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AN ANALYSIS METHOD FOR TWO-DIMENSIONAL
TRANSONIC VISCOUS FLOW

By Paul C. Bavitz}
Langley Research Center

SUMMARY

A method for the approximate calculation of transonic flow over zirfoils, 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 ihcluding
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 atitempted. (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
cq section drag coefficient
c; section lift coefficient
Ch section normal-force coefficient
H shape factor
K factor defined by equation (7)
M Mach number
Mdd drag-divergence Mach number
p pressure
g2 = 02 4 v2
R Reynolds number
r,d polar coordinates



ry recovery factor

B!
ty constant such that A7 =9
u,v,T variables (see eq. (5))
u,v velocity components in x,y directions
X,y Cartesian ccordinates
Xg shock location
o theoretical angle of attack
v ratio of specific heats
5* displacement thickness
€ rate of dissipation of turbulent kinetic energy per unit mass
0 density
T shear stress
& modified velocity potential
¢ velocity potential
w modulus of derivative of map function

Partial differentiation is implied when X, y, T, Or £ 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: invisecid solution, boundary-layer



solution, and combined iterated solution. The inviscid method consists of an iterative,
finite-difference, numerical solution of the exact potential equation

<aZ - ¢x2>4’xx - 20, by Pyy * (a2 - sbyz)@byy =0 (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
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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 solutien, 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
pecomes 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
sizesin r and 6. 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
- 2 -2 -2, 2 -3 2
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(3)

where the singularity at the origin is removed by the substitution

=B coi(e + o) (4)

The circulation is determined at 9 = 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 A¢§ over the range 0% 6 =27 and 0 Sr 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 80 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 siress 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 g, TFurthermore, 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 ay, L, and G, and
the final form of the equations is

\
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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.



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, "ecycle” 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,
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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 bhased on trailing-edge slope.
Then, a second-degree polynomial variation for the pressure distribution is deseribed 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.



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 5o 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 poundary 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 i 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
gufficient. This fact is further substaniiated 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.



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
poundary-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 resulf is obtained. In order to make the procedure as astomatic as pos-
sible and to determine sclutions 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 coeificient 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 - {cp)dd < 0.025 + 0.0005K (6)

at each calculation station where

2 2 2 2
(Acp)new ] (Acp)new . (&cp)old , (Acp)old
alx/e) | ] ax/e) | T alx/e) | | A/

+ - +

K = Max (7

"New' refers to the current pressure distribution and "old'" refers to the pressure distri-
bution of the previous iteration. The local pressure gradients al 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 invistid 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 sclution; 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 erude 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 subcrifical 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 illusirate the effects produced by
varying the Reynolds number over a range from 2 x 108 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

12



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
¢, = 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 suberitical 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 ¢z = 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.z

2Atter completing this note, a relaxation analysis routine for the full potential equa-
tion in conservation form was developed by Jameson, and his preliminary calculations
indicate this formulation apparently accounts for the discrepancy just downstream of the
shock, .
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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 aver 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 sirength. (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 shiftin Mach number are almost identical forjeither 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
1ntent 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 sornewhat 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 1ift 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 wail 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-
ieal drag levels, estimated by adding the {riction 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 drég with Mach number, from the subsonic level
at M = 0.512, is therefore shown in figure 13 for several 1ift 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 Hrag with increased Mach number becomes large,
however, the theoretical and experiniental 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 Bcd/aM = 0.1, this boundary is summarized in figufe 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 105, 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.

3The 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 represenied,

The development of the analysis procedure made considerable use of dafa on the
recent series of NASA supercritical airfoils. Although the ability fo 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 suberitical 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
caleulations 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 % 10 to 52.6 x 106 for the nominal conditions of
M =0.75 and o =0.0°. 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
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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 c¢; = 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 préessure 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. ’ll‘he spacing of the input points for the boundary-layer routine within the
analysis is choéen 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 REMARES
The present ana_lysis 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 formulét-
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 adeguate.

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.

Langiey 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
Contro} 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 000g words (octal), of which 121 000g are required for execution. An
overlaid version exists, which requires only 75 000g words. In the absolute binary mode,
this field length is reduced to 66 500g 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 cardis therefore necessary {o
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 §9

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 | 7
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 golution 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 90 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 invisecid solu-

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

INPUT DATA ~ SAMPLE CASE

R

COLUMN  NUMBER
OOGOOOOOOIIIllll11122222222223333333333&&444444&&5555555555666666666677777?77778
12345678901234567890lEBQS&TBQOIZ3456?890123Q56T8Q0123456789012345678901234567890

XEEERREERE

wORM AIRFOIL (THEOR CCOORD WITH AXIS ROTATED 0.1!2 DEG)

TE. Tae 1e
UPPER SURFACE COCRDINATES (TABLE OF X/C THEN TABLE OF Y/C»Y
[Relalatelelele] L0001 707 0002774 . 00040249 «N00A207 «0014433  L0027634 004 3530
« 0069975 +0087138 0111412 0146477 0196968 0235426 «0283907 «0329274
«0378338 L0403463 0501148 10540662 «0B70022 LO0600323 0629989  206BB5T2
+CT740271 + 0766130 L0791126 +08518048 0848120 JOBRATISS 0943301 « 102TRZ0
« 1088650 1160702 « 1252516 41364073 -.1497806 1655668 18473911 « 2060384
L2304857 22785924 L 2BT0966 «3187641 « 3521519 «3867482 44211690 «45380T7
« 4901447 LS5236700 5546379 5841017 6116746 «HAA9932 «BHSBTSY3 5780408
. 7065550 «T2B0635 7383184 7610531 « 7765781 7918669 8087590 vB206416
+B366122 « AB6BRG614 ZBTS2GBD  BOTI47S 2123730 SP273796 9395038 9517002
I7IELTS LCHBAR025 9976367 1.0000000
» 0000000 « 0031239 « 0038596 L 045925 0062157 0078003 0100386 0119356
+0143825 WO ISTIRE « 0175490 L0198103 0226760 02456304 0268818 0292199
«0307471 «0318990 0352243 0261355 20370040 « 0378621 0386661 « 0401522
«0413517 0419114 04242 TE 0429563 0435175 0842192 «0485t 2322 A64543
.04872947 0482710 0494409 L0507635 0522269 » 0538026 0554932 20572142
+ 0589021 « 0604900 0619121 «0A31136 0640399 0646494 «0649128 0648330
« 0644033 J0636268 0625651 0612071 « 05958410 LOSTTH08  J0559207 «0540710
- 0508532 (04B1B66 «046B213 0435875 +0412078 0387602 L 0355227 0331232
«03n3434 « Q271255 L0235324 0190136 «D1S90%0 0131128 L0107233 0083711
L004T7122 0017650 20004593 L0D001234
LOWER SURFACE COORDINATES {TABLE OF X/C THEN TABLE OF YsC)
. JQ00000 «2001020 L00N16T7T 0002520 0003544 L000867S  JO0NBI4A3 LO010316
0015058 0019019 LO0023409 «0030747 0042774 »0048290 +005B718 SO0 T71353
L0083710 0100814 20124032 0154701 0194148 0254882 « 0295958 « 0393139
LOE2TA23 W062T701 7T  «0735680 «DB5H366 1000756 « 118486 14132490 + 1675828
L2026627 «272836%92 «2479330  + 2641452 «2B22689 2973241 « 3105001 23245101
+345428R < 3641594 3884023 #£40%3111 4271864 «4503051 o8 762732 «5219345
« 5499170 . 5786508 6053171 -63}4647 6421117 26574869 6711358 65902354
LTOBTE96 & 7265269 s TA64950 LT76BEE30  TBA6SLS 8008943 8189163 «8382702

23
B IS
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0 3585386 «B7I1581 a 034650 » FEHE65Z 29434243 29583859 9733971 9853140

LUILPEG0 0000000

20000000 —oC0Z01%90 —sODEEBDT? ~,0032561 —.0037992 -,0042930 —.0050788 —--.0039921
e 00T01E3 —o00TT7434 —o0084678 — 0095362 —o0109573 —a0115718 -s0126227 —e0Q137472
— 0147283 —a0159378 ~--0173967 ~o0190951 -.0210218 ~<0236028 ~a0251638 -.0284252
— o 0322162 —e0346358 —.0369776 — 0392887 ~.041651B ~o0442745 o 046B145 ~00490945

—.0512022 -.0521781 — 0526385 -.052B460 -.0929007 —.0B2BNTR —.0926265 -:05237362
~a0517160 —e0D0R 744 o DB9TET] —oDABTAIE ~o0D4T2198 —s(0453149 —,0429923 —003B81648

—a0347510 —e0309447 —<0271778 -~.0245072 ~ Q216993 0193718 -.0172837 -0Q1437239
—e 0116115 ~a0030595 —a00563567 -.0036779 ~,001BBT0 —o00D3194 0011607 0024410
0034392 «0040999 0044234 0042731 L,003B561 o0032664 0024303 0015165
L,R00S652 0001234

END OF RECORD
1Ca not02 110 2l.18

OUTPUT DATA — SAMPLE CASE

ANALYSIS OF TWO=-OIMENSIONAL, TRANMSONIC, VISCOUS FLOW
KORN AIRFOIL (THEDR CJOORD WITH AX1S RCTATED 0.12 DEGH

THERE ARE 10 SMOOTHING [TERATIONS USED

ALAFOLL COORLINATES aNu CURVATURES

X Y ARC LENGTH THETA KAPPA KP KPP
L.00000QU SDOULES Ce OO OG0 ~5.862 ~ 76244 0304 4.3T7T8E+00 0.
94020 LUDD323 ~00L930 -9.453 J.0663 4.378E+00 -3,.330E+02
- 9F504d LUN0549 2004373 ~5.289 1.8639 -9, 666E+00 5.298E+02
A 992955 LD0UT94 L U7 at? ~5,058 L4810 T.707£+00 -4 ,2TLE+02
«H8YTTS Q01065 +(10268 ~4.T06 L8232 —-2.610FE+00 l.625Et02
«GHa028 LUl 362 L4027 =4, 365 1.48T77 1.295E+00 ~6.04L1E+DL
LI T WUl 6BL Q18404 -4.009 1.3535 =1.68%E-01 2.3T4T+01
<9TH6E59 002016 023419 -3. 642 1.2150 4,1228-01 -4,03TE+QC
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« d8TLlal
. 398239
494935
«420912
“432645
Wahh21d
L 456097

Cetbdled

<4B02B4
492582
-505009
.517558
.530222
S542995
L53586T
LGHBBA2
541877
4595007
.508133
L2140
e 534695
643000
L661321
“BTab44
- 687955
L70L242
WTL44dT
121607
740795
L753824
LT66T4T
L179546
L792203
- 804098
LBLTOL3

« 043885
041741
LUGZ5T3
« 043381
O94lbd
2084933
-U45680
046412
~u4TL30
L 0%7837
«J48533
UG5 220
L Ga% 899
+0D3U570
LB 1233
<L51887
LU5£533
LJ231TL
2UD3TI9
054414
SI25027
030625
0506212
LUBLTBS
L0537348
057897
WU33431
038951
“ub9494
VL
«Jodall
LbidBe 2
OB 29
P el
L262097
SO0 2abs
62310
SUB3L3L
sJ0 3427
S 695
«163936
JUb& P43
L2066 3729
JLbanld
Dub 394
LUO4BTH
SOG4 T20
Uoa 127
LUB45633
Lo46L7
064467
«064330
L0681l
063345
S0631522
«J65139
~UEL69%
£262182
+J61599
O060I%L
« 060203
«05938L
$058471
057468
L056371
«J55176
. 053884
052495
LUS10LL
«U4G9434
041770
«0and22
044197
« 042301
«040339
~038321
2036259
034149

L. 105% 74
L.1096 1%
l.il3754
L.l1i8l02
lal22945
1.127L26
L. 131846
l.13670%
Lelal716
L. 146870
1.132172
1.157625
l.163221
l.16899L
L. 174908
1.130494%
L.1at221
1.193620
1.200184
£.2006913
i.213810
1.220876
L.244112
1.2355%20
1. 243101
L.250857
1.2587E8
1.2668495
1.275t19
l.283641
i, 292281
L.3ullco
1.3100%8
1.319275
l, 128631
L.3381é8
Ea347878
1.357769
1. 367836
1.378073
1.358494%
l. 399084
L.209844%
L.420772
L.43184&7
l.443125
L.a54544
lL.466121
l.477850
L. 589729
1.500754
1.513919
1.526219
l1.538648
1.551201
1.563871
le576452
Le5899534
1.5025612
L,&ut5576
1.628717
lee4l227
l.ad5194

"l.608508

lL.651858
l.&95232

LlaT70OHO LT

1.722001
1. 739370
L. T48TIL0
l. 762004
1. 775237
1. 7dB394
l.801455
1.BLl44013
1.327220
1.839885
1.892379

APPENDIX

—-i67.429
-168.15%
-16B.849
-169.302
-170.101
=170.642
-17i.127
-171.558
~1T71.943
-172.291
-172.509
-172.50%
~L73.180
173,443
~i7T3,893
-L73,4935
-l74.,168
-174.395
-L14.615
-174.4830
=-175.041
-175.2448
-l75.451
-175,650
-175. 841
-1L76,340
-176,231
-176.420
-1T6.637
-l76.792
-1 74.875
177157
-177.338
-1717.517
-177.696
-l ¥7.874
-178.052
-11d.230
—-LT8.407
-178.586
-178, 165
~=L78.945
179,126
-+79,308
-179.493
-L739.681
~-179.871
-180.0a5
-180. 204
-180.468
-180.674
-184.895
-181.120
~1Bl.355
-L81l.502
~181.861
-182. 134
-iB82.423
-182, 728
-183.050
183,391
-183.749
~184.124%
-184.514%
—184.918
-18%.331
-185.749
-1B6.167
-l86.582
-186.591
-187.392
-187.,783
-1dB. 164
-186.533
-183.-889
-189.229
-189.551
-189.852

~3.22038
-3.0264
~-2.78I1
~2,5012
~Z.2080
~1.9230
~l.6634
1.4397
~1.2552
-1.1376
-.9912
-. 4994
-.89258
-, 7656
~.1152
—u6T22
~ef 347
-.8016
-.5720
-.545%
—-.5214
—. 4994
—. 4794
-.4610
—e%44%0
-«4282
—s4l36
- .4000
~.3874
-.3757
-.3648
—.3548
—«3456
-« 3372
—.3296
-.32217
—«3165
-.3109
~.3060
-.3017
-.29B0
—+ 2950
—.2927
—.2912
—+ 2905
-.2907
-.2918
- 2940
-.2972
-.3018
-.3078
-.3154
—a3247
-+ 3360
—.3493
=+3b64b
-.38L8
«.4006
~.4206
—oh4la
—. 4626
- <834
—+5030
—+5203
—«5340
—«54238
$ 5462
«544%5
—.5308
«53086
—+53210
—.5107
- G95
-«4868
—e4Tl9
—aa542
—+%331
--4080

t

4.336E+01
5.631E+01
6.530F +01
6.85988+01
6.T24E+01
6.1102401
S.224E+01
4,24 95401
3.332£+01
2,558E+01
1,955 +01
1.5L05 +0L
1.1892+01
9.596F ¢QQ
7.923E+00
6.670E+00
5.,706E+00
4, 946E+00
@.330E+00
3.BLIE#+0O
3,387€ +00
3. 019E+00
2. TUSE+DO
2.435E+400
2.203E+00
2.001E+00
1.822E+00
1.661E+00
1.514E+00
1.3 78E+0C
1.251E400
1.133E+00
1.022E+00
9,196E-01
B.252E-01
T.3526-01
&.6128-01
5.899E-01
5.2356-01
4.600E-01
3.9T4E-01
3.346E-01
2.7096-01
2.064E-01
f.411E-01
7.499E-02
7.436£-03
-6.264E-02
-1 .366E-01
-2.1595-01
-3,012E-01
~3,923E-01
—4 . ATSE=0L
“5,831E~-0L
-6.T36E=01
-7.523E-01
-8.1226-01
~8.479E-Gl
-B.565E-01
-8,375€-01
~7.8902-01
-7.054E-C1
-5,T65E-01
-3.9396-01
-1.608E-01
1.002E-01
3.502E-01
5.495E-01
&.759E-01
7.351E-01
7.540E-0L
T.644£-01
7.873E-01
8.2B8E-01
8.852E-01
9.509E-01
1.023£¢00
L.099E+CD

3.2525¢03
Z.185E403
8.666E#02
-3,9631E+02
~1.360€4+03
-1.902E+03
-2.030E+03
~1.0854E+03
-1.519E+03
-1.150E+03
-84 251E+02
-6 .TOHEHO2
-4 ,021E*02
-Z2.B52E+02
-2.07T6E+02
~1.554E+02
-1.154E+02
-9.420E+01
-7.613E4+01
-6 .265E+01
-5.206E+01
-4 .339E+01L
~3.,623E+01
-3.0455+01
-2.9590E+01
-2,239E#01
-1.989E+01
-1.756E+01
-1.584E+01
-l 44DE+0L
-1.315E+01
-1,202E+01
~1.091E+01
-9.BLTE+0QC
-8,.746E+00
-7.762E+00
549385400
-6.325E5400
-5 .931E+00
-5, TLSE+00O
-5 .625E+00
-5.583E+00
-5 .546E+00
-5.458E+00
-5.459E+00Q
-S.468E+00
-5.502€408
~5.TELE+00
~6,053E+00
-6,393E+00
-6.699E+0D
-6, 86TE+D0
~6.TT3E+0D
-6.300E+00
-5 ,3T6E+00
-4,018E+00
-2.3516+00
~5,.629E-01
L.213E+00
3,031E+00
5. 142E+400
7.78%E+00
1.085E+01
1.362E+01
1.500E+401
Le4al4E+01
lel0AE+01L
6.923E+00
3, 1B9E+00
1. 004E+0D
5.396E-01
l«178E+00
2.103E+00
2.B8L2E+00Q
3.225E+00
3.468E+00
3.62TE+00
3.668E+00

27
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L829126 2032015 l. 864679 —190, 130 -.3783 1.1775+00 3.500E+00
-H410Ll8 VFL N1 L.876764 -130,380 - 3434 1.252E+00 3.0468E+00
-85200617 ~027T05 l.88861l —-190, 600 —=3027 1.319E+00 2.292E+00
«8640681 223955 L.904196 -L30. 786 —.2560 1.359E+00 1.21CE+0Q0
~H75148 023426 l.91L149%6 -190.935 —2£2033 1.397E+00 -1.162E-01
885935 .021331 L.922484 ~191.045 -.14448 L.394E+00 -1.584E+00
~B96387 L01l%283 1.9331135 -191.114% - 0813 1.357€400 =3,Q015E+G0
-906480 017297 1.943421 ~191.142 ~.01345 1.2B7E+C0 ~4.205E+00
LFE6 1YY .15 386 l.95331L7 -191.130 20574 1.188E+00 —4.995E400
<9548 2013550 L.962792 -131.079 -1306 1.068E+00 -5.334E+00
«934345 .01ll832 L.971818 =-190.4592 2056 9.397E-01 -5.2T70E+00
- Fal I37T -lu2ld L.980365 -190.873 «£B26 Bell4c=-01 -5,030E+00
.950633 008704 1.96884013 -190., 725 23621 6.880€-01 -4,56TE<0Q
« 358003 007219 1.995902 -l90.552 24454 5.752E-01 —4. THIE+(Q
964816 006061 2. 00U2830 -190, 354 5337 4.965E-01 -3.126E+400
~ 371045 « 004335 2.009160 -190. 148 +b302 3.739E-01 -8.,15CE+00
+ 976663 «1J03940 2.014885 -i89.925 7327 1.772E~01 T.5H0E+00
»98L653 003077 2.0199130 -LB9. 694 8597 3.636E-01L ~4,310£¢01
.986011 20023541 2.1024350 -189.463 29606 ~6.858E-01 8.842E+01
2989756 2001724 2028145 -189.238 1.1852 1.449E+00 -2.575E¢02
392438 001213 2,031 348 -189.,009 t.0887 =4 . 803E¢QQ0 3.100E+02
. 9955635 LGOUTI0 2,034098 -188.859 1.1510 3.061E+00 ~-1.868E+02
«I9B013 2000423 2.036504 -188.639 1.8143 -2 .600E+00 =2,243E-13
1. 300000 £0001L23 2.038513 ~1B8.515 ~46340,9029 -2.600E+00 =2.263E~-13
ERR DA ol

