY 10

C X IS THE LOCATION OF THE ORIGIN ON THE AXIS 
AY 20

C BOT IS THE LENGTH OF THE AXIS TO THE LEFT OF THE ORIGIN 
AY 30

C TOP IS THE LENGTH TO THE RIGHT OF THE ORIGIN 
AY 40

COMPLEX ZB.ZTgH-COR 
AY 10

COMMON /D/ SFoSIZEANG,XMAXYMAX.XORYORoPGSIZ AY 60

DIMENSION X(2). Y(2) AY 70

ANGO=ANG AY 80

SFO=SF 
AY 90

SIZO=SIZE AY 100

Y(I)=XOR AY 110

Y(2)=YOR AY 120

ANG=O. AY 130
SF=I. AY 140

SIZE=o14 AY 150

XOR=X(1)+XOR AY 160

YOR=X(2)+YOR AY 170

ZB=CMPLX(-BOTOo )  
AY IBO

ZT=CMPLX(TOPOo) AY 190

COR=(-o250-o3) AY 200

NC=16 AY 210

IF (ABS(ANGO).NE.90.) GO TO 10 AY 220

C VERTICAL Y-AXIS AY 230

ZB=(Olo.)*Z8 AY 240

ZT=(Ool.o)*ZT AY 250

COR=(-e6.Oo) AY 260

NC=15 AY 270

C DRAw LINE FOR THE AXIS AY 280

10 CALL CPLOT (ZT.3) AY 290

CALL CPLOT (ZB.2) AY 300

K=BOT AY 310

L=TOP  
AY 320

N=I+K+L AY 330

S=-FLOAT(K)*SCF AY 340

H=ZT/TOP AY 350

ZB=-FLOAT(K)*H AY 360

ZT=ZB+COR AY 370

DO 20 I=1.N AY 380

C DRAW HATCH MARK AY 390

CALL CSYMBL (ZBNC9-1) AY 400

B=S+FLOAT(I-1) SCF AY 410

ENCODE (10.30,A) B AY 420
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C LABEL AXIS AY 430

CALL CSYMBL (ZT,A.4) AY 440

Z8=ZB+H AY 450

20 ZT=ZT+H AY 460

SF=SFO AY 470

SIZE=SIZO AY 480

ANG=ANGO AY 490

XOR=Y(1) AY 500

YOR=Y(2) AY 510

RETURN AY 520

C AY 530

30 FORMAT (F4.1) AY 540

END AY 550-
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Figure 4.- Effect of boundary layer on pressure distributions for a typical supercritical airfoil.
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Figure 5.- Pressure distributions for a typical supercritical airfoil.
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Figure 6.- Variation of selected quantities with Reynolds number. M = 0.759; a = 0.950.
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Figure 7.- Pressure distributions for a Korn supercritical airfoil. M = 0.512; R = 21.50 x 106.
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Figure 10.- Effect of Mach number on pressure distributions for a Korn supercritical airfoil.
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Figure 13.- Drag creep for a Korn supercritical airfoil.
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Figure 14.- Drag divergence boundary for a Korn supercritical airfoil.
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Figure 15.- Pressure distributions for a NACA 64A410 airfoil.
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Figure 15.- Continued.
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Figure 16.- Drag creep for a NACA 64A410 airfoil.
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Figure 17.- Drag divergence boundary for a NACA 64A410 airfoil.
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Figure 18.- Pressure distributions for an early NASA supercritical airfoil.
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Figure 19.- Pressure distributions for a NACA 651-213 (a = 0.5) airfoil.
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Figure 20.- Sample of CalComp plot generated Figure 21.- Effect of IFIX on pressure distribution for

by computer program. a typical supercritical airfoil. M = 0.760;

R = 7.66 x 106; a =0.000.
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