2.946%51E-02
5.458831c-03
20,615811e-03
T.410768E-04
2447 L3ITBE-04
B4 3J02199E-05
3,098420E~-05
L.0638TOE-05
423891996~ 06
L.605039E-06
5. 490394E-07

5.758071E-03
—-1.805529E=-03
T 1.652716E~04
—1.79660BE=Q4

1.686T19E=U5
~31.,0582556-05
~1.211597E-06
~1. 157 288E-05
—7.662224E-06

-9.308T0BE-C6-

~8.662346E-06

4.3T2224E-02
La327i63E-02
3.B23044E-03
T.919625E-04
2.027501E-Q%
2.203669E=-C5
-B.3146692E-06
-1.825942E-05
=l.9T7TT455E-05
-2.033855E-C5
~Z.040102E~05

MAPPING TO THE [NSIDE OF A CIRCLE

D2/0S51GMa =

WISIGMA) = SUM{(AINI+I*BIN}IIZXSIGMAxE(N=-1))

EPSIL = ,013

LYSH

2.038513=2+00
F.85261Fc-01
—3.1988a67:-01
2. 0303502-01
—b.3508872-01
F.2487448L~02
—5.57L1latc-0¢
3. 730862:-02
—2.510498E-02
l. T063138-02
—l-3814 lye-02
T.774508E-03
~6.3TH555:-03
3. 361523£-03
~Z.261805-03
4.536691E-04

BN}

4.6 3% 364E-02
—2.04U102E~0b
230063 3E-02
—l.HL1A53L~0¢
2o 7064 TE=-02
-3 2487 T9E~02
LeGT9889:=02
~Za LDG4H1E-02
l.89642085-02
-1.424320E-02
L2061l eBAE-02
-4, 407565£=-03
9. 5399031 E-03
~3.27T6317C-03
l.245588c-03
L. 0%6626E-04

“AL/SIGMA®#2) *{ 1=S1GMA) *x (1 —cPSTLI®{FXPIW{SIGHAL})

300 POINTS AROUND THE CIRCLE

DEL S KES S/L W0}
24 855E=-0¢ Ca 1.90006 -1.25843
Le356E~0D4 l.333:-06 239996 -l.26843
ANGLE JF 2RO LIFT = -2.65350 OUTER MAPPING RADIUS = 212946

THE THICKNZSS 70 CIIORD RATIO IS LLL73
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INPUT FOR BOUNDARY LAYER CALCULATION FRGM PREVIOUS INVISCID SOLUTION

X/C
0.000
025
+050
« 075
» 100
« L25
« 150
«175
« 200
« 225
=250
«275
»300
. 325
- 330
375
400
425
450
« 475
500
«525
«550
575
« 600
8525
=650
«B75
- T00
725
+ 750
-T15
-BOO
=825
B850
« 875
» 200
« 925
-950
« 975
1.000

UPPER

i/C0
025
-5l
-0TH
-101
«L25
«152
175
+ 204
231
w251
« 275
« 30T
» 328
«35%
- 380
Pl
«28
L4050
1T
.511
227
+ 560
«5TT

sxxxd UPPER SURFACE ®#%x*%

cp

+800000

— 44574
-.904418
~l.132435
~1.233545
~1.228268
~le 144267
-. 766439
-.B822957
-.8333460
-.T87TQB9
-2 T634934
—a 746957
-«T733023
- 721131
-.710333
-.700528
~.691813
-+06813925
«OTHLI8
-.6069733
~-2 662460
—B934692
—.641293
- b 24116
-.600530
- 2264350
- 528569
- 481069
-4 28190
—J3TL0aN
-.310435
. l4b LG4
-.178736
-.l0d469
-+ Q306827
JU34019
L hugsB2
-l 53476
.17B0TH
-359874

SURFACE BUUNDARY LAYER |

DELSTAR/C
£ 0OGJT
L0004
+O0U LA
. 00020
00026
. 00u39
£00037
- 03055
L000u538
«0UB2
. 0U068
- Q0076
« 000BO
00046
00030
~Odu9d
00098
LOUL03
- 00L06
L000LL
L0015
L0U1EL
«00LZ4

CURV
50.325570
T«154498
3.787818
3,132292
i.018051
«893546
«658656
5404k
«466162
«4lalb2
.375801
347159
«326000
»310527
«299751
+232998
«£90536
« 292568
. 299458
.31l2066
«3314T3
«358332
+392034
~430447
470444
S50 T663
-3 35304
«546198
»33938C
522984
«9UJ2T70
477160
+441C30
388435
«312030
-204012
.057C1S
-.126779
-e355721
- 132334
~2.368634

MOMNTM/C

«0000
« Q000
0001
0001
Qoo
»0002
L0002
+0U03
L2003
L0004
«0004
« 0004
+CO05
LUu0s
L0005
»0J05
2006
0006
0006
000t
L0007
LJouT
20007

1.669
1.874
1.873
t.909
L.924%
L.906
1.799
Le 765
1. 732
1.730C
1. 734
1.741
L. 749
L. T34
1.727
L.720
1.703
LS
L.689
1.682
1.680
L.6Té6
L.67%

wxkiek | DWER SURFALE *kux®

CP CURV
+B000Q0 50.325570
241582 7.151358
034812 3.128971

-.087394 2.050502
=-. 163480 1.507463
- 213747 1.202042
-+ 246087 « 338527
-.266166 «835771
~2277978 «T228B12
-+2B3975 -5645317
-+2B6101 «594810
-.2B4648 558995
—. 2719651 ».531835
-+ 271465 512231
—-a260L00 - 497367
-245148 +486316
—~a 226944 474087
~a 205043 <A5B154
-.179807 438851
—. 151504 -421502
-« 121146 2406279
-. (87135 . 384154
—. 049945 <3413 T4
009794 293820
.032810 224617
076672 .138782
120984 033644
«LE64639 -+092892
« 206403 -.238516
+ 245058 -.39217L
.278807 -.537666
306605 -.65900%
328546 -+ 745513
« 343755 —.795522
3530884 —-.817025
«35 89494 -.B24780
-359874 -. 536570
.359874 -.871639
- 359874 -. 957667
353874 -1.189T44
«359874 -4.070168
CF
3.B58E-03
3,238E-03
2.948E-43
2.6TTE-GS
2.4T1E-03
2.046E-03
2. 145E-013
2.040E-03
2+ 15Y9E=-03
2.152E-03
2+ 026E=03
l.9495-03
1.919E-03
1.849E-D3
1.BITE-0D3
L. 872E-03
1.6859E-012
1.872E-03
1.,873E-03
1. 865E-03
1.85%9E-03
1.B840E-03
1.824E—-03
ALY
ORIGIN

cn?‘P }i Ciu

PA

G
ALITY

29



30

-1
e 625
-850
097
-T20
s 142
o T3
« T34
-BL3
. 838
. 861
+881
. 899
« 214
929
L4
956
- %68
« 975

SEPARATION

LOWER 3URFACE BOUNDARY LAYER

KiC
046
251
U7
2l01
2126
151
«LTT
-204
4]
253
240
» 300
«335
. 356
+ 377
£ 408
4d9
459
0475
» 506
537
. 552
.54l
«610
2645
« 665
« 685
703
. 738
. 755
- 798
«B24
«Bal
«HTY
« 907
« 335

RUN CUMPLETED

LO0L32
SUULAT
+00Lab
00145
LQ0LTT
« QU190
,00206
L00223
00242
L00284
LD0322
»O0363
L00e07
00453
- 00498
L0054%1
L O0s 7T
00655
L0749

DELSTAKR /L
.0UD0H
. DUCOY
00013
L.00017
L0021
LQ0025
PELIETS
00034
NhEY:
L0042
L 0004d
. 000652
L0005%
00363
00067
Q007G
L0UUT9
Loupss
00092
00102
200113
L00119
PRAIVY REV
L00L4T
-0Ul6H
00182
00197
«002L1
20UZ40
00252
«00.280.
L00294
« Q0300
LOU303
00303
LQU302

=003
»00ua
20Qu9
Ud1G
Q010
20011
L0012
<0013
« 0014
L0016
20018
0019
0021
+0023
0024
L0028
L0027
. 3029
L0032

MCHMNTM/C
2 GO0
.0001
.gool
-000L
0001
+ 0002
0002
0002
=10402
+0003
[RANES
Q003
Q004
- 0004
L0004
- 0005
PHHL
- C00G
00086
006
«QU07
L0007
« 0004
«00uY
- 0010
0011
L0001
«0013
L« Q05
- 3015
«QGl7y
L2018
2019
-0019
- 0020
Q020

APPENDIX

L.675
Le670
l.671L
l.684
L.693
1. 704
1.717
1.733
1.752
1.793
l.841
1.4891
i.248
2.009
2.068
Z.11%
2141
24248
2. 564

1.5268
1.608
1.602
l.5%4
1.50Y%
1.594
1.597
1.599
1.591
1,589
l.588
L. 587
l.581
1.581
1. 581
t.581
1.581
1.578
1.578
1.581
1585
1. 588
1.593
1. 602
1.610
l.618
1.626
L. 634
l.b43
1. 644
Leg2?
L. 612
l.54d9
1. 561
1.532
1.507

L. 741E-013
1. 751E-03
1.685E~03
1.563E-03
1.489E-03
1.411E-03
1.330E-03
1. 2456-03
L.158E-03
9.BOTE-0%
B.378E~D4
7.152E-04
64 184E=T4
5.24TE-04
4 445E-04
3.513E-04
3.646E-04
2. 14UE=04
9.454E-05

CF
44 LT4E-03
3.448E-03
3. 119t-03
2. 9%6E013
2.82%E-03
2. 668E-03
2. 561E-03
2.485%E-03
2.,422E-03
2.371E-0Q3
2.321E-03
2.281E~03
2,197E-03
2. 164E~03
24E24E-03
2,067E-03
2.027E-03
1.563E~-03
1.912E-03
L.84%9E-03
L.773E-03
1.733E~-03
1.655E-03
1.5728=02
L.4558~02
1.400E-03
1.350€~03
1.30LE-013
1.2256-03
1.204E=-013
l.157E~03
L. 224E-03
1.273£-03
1.341E-03
1.414E-03
l.481£=-013



AIrIVOD 900d J0

qr gHVd TYNIOIHO

+ 8565
«3343
8222
» 8351
7479
+ 7708
1537
. T306
s TLOS
«T023
+Hha532
«b6d0
« 6509
<6338
«&16T
. 5945
L5824
«9653
«5481
. 5310
«5139
« 4907
«% 796
4525
bl
42432
»alll
« 3940
«3763
. 3597
3446
23255
«3043
. 2912
2741
« 2569
« 2398
£2227
. 2056
« 1844
«LTL3
» 1542
«1370
L0
#1028
« 0858
. D885
MR-
0343
oLTL
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PRESSURE DISTRIBUTIOM VS EQUIVALEMT AIRFOIL COORDINATES
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APPENDIX

SUMMARY OF AUN LD FUOR KORN ALRFOIL [TFECR COORD WITH AX1S ROTATED O.12 DEG)
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APPENDIX
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 associated with the num-
per 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 1074).

At high transonic Mach numbers, when the shock wave 1s 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, Tt 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 caleulations 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
ajrfoil 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 ATRFOL. 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 FLOWIl|NPUT=6GQOUTPUT=5000TAPE3=5000TAPEGEOUTPUT|TAPE5=INP A 0O
1uUT) A 10
[ ANALYSIS OF TWO-DIMENSIONALs TRANSONIC. VISCOUS FLOW A 20
COMMON PHI(162+33):FP{162+33} & 30
COMMON /B/ AA{I001.8B8(100) A a0
COMMON /C/ McMMlMquvNNtLLoLPOIQIMQIMM-!MB.II!JJ-IK!JK.12|[TYPOMXP A s0
]-NS.NCY!TEnPlORADvaoTPIcDTQDRlDELTHQDELR.QA.RAS.QAZORA3|QA4'RAEQE A 60
2M|GCP]T¢C10C2|C4|C§0C6-C7|BET.EPSILOTC»CL-CHDOﬁLPUALPD!DPHIuXlelc A 7D
SN-SNnEp|C30RA7.RAB;RA90ELQXM1X5|FSYM-5T|XchYMqXﬁ-YA!AG.BQOKP.YQ.E A 80
QMO-EEQIDIMGNFCONMpuISnNEqNB-Nﬂ{N5QM4-NRN;NCASE A Q0
COMMON FE/ KCYCLE!FNU-FNLQIBNDLAYl13)!QBNDLAY(19>UXBODY(IGZ)OYBODY A 100
1(162‘lBODSLOp(162}OEODCUQV(82)|XNEW(162\1YNEN(162)|CFSURF(162)lCPB A 110
EDLYEBE)o[GR[D-GQIUoXUPLEt?O!-XUPARC(EO)vXLOLEtED)-XLOAQC(EU)oTlTLO A 120
BUT(15)-CLOUT(3¢7)-SUPOUT(3-T)sSLUWOUT(3cT)nCMOUT!CpUp(85}-CPLO(85) A 130
4.XTEMUD(B5)-XTEMLO(55]IDELBLX(162)QKDUNT-KOUNTUQQLOWGQDcINVDIV A 140
COMMON AF/ XBL(?S}QDELBLC75)lTHETBL(TSJsHBL(?ﬁ]OCFREL(?S)cKTYPEaKK A 150
1K A 160
COMMON /GA SS(3[O)|TH(31O!!U(3lD)‘V(SIO)1W<310105P(310) A 170
COMPLEX 2 A 180
COMMON A/ A(QU),B(QO]nC(ﬂO]'D(4OJOECQO)ORHO(QOIQRP(Qﬂjcn(QI)QQS(4 A 19D
11).R](al)qSI(162).CO¢162)-2(léEl-FM[l&E);PH!R(le) A 200
DIMENSION KWRITIZ2) CONVOUTI342) s NCYOUT(3:7)y COME L1838} COMF (37 A 210
173y COMC{BE}+ XTM(101)s DFLTMI1011s XPLOT{1001s DELELXF(100.2)s CP A 220
2PLOTLICD2s PYSIZY A 230
EQuUl VALENCE (COME (1) «KCYCLE) A 240
EQUIVALENCE {COMF (11 XBL{11) A 250
FEQUIVALENCE (COMC (1 M) ' A 260
KONTROL. =0 A 270
TRUN=1 A 280
KPLOT=0 A 290
DATA GAMAIMOD/ 1440/ A 300
DATA (PYS(J)eJd=1+2 1/ 1H+ s 1HY S A 310
NZ=6 A 320
M3=3 A 330
Ng=6 A 3a0
NE=5 A 350
Mg =N4 A 360
Do 20 K1=1+3 i A 3270
Do 29 K231.7 ORIGINAL PA.GE Is A 380
SUPOUT (K1 1K23=1.0 OF POCR QUALIW. A 390
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SLOWDUT(K‘IK2}=loO
KCYCLE=1

IGRID=0

[BNDLAY 1 THRU 11 AND ABNDLAY 1 TrRU 17 ARE [NPUTS FOR THE
BOUNDARY LAYER RCUTINE
[BNODLAY (1 )=1
[ANPLAY(2)=500
19NDLAY (33=5000
18NDLAY (413=20
IaNDLAY (Sy=4]
IBNDLAY (63510
[BNDLAY(TY1=1
1BNDLAY (B)=4
1BNDLAY (91=0
1BNDLAY 1O =2
IBNDLAY LT =1
IBNDLAY (123=7
ABNOLAY (2)1=0.025
ABNOLAY (3)1=0.0
ABNOLAY (51200015
ABNRLAY (6)1=0,0
ABNDLAY {71=0.001
ABNDLAY(B81=0.15
ABRNDLAY (912040
ABNDLAY L10Y=200
ABNDLAY (11)=1¢0
ABNpLAY(l2)=1-4
ABNDLAY (13)=0,89
ABNDLAY(141=0,76
ABNDLAY1153=0,70
AANDLAY 1161001
ABNDLAY {1 T731=0,0005
FiIS=FLOAT{IBNDLAY (S))
KSTOR=3

ISK1P=0D

1F {IRUNGTo1) READ (N3 COME ¢ COMC s PHI sFP s AA BB A BaCaDEsRMHOIIRP R

sR5:R1 51+ C0ZsFMiPHIR

READ (NB940) FNRNEMyALP: ABNDLAY (LB)sFIFTIX
MRN=FNRM

ISNDLAY {13=FIFIX

KMAXCYC=[BNDLAY (2

CONT [ NUE

KONTROL=KONTROL+1

GO TO (1605060, 70:20:100:110:120:130)y KONTROL
NS =~1

1TyP=1

GO TO 140

NG ==1

ITYP=1

GO TO 140

I1F (NCASEoGTol aANDo IRUNGEQoetl ) WRITE (N3} COME<COMCPHIFP:AA-BBsAs

BeCoDoEsRMHOsRPRyRSsRIaS[oCOeZiFMPHIR
[F (FIFIXeGTolaQ}) GO TO B0

DEFINE PARAMETER FOR Te Eo BOUNDARY LAYER ADJUSTMENT [F NOT ON

THE [NPUT CARD
IF (TESLOP «GEe —12e0) FIFIX 7 410 + {(TESLOP + 2e03/200
IF (TESLOP oLfa ~1500) FIFIX = 395 + (TESLOP + 15:0)/2.0
IF (TESLOP osLTa —124N eANDs TESLOP »GTe —-1%e0}) FIFIX =
~F CHTESLOP##3/540.0 — Q.6*TESLOPE®Z = Ho7S*¥TESLOP - 0.5
[BNDLAY (13)=FIF1X
N5=800
1TYP=4
GO TO 140
NS=1
FTYP=-]
GO TO 140
NS =500
ITyP=4
GO TO 140

ORIGINAL PAGE 15
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400
at0
420
430
480
As50
460
4710
480
490
500
s10
520
530
540
as0
360
570
580
=590
&n0
alo
620
&30
540
&50
B60
a70
&80
&90
700
710
T20
730
740
750
780
770
780
790
800
B10O
20
B30
840
850
8s0
BTO
agn
820
900
g10
20
930
940
550
955
60
65
a70
980
990
Alo0oO
Al010
Alo20
Al 03D
A10a0
A1DS0
A1080
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NS =]

ITyP=-1

GO TO 140

N5 =300

1TYP=4

Go TO 140

N5=0

ITYP=0

ALP=ALP/RAD

IF (NSsEQeD) GO TO 340
COMPUTE CONSTANTS NEEDEOQ IN CALCULATION
RAT=1++EP

RAB=1 «+3a%EP

RAG=1..+RA8

C3I=2++EP

EL=2 « ®*RA7

IF {EMsEQ.EMC) GO TO 150

NEW MACH NUMBERs ADJUST CONSTANTS wHICH DEPEND OM MACH NUMBER

EMO=AMAX] (EM+ s 1 E—~4D)

EM=EMO

C2=s 5*(GAM—1 1)

CI=C2+1 e LEMBEEM)

CS5=1 e/ { « SHGAMEEMAEM )

CH=CZXEMEEM

Ca=CE+]a

CT=1s/(CS*CH}

BET=SGRT(1+-EM¥EM)

1MO=1

QCRIT=Z2«#C1/{GAM+] » )

1F (NSsGT«0} GO TO 160 -
NS=0

IF (1TrPeaGT«0) CALL CRUDER

GO TO 250

1IF (1TyPy 17041804190

CALL REFINE

GO TO 250

SET UP CONSTANTS AND 0O CONFORMAL MAPPING
CALL AITRFOL

TESLOP = (RAD¥(2.0%#THINMP+1) + TH{1)) + 360e¢0)/340
CALL RESTRT

GO TO 250

IF (IMOLLE=Q) GO TQ 200

IMO=0

CALL PHIRR

COMNT INUE

CHECK TO SEE 1F ANGLE OF ATTACK HAS CHANGED
IF [ABS{ALP-ALPOD) «GTsl+E—-8}) CALL 5ICO
Y=I(XS—-XM)/{1+=-QCRIT}

YM=XS—Y

IF (XPHI=EQsQs) YA=YA/s (2+%CHD)

COMPUTE INVISCID FLOW WITH A MAXTMUM OF NS CYCLES
NCyY=0

INYDIV=0

DO 240 K=14N5

CL=2 « *OPH1*CHD

CALL SWEEFR

CHECK FOR CONVERGENCE OF INVISCID SOLUT ION
IF (AMAX1 (YR+ABSIYA1)«GELST) GO TO 220
NCY=K

GO TO 250

CHECK FOR DIVERGENCE

IF (AMAX1 (YR+ABS{YA) ) eLTo10e*¥1 0} GO TO 230
NCY =K

INVDlV=1

GO TO 250

YA=YAXXPHI

IF (XPHIaNEaQoa) YA=YA/S(XPHL*XPHI)
CONTINUE

NCY=NS

A1070
21080
A1090
41100
AT11D
Al120
Al130
Al140
AL 150
AL160
AL170
Al180
Al190
Al200
A1210
A1220
Al230
A1240
ALY 250
Al1280
A1270
al280
Alz290
A1300
Al1310
A1320
Al330
Al1340
Al3s0
Al3&0
AL137T0
Al1380
A1390
aAlaogo
Al410
Al4apo
A1430
A1440
Al1a50
Alasn
A1470
Ala80
A1490
A1S500
A1SI0O
A1S20
A1S530
AlS40
21550
Al1S60
A1S70
A1580
A1590
A1600
AlG10
A1620
A1630
AlGat
A1&650
Al680
A1&TO
A1680
A1690
AL1T700
Al710
A1T20
A1730
ALT40
A1750
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ALP=RADZALP

1TYP=1ABS{ITYP)

NCYOUT { IGRID+] o KCYCTLE ) =HCY

IF (INVDIVSEQ@eO} GO TO 260

IF (KCYCLEoEGQolsANDos 1GRID.EG.D) GO TO 260
TERMIMNATE CASE IF INVISCID SOLUTION DIVERGES ON ANY CYCLE OTHER
THAN THE FIRST W1TH THE CRUDE GRID
CLOUT(IGRID+11KCYCLE ) =999.0

CONYOUT (IGRID+1 s11=6R1D
CONVOUT L IGRID+1 ¢ 21=BHNOT CONV

WRITE (N3) COME sCOMC.Z

KWRIT{IGRID+1 )=KCYCLE=]

KSTOP=1GRID+1

GO TO 240

IF t1TYPoGEa2) CTALL GETCR

1IF t1TYPsLTo2) GO TD 40

CHECK FOR CONVERGEMCE OF [NVISCID-FLOW/BOUNDARY-LAYER ITERATIONS
CALL CONVER (ICHECK oKCYCLEsMaCLoZaCPSURF «NCY)
IF (INVDIVsEG.0Y CLOUT(IGRID+EKCYCLEI=CL

IF (ICHECKEGe0}Y GO TO E70

KWRETE=RKUYCLE-1

KCYCLERKMAXCYC

IF [INVDIV:EQ.D) CALL SETCP

WRITE (N3) COMECOMCZ

IF 1-F/DB~L ITERATIONS MAVE NOT CONVERGED AND KCYCLE HAS NOT
REACHED MAXIMUM VALUE. CONTINUE ITERATING

IF (KCYCLEo-LToRMAXCYC)Y GO TO 300

KCYCLE=1

IF (1CHECK.ERol) GO TO 280

KWRITE=KMAXCYC—1

KWRITUIGRID+1 )=KWRITE
CONVOUT{IGRID41911=GRID
CONVOUT{1GRID+1 2 )=8HNOT CONV

GO TQ 290

KWRIT{IGRID+1)=KWRITE
CONVOUT{IGRID+] ¢« 1 1=GRID

CONVOUT (IGRID41 e 2 )=8H CONV
KMAXCYC=KMAXCYC/2+2

IBNOLAY (12) SKMAXCYC

CIGRID=IGRID+1

REFINE GRID OR TERMINATE CASE

GO TO a0

ALPsALP/RAD

COMPUTE BOUNDARY LAYER AND DEFINE NEW INVISCID ATRFOIL
CALL BNDLAY

KCYCLE=KCYCLE+1

IF (IGRID-GT«Q} GO TG 310

CALL REFINE

IF (IGRIDaGTol) GO TO 320

CALL REFINE

MAP NEW INVISCID AIRFOIL (W1TH FINE GRID)

CALL AIRFOL

CALL RESTRT

Cail. COSI

IF (IGRIDoGTaQ) GO TO 330

CcaLL CRUDER

IF (IGRIDaGTo1} GO TO 21D

CALL CRUDER

REPEAT INVISCID SOLUTION WwiTH NEW ATRFOIL

GO TO 210

1TYr=4

tF (INVDIV.EG.D) ALP=ALPHRAD

OUTPUT LAST INVISCID-FLOW/BOUNDARY-LAYER ITERATION IF OVERALL
SOLUTION CONVERGED: OTHERWISE QUTPUT ALL ITERATIONS
WRITE (MN2:950)

WRITE (NG 13%90) TITLOUT NRMN

WRITE (N&s1270) EMALPABNDLAY (18)- IBNDLAY (13)

K1 =FNU

K2eFEML

ORIGINAL PAGE 18
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2160
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42180
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Kl27R1+K2

K2P1=K2+1

REWIND N3

IF (NCASE.GTel} READ (N3} COME « COMCPHIFP«AAeBB1A+1ByCaDE+RHOWRP
1RRSWRI+S1COeZFMPHIR

IF (INVDIV.EQ.]1) GO TO 59C

1IF {ICHECKEG.D) GO TO 920

GUTPUT LAST ITERATION

DO 360 KK=1+2

KWRTOUT =KWRI T (KK}

DO 350 K=l KWRTOUT

READ {N3) COME«COMCHZ

READ (N3) COMF

READ (N3) COMF

READ (N3} COME.COMC+Z

LOOP=1

KWRTOUT=KWRI1T(3)

READ (N31 COME +CQMC 2

IF (LOOPWEQekWwRTOUT)Y GO TQ 380
LOOP=L00P+]

READ (N3) COMF ’
READ (N3) COMF

GO TO 370

WRITE (N&.360%

WRITE [(N44970)

WRITE (N4 .80

WRITE (N4.990)

IS=1BNDLAY (S}

DO 390 K=1.15
XXAX=ABNDLAY { 3)+FLOAT(K—1 )} *ABNDLAY (2}
KPLUS=K+1I5

WRITE (N&.1000} NXXX + CPBOLY (KPLUS ) « BODCURV ({KPLUS ) s CPBDL Y (K} +8BODCUR
1V IR

CDF=CQ

DO 4BO LOOP=1+2

[F (LOOP.EQs1) WRITE (N4,1010)

IF (LODP+EGe2) WRITE {N4+1020)
WRITE (N4,1030)

READ (N3) COMF

DO 400 K=2.KKK

WRITE (N&,1040) XBLI{K)+DELBL {K) ¢ THETBL (K ) HBL {K) 4 CFRBL{K)
¥BL{KKK+1 12140

CFRBL {KKK+1 12CFRBL (KKK}

GO TO (410+8204430,+840:450)s KTYPE
WRITE (N4+1050)

GO TO 460

WRITE (N4.+10&0)

CFRBL (KKK+1 317040

GO TO 460

WRITE (N&#41030)

GO TO 450

WRITE (MNa,1080}

GO TO 460

WRITE (Na,1090;

COMPUTE FRICTION DRAG (APPROX)

bo 470 K=l kKKK
CDF:CDF+0-S*(CFRBL(K+1)+CFRBL(K))*(XBL(K+I)-XBL(K)}
CONT INUE

READ (N3) COMECOMC+Z

DO 490 K=KZ2PI11KI2

KMMN=K K2

XTMKMN)=XBODY (K}

DELTM‘KMN)=DELBLXCK!

Do 500 K=1.100

XPLOT(KI=FLOAT(K)#0.01

CALL CIScaT (XPLOTIK}!XPLOT!K)!XTM!DELTMODELTM!FUIUGKIQOQDELBLXF(K
142131
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AZ640
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AZ660
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AZ690
A2700
AZTID
AZT20
A2730
A2T40
A27S0
AZ2T60
A2T70
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A2790
A2B00
AZB1D
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AZB50
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AZB70
AZBB0
AZAYG
A2900
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500 DELBLXF (Ke21=100o O#DELBLXF (Ke2)
DO 510 K=la.K2
XTMIK y=XBODY (¥}
=)0 DELTMIKI=ZDELBLX (K}
Do 520 K=1s100
CALL DIscoT !XPLOT(KJ|XPLDT(KJOXTMqDELTMtDELTMo—OIOnKZ«OvDELBLXF{K
12031 R
520 OELALXF (K1 )1=100 O#DELBLXF (Kol )
caLy PLOTHN (2410050 XPLOT 1 DELBLXFPYSe 24 1O0)
WRITE (N&s110C)
WRITE {(N4:1110)
WRITE (Nas1120)
IF (K2sLEaK13 GO TO 530
MMINIM=K]
GO TO 540
530 NMiNIM=KZ2
540 DO 550 K=l NMINIM
KPLS=K+KZ
550 WRITE (Na+1130) XBODY!KPLS)qYBODY(KPLS)oBGDSLOP(KPLS)‘DELELK(KPLSJ
I'XNEN(KPLS)-YNEWIKPLS}-XBODY(KJ-YBODY!K!-BODSLOP(K}cDELBLX{K}-XNEW
iKY YMNEWI(K)
NMINISNMINIML ]
IF (x2.EQeK1) GO TC S70
IF (K2:LTeK1) GO TO 560
WRITE (MN4:1140) (XBODYIK)-YBODY(K).BODSLOD(K)oDELBLx(K)‘xNEW(K!-YN
LEWIK ) K=NMINT K2
GO TO 570
H60 KS5T=K2+NMINI
WRITE (N4+1150) IXBODY(K)vYBODY(K)aBODSLOP(K)-DELHLX(K).XNEW‘K).YN
IEWIK ) WK=K5TaK12)
570 WRITE (N&4:11580)
WRITE (N4q11701%
WRITE (NA¢1180) {Z{K)CPSURF (K] «K=1vMM)
KCYCLE=KWRIT(IGRID41)+!
CALL FORCES (CLDF)
CL DEFINED FROM CIRCULATION EXCEPT FOR LAST CYCLEs WHICH WSES
PRESSURE COEFFICIENT INTEGRATION
CLY=CLOUTLIGRIDHT «KCYCLE
WRITE tMN4s1120) CLLCMOUTX
DO 580 K=1.100
CALL DIScoT (XPLDT(K)-XPLOT!K)cXTEMLOaCPLDaCPLO-—OIO-KOUNT‘OqCPPLO
ITIK:1}
CPRPLOT(K 1) =~CPRPLOT (X 1)
CALL DLlS&COT (XPLOT[K)vXPLOT(K)'XTEMUP-CDUP.CPUPo-OlOoKDUNTUP-O-CPP
ILOT(Ke2 )
580 CPPLOT (K2 3=—CPPLOT (K21
NPLOT=-2
CALL PLOTN {NPLOT+100:30+4XPLOTSCRPLOTIRPYS2+1007
CALL GRAF!C
KPLOT=KPLOT+1
GO TO 880
OUTPUT ALL (TERATIONS
590 WRITE [N4.1200)
Do 6500 K=14100
600 XPLOT(K)ISFLOAT (K} #0e01
0O B60 XK=1.2
IF (KKsEQel} GO TO 610
K MN =K~ |
WRITE (N&+1240) CONVDUT(KKMMNe1 )+ CONVOUT (KKMN 2)
WRITE (N&«I250) CONVOUT(KKEMNS1 ) e CONVOUTIRK, L)
610 LOOP=1
620 READ (N3) COMECOMCaZ
IF (INVDIVEEQsC?) GO TO 540
WRITE (M&+13401 LODP CONVOUT (KK. 1)
1F (LOOP+EQs1+AND IGRIDsEQST) GO TO 630
WRITE (MN4»1350)
GO TO 870
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A3520
A3530
A3540
A3550
A3560
A3ST0
A3S580
A3590
A3600
Aze1D
A3620
A3630
A3640
A3650
A3660
A3GTO
A36E0
A3690
AITAD
a3710
43720
A3T730
23740
A37S0
A3T80
A3TTO
A3T7HC



&30

640

630

&60

670

&80

690
TO0

Ti0

720

T30
T40

750

APPENDIX

WRITE (N4,1350)

15K 1Pz1

READ {NJ3j COMF

READ (N3) COMF

LODR=LOOP+]

GO TO 620

IF (LOOPW.EQas1) GO TQ 740

IF {1SKIPLEQs}) GO TO 740

DO 650 K=K2PlK12

KMMN=K~=K2

AXTMIKMN)I=XBODY (K}

DELTMIKMN)}=DELBL X (K

DO 660 K=1.100

CALL DISCOT (XPLOT(K 1+ XPLOT (K )« XTM3sDELTM¢DELTMs—C1 0«K1 20+ DELBLXF (K
Le2y)

DELBLXF (K «2)z100, O*DELBLXF (K12}

DO 670 K=1:K2Z

XTM (K }=XBODY (K)

DELTMIK)=DEL.BLX (K

Do 680 K=1.100

CALL DISCaOT (XPLQT[K)OXPLOT(K]IXTMlDELTMODELTMQ'OIO-KZ|OODELBLXF(K
14114

DELBLXF (Ks 11100 O*DELBLXF (K1)

CALL PLOTMN (221004504 xXPLOT»DELBLXF «PYS5+ 24100

WRITE {MN4.,11003%

WRITE (N4.11!10)

WRITE (N&4.1120%

IF (K24LE+KL) GO TQ 690

NMINIM=K1

GQ TQ 700

NMINI[MsK2

DO 710 K=1+NMINIM

KPLS=K+K2

WRITE (N4a.1130) XBODY {KPLS) « YBODY {KPLS) +BODSLOP{KPLS ) JOELBLX (KPL5)
lUXNEW(KPLS)VYNEW(KPLS)vanDYIK)OYBODY(K)!BODSLOP(K)'DELBLX(K)OXNEW
2K« YNEW (K

NMINI=NMINIM+]

IF (K2+EQeK1) GO TO 730

IF (K24LT+Kl) GO TO 720

WRITE (N4+1140) (XBODY (K1« YBODY (K) +BODSLOP (K )+ DELBLX{K Y ¢ XNEW(K) ¢+ YN
TEWIK s K=NMINL «K2)

GO TG 7306

KST=K2+NMINI]

WRITE (N4+1150) (XBODY (K )« YBODY (K) +BODSLOP (K ) + DELBLX (K } s XNEW (K } s YN
IEW(K Y1 =KST4K]12)

WRITE ({N4+1160)

WRITE (Nas1210) LOOPCOMNVOUTIKK+1}

18K1P=0

WRITE (N4+1220)

WRITE (NA.118B0) (ZIK)+CPRURF (K)sK=] MM}

KCyoLE=LOOP

[F (XK+EQe3d) CALL FORCES {CDF)

CL DEFINED FROM CIRCULATION EXCERPT FOR CYCLES WITH FINE GRID.
WHJCH USE PRESSURE COEFFICIENT INTEGRATION

CLI=CLOUT!IGRID+1 «KCYCLE)

IF (KKEGs3) WRITE (N4+41190) CL1+CMOUT X

IF (KKsNEL3) WRITE (N4+1410) CLI

DO TR0 K=1+100

caLL D1scoT {RPLOT (K1 s XPLOT (K1 e XTEMLO«CPLO+CPLO+—010KOUNT 0« CPRLO
1TI{K+111)

CROPLOTIK 1) ==CPPLOT K. 1)

CALL DISCOT (XPLOT(K )+ XPLOTUI(K )+ XTEMUPyCRUP CPUP+ -0 10+KOUNTUP+0» CPP
1LOT{K+21)

CPPLOT(K+21=—CPPLOT{K2)

NPLOT==2

CALL PLOTH (NPLOT100+50+XPLOT»CPPLOTSPYS424100)

IF (KK+EQe32)Y CALL GRAFIC

IF (KK+EQe3) KPLOT=KPLOT+]

IF (LODP«GT.KWRITI(EK)Y) GO TO 86

ORIGINAL
OF POOR

PAGE 18
QUALITY

A3T90
A3800
A3810
A38B20
A3830
A3B40
A3850
A3B60
A3B870
A3880
A3B90
A39nn
A3310
A3920
A3930
A3940
A3950
A3960
A3970C
A3%80
A3990
A4000
A4QlLD
Ado2o
A40C30
Aanan
AG40S0
A4060
A4070
A4080
A4Q90
A41n0
A4ltO
Adl120
A4l30
Ad140
A4150
A4l60
Aal170
A4180
A4130
A42n0
AAZ10
AQZ220
A4230
A4aza0
A4250
A428C
AARTO
AdZ280
A4290
A4300
A4310
A4320
24330
Ad340
A4350
A4380
A4370
A4380
A4 390
Aa4anQ
A4410
Ad420
A8430
A444D
A4450
Adasn
A4470

45
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WRITE (Na:1230)
WRITE (N4.980)
WRITE (N&,990)
15=1BNDLAY (5)
D0 760 K=1+15

APPENDIX

xXHX=ABNDhAYi3)+FLOAT(K—1)§ABNDLAYlE)

KPLUS=K+IS

760 WRITE {(N4:1000) XXXX«CPEDLY[KPLUS}nBODCURVIKPLUS)vCPBDLY(K)vBODCUQ

770

T80

TI0

BOO

81N

Bz0
B30

BaO
B50

260

arn

880

B0

J00

Q20

1V

COF=0s0

DO 85C INLP1=1.2
IF (INLP1cEQal}
IF (INLP1oEQe2}
WRITE (N&1030)
READ (N3) COMF
DO 770 TNLPZ=I2 KKK
WRITE
YFRAL { INLP2)

XBL (KKK+1 32100

CFRBL (KKK+1 ) =CFRBL (KKK)
GO TO
WRITE (N4:1050)

GO TO 830

WRITE (N4-1060)

CFRBL (KKK+11=00

GO To B3O

WRITE (N&4.1070)

GO TO &30

WRITE (N&4,10B0)

GO To 830

WRITE (Na4s1080)

IF {KK+EGol) GO TO 830

(N4+.1010)
NG 1020)

WRITE
WRITE

(780:790:800+810.:820)s KTYPE

(N4 o F040) XBL(INLPE)vDELBLllNLPE)oTHETBL(!NLPZ?vHBL(!NLPE}nC

1F (KK oEQ o2 v ANDoLOOPNE.KWRIT(2) ) GO TO B850

COMPUTE FRICTIOM DRAG
DO 840 K=1KKK

(APPROX}

CDF:CDF+Go5*tCFPBL(K+1)+CFRBL(K))*(XBL(K+1)—XHL(K))

CONT INUE
LOOP=L00RP+ 1

GO TO 620
CONTINUE

WRITE (Ma,1240)
WRITE {(N4,950)
SUTPUT SUMMARY OF OVERALL

WRITE (N4.1260}
WRITE (Na.1270)
DO Q00 K=1.KSTOP
WRITE (N&4,1280)
WRITE (N4.12390)
KWwRTOUT=KWRIT(K)
DO B90 Kx=1.KWRTOUT
WRITE (Na,1300)
WRITE (N4,1310)
KWRTOUT =KWRTOUT+1

NRMN T TLOUT

[TERATION
CIRAULATION EXCEPT FOR LAST CYCLE)

CONVOUT {32 1) «CONVQUT (3:2)

(CL DEFIMNED FROM

EMyALPABNDLAY(18) . 1BNDLAY (13}

CONVOUT(K .11 CONVOUT (Ks2)

KK« CLOUT (KKK ) s NCYQUT (K« KK
SURGUT (K o KK 1 s SLOWOUT (K s KK)

WRITE (N&.1300C) KWRTDUTtCLOUT(KlKWRTDUT]»NCVOUT(KQKWPTOUT)

1F (CLOUT(1:134GTe950:0) WRITE

IF {CLOUT(KSTOR +KWRTOUT 4L T«990.0)
WRITE [(N4,1370)

IF (KSTOP.L.Te3) KWRTOLT=]

KWRTOUT =KWRTOUT -1

WRITE (N&.1380)1 KWRTOUT

GO TO 920

IF (ICHECK<EQel? WRITE (N4as1320)
IF (1CHECKEQan ) WRITE (N44+1330)
IF (NCASE.FRe IRUNY GO TD 330

REWIND N3
IRUN=TRUN+]
KONTROL =3

GO TO NEXT CASE

(N4 1360)

GO TO 9t0

A44A80
AB4D0
AGSH0
Aa510
248520
A4530
A4S0
Aa550
aa560
A4STO
A4580
AASI0
AA600
AG610
pa620
A4630
AAE40
AAEG0
AL GEN
A46T0
A4680
AGGS0
AATOO
aa710
A4720
A4T730
Ad4740
A4TRD
ALT76D
A4TT0
A4780
A4TO0
A4800
A4B10
A4aB20
A4B830
A4B40
Aa850
A4B50
A4BTO
A4880
A4B90
A4900
A4910
AGSZD
A4930
A4940
AAIRD
84950
LADTD
A4280
A4DID
ASODO
AS010
ABN20
ASO30
A5040
AS0S0
AS060
ASQ7C
ASNBD
ASOOD
AS100
AB1I0
ASLIZD
AS130
AS140
AS1SD
AGLE0
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GO TO 30
TERMINATE PLOT
@30 1F (KPLOT«GTa0}1 CALL CPLOT ((0ea0,)1+5999)
IF (NCASELGTe1) WRITE (Na,1400) KPLOT
caLL EXIT !

240 FORMAT(SF10.0)

Q50 FORMAT (1M1

40 FORMAT [////////////////////SFXGQH********************************
PHAEAEEREERAFRERF XX LR R R ERER/ISXEOHF THE INVISCID=-FLOW /7 BOUND
ZARY-LAYER ITERATION HAS */35X60H* CONVERGED AND THE RESULTS FQ
AR THE FINAL 1TERATION FOLLOW */BSXBOH*****************************
a*i*i*********i*********i*******) R

570 FORMAT{1HI&8HINPUT FOR BOUNDARY L AYER CALCULATION FROM PREVIOUS IN
tvISCID SQLUTION)

980 FORMAT(HOLSX2SH*¥X%¥ UPPER SUHFACE ARREX]OXDSH*FEXR LOWER SURFACE
| FHHEEY

990 FORMAT ( 1HOSH x/Cq!BXoEHCp-12X4HCUQVv]TX2HCP.12X4HCURV)

1000 FORMAT(F6e315X22F154645%12F15.6)

1010 FORMATI(IH]1ZBRUPPER 3SURFACE BOUNDARY LAYFR)

1020 FORMAT (1H12BHLOWER SURFACE BOUNDARY LAYER)}

1030 FORMAT (1HQSH X/ BX +THDELSTAR/ZC » 7% 4+ BHMOMNTM /C4 10X o LHH S 11 X+ ZHCF)

1040 FORMAT(F6.3-F15-5¢F15-&-F]5-3¢E15.3}

1050 FORMAT ( 1HO 1 3HRUN COMBLETED )

1060 FORMAT (1HOL1OHSEPARATION)

1070 FORMAT(IHO21HAAT [S LESS THAN —1e0)

1080 FORMAT(1HOLISHRZ I5 ITMAGINARY )

1090 FORMAT(IHOISHTOR IS NEGATIVE)

1100 FORMAT{1HO93H ADDITION COF BOUND
1ARY LAYER DELSTAR TO AIRFOIL COORDIMNATES)
1110 FORMAT {1HDT112H #re¥# UPPER SURFACE #¥¥¥*
1 EXHXE¥F LOWER SURFACF *¥ed¥)
1120 FORMAT({9HO X-B00DY.i0H ¥-BODYs10H THETAS1LIH DELSTARGH
1 X=NEWs10H Y-NEWs20H ! X—BNDY«10H Y—-BnDY 1 OH
2 THETA«1ILH DELSTARIH ¥~=NEWa 1 OH Y—NEW)

1130 FORMAT(2F10-6.F10-3|3F10.61IOX-ZFIO-éuFlU-JoBFlO-ﬁ)

1140 FORMAT{ TOX s 2F10s6+F 1029 3F 1046}

11580 FORMATIPF1Qe6sF10e3+3F 105

L1560 FORMAT ( 1 HOBSHNOTE THAT THE TRATLING EDGE OF THE EQUIVALENT A[RFOIL
1 15 REDEFINED 50 THAT XsC = 1000 N

1170 FORMAT {1H155HPRESSURE DISTRIBUTION VS EQUIVALENT AIRFOIL COORDINAT
IES//SXoSHX/C'TX-BHY/C-TX-EHCP)

1180 FORMAT(3F10.6) i

1190 FORMAT(1MOSHCL = B eI GXaSHOM = «FS5e3+5X+SHCND = +F7e5)

1200 FoPMnT(////////////////////37x55H*********************************
LTHRXRRLRRRELREF R XX UK RREE/ITHUSEHE THE INVISCID-FLOW ~ BOUNDARY-LAYER
2 ITERATION HAS NOT */37X56H%* CONVERGED AND THE RESWUL.TS FOR ALL 1TE
JQAT]ONS FOLLOW */37x56H**!*********i*i*****i****i******l*********
4***********{**)

1210 FORMAT{IHIZaHINVISCID SOLUTION NUMBER12+10H WITH THE 8B SH GRID)

1220 FORMAT ({ 1HOSSHPRESSURE DISTRIBUTION VS EQUIVALENT AIRFOIL COORDINAT
TES/ABX s IHX/C e TR a3HY Qe TX  2HCP)

1230 FORMAT {1HOGBHINPUT FOR BOUNDARY LAYER CALCULATION FROM PREVIOUS [N
tVYISCID SOLUTION)

1240 FORMATt////////////////////56HUTHE INVISCID-FLOW / BOUNDARY~LAYER
][tFPATIONS WITH THE +A6.10H GRID ARE +AB)

1250 FORMAT (//2BHOTHE GRID IS REFINED FROM A +Afst1H MESH TO A +ABSH M
1ESH])

1260 FORMAT (1HO14H5UMMARY OF RUNL [4v4H FORW15A4)

1270 FORMAT [ 1HOSHMACH =4F5e345% s THALPHA 2 FEe2+5X412HRN X 10E-5 T1FGe2n
19X«s&EHIFIX =413}

1280 FORMAT ( IMOR232HCALCULATIONS USING THE +A6.7H GRID {(+ABs1H))

1290 FDRMAT(1H05HCYCLE.12X-2HEL.1IX-BHNCY-TXollHX/C UPP SEP.a4X s 1LHX,C L
tow SEP/}

1300 FORMAT (14411 X1FSHe3+10Xe13)

131¢ FORMAT (44 X+FSa3¢10XF5323)

1320 FORMAT ¢ THOZ29HONE CALCOMP PLOT IS GEMNERATED)Y

1330 FORMAT { IHO32HFOUR CALCOMP PLOTS ARE GENERATERD)

AS1T70
AS180
AG190
ASZ00
ASZ10
ASZ220
AB230
AS240
ASZSD
ASZEN
as270
AS280
AS290
AB300
AS3t0
AG320
AS330
AS34nN
AS5350
AS360
AS3TO
AS3B0
AS390
AS40N
AS410
ASH20
AS430
ASa440
ASASD
AS4E0D
AS470
ASA4R0
AS4G0
ASSQ0
ASSL0
ASS20
A5530
AS540
ASS50
ASSD80
ABSTO
ABGR0
ASS90
ASEND
ASKLD
ASE20
AS630
ASE40
ASES50
ASBEAKD
ASETO
ASGED
ASE90
ASTOO
astio
ASTZ20
ASTAO
ASTA0
ASTSN
ASTED
ASTT0O
ASTBO
ASTS0
ASBOD
ASB10
ASBZ20
AS830
ASB40
ASBS0
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1340 FORMAT(IHI2AHINVISCID SOLUTION NUMBERsL2410H WITH THE o66.18H GRID
| HAS DIVERGED}Y
1350 FORMAT { 1HO6OHTHE INVISCID-FLOW 7/ BOUNDARY-LAYER {TERATIONS ARE TER

IMINATED)

1360 FORMAT{1HO7&HA NOMINAL BOUNDARY LAYER IS USED TO RESTART THE SOLUT
110N ON THE SECOMD CYCLE)

1370 FORMAT (1HOABHTHE INVISCID SOLUTION DIVERGED ON THE LAST CYCLE)

1380 FORMAT ( JHO9HTHERE ARE«'12:28H CALCOMP PLOTS GENERATED)

1390 FORMAT(15A444HRUN 13} ,

1400 FORMAT(1HM111HA TOTalL OF s12s419 CALCOMP PLOTS ARE GENERATED FOR TH
115 40B)}

1410 FORMAT (1HOSHCL = +F5e3)

END

SUBROUTINE AIRFOL

READS IN DATA FOR AIRFOIL AND MAKES INITIAL GUESS FDOR MAPPING

FUNCTION BY COMPUTING FOURIER COEFFICIENTS

IF ONLY XeoY CDORDINATES ARE PRESCRIBED SMODTHING [S QONE

COMMON PHI(162433).FFP(162.,33)

COMMOMN /B/ AA(10D)YBRI100)

COMMON ~#C/r MoMM oM o N oNNsLL sLP s Ta TMs IMMo IMI o [ToJJSe [ JK T2 ITYPeMXP
1eNS.ucY-TE-PIaRAD-aTD-TPi-DToDRoDELTH.DELR.QA.RAS.QAE.QMmAaenfas.".
EMQQCRlTuCl1CEwC4-C5°C6vC7|BETnEPSILoTCvCLuCHDnALPvALpOoDPHIvXPHl-C
3NuSN-EP»C3$QA7¢RABQQA9QELQXM|X50FSYM»5T|XoYuYMQXAuYAVAOqBG!KpoYQUE
&MOeEEvIDIHoNFCnNMPn[SoNE;NSsN41N5|M4oNQNuNCASE
COMMON FE/ KCYCLEnFNUvFNLqlENDLAY(]3)&AENDLAY(19)uXBODY(162)«YBODY
l{lﬁE)aBODSLOP(lGE)nBGDCURV(BE)nXNEE(]ﬁE)«YNEW(l62)¢CPSURF(162)oCPB
ZDLY(BE!QlGQlDuGR[DcXUpLEIZOJoXUPAQC[20"XLOLE(EO)vXLOARC(ZO}nTITLO
3UTI15)Y

DIMENSTON XXLO(1551 XXUP(155)e SUMLO(155). SUMUP (1551 XXLOT(155)
1e SUMLOTIISS) e XTECUR(33e TECQURII

COMPLEX 2

COMMON A/ A(AO\.B(QO)»C(QG)nD(40}-E(ﬂOIvRHO(40}oRP(ﬂO]eRfﬂl}eR5t4
ll)nﬁlIQI)|SI(lsZ)-CD(léE)aZ(léE)-FM(lﬁE[oPH[R(1621

DIMENSION XX (1}s ¥¥E1)e CIRC(LYs TTC13e D501 TITLE{1S5)e CX(1)e 5
IXe1?Y

COMMON 4G/ SSEAI0)THI310)+UI310).V 3101 W(31014SPI310)

EOUIVALENCE {XXUL)aFPI{1:2))0 tYYI1)aFPI1+45}1 ) (CIRC{1 )sFP{1.933s ¢
LTT(1)eFPILal3)3s (DSCI1+FPL1 17304 (TITLELL)4FP (1ol (CX{1ysFPI(1
2e2111e (SXL1)FPL1:25))

SMODTH(GL «G2e031Q4:05) 206254 {R1+0Q5+4 % (Q2+Q4)+&¥G3)

SMTH(Q1 +Q2:03)=a25# (Q1 +Q2+Q2+03)

DIS(Ql11=(Q1~ERR}I#{ (01 -ERRI* (Q1—ERRI+CONST )

TOL=1E~6& .

CONST=e2

VAL =aHRUN

XT=ABS(TE}

MNMP 15 THE NUMBER OF POINTS IN CIRCLE PLANE FOR FOURIFR SERIES

LC=NMP /2 '

ML =NMP ¥+ |

PILE=PIAFLOATILEC)

1F (KCYCLE=EQal1) GO TO 30

REPLACE COORDINATES wITH NEWLY DEFINED EFFECTIVE INVISCID

AIRFOIL GEOMETRY

NTaFNU+FNL-1 ¢

DO 10 I=NL«NT

XX (I y=XNEWII+1)

10 ¥YilI=YNEW{T+1)

DO 20 1=1.+NU

JE=NP -1

XX (JI=XNEW(T)

20 YY(SI=YNEW(])

EMIN=XX CNL )Y

GD TGO 70

30 WRITE (N4:430)

WRITE {N&4,.520}

REWIND N3

READ {N34500) YITLE

DO 40 1=1:15

40 TITLOUT (I =TITLEC])

ORIGINAL PAGE IS

48 OF POOR QUALITY

ASB60
ASHTO
ASBBO
ASB890
A59S00
ABILI0
A5920
AS930
AS940
ASS50
ASPED
ASOTD
AS9BD -

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmwmmwmm

10
20

40
S0
&0
70
84
20

100

110

120

130

140
150
160

170

180

190

200

210

220

230

240

250

260

270

280

290

300

31N

azo

390

34n

380

260

370

aan

390

400

410

420

430

440

450

460

470

a4nn

490

500

s5t0

520

530

540

550

560



[0

&0

70
80

g0

100

110

170

13an
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READ IN AIRFOIL DATA FROM CARDS

AND STORE ORIGINAL AODY COORDINATFS

READ (N3+510) FNUIFNL+FNCASE

NCASE=FNCASE

1IF (NCASE.LT«l1) NCASE=])

EPSIL=1stl

READ (N3+490)

NT=FNU+FNL—1 »

NL =F ML

NP=NL+1

READ (N3+510) (XX {I)+1=2NLNT)

READ (MN3+S10Y (YY(T)+I=NL«NT)

DO S50 [=MNL«NT

XBony {1+11y=xXX({T}

YREODY (141 3=YY{[)

READ (N3.490)

READ (N3.S51031 (XBODY(I)e«el=1aNL)

READ (N3+510) (YBODY(T)1«1=1+NL]

DO 60 1=l «NL

JENP-1

XX LI =X80DY (1Y,

Yy (21=¥80DY (1)

XMINZ XX (ML)

REWIND N3

DEFINE. SLOPES S0 THAT ARC LENGTHS CAN BE COMPUTED TO FIRST ORDER
DO BO I=1aNT

TH(11=0s

SP(11=0+s

SUM=04.

OO Q0 1=2«NT
DUM:AMAXl(-IE—EOqABS{-S*fTH([)-THtl—l))!!
UP=xX{I)=-XX(]-1)
Ve=YY LTI I—-YY(l—1)
SUM=SUM+SORT (UPRURP+VRAVP I RDUM/SIRM (DUM )
SP{11=5UM

ARC=8PI{NT)

SN=P o /ARC

SCALE= « 25%#ARC

EE=S¥%[1 +—EPSIL)

CO 100 L=1NT
SSILIRACDS (] «=SN¥SP L))
5S(NTY=PI!

CALL SPLIF (INT+SSeXXyUaSPaWel¥Oenl 400
CALL SPLIF (NT 4SS+ Y+WaTTeDSe1a0Des1aC0)
1F (KCYCLE«NEs]1} GO TO 110

KKK=1

UTFME1=U{]1)

VTFMEL=V{1)

UTEMP2=UINT)

VTEMPZ2=V(NT)

COMPUTE SLOPES OF ORIGINAL RODY

GO TO 170

DT=P]/FLOAT(NMP)

ERR=SS(NL)

DUM=NIS {04

FAC=PL1AIDIS(PT Y —DUM)

DO 120 L=1+MC
CIRCILISFAC#H(DISIFLOATI(L-t1*DTYy—DUM}
CALL INTPL (NMPsCIRC «SXeSSaXX1U+SPIaW)
CALL INTPL (NMP A CIRC«CX+a 5SS Y Y Ve FTT 05
SX IMCI=XXINT)

CXAMCI=YY (NT)

00 130 L=2.MC

XX (L)=5X (LY

YY[L)=CX AL}

GRID=6H CRUDE

1F (IGRIDWEQs1) GRID=6HMEDIUM

IF (IGRID+EGs2) GRID=6H FINFE

g v

570
S80
590
&enid
610
&20
&30
640
650
&s0
670
680
690
700
710
720
730
740
750
760
70
780
790
8no
810
820
830
B840
880
860
870
8so
B30
S60
o
220
930
940
950
260
TN
3an
990
81colC
81010
R1020
81030
B10an
B105C
B1060
BLO7O
B1080
81090
Bilod
RL110
Bt120
B1130
R1140
B1150
81160
B1170
BLIBO
B1190
B1200C
B1210
81220
B1230
Bl1240

ITDCINIFPOITIOCTTIIIICTILCICAT TIDDDDIIRATICTIDIIDDDIO®
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140

150
160

170

18o

120

200

210

220

230

240

250

50
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IF (IS.EQ.0} GO TO 1&0D

DO 1S5 SMOOTHING ITERATIONS

DO 160 K=1415

XX (21=SMTHISX (1) eSX(2)135X(3))
¥Y{21I=SMTHICX{1 )+ CX[2YCXt3)

XX ANMP 1=SMTHISX [IMC) o SXINMP ) o SX (NMP—1 )
YYINMP ) =SMTHICX{MC ) s CX INMP ) o CX {INMP—1 1)
DO 140 L=4.NMP

XXAL=1)1=5MOOTH(SX (L=31eSX(L~2)oSX(L=1)45X(L)sSXIL+11Y}
YY(L- L) =SMODTHICK L3 oCXIL—2) e CXIL=1)CXIL) e CX(L+1}}

DO 150 L=2 NMP

SXLi=xX{L?Y

CXILY=YY L)

NT =MC

CALL SPLIF (NTsCIRCoxXelUsSP oWl oDooloOal
CALL SPLIF {(NTaCIRC«YYaVaTTaDSal aDoslelo)
Ui11=5pP (1)

Vi1I=TT (1)

UINT=SPINT)

VINT=TTUINT)

0o 180 L=1sNT

ViL)y==-VIL)

Uit y==uit

COMPUTE SLOPES FROM VELOCITIES
THC(LI=ATANZ(V(t YolUl]1 1))

FAC=1o

DQ 200 1=22«NT

TH{II=ATAN2IVII Y oU(T Y)

CHOOSE NEAREST BRANCH FOR THE ARCTANGENT
IF (ABS{TH{I)=TH{I~11}}aLTslo} GO TO 200
TH{1)=TH{1))=P1#FAC

IF (ABS(TH(I}})eLTsB:3 GO TO 190

IF (FACaLTo0o) CALL EXIT

FACx—~],

GO TO 190

CONT INUE

IF (KCYCLEoNEe1) GO TO 240

IF (KKKaNEal) GO TO 240

STORE ORIGINAL BODY SLOPES USING UNSMOOTHED COORDINATES

DO 210 I=1eNL

J=NP~-| N

BODSLOP(11=2TH(J)I#RAD

TH(H)I=000

BODSLOP (WP} =BODSLOP (1)

DO 220 1=NPoNT

BODSLOP {141 y=TH (] y#RAD

TH(T1)=000

KR =2

DO 230 L=1oNT

VLI =—viL)

ulLy==u(L

Uil )=UuTEMPI

V(1 )I=VTEMPt

UINTI1=UTEMPZ

VINT I=VTEMP?

GO TO 110

IF (ERPSILeGTsla) EPSIL=(THLL 1= (PI+THINT ) )} /PL
IF (KCYCLEeNEsl )} EPSIL=(TRI1)=-(PI[+THINT 1) 1/P]
COMPUTE ARC LENGTH TO FOURTH ORDER ACCURACY
SP{13=0.

SUM=0,

DO 250 [=22.MT

DUM=AMAX1 {1 E-20,ABS (e S®E (TH(I)=TH([~117)1
UPsXX ([ 1=%X{1=1)

VPsYY(l)r=¥Y(I-1)
SUM=SUM+SART (UPRUP+ VP ¥ VP #DUM/S TN (DUM)
SP(1)=SUM

ARC=SP{NT}

SN=2«/ARC

ORIGIN
oF POCR @

B1250
B12&0
81270
B1280
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B1300
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B13ga
B1330
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B8] 380
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B1430
Bl4aad
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B1580
Bl1590
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B16&620
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81640
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B1660
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B1&580
B16%0
81700
B1710
R1720
B173n
B17a0
B1750
B1760
R1T70
B1780
B1790
81800
Bl1810
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B18ao
81850
B18s0
B1870
Bl18ao
B1890
B19n0
81210
B1920
B1930
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SCALF= 4 25%ARC

EE=+5%{1+~EPSTL)

DO 260 L=t»NT

S5(LI=ACOS (] «—SN¥SPIL 1)

S55(NT =PI

CALL SPLIF (NTaSSaTH U s VeWe310ue310w1}
IF (KCYCLESGTel ) GO TO 360

WRITE (N4,S00) TITLE

WRITE (N4,530% IS5

STORE ORIGINAL BODY CURVATURES AND
PRINT OUT DATA ON THE AIRFOILL

WRITE (N4.540)

KKUP=0

KKL0=0

DO 280 L=1«NT

VAL=TH{L )*RAD
SUM=SMEU{L 1 /AMAX] (s 1E-S+SIN{S5(L)) )}

1F (VALsLE+~-90+0) GO TO 270

KKLO=KKLO4+]|

XXLO(KKLO y=XX (L} i
SUMLOIKKLOT=—5UM PR

GO TO 280

KK P =KKLP+1

XXUP {RKUP 3 =X¥ {L}

SUMUP {KKUP ) =-5UM

WRITE (N4+S50) XX (L)a¥YY(LY1SPIL) VAL SUMaVIL TeWiL)
STORE ARC LENGTH Y5 X/C NEAR THE NOSE
ARCLE= (SP{KKLOY+SP(KKLO+1}1/2.

DO 290 L=1+20

LPLS=KKLO+L

LMNS =KKLO+1 -1

XUPLE (L ISXXILPLS)

XUPARC (L) =SPI{LPLS 1~ARCLE
XLOLE (L y=XX (LMNS)

XL, OARC (L) =ARCLE-SP (LMNS)

REORDER LOWER SURFACE CURVATURES OF ORIGINAL BODY
0O 200 L=1+KKLOD

SUMLOT (L 3y =SUMLO (L}

XRLOT (L) =XXLO (L}

DO 310 L=1+KKLO

LM=KKLO—L+!

SUMLO{LM)=SUMLOT{L )

KXLO(LM)=XXL.OT (L)

REDEFINE CURVATURE AT TRE TRAILING EDGE
KUM= KUP-]

KRUM3=RKUP-3

DO 320 L=KKUM3KKUMI]

LM=L=KKUM]+3

XTECUR (LM )I=XXUP {{ } -
TECUR (LMY =SUMUP{L)

caLt DISCOT (140041 a00sXTECURSTECURsTECUR =010 43401 SUMUR (KKUP })
KKLM1 =KKLO=1

KKLMI=KKLO-3

DO 230 L=KKLMIKKL M1

LM=L-KKLM]+3

XTECUR (LMY =XXLOIL)

TECURILMY=SUMLO (L}

CALL DISCOT (140051400 ¢XTECURsTECUR«TECURs—-010213+045UMLOIKKLD)Y )
NCURV=IBNDLAY (S}

INTERPOLATE FOR CURVATURES AT INPUT STATIONS FOR
BOUNDARY [LAYER CALCULATION

DO 380 J=]«NCURYV ,
XCURVEABNDLAY (3)+FLOAT (J-1 ) #ABNDLAY (2}

1F {XCURV.LE«Q0,0001) GO TG 340

caLL DIscoT (XCURY + XCURY ¢ XXLO» SUMLO s SUMLO 2 —0 1D +KKLO 1 04BODCURV (JY )
JPL=J+NCURVY

CALL DI1ScCOT (XCURY « XCURY 2 XXUP «SUMLIP » SUMUP « —0 1 0 +KKUP + 04 BODCURY LUFL
13

H19an
B1950
81960
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81980
B1990
azn0o
p2oL0
B20O20
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R26an
B20s50
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R2070
B2080
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82140
B215n
RATAN
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B2180
82190
p22no
B2210
A2220
82230
B2240
B2250
B2260
B2270
B2280
B2290
B23nN
B2310
B2320
B2330C
B2340
a2asn
82350
B2370
B2380
B2390
a24nd
B2410
B2420
B2a30
B2440
B2450
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B2480
82430
B2500
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B25To
B2580
B2530
B2600
B2610
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370
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390

400

410
420

430

440
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460

470
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GO TO 350
SUMLE={SUMLO (L 1+SUMUP(1)142.
BODCURY ( J y=5UMLE

JBL = S+NCURY

BODCURY ( JPL ) =SUMLE

CONT INUE

WRITE (N4:560) .

MAKE INITIAL GUESS OF ARC LENGTH A4S A FUNCTION OF CIRCLE ANGLE
po 370 1staMC

ANGL=FLOATII=11#PIL.C

CIRC (1 )1=ANGL

CX{T1=COS{ANGL)

SX{I1=STHNTANGL }

Y¥Y(11=te

IF (EEaNF«0s) YY{I1}5(2e-2.#CX(]))I#¥EE
FAC=SIGN{T o +CX (F}WFLOAT(LC-E))
SP{1)1=ACOS(«S*¥FAC)

XX{IV=SCALE® (2.~-FAC)

DO AT MOST 100 [TERATIONS TO FIND THE FOURTER COEFFICIENTS
DO 450 KCY=1+100

CALL INTPL (NMPSPeTTe5SeTHaUs VW)

DO 380 T=1:NMP

TTIII2TTUI 1 =oS5% {1 e+EPSILIRH(PI-CIRC(I} 1+5%P]
COMPUTE THE FIRST NFC FOURIER COEFFICIENTS
DO anN0 [=1sNFC

SUM=0,

FAC=0o

DO 390 L=1.MMP
LT=]14+MOD((L=1#{]~1) s NMP)
SUMSSUM=TT(L)#*CXILT?}
FAC=FACH+TTIL»®SXILTI

BB (1 )=5S5UM/FLOAT(LC)
BACIYRFAC/FLOAT(1.C)

BRT11=.S%BAL]}

BB (NFC )= SHBRI{NFC)

DA=]1 o —EPSTIL-AA{Z2)

AA(2)1=]e—~EPSIL

ENSURE CLOSURE

COMPUTE THE CONJUGATE HARMONIC FUNCTION DS
DO 420 1=1aNMP

SuUM= (1o-ERPSTLI®CX (L)

DO 410 K=3.mWFC
LT=1+MOD (K=} #{]—1) NMP}

SUM=SUMHAA LKIYHOCXILT }+BBIRBSXILT)
DSEII=YYIT)IREXP{SUM)

DSUIMCy=D3 (1)

TTt1)1=006

VAL=.5RPILL

INTEGRATE TC GET NEW ARC LENGTH

DO 430 L=2.MmMC
TTIL)=TTIL=1 )+ VALRIDSILI+DSIL~1))
SCALE=ARCATT (ML}

ERR=D,

DO 440 [=1.NMP

VAL=SCALE®TT (I

DUM=ABS (XX (1 )=VAL)
ERR=AMAX] [ERR s DUMAARC)
SPIIY=ACOS{ 1 a—~SMNEVAL)

XX (1)=VAL

IF (KCYCLE«EQol) WRITE (N4+590) ERRWDA.BB(2)
IF {ERRoLT-TOL}) GO TO 460

CONTINUE

IF (KCYCLESEQol) WRITE (M4«570)

AA (] ¥=ARC

IF (KCYCLE=GTs?!} GO TO 480

WRITE (N4+S80) EPSIL «NMP

DO 470 L=1.NFC

WRITE (MN4+%90) AA(L BB

BB{1 ) )=ALOGISCALE)

RETURN

P2A20
E263n
B2640
RZ&6E0
B2660
B26T0
B2EB0O
B2650
B27n0
B2710
B2720
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B2740
B2750
B2760
RZ2770
g2780
B2790
B2800
BZ2810
B2B20
B2B30
B2840
B2850
B28s0
82870
B28A0
B2890
B2900
82910
B2920
82930
R2940
B29s0
B2960
82970
22980
B29906
B3000
B3010
B83IN20
B3n30
83040
B3050
RB30&0
B3070
B3080
B30%0
B3100
B3110
B3120
B3130
B314d
R3150
B3160
B2170
B3180
83190
83200
B3210
B3z2n
rR3z20
B3z40
83250
83260
B3270
a32a0
R3IZS0
83300
B3310
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490 FORMAT (1HI1}

500 FORMAT (15A4)

510 FORMAT (BF10.01

520 FORMAT ( IHOS2HANALYSIS OF TWO-DIMENSIONAL « TRANSONICs VISCOUS FLOW.
113X +30HPAUL BAVITZs GRUMMAN AEROSPACE/}

530 FORMAT (10HDTHERE ARE+I4.26H SMOOTHING [TERATIONS USEDA)

540 FORMAT (3SHOAIRFCIL COORDINATES AND CURVATURES /ATHO +6X e IHX s 14X 1HY »
19%+ 1 OHARC LENGTHs6X s SHTHETA  TX e SHKAPPA « 1 CX e 2HKP » 1 1 Xy 3HKRPR/ /)

G50 FORMAT (FIZe642F ldafhi+Flde3aFldeb 261443

560 FORMAT (1HD4X «3HERR 414X 2HOA S LAX2HDE/ /)

570 FORMAT (32H FOURIER SERIFS DID NOT CONVERGE)

ER0 FORMAT (34HLMAPPING TO THE INSIDE OF A CIRCLE//3X11HNZ/DSIGMA =

1 SOH (1 /SIGMARRS ) H (1 ~SIGMAT¥X [ —FERS[LI*{EXP (W (STGMA ) )/ /3%y
2 42HWISIGMA)Y = SUMETAINI+IRE(N) I HSIGMA*®E (N=1 13/ /3K THEPSIL =»

2 FS.3220%¥414+25H POINTS AROUND THE CIRCLEA/TX4HAINILOXAHB (M)A /Y
590 FORMAT (3E15+6)

END

BLOCK DATA

COMMON PHI(162:33)1.FP{162+33)

COMMON B/ AAL10N BRI

COMMON 2T/ M.MM.MP.N.NN.LL.LP-I.IM.IMM.!ME.I[.JJ.]K.JK.IZ.ITYP.MxD
1 aNSINEY+TESPITRADSTR,TPI lDT»DQ!DELTHODELQ!QA1‘?&519A2|RA3.F€A“!R&51E
ZMnQCQ!T»C[nCE-C#uCS-C&-C?.BET.EPS]LoTC-CL1CHD¢ALp.ALPO.DDHI-XPH[nC
3N!SN!EPOCB!R“?.RAB!RAQIEL'IXM!XS'FSYM!STOX.Y.YMIxpl!YAQAOUBQ’KDOYQlE
AMOVEE s IDIMeNFC s NMP 2 [S e N2 e NI s Na s NS M4 oNEN

COMMON D/ SF +STZE o ANG s XMAX ¢ YMAX W MOR I YORWFGS1Z

DATA SF;S!ZE1ANGrXMAX.YMAXvXOR:YOR-PGS]Z/I.O--laaﬂ-nlluoll-cC.-a?-
10290/

DATA YR.YAnAO-BO.TEaXM-XPHI.EMO-P:.QAD.ITYD.MxP.IK-JK.NCY.JJ.NRN.I
1I-NFC-NMP.M-N.NS-IDIM/a*o.-—l--3*1..3-1a150265359.57.295?79513-5*0
PaP¥12130+16+300+1604324400415627

DATA ED-ST‘XS.KP-IYqlS-FSYM/O.T-O-ﬁOOOS-l.a-lO-lBO-!Ond.D/

END

SUBROUT INE BNDLAY

COMPUTE BOUNDARY LAYER CHARACTERISTICS AND DEFINE AN EQU I VALENT

[NVISCID AIRFOIL USING THE ORIGINAL AIRFOIL AND THE DISPLACEMENT

THICKNESS

COMMON #C/A TDUMMY {20)sDUMMY (151 EM

COMMON FE/ KCYCLE-FNU»FNL:I{IBJ-A(IQ)oXBODV(lé?)-YBODY(l&?)qBODSLD
lP(]ﬁE)-BDDCURV(BZ)-XNEW[162]oYNEw(162)-CDSURF(léE)uCPBDLY(82)vIGRI
2D.GQID-XUPLEIEOJ.XUPARClEO).XLOLE(EO)-XLDAQC€EO).T1TL0UT(15}.CL0UT
3(3|7);SUPOUT(3¢7)nSLOWOUT(3-7)-CMOUToCPUP(BS)-CPLO(SS)nXTEMUP(BE}o
AXTEMLO{B5 ) +DELBLX (162 ) +sKOUNT s KOUNTUP (LOWGRD « INVD LY

COMMON /F/ XBL(751-DELBL(?S)tTHETBLtTS)oHBL(TS}.CFQBL(TS).KTYDE.KK
1K

DIMENSION [TEMP (13}« ATEMP(19)s 2013y U110 TAD(110)s UFUTI110)
! TFUT(I10)s TANACIIO). TANE(LL1CGYs TANAFUL110) TAMBFUCTIOY VLTI
2y W(110)s WFUT(E107s ROUIL10Y ROLUZ1I10Y AL(2+3)s PL41)s RDC4T T
AXXN({GEIe YYYI61. BBB(AB1y XLAST{41s DELLASTI4 ) COMF (AT7)

FQUIVALENCE (COMF {1 }.XBL (11

N3=3

ROUTINE 15 SET FOR Two CYCLES IN ORDER TO CALCULATE BOTH UPPER AND

LOWFR SURFACE Bs Ls CHARACTERISTICS

NUMBER=?

KSURF=1t

XTRAIL=1«0

W AST(1 =1l

XLAST(2)=1el

NT=FMNU+FNL

N =F NU

NL. =FNL

NL1=NL+1

115=1{(5)

IF (INVDIVeEQsO) GO TCO a0

NOMINAL B L DELSTAR FOR INIT INV S0OL DIVERGENCE

oo 20 J=NL1aNT

1F {XBOOY(J)1+GT«080) G0 TO 10

DELBLX ( J)I=XBONY (J1#0,00312%

ORIGINAL PAGE IS
OF POOR QUALITY

A3320
A333D
B3340
B3350
B3350
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a3380
83390
B3400
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GO TO 20

DELBLX(J):Oo121875*XBDDVIJ}*XBODY(J}—O-191875*XBODY(J}+06078

CONT INUE

DA 30 J=1NL
DELBLX{J)=0.0

WRITE {(N3) COMF

WRITE {N3) COMF

GO TO 134n

STORE INPUT MATRICES FOR USE IN SECOND CYCLE
Do S0 J=zl.13
ITEMP(JI=T ()

Do 60 J=1e19
ATEMP(J)I=A{I)

NORUN=0

KTSTSEP=0

NCOUNT =0

[as1

¥=A{3)

LIMIT=T1(41

FP=)

KKK =1

XBL.(1)Y=0.000
DELBL {1 1=0e000
THETBL{11=0.000

HBL (1120000
CFRBL.(1)=0.000
CONT I NUE

WARN=0,

15=1(5

16=1(6}

I7=117)

I18=11{8B)

t9=z1(%

110=T¢10)

I11=T7411)

RIZ2=1.

RIS=FLCAT(15}
RIAG=FLOATC(I&)

I&l=16+1

1&2=16+2

164z 1644

RM=0a
AY=A[1312(A(12)—1a)

IF (X—-A{31) 230+:90.230
BOUNDARY VALUE INPUT
TEMP=(t o4 oS5H#(AL12)—1 o JFEMBEZ )BH(ALIZI/11~AC12)))
DO 110 U=1.15

IF (KSURF.EQe2) GO TC 100
JPLEJ+]15

PiJ)=sTEMPR (] o+ S5#A{12)#CPBOLY (JPL ) HEMFFZ o)
GO TO 110

PUY=TEMPS (1 0+ oSTA(L2 ) RCPBOLY (J) HEMEH2 5 )
CONT I NUE

IF (!17:EQ:0} GO TO 140
DO 130 J=1.915

IF (KSURF.EQ.2) GO TO 120
JPL=J+15

RO (I=BODCURV(JPL)

GO TO 130

RD (J)y=BODCURV (J)

CONT INUE

GO TO 150

RD(1)=00

Z2(11=0o
PSTAT=CRDIN{(PA(2}oX)

Oo0GooOUDUODUDODI0W0IU00UO00UDI0J0UITUICD0OU0OI0DT0ORTIVD20TF0CI0 jvBlviiv v ibeRvileRviiv e e

360
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390
400
430
azn
4130
440
450
460
470
480
4a5p
5H0
510
sp0
5730
540
L]
560
S7n
580
fak=Te]
&n0
610
620
630
640
650
660
570
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&90
700
710
720
730
740
750
Ta0
770
780
790
800
810
820
830
aan
850
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880
84an
00
910
920
230
40
950
50
970
980
g0
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VOLPDX=SLOPE (P +A(2) s ] {5)«X ) /ORDIN(P-AT2) %)
REZ222 e /LALI2 =12} %(] 4=~DRDIN{(PA(Z )X ) #h (] 2=1/A012) 11}
RE=SGRT(RK2)
REKI=AY¥RK/(1a=aSHACI2)~1 ) HRAKZ)
REKES=RK*RK3/2

RAKA=(1e+RKS)I /(] 2 +RKS/A(13))
TAVO=A(S)¥FRKKZH (| « +RKE)

SYNTHETIC STARTING PROFILE
GZSORTIA(SI* (1 4 +RKS)IAA(T)

T=0.1

TT1=1e—15.¥RKS /16
REzA(4)/TTI /(1 J+tRKSIR*E (L a+A{14))

A=} 4Gk (2 +ALOGIA(GIHGXRE/T )}

TI=(G+-5*8-2.*G**E—O.BTS*B*IE—I-59*5*6]/(1.+[49.—297-*G]/QE)

HI=(G+aS#B )/ TI+4F 4/ RE

TT 2l e~RKS® (Se#¥HI =] s )% (Hl=1a)/ (TaXkH]l=1e1/{2+*HI-14)

IF {ABS(14~TI/T)sLERD200B) GO TO 170

T=T1

GO TO 160

DO 180 J=1.16

YsFLOAT(J)/R16
ULJI=GHRALOG (Y I+ s =+ S¥BX {14 +COS(3414159%Y))
TAULII=(G/Y+1 +STOR*BASIN(IL14ISO*Y) I R¥PR (A )XY ) HXP

IF (YeLEwa2) TAUICII=TAUCYI R (1e—=327%Y¥%)1a6)

IF (YeGTael) TAULIITTAU(IIH] JESBHEXP(~349%Y)
WEJISULJ)RRE / (RKA/AY —a S¥LI{ J ) #¥2¥RKP )
TAUCDIZTAULII /(] o +RKE)

ROULJIZU (I *REKR (1 e+ o SHULJIERKEWIIY)

ROUZ2 (J)Y=ROU{JYRRR*LIC )

Af114A04) IND A(&) ARE REASSIGNED BELOW

Ala1=RA (a1 A1 1/RK¥X (1 +RKE/A(IZ)1¥% (1 +/(A(12)—1a1=ALl4})
RlIIG=1e/R1E

D1=1a—(SesBas ¥ROULT I /RIG+SIMPSNIROUL 14 [6+R1161)/R0OUCTS)

TD:I.—DI-(S./?.*ROUZ(!J/QI&+S[MP5N(QOUE¢1.[609]16))/POUZ!I&)

IF (RKsGT#+063 GO TO 1290
TD=T!

CONT INUE

AC1LI=ALLY/TD/RIG
ALBI=A(11¥RIEX(14—+005-G}
DO 200 J=1,.3

TAU(J)=-25*FLOAT(J1*TAU(J!+(]o--ES*FLOAT(J))*(A(5)+-5*VDLPDX*(I-—-

SH#(AT12)-1a ) #REK2I/RK2/8¢C12)FACHIFFLOAT (U
TTITI=TTI#*T]

DO 210 J=l6t.162

UiJy=RK

TAU(J)y=RK2%1 +0E=-10

wi{J)=RK3

Do 220 J=1s16

Yty =U LS #RK

WA ZU () A {RKY FAY—UC ) *¥%2 /2
TAUCJITTAUCS I RRKZ# (1 +RKSI AT e+ 5¥UtITHW LI} )
ALPHA=(TAU( ] 1¥ [1a+eS*UTEI*W 1 )-TAUOIAATLY
BETA=0.

GO TO 250

MOVES RECENTLY CALCULATED PROFILES INTO OLD PROFILE STORE
DO 240 J=14162 .
WEJy=sUFUT (J)

TAUCJIISTFUTIJ)

TANACJY=TANAFU DY

TANB tJy=TANBFLUI{J}
ROU(JIZUFUT LI 1% (1 o+ SRUFUT (JYRWFUT LI )

WIS =WFUT ()

ROUZ (JI=ROUTIRUFUT L)

CONT INUE

TENT=INT[25%A(6) /A1)

TAU MAX FOR G

IF (IENTsLTe1) IENT=1

DO 27U J=IENTs 16

1IF {(RM=TAU(J)) 260.270.270

pIN1o
nN1G20
1030
D1040
D10S0
Nn1dsn
[nRRsIr Y]
nlnso
01090
pDit1nd
n1110
nolizo
ni13ac
Dl1ia0
Dl1s0
01160
n1170
D118B0
01130
D1200
Dr210
D1220
ftza3o
Dl1240
p1250
nlzan
DI270
D1280
01290
ni3no
ntatn
1320
01330
1340
D1350
01360
ni37zo
N1380C
01390
n1ano
Dl4al10
1420
D1430
D1440

" Diaso

DLaad
Dl1a70
1480
01490
nNisnn
D510

o1s26
51530
D1540
D1550
D1560
nD1s570
n1580
01590
D1600
1610
niezn
D1630
D1640
DiI6BD
D660
D1&670
D1680
D1690
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260
270
280
230
300

312
327

320

34C

350

3o
380

390

400

410

420

a40
480
46c

472
480

490
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RM=TAUJ)

L=d

CONT INUE
RMERMARKHESOAT ({1 o+ o SHUNL Y RW{L 11/ (1 o +8KS )}
IF (x=A{3)) 3BD.2803B0

CONT I NUE

(F ([9-1) 2920:300.310

DIv=0o

G0 To 34C

DIV=1los (X—ORDINIZsAL2) X))}

G0 TO 340

IF (19=2) 3404320330
DIV=CLOPE(Z:sAl2) (S X) FORDINIZ cA(2) X))
GO TO 340

DIVZORDINIZA{21X)

CONT INUE

v ETC FOR FIRST PROFILE

Vi{11=0-

DD 350 J=ile061

Y=1 o400 2SR (UIJHT I+ TSI IHRIWIIHIIFW DY)
V{J+1)=¢urJ+1)#V(JJ—Y*(TAUfJ+t)—TAU(J))-aSH(th+1)+th)>*tTAUtJ+1)

l+TAU(JJ)*Y*(U(J+l]—U(J]]#nﬁ—oZSf(U(J]+U(J+1))**2*&(3]*(VDLPDX*(E¢-
2YHAYAACI2) /1Y =1 ) +D IV Y AU

£O 360 Js1.162

ROU(JI=U L) (1 ot SRULIIEWCSY)

ROUP (JI=ROU(JYFULIY

DO 370 J=1.162

CALL TANCAL (GeAsVadsRMiD U TAUsTANASTANB W}
CONT [ NUE

TAUO=TAUO

K2 INT(40o/ (A{4)#PSTATEA 1 I XSART(TAUCT ) )+1

IF (<oLEelf} GO T9 390

K=16

PK =K
CELTAI=RIS*A{]1)=(~86/A14) /PSTATHPK¥A (1) * (ROUIK)-SGRT ITAUD I /AL1D) 1+

1SIMPSN(ROUsK « [6eA (1)) P/ROULCTIEE)

DELT&Z:R!&*A(I)"DELTA\—(-687»*50RT(TAUO]/&(G]/pSYAT+PK*A(1)*tQOUE(

!K:—ED*ROU(K}*SOPTtTAuO)/n(91+2uﬁTAUO/A19)**2)+51M95NIROUE-Ku15.A(s
21)Y1/7R0UZISL)

H1=NELTAL /DELTAZ
CFR=2.#TAUD/RKZ 7 (1:+RKS)

MOMENTUM [NTEGRAL CHECK
RMAE:QKE/(In*nS*fA(]Z!—la)*QKEJ

IF (x=A{3)) 400+400:410

ORD] =0 GHCFRADEL TAZ® { VDLPOXH (H1+2 0 ~RMAZ 1/ LALI 2y ¥RMAZ =D V)
THETA=DEL T A2

Go TN 420

ORD2= o« SHCFR+DELTAZH (VDLPDXH (H1+2a~RMAZ)/ LACL2I#RMAZ =DV
THETA=THETA+0.5% (ORD1 +0RD2)# XSTEP

OR(1 =0RD2

COMT [NUE

RMAX=0.

IF (TANB(1}) 440,440,430

10=1

GO TO 590

COURANT FRIEDRICHS LEWY XSTEP CRITERION
DO 480 J=1.16

[F (RMAX—TANA{J}) 450:450+460
RMAX=TANA{ JY

GD TO 480

IF {RMAX+TANB(J)) 470:470:480
RMAX=~TANB{ . J}

CONT INUE

XSTEPTA (L] }#A (L) /RMAX

IF (X+XSTEP=(R1S~1+1#A(2)) 490:490+1140
H2-XSTEP¥TANS (11,0 (1}

TORO=TAU{(L )

TOR=TAU(Z ) *H+TAUL1 1 ¥ (1 a~H)

UL=U (2T BHAU (L 1% (1 a=H

ORIGINAL PAGE IS
OF POOR QUALITY

D1700
Dt7n
nizeo
D1730
1740
N1750
D1760
D1770
D1780
D1730
Nni1éno
DIB1O
n18z20
D1830
D1840
N1850
DiBeo
DIa7o
ni18ao
nlacon
D19nD
D1910
D1220
01930
ntsan
D19%0
D10
Nt3I70
D1980
n199o
DZOo0
C2010
D2020
D2030
D2040
D20%0
D20O&D
nDROTH
na2oén
D2090
na2ino
p2110
nz212o
21230
D21a40
p21s0
n216n
oz2170
naien
nz2ton
D2200
02z210
NEZ20
D2230
Dz240
n2250
D2260
n2z270
n2zen
ne2aso
D23nD
nN2310
B2320
02330
D2340
Dz3s0
na23ed
D2370
D2380



5070

S20

530

540
550
360

570

S80

SS90
600
6510
620
630
&40
550
B6H0
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TINT=TOR

UINT=UL

WW oW I23¥HLW 1 3% (1 o-H)

BOUNDARY CONDITION FOR SOLID SURFACE

XXSTEP=X4+XS5TEP

AZ=CRDIN{(P+A {211 XXSTER)

B=AZ**(l e/ A(121=1s)

C=R/tA(I3)1%¥(A-1s)1+1a)

D=ALOG(AUL ) #A(AIKAZHCRE (] 4 +A(14)))1+A(1C)
E=2+/AT13y/70A(LI2)=1)/C

UFUT(11=U(L ) +BETA¥XSTEPRP

F=zwwW*TOR/A(B)
G=(A{1SI+2SIHF=SQRT{({A(15)+sSIXF ) #£242.%TOR/AL(B) )
KPDX2=¥X+a+5*xSTEP
DLPDX=SLOPE(P+AI12)14 [ (512 XPDXZ2)/0RDINIPA(Z) « XPDX2)
T=AY/A{12)%DLPDOX

ROOT=SARTITAUOY
F4=TOR*IUFUT(I}+.5iG*TINT/TOR—U!NT—XSTEP*(—DLPDX*A(lB}*flo-l-/A(12
))/ww+A(BJ*SGRT(TOR)*G/(UL*A(é)*(l.+-5*HJ*A(1}lI)/(—-S*Gi
AAT=ALPHA®A (] }/TAUD

IF {(AAT«LTe-1.01 GO TO 1100
F1=UFUT(1)—-ROOT/A () #* (ALOG(RQOT I+D+FN{AAT })
FS=1e/(1lu=UFUT (]} %%2,/E}

F2=TAUD+ALPHA*A (] )+FA%*F3
F3=DLPDX/C/A(12)+-3*IUFUTCl!**E—U(l1**2)*(2-*F5+1-)/3./X5TEP—ALPHA
F6=1o/(l-+SDRT(l-+ALPHA*A(IJ/TAUQI)
DFlDTW:*-S*UFUT(l)/TAUO*(.S—ALPHA*A(I]/TAUO*F&!/ROOT/A(Q!
DF1DA=—A{1 1/78(F )1 /ROOT*F6

F7=2«%UFUT{1 )/ (E-UFUT (] #®Z2)

DF2DUSFS¥ [TOR/ (—s S¥G)+FA4%F T}
DF3DU=.2*F5§F7*(UFUT(1)**E—Utl)*iEJ/XSTEP+.2*UFUT(l)/XSTEP*(E.*F5+
1]}
DU=(DFIDTW*KF2+A(1:*FB)-F]-DFIDA*FBJ/(lo-DFlDTw*(DF20U+A(1)*DFBDU}
1+DF I DA#DF3IDLY

DA=F3+DF3DUXDY

DTw==-F2-DF2DU*DU-A (1 )*DA

UFUT (1 1=UFUT (1 y+DU

TAUND=TAUOHDTW

IF (TAUD) 52045204530

10=1

GO TO 590

ALLPHA=ALPHA+DA

A1E2=2«*A16)

1F (ABS(DU/UFUT(1)1)1-A(1&)}) S40+340+510

1F (ABS{DTW/TAUDI-A(IE) ) S550.4550+510

1F (ABS{DAZALPHAI-A152Y S560+5604510

WFUT{13=F7
TFUT(I)=(TAUO+ALPHA*AE1)]/(1-+-5*UFUT(1)*WFUT(I)T

IF (ABS(1+=TFFUT{1)/TORO)}-Z2+%A(16)) 58045704570
H:—xSTEP/A(l)*[t(A(lS)—-S)*WFUT(l;*TFUT(!)—SQRT(t(A(lSj+.5i*WFUT(1
1)*TFUT(1))**2+2-*A(B)*TPUT(1)])/UFUT(I)}
UINT=U(2 y#H4U (] 3% LY e—H)

TINT=TAU(Z1#H+TAUT]I 1 ¥ {1a—H)

UL= S* (UINTH+UFUT I )}

TOR= S (TINTH+HTFUT (1))

WWz2 e ¥UL/ (E-UL®¥2)

TORO=TFUTI(1)

—

G0 To 500

10=0

BETA= (UFUT(1)-U(1})/XSTER
NP=0

[F (NCOUNT=1) 600660600

IF (NCOUNT=(NCOUNT/I1(231%[1{21) B10+6604610
1IF ([@~1) 62048604620

IF ((X-EP*A(2)11—A(3)) 6320.620.6540C

1IF (CFR=A(T7)) 650.680+680

EP=FEP+1

NP =1

IF (XeLTs04021 GO TO 870

KrK=KKK+1

02390
02400
p2410
02420
p2430
D2440
pzaso
p24as0
D2a7o
D2480
pzaso
D2500
D2510
D2520
D2530
H2546
D250
D2560
D2570
02580
D2590
D2600
D2610
D2620
D2630
D2640
n2650
na2e6s0
p2670

D2680°

02690
p2700
D2710
p2720
p2730
n27a0
n27so0
D2T60
D2770
D2TBRO
02790
D28no
D2810
D2B20
D2820
n28an
D2850
02860
D2e7o
02880
p2890
D2900
D2910
D2920
D2930
na2sac
D2950
$2960
D2970
D29B0
02990
D3000
03010
D3020
D3036
D3040
D3050
N3NK0
D3g7e
D30BO
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38

&70
[=1-19]

690
700

720
T30

740

730

60

770

780
730

BCO

810

B20C

—
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STORE Be Lo CHARACTERISTICS FOR QUTPRUT
XBL (KKK }=x

DELBL (KKK 1=DELTAL

THETBL (KKK )=DELTAZ

HBL (KKK ) =H1

CFRBL (KKK Y=CFR

CONT INUE

NP=0

IF ¢(10-1) 890:1130.690

IF (NCOUNT-1(2)) 7005114001140
V(l)=—a5*UFUT(l)*A(1)*(TAUO/(A(S)*QKE?(Iu+RK5))—1o)/XSTED

XFUT=X+XSTEP

PSTAT=0RDINIP.AT2)+XFUT)
VDLPDX=5LODE(PoA(2)oIl5)9XFUTJ/OQDiN{PuA(2]qXFUT)
QKE=2u/¢A(!2)*loI*(1u—ORD!N(PoA(EJoXFUT)**(la—lo/ﬁ(lE!)J
RK=SART(RK2)

REIA=AYHRIK /(] o—oS# (A (12)—1 o ) #RKZ )

RKS=zRK¥RK 3,25

REK4=(1a+RKS /(1 0+RES/A(13))

IF (17:EQ.0} GO T 710

RO=0RDIN(RD«A{2) s XFUT)

GO TO 720

RO=Ne

NEW PROFILE CALCULATION
K=p2

DO 820 11=1.2
R=(~XSTERPAAC] ) y#TANS (K)
GO TO {7%0:7401s [1
R=(-XSTEPAA(1 )} *TANA (K]

IF {KoLEINTI(.8"FLOATII(6Y}})) GO TO 780
IF (Ry 770.770.760

UTHNT=RFUV(K+T I+ (Ll o=RIHFUK)
TINT=RATAUIK+1 )+ (1 o ~RI®ETAU(K }
WINT=R#W{K+L 1+ {10 -RIFYWIKD

GO TO 790

UTNT==~R#PU(K=T Y4+ (] o +R Y RU(K)
TINT=—RATAU(K=-1 )+ (1 c+RIFTAU(K)

WINT=-R#Wik~1 I+l o+RIFWIK S

GO TO 790 s

CALL FINT (RaUoWoTAUK LINT o TINT oW INT)
ZK=FLOAT(K)

UL=oSHIUINT+ULIK))

TOR=aSH (TINT+TAU(K ))

[F (TORLTo0o0) GO TO 112D

WW=o ST (WINTH+WIK Y

RR=(ZK+a5#RI*A (1) A6 )

D=RM#GORD [RR)

E=WWH#TOR/A(B Y

THET=D#ww+1.
5!GMA=D+(A(15!+05)*E+50RT(tD+(A(15)+n5)GE!**2+THET*2=*TOR/A(8)l*(—
loyfall

XYZ=4:5

IF (ROaGT 2001 XYZ27,

RO=R0O

DD=RLORDI(RR)

ODF=DD
RICH:Eu*ROﬁDD*UL/SGRT(TOR)ﬁAtﬁ)*tlo+o5*UL*wWJ
DO=DD/ (1 a+XYZHRICH)

IF (DDeL.To2:.#DOFY GO TO 80O

IF (DDeGTo0o) GO TO 810

QD=2 - #*DDF

CONTINUE

AL (115 1 )=TORKTHET

AL{T1:2)1=—oS#51GMA
AL(II»3)=—T]NT%AL(IIeE)-TOR*(UINT*THET+XSTEP*(—T*THET/WW+A(BJ/UL/A
(6)1# (SQRTITOR ) /OD+RMESLOG(RR) ) ¥5 IGMA ) 3

CALL SOLVE (UFUT(K)sTFUTIK)<DET »AL )

IF (DEToEQeGo} GO TO BTO

1F ((TFUT(K)/RKE)nLTo!aOE—IO} TFUTIK }=RK2#t «oE—10

03090
D3100
D3110
t31zo
D3130
D3tao
D3150
D3t1&0
D3170
D3180
D3150
D32p0
D3210
D3220
N322n
D32a0n
D320
03260
D3270
03280
n329n
D33n00
DaA310
D3320
D3330
03340
D3350
B3380
D3370
D3I3sn
03390
D34n00
03410
D3420
03430
D344an
03450
D3460
na&a7o
D3480
D3a%0
bason
Das1o
03s20
03530
03540
D3asse
0D3ss0
D3%70
D3580
03590
D3s00
b3s610
D3620
D3630
n3640
03650
0660
D3670
D3680
D3690
D3a700
n3710
D3720
D3730
03740
n3750
D3760
D3770
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IF (UFUTIK 1+ GTeRK ) UFUT(KISRK

IF (KeLEs(1B~5)) GO TO 830

[E (TFUTIK) )« GTTFUTIK=-11)) TFUT (K }=RK2%1.0E-10
[F (UFUTIK »lL ToUFUT(K—11}) UFUT(K}=RK

830 CONTINUE

wFUT(K]=UFUT(K)/(RKQ/AY—-S*UFUT(K)**EJ
[F (1s=UFUTI{K)/RK~1+0E=-3) 540,850,850

B4O IF (TFUT(K)/RK%¥%2—1.0E=6) 880.850.850

gsn IF (K-1(61y B&D.B&0O.BBO

860 K=K+1

GO TO 730
a70 lisgy=K-1
Go TO 890
ago l1(61=X
B90 I6=1{56)
DIv=0e
IF (1¢(9)) 9304+930.900

Q900 DIVE1s/{X+XSTER=ORDIN(Z«AL{2) 1 XFUT))
TIF [11{9)—=1) 9304930.910

910 DIV=SLOPE{Z.A!2)-1(51~XFUT)/ORD[N12-A(2)oXFUT)

IF (1(9)1«2) 930+930+320
920 DIV=ORDIN(ZL A2 XFUT)
930 I61=1(61+1

162=1161+2

164=116)+4

DO 240 J=161+162

UFUT (J)=RK

WFUT (J)=RK3
940 TFUT(JISRK2#1.0E-10

NEW V

DO 950 J=1al161

Y=l.+.25*tUFUT(J+\)+UFUT!JJ)*<WFUT(J+1)+WFUT(J))

950 V<J+I)=(UFUT(J+1J*V(J)—Y*(TFUT(J+I)—TFUT[J)}S-S*(UFUT(J+I1+WFUT(J)
I]*(TFUT(J+I)+TFUT(J|]*Y*!UFUT£J+])—UFUTIJ))*aS—-ES*(UFUT(J)+UFUT(d
2+1;,&*E*Atl)*CVDLPDx*(l.-Y*AY/A(lE)/(Y—l.))+DIV)}/UFUT(J)

Do 960 Jz=t.162
caLL TANCAL (GaflaVald RM D UFUT s TFUT « TANAF U TANBFU « WFUT }
P60 CONT INUE .
RECALCULATION MEAR SURFACE USING [MPROVED INTERPOLATION
DO 1000 J=2.18
ZJ=FLOAT ()
DO 990 Il1=tas2
R=(—XSTEPAA{]1 11 %0 +5% (TANBFU(JI+TANB(J+1 31
. GO TO (980+97031s 11
970 R:(—XSTEP/A(I!}*0-5*(TANAFU(J)+TANACJ—I)!
980 CALL FINT (RyWVeWaTAU s JaUTNT A TINTWINT Y
UL=D«S*¥ (UINTH+UFUT (1))
TOR=0«SH{TINT+TFUT{J)}
WWZ e SHITWINTH+FWFUT )
RRz(ZJ++SRRIFA(L )74 (6}
D=GORD(RR ) *RM
FoWwtTOR/ACB)
THET=1 e +D¥*WW
SlGMA=D+IA(15}+05)*E+SORT(tD+tA(15)+-5)*E}**2+THET*2.*TOR/A(B}}*(—
11ey%%I1
XYZ=844+5
1F (RO«GTa0s) XYZ=Te
nD=RLORDIRR]
DD:DD/(lo+Eo*XYZ*RO*OD*UL/SORT(TOR)*A(6!*(!o+o5*UL*ww3¥
AL(T1+] )STOR®THET
AL(T112)1=—as5SHSIGMA

[=T=T3] AL([1-3]=—T1NT*AL[II-2)~TOR*(UINT*THET+XSTEP*("T*THET/Ww+A(B)/UL/A

1(6)*tSGRT(TOR)/DD+RM*5LOG(RR!)*SIGMA!)

CALL SOLVE (UFUTIUJ)« TFUT (U »DET 4 AL

WEUT (JI=UFUT L) Z{RICA FAY = o SHUFUT () ¥ %2

cal TANCAL !G-A'V0J|RM|DQUFUTOTFUT!TANAFU.TANBFU!WFUT)
1E (TANAFU(J)sGT o 10+ ¥ %704 GO TO 1110

D37a0
D3730
D3BO0
D3810
D3820
D3830
D3san
3850
D38s50
n3870
D38B0
n3gen
D3%00
D3910
D3920
D3930
nagad
D3950
D39&0
D3970
D3%80
D330
DaAano
D4010
Dagzo
D4030
D4040
D4nsa
5a060
Ppaoto
Caoso
Dan9n
Dalno
0al10

Da120

D4a130
palan
D4150
04160
Dat7o
DAalBO
04190
pazao
pazto
Dazz0
Daz230
D4230
DAZS0
Daz6o
04270
D4280
Da290
Da3no
04310
04320
pa33n
Da3a0
Daiso
D4 360
Da370
4380
D4a39n
DAa4no
Da410
Da4z0n
Da430
Dag4an

a8



1000

1010

1040
1650

1060 UFUT(JI=(UFUT(IS+])*ALOG{1.+.5/R15)dUFUT(IS)*ALOG()o~-5/(P]S+1m]))
1/7ALDG {1 e+l /7R15)

1270

1100
1110

1120

1140
1150

1160

1170
1180

1190

60
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CONT INUE
po 1010 J=1410561
Y=1-+a25*(UFUT(J+1)+UFUT(J]}*(WFUTEJ+!}+WFUT(J)1

V(J+1):IUFUT<J+1)*V(J)-Y*(TFUT(J+1)—TFUT(J))—oﬁ*(WFUT(J+l)fWFUT(J)
1,*(TFUT(J+1)+TFUT:J)}*Y*(UFU11J+11—
2+1))**E*A(lJ*(VDLPDX*(1-—Y*AY/Allz)/[Ynlo))+D!V$}/UFUT(J}

A{SI=TAUC/RK 2/ {1 ¢ +RKS)

DELTA 995 FOR SCALING L AND G

1625=T1(6)/%

DO 1030 J=162%4106

IF (UFUT(J)/RK—e935) L020.1030.1030

L=dJd

RL=FLGOATIL )

CONTINUE
A(61=A{[)*((eggﬁﬁﬁK—UFUT(Ll)/(UFUT(L+1]—UFUT(L)]+QL)
REDUCTION IN NUMBER OF PROFILE POINTS IF REQUIRED
{1 (1(81—LIMIT1 1030,1090.104C

IF (CFR-A(1713) 1090410901050
1tar=INTIFLOAT (I (&) %20 /30

1&1=[{61+1

0O 10B0 J=la161

[S5=3#Jr2

RIS=LOAT(IS)

1F (J=2%(1/2)) 106010701060

TRUT (I =S (TEUTCISI+TFUTLIS+H] )

WFUT {32 BE (WFUT LIS T+WFUT LIS+
TARAFU{JI T oS# (TAMNAFL (IS4 TANAFUCIS+1))
TAMBFU{JIT +S% (TANBFU LIS+ TANBFUCTS+1 )
VIJI=eS¥(VISI+V TS+ )

GO TO 1080

UFUT (JYSUFUTA IS

WFUT LI I=WFUT 115

TFUT{JY=TFUT (IS

TAMAFUL S =TANAFULTS}
TANBFUIJIZTANBFULTSY

VIiJy=viIsy

CONTINUE

ALTY=AL1Y%) eSS

X X+%XESTEP

NCDUNT =NCOUNT+ 1

Go To 80

KTYRPE=3

GO TD 1150

KTYPE=4

Go TO 1150

KTYPE=5S

GO TO 1150

KTYPE=2

KTSTSER=1

GO TO 1150

KTYPF=1

NORUNENORUNY 1

IF (XBLIKKK)«GTeDa15) GO TO 1190
DEEINE DISPLACEMENT THICKMESS TO BE ZERC EVERYWHERE ON GIVEMN
SURFACE IF SEPARATION OCCURS NEAR THE LEADING EDGE
IF (KSURF«EGeZ2} GO TD 1170

Do 1160 J=NLI1«NT

DELBLX (J3y=0s0

SUPQUT ( IGRID+1 +KCYCLE ) =XBL {KKK)

GO TO 1310

DO 1180 J=14NL

DELARLLX{J)=Ce0

SLOWDUT LIGRID+1 sKCYCLE 1= XBL (KKK}

GO TO 1310

1F (KS5URF.FQe2) GO TO 1230 .
INTERPOLATE Fok DELSTAR AT UPPER SURFACE STATIONS WHERE BODY

UFUT(JY )1 ¥ eS=a25% (UFUT (JIHUFUT (S

D44s0
naagn
na4ao
044806
Da4I0
nasan
04510
Das20
D4S30
Dasad
DAasSs50
D4as60
Das7e
basan
nasao
D4600
Das10
Das620
D4630
DaG4an
nasaso
D46H60
04670
D46BN
N4690
pa7Tno
pa7tio
Dav20
pD4730
Ca740
D4a7s0
na760
narT7Tn
Dav750
pa7In
4800
Das1o
nagron
DaB3n
nagan
D4a8sn
Da488s0
naaTo
04880
nas8an
D49n0
na%910
Ca3z20
04930
nagan
NnagR0
naosn
bhagrn
D4980
Da930
[23=Telele]
DSO10
05020
05030
05040
05050
DEOAN
[pialeldy]
DSNBC
DSno90
NS1no
B5110
D5120
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1240

1250
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COORD INATES ARE KNOWN

DO 1220 J=N_1sNT

1F (XBODY (J)«GT o XBL (KKK ) Ga TO 1200

CALL D1SCOT (XBODY(JJ|XBODY(J)oXBLuDELBLqDéLBLo“UQO.KKK.O-DELBLXAI
GO TQ 1210

EXTRAPOLATION AFT OF LAST CALCULATION POINT [S ONLY TEMPORARY

AND 15 CHANGED WHFEM DEFIMING THE EQUIVALENT INVISCID AIRFOIL

caLlL DISCOT (XSODY{J)-XBODY(J)-XBL;DELBL-DELBL;—OlOqKKK.OcDELHLXA)
IF (DELBLXA+GT+0.0251 DELBLXA=0+025

IF (DELBLXASLT+0.000) DELBELXA=0+000

DELELX{J)=DELBLXA

IF (KTSTSERPLEQel) SUPOUT(!GR[D+1-KCYCkE]=XBL(KKKﬁ

XLAST (1 )1=XBL (KKK )—+ 005

XLAST(31=XLAST(1)=001

CALL DISCOT (XLAST(l]cXLAST(])|XBLoDELBL-DELBLo—O&OcKKK.O-DELLAST(
1113

CALL DI1scoT (XLAST(B:-XLAST(3)qXBLqDELBL-DELBL1“040-KKK-O-DELLAST!
131

G0 TO 1310

INTERPOLATE FOR DELSTAR AT LOWER SURFACE STATIONS wWHERE BODY
CODROINATES ARE KMNOWN

IF (KTSTSEP.EQ.Cy GO TO 1240

EXTRAPOLATION AFT OF LAST CALCULATION POINT 13 LINEAR FOR NO
SEPARATICON AND 15 A FUNCTION OF THE CPR DISTRIBUTION OTHERWI]SE
(LOWGRD 15 DEFINED IN GETCP)

SLO@OUT(IGRID+1-KCYCLE)=X8L(KKKJ

IF (LDWGRDSLT«0) GO TO 1280

DO 1270 JzleNL

1F {%XBODY (J1«GT o XBL (KKK} GO TO 1280

CALL DISCOT (XBODY (J ) + XBODY (J )+ XBL « DELBL + DELBL +~04 0 +sKKK 40 +DELBLXA)
GO TO 1260

CALL DIscoT GXEODY(J)-XBODY(J)-XSL-DELBL-DELBL-—UlOoKKK-OqDELBLXA)
IF (DELBLXA«GTe0,025) DELBLXA=04025

IF (DELBLXA«LTa0.000) DELBLXA=0+000C

DELBLX(J)=DELBLXA

IF (KTSTSEPsNEs1) GO TO 1310

XLAST(E)=XBL(KKK)~-005

XLAST(4)=XLAST(Z2)-0=01

CALL DISCOT (XLAST (23 XLAST (211 XBL+ DELBL v DELBL +—040+KKK 40+ DELLASTI
121

CALL DI1SCOT (XLAST (4 1+ XLAST{4)+XBL 1DELBL+DELBL +—04 0 +KKK + 04 DELLAST
la)y

G0 TO 1310

XSEP1=XBL (KKK )-0410

XSEP2=XBL (KKK )-0a08

XSEP32XBL (KKK ) /22 +0:50

XSEPAa=1400

cp1=g.o*tonolmcpanta).xsspl;/Temp-i.o}/n(:ai/(sm**z.i
CP3=2-0*(0RDIN(P-A(2)oxSEP3}/TEMP-I-0)/A(12)/{EM**2.)

CALL DISCOT {XSEP1 » XSEP1 » XBL 1DELEL + DELBL «+ —040 +KKK s 03 YSEP1)

caLL OisceT (XSEP2 « XSEP2 + XBL + DELBL » DELBL + ~04 0 +KKK + 04 YSEPZ)
YSEPI=YSEP1404033% (CP3-CP] )-D+022*% (XSEP3-XSEP 1}
YSEP&=(YSEF1+YSEP3) /240

DELX2=XSEP2-XSEP]

DELX3=XSEP3-XSER1

DELXG=X5EP4—XSEPI

DELY2=YSEP2-YSEP1

DELY3=YSEP3-Y5EP]

DELY4=YSEPa~YSEP1
&POLY=(DELYE*DELXE*DELXG*(XSEpa-XSE93)~DELY3*DELX2*DELX4*(XSEPQ-XS
lEPE]+DELY4*DELX2*DELX3*(XSEPS-XSEPE))/I{XSEPZ**B-XSEPI**z)*DELXB*D
EEqui(XSEPa—XSEPB)-(XSEPS%*E—XSEPI**J)*DELXE*DELX&*(XSEPA-XSEP2)+(
3xSEp4*13-xSEP1**3)*DELX2*DELX3*(XSEPB-XSEPE)!
BPOLY=(DELYJ*DELX2—DELY2*DELX3—APOLY*((XSEPE**S—XSEP!**3)*DELX2—(X
1SEPQ**B—XSEPI**JJ*DELXB})/DELXE/DELXB/(XSEP3-XSEP2)
CPDLY=tDELYZ-BPOLY*DELXZ*tXSEP1+XSEPZ)—ﬂPOLY*(XSEPE**S—XSEPI**B))/
10ELX2

DPOLY=Y5ED1—CPOLY*XSEPl—BPOLY*XSEPL**E—APOLV*XSEPl**3

Do 1300 J=1iNL

D%130
nS140
D51850
03160
DS170
Do180
Nns190
DB200
05210
05220
DE230
DS2a0
DS2%0
ns2ed
DsS270
ns2sn
DS290
Ns300
ns310
D5320
DS330
DS340
D53S0
D5360
05370
05380
D390
DSant
DS4a10
DSaz0
DS430
D5440
035450
05460
5470

- DS480

DSAGO
05500
DS510
Dss5z20
Dss30
05540
NS55%0
DSS&0
DSST0
DS580
0S59@
Bséso
DS610
5620
05630
DS&640
DS&50
D5650
DSET0
DS5&80
05690
DST700
DS710
ns720
DS57T30
DsTal
DSs750
DS760
DsT70
nS780
Ds7T90
DS8Q0
ns810
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[al
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1F (XBODY(J)«GTXSERPZ) GO TD 1290

caLL CISCOT {XBODY(J 11 XBODY (J} +XBL+DELBLDELBL «~04G KKK 2 0 «DELBL XA)
GO TO 1300

DELBLXA=APOL Y*XBODY { J) ##3+BPOLY#XBODY 1 J) ##2+CPOLY #XBODY ( J )1 +DPOLY
DELBLX { J)=DELBLXA

COMT INUE

KSURF=2

0o 1320 J=1413

1L =1TEMPI)

GO 1330 J=1.19

ALJY=ATEMP (J)Y

WRITE (N3} COMF

EITHER REPEAT Be Lo CALCULATIONS FOR OTHER SURFACE OR DEF INE
EQUIVALENT INVISTID AIRFOIL IF BOTH SURFACES ARE COMPLETE

IF (NORUN=NUMBER} 704134051340

DO 1350 J=1.NT

ANG=BODSLOP(J)¥3:14152/180+0

XNEW (J)=XBODY (JI+DELALX ( I ESTNLANG)

YNEW (J)=YBODY {2 —DELBLX {J) #*COSTANG)

IF (MLAST(131eGT+1+0Y GO TO 1450

DEFINE DELSTAR AFT OF LAST CALCULATION POINY ON UPPER SURFACE TO
MAINTAIN SLOPE OF EAQUIY INY AIRF CONSTANT FROM LAST CALC POINT TO
THE TRAILING EDGE

JJda=ENLL

IF (XBODY{JJJ)oGToXLAST(1)Y) GO TO 1370

FNSCNNNES|

GO TO 1360

ISURF=1

[STRT1=JJJ-5

IFNSHI=JJJ

1STRT2=JJJ

TFNSH2=NT

TINDX=6-JJJ

DO 1390 J=1STRT1 . IFMSHI

JM=T ENDX~J* t—1 Y X% I SURF

XA {IM1=XBODY I J)

YY¥Y(UMI=YBODY (L)

BBR(JMI=ACDSLOP ()

HKLST=XLAST( [ HBURF }

XLSTM=XLAST{ISURF+2)

CALL OISCOT (XLSTeXLSTXXXsYYYaYYYa—030+4620YLST)

CALL DISCOT {XLSTMsXLSTM e XXX s ¥YYY eY¥Ys=030:5404YLSTM)

CALL DISCOT (XLSTeXLST (XXX 1 BBB+1EBB::=~030+56:0:BL5T)

CALL DISCOT (XLSTMXLETM XXX +BBER+BRR+=~030:6:0-BLSTM)
ANG=RL.ST#3.141589/180,0

XLST=XLST+DELLAST {1 SURFI#SIN(ANG)
YLST=YLST-DELLAST [ [ SURF ) ¥COS{ANG)

ANGE=BLSTM¥3:14193/180.0

XLSTMEXLSTM+DELLAST{ ISURF+2)#SINIANG)
YLSTM=YLSTM=DELLAST{ ISURF+2 } ¥C0S (ANG)
SEPSLOP=(YLST-YLSTM )/ (XLST~XLSTM}

Do 1400 J=1STRT2. [FNSH2

ANG=EODSLOP (J)1¥3+14159/18B0.0

DELBLXA=(YBODY (J)—YLST4+SEPSLOP* tXLST-XBOOY 1 J) ) 1/ {SEPSLOP*SINIANG )+
COSTANG )

IF {DELBLXA«GTa0a025)1 DELBLXA=0025

IF (DELBLXAcLT+04000} DELALXA=C00D

DELBELX(J)Y=DFLBL XA

ANFEW L 2)=XBODY { I +DELBLX I N #SINIANG)

YNEW( 3y =¥YBODY () -DELBLX(II#COS (ANG)

[F (ISURF.GTel) GO TO 1440

[F (XLAST(21sGTe1403) GO TO 1440

SIMILARLY DEFINE DELSTAR ON LOWER SURFACE 1F PRES DIST WARRANTS IT
Jdi=1

1IF (XBODY(JJJ)aLTeXLAST(2)) GO TO 1430

NNNENNEEY

GO TO 1420

pD5820
D5830
D5840
D5850
D5860
DSBT0
DS880
ns890
nse00
h&910
Da%920
D5930
D5940
DS9I50
DS960
05970
Ds980
DS990
[61:Telst0]
DE0IO
06020
D&EO30
benao
D&s0%0
D&060
C&o7o
o&e080
D&O20
De100
Nn&11o
D&l120
D610
Nn&140
D&6150
D&1&0
nel7o
D&180
N&190
D&EZ200
nea21o
D&eZ20
D6&230
D&E24D
6230
ne2s0
06270
De280
06290
D6300
D6310
D&320
D&330
D&6340
6350
D&360
D6370
D&3BO
ne3IS0N
D640
05410
06420
D430
D6E44O
Daasn
Dsasln
D64AT0
D6480
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TSURF=2

[F (JJSeEQal)y 2J2=2

ISTRTI=JJJ=1

IFNSHI= )0 +4

ISTRTZ2=1

IFNSHZ2=JJJ-1

ITINDX=Jd245

GO TO 1380

REDEFINE THE TRAILING EDGE COORDINATES OF EQUIV INV AIRF SO THAT
THE LAST X/C 15 1#0 ON BOTH SURFACES
NTMS=NT-5

DO 1450 J=NTMSNT

IM=J=NT+&

XXX MY =XNEW ( J)

YYyY (IMI=YNEW ()}

CALL DEISCOT (XTRAIL s XTRAIL + XXX e ¥¥Y s YYY e =03G+5+0YTRAIL}
XNEW(NT 1=xTHALL

YNEW(NT y=¥YTRAIL

NLMS=NL-5

DO 1460 J=N MS.NL

IM=J=NL S

HEX(CIM)=XNEW ()

YYY 4L JIMy=yNEW (S

CALL DISCOT (XTRAIL«XTRAIL a XXX YY¥Ya¥YYY =030 6D «YTRAIL)
KNEWINL ) =XTRATL

YNEW(NL )=YTRATL

RETURN

END

SUBROUTINE BOTH

COMMON PHI[162+33)«FP(1682¢33

COMMON /By AACLDOD)+EBI{0DY

COMMON ACr MaMMaMP oMy NN LUy LPal s IMy IMMa IMI3 T 0vJda [KeJK [Z2 [TYP MXP
ToaNSGNCY+TEsP I +RAD+ TP+ TP yOT+DR4CELTHADELRWRAWRAS RAZ «RAZ RALGWRASE
EMIBCRITAC LA C2¢CasCHaCE1CTIBETAERPSIL « TCoCLACHDsALP + ALPOWDPHI v XPH1 . C
SNV SN+ERP A CE 1 RATRAB Y RAD+EL s XMy XS5 s FSYMaST e Xars YMa XA s YA AQ+BOWKP s YRAE

4MOEE« IDIMyNFC o MNMP s IS+N2 N3 N4 NS s M4 L MRN
COMPLEX Z

COMMON /Ar A(aO)-BIAOJ-C(4O}‘D(QO)QE(AD).RHO(4OJuPPlad}.R(4l)!95(4

113 eRIT41 19511 1621+COL1E23¢Z(1B21sFMI162)PHIR(1I62)
DIMENSION XY (2)
EQUIVALENCE (XY (1).2(11)
PF=1a/X
DELR=X¥DELR
DELTH=X*DELTH
DR=PF#*DR
DT=PF*DT
RA3=PF*¥RA3J
RAG=PF#PFARAQ
RAG=PF %RAS
NCY=0
ME =MM+ 1
CALL PERMUT (ReNMat )

CALL PERMUT (RSsMN«) )

CALL PERMUT (RI+NN+1)

CALL PERMUT (COsMP+I
CALL PERMUT (ST+MP.1)

CALL PERMUT {(PHIR«MP.1)
CALL PERMUT (Z.MP.2)

CALL PERMUT [XY{Z2}+MP+2)

CALL PERMUT (FMsMP.1)

00 10 L=14NN
CALE PERMUT (FRPIl+L}sMPel1
CALL PERMUT (PHItl«L)vMP (1)
DO 20 L=1.+MP

mmoAaMMmMmMMmMMOIMmMMMMI MMmMMMmMMAMMMMMmMMAMMMMMmMm

350
360

63
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CALL PERMUT (FP (L]l )aNNoIDIM)

CALL PERMUT (PHI(Ls1)oNNaIDIM}

MM=M+1 -

ME=MM+ 1

LL=MP /2

LP=LL+2

IF (XsEQueoS) GO TO 70,

DO 30 L=1.Ms2

DO 30 J=1sNNe2
PHS{L+10J)1=o5H(PHI{LJY4PHI(L+25J) )

DO 40 J2] N2

00 40 L=1 .MM

PHI (L s J+1 )5S (PHT (L J}+PHI (Lo d+2))

DO SO K=1 4NN

FRI2.K)=FP{MP+K}

PHI (MP K )=PHI(2:K 1+DPHI

Do 60 L=1.MP

BA=FLCAT (=1 )%DT

coLI=Cos(8a)

S51{LI=SINIRG)

CaLL COS!Y

RETURN

NN=N+ 1

DO BO K=1 NN

FPIMP X ISFPL{2sK)

PHI{MPsK)=PHE (2K 1+0DPHL

COIMPy=C0{2)

SL(MPy=SE{2)

PHIR(MP)=PHIR(2)1+TP

RETURN

END

SUBROUT INE CONVER (ICHECK«KCYCLE +MCL 922 CRPSURFsNCY)
CHECK FOR CONVERGENCE OF INVISCID=FLOW/BOUNDARY-LAYER ITERATION
COMPLEX Z

DIMENSION CPSURF(162): CPROLD{162), Z(1621s X(182)
MPLUS =M+

[F KCYCLE EQ } JUST DREFINE OLD VALUES FOR COMPARISGN ON NEXT CYCLE
IF (KCYGLE.EGa1} GO TO 3¢

[CHECK =1

NEY LE 20 INDICATES CONVERGENCE

IF (NCYoLE«20) GO TO 50

THE CL AND EVERAY CP REPEATING WITHIN A SPECIFIED TOLERANCE
INDICATES CONVERGENCE

DELTACL=ABS{CL~CLOLD)

IF (DELTACL.GT.0,02) GO TO 30

DO 10 L= .MPLUS

XILYy=REAL (Z{L.y)

DO 20 L=2:M

SLOPEI = { (CPSURF (L} =CPSURF{L~11}3/IX{L)-XI{L—1)})#%2
SLOPE2= ({CPSURF (L Y-CPSURF(L+1 1)/ (XL I-X{L+1}))#*2
SLOPE3={{CPOLD LI -CPROLDIL-1 73/ (XL =X =13} %%2
SLOPE4={ {CPOLDILY~CPOLDTL+1 1)/ (X L ywX L+ )1 %%2
SLOPEM=AMAX] (S1.0PE1 +SLOPEZ2«SLOPE2 « SLOPE4 )
TEST=U:CO0S*#SLOPEM+0D.025
DELTACP=ABS (CRSURF (L) ~CPOLD (L 1)

[F (DELTACR.GTLTEST)Y GO TO 30

CONT INUE
SLOPEL=ABS(ICPSURF (1) ~CPSURE(2)1/{XL11=X {21}
SLOPE2=ABS ([ {CRSURF (M} -CPSURF IMPLUS I )/ (X {M}-X(MPLUS)})
SLOPE3=ABS((CPOLD{1 ) =CPOLDI{Z 1 (X (1)=X(2) )
SLOPE4=ABS ( (CPOLD (M) ~CPOLD (MPLUS 1)/ [X{MI=XIMPLUS) })
TESLOP1 = ({SLLOPE1+SLOPEZ2) /201 ¥%2

TESLOP2= ({SLOPE3+SLOPEA /2.0 ) %52

SLOPEM=AMAXTI (TESLOP] 4 TESLOP2)

TEST=UDUOSE SLOPEM+ 0025
DELTACP=ABS (CPSURF (1 )~CPOLD (1))

IF (DELTACP.LETEST} GO TO S0

FCHECK =D .

DO 40 L=1.MPLUS

ORIGINAL PAGE IS
OF POOR QUALITY
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CPROLDIILI=CPSURF (L)

cLoLp=CL

RETURN

EMD

SUBROUTINE 051

COMMON PHI(162+433)sFP (162423

COMMON B~/ AAC1001,BRILOD)

COMMON ~C” MoMMoMPoNuNNQLLinI]![MoIMMq[M3alllJJQIKIJK!iZtITYP-MXp
1’N5|NCY!TEOPIvRADoTP-TPIuDTon-DELTHoDELRaRAoQAS-QAEqQAB-RAQ.RAS.E
2M|OCQ]T!C1-CZtC41C51C6-C708ETtEpSILuTCqCLqCHDnAquﬂLpO|DPHI-XPH!.C
3N'SN!E¢'C3!RA7DHABORAQIELIXMOXSOFSVM'STOXIY‘YMQXAQYAO&O.BO!KPOYR!E
4M0ofE|[DIM!NFC.NMPQ]54NE»N3QNQ¢N5|M4-NRN

COMPLEX Z

COMMON /A / A(dO)uB(ﬂﬂ}-CtﬂO)1D(4O)oE(40]qRHO(AO}.PP(&O]QQ(4]}.RS(#
11)191(&1)OS](152)lCO(IﬁE)to!éE)|FM(162)'pHIQ(]62}

DO 17 L=1aM

X=Cco{L)

CO(LI=X*CN=-51 (L)*5N

ST =S T UL IHCNEXHSN

CALL INIT

RETURN

END

SUBROUTINE CPLOT (XN}

COMMON 7D/ SE+ 5175 « ANG s XMAX « YMAX « XOR s YORWFPGS1Z

DIMENSTION X(2)

CHANGE RELATIVE MOVEMENTS TQ ABSOLUTE TNCHRFES

XKX=XDR+SF%X (11

YY=YOR+SF®X12)

CHECK TO SEE IF WE ARE WITHIN THE PAGE

1F ((XX-LT-O-).OQ.(YV-LT-O.)-OQ-(XX-GT-XMAX}-OQ.fYY-GTqYMAX)) Ge T
1o 20

CALL PLOT (XXa¥Y.IABSINIY
IF (NeGTa0l RETURN
XOR=XX

YOR=VYY

RETURN

IF {M«LTaC) GO TO 20

XX=AMAX] (Os v AMINL (XX +«XMAX))

YY=AMAX1 (D4 AMINT (YYaYMAX D))

GO TO 10
GO TO NEXT PAGE

XOR=0w

YOR=—30

CALL PLOT (PGS51Z4+UasN)

RETURNM

ENMD

5UBROUTINE CRUDER

DOUBLES THE MESH S1ZF

COMMON PHI(162+33)12FP 1162433

COMMDN 7B/ AA(IUC1.BB{100)

COMMON AC/ M!MM'MD!N’NN!LLILP![!]M!IMMIEMBC[[.JJI]K.JK!IZ![TYp‘MXP
1!NS!NCY!TE&F]OPAD!TP.TP]|DT!DR!DELTH|DELR!RAORASQQAECQA3IQA“|RA51E
aMlOCRlT!Ll!CZ!CQlC5vC60C7;BETOEPSILvTCoCLqCHD!ALpunLPO|DPH1OXPH]1C
3N15N|EPOC3aQA7|QA8|QA91EL.XM1XSOFSYM!5TQXQY0YMQKAuVA‘AGcBOcquYRvE
4MO|EEO1D]M|NFC|NMPQIS!NZ-NQQNQ1N5-M4|NQN

COMPLEX Z

COMMON FAY A(QO).B(QO)-C(QO)ODCQD]05(40)-QHO(QO}.QP(QO).R(G])cQS(4
ll}CR][41}.S](162cho{lﬁz)IZ(162]0FM{162)QPHIQ(162)

xX=eD

M=Ms2

N=M/7

11=11/2+1

Ja=JJds2+1

cALL BOTH

RETURN

END

SUBROUT INE CSYMBL (XsNsL)

COMMON /D7 SF!S]ZE|ANG|XMAX;VMAXvXDR-YORcPGSIZ

DIMENSION X (2)

DOOQACOONOOOOOON OO LU B B B |

LLLﬂﬁu___HdH______m",H—IzIIIIIIIII:111111111111

380
390
400
410
420-
10
20
a0
40
50
&0
76
a0
o0
100
110
120
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1a0
150
160
170
180-
10
a0
30
a0
=0
60
70
80
90
100
110
120
130
140
150
160
10
180
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CHANGE RELATIVE MDVEMENTS TO ABSOLUTE INCHES
KA=XOR+SFEX 1Y

YY=YOR4+SFXX(2)

CHECK TO SEE IF WE ARE WI!THIN THE PAGE

1F ((XXBLTGOai.ORe(YYOLT.OlIDDRQ(XX@GT@XMAX’UGR::fYYuGTeYMAX)) RETU
LRAN .

CALL SYMBOL (XXe¥YYaSIZEMN.ANGsL )

RETURN

END

SUBROUT INE DISCOT (HAsZAsTABXATABY « TABZ o NCoNY o NZ s ANS)
INTERPOLATION AND EXTRAPOLATION ROUT INE
DIMENSION TABX(2)s TABY{2): TABZ (2} NPX LBl NPY(BYe YY(8)
CALL UMNS (NCeIA»IDXsIDZyIMS)

1IF {NZ=1) 1010020

CALL DISSER [XA«TABX11)c1yMYalDXoNN)
NKN= T DX+

CALL LAGRAN (XA TABX(NN)TABY (MN) sNNN:ANS)
GO TQ 120

ZARG=ZA

IPIX=1DX+1

IP17=1DZ+1

IF (1A} 30+50.30

1F {(ZARG-TABZ(NI)Y) S0«30.40

ZARG=TABZINZ?

CALL DISSER {ZARG.TABZ({13+1 1 NZeTDZMNRZY
NX=NYANZ

NPZL=NPZ+1D2

1=1

IF (1MS) 60+60.B0

CALL DISSER [XA«TABX{131a] «NXaIDXsNPX(1))

DD 70 JJ=NPZNPZL

NPY (1 )1={JJ=1 Y NX+NRX{1)

NPX (] J=NPX (1)

[=1+1
GO TO Q0
DO 90 JJUSNPZWNPZL

TS (JJ=1 1 ¥NX+ T

CALL DISSER (XAeTABX(1):I1SaNX DX aNPXIL) )
NEY{Ty=NPX (1)

I=1+1

0g 110 LL=1+1P1Z

NLOC=NPX (L)

NLOCY=NPY [LL)

CALL LAGRAN (XASsTABX(NLOC)sTABY(NLOCY}I+IPLIXaYY (LL))
CALL. LAGRAN {(ZARG-TABZ(NPZ}a¥YY (1) [P1Z1ANS)
RE TURN

END

SUBROUTINE DISSER (XAsTAB: ] eNXo 1DoNPX )
DIMENSTION TAB(2)

NPT [D+1

NPB=NPT/2

NPU=NPT —-NPB

IF (NX=NPT) 20,10.20

NP x=1

RE TURMN

NLOwW=1+NPB

NUPP =] +NX- {NPU+1)

BO 30 I1=NLOWANUPP

NLOC=11

IF (TAB(II}-XA)} 30440+40

CONT INUE

NP X=NUPP-NPE + 1

RETURN

NLL=NL_QC~NPB

NU=NL_+1D

00 B0 JJsNL 4N

NDIS=Ju

IF (TAB(JJ)-TAB(JJ+1 1) S50:60.50
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CONT [ NUE

NP X =NL

RETURN

[F (TABINDIS)-xA) BC.T0.70

NPX=NO[S~-ID

RETURN

NPRX=NC IS5+

RETURN

END

SUBROUTINE FINT (ReU«WoTadrA4B+C)

DIMENSION U110 TC110)s Will0)

Cl1=1e=-RE%2

CE2=0aSH {R*¥2+R)

CA=0+S* {R*¥X2-R)

ASCI#ULEJIHC2FULTI+] P+ CIHUI-1)

BaC1#T (I} +C2#T (J+1 1 +C3*T LU~

C=ClIHW{1+C2¥WIJ+] 1 +CI*WII-1)

RETURN

END

FUNCTTION FN (2)

A=SART{1e+2)

FN=2« % {ALOG(2a/ (1 s+A))+A-10)

RETURMN

END

SUBROUT INE FORCES (CDF)

COMPUTE LIFTs DRAGs AND PITCHING MOMENT COEFFICIENTS BY
INTEGRATING THE PRESSURE DISTRIBUTION

COMMON /E/ KCVCLE.FNU.FNL.IBNDLAYt13)-ABNDLAY<19>.XBODV(1621-YBDDY
1{162)oBDDSLOP(]62)-BCDCURV(BE)-XNEw(162]»YNEW(I&E]tCPSUQF(léEJ.CPB
EDLY(BE)-!GR]D-GQID-XUDLE<EO)1XUDARC¢2O)-XLOLE(ZO).XLOARC(EO).T[TLO
3uT!15>»CLDUT¢2.7).SUPOUT(3.7)-5L0wouT(3.?).CMOUT.CPUP(8%1.CPLO(BE)
QaXTEMUP(BE)-XTEMLO{BE)-DFLBLX(162)-KOUMT.KOUNTUP'LOWGRD.INVDIV
COMMON Z/C/ MaMMaME N oMNeLL LRl [Ms ITMM, IMAG T T e I UK T2 ITYPMxXP
1-N5.NCV-TE-PI-RAD-TP.TDI.DT.DR-DELTH.DELQ.RA.QAS.QAE.HAa.QAa.RAE-E
EM-ccanucl.CZocq.Cﬁ.ce.cv.BET.EDSIL-TC.CL.CHD.ALp.nLPo.DPHI.poI-C
3N-5N.EP.cs-QAT.RA&.QAQ.EL.xm.xb-FSVM.ST.x.Y.YM.xA.YA.AQ.Bo.KP.YQ.E
GMOCEE ¢ [DIMaNFC o NMP 3 [SaM2 2832 NG e NS 2 M4 s MRN S MCASE

DIMENS[ON XTMB(101 vy YTME(101)s XTMNI101 ). XBMN(IEZ s YBN{16Z231s £PA
IN(LeZ2)

MU=FNU

NUMT =NU-—1

ML =F ML

MM =NL-1

TRANGFER PRESSURE DISTRIBUTION FRAOM SURFACE OF EQUIVALENT

INVISCID AIRFOIL TO ACTUAL AIRFOIL FOR COMPUTATION COF FORCES

DO 10 K=1 sKOUNT

IF (XTEMLO(K)«LEsXNEWINLML)} GO TO 1D

KSTOPL=K—1

Go TO 20

CONT [NUE

DO 30 K=1eNLMI

XTMB (K 1=XBODY (K}

YTMB (K y=¥BODY (K3 .

XTMN (K ) =XNEW (K )

0O 40 K=14KSTOPL

KMNS=KSTOPL+2-K

caLL Di1scoT thEMLD(K)oXTEMLO(K)-XTMNoXTME.XTMB-—030-NLM1-O-XBN(KM
1NS))

CALL DISCOT lxaN(KMNsa.xBNtKMNss-XTMB.YTMB.YTMB.~030-NLM1.0-YBN:KM
INSY)

CPBNI{KMNS 1=CPLO{K)

XBN (] 1=XBODY (NL )

YEN(11=YB0DY (NL}

CPBN (I )=CRLO(KOUNT)

DO S0 K=14NUMIL

KPLS=K+NL

KTMB (K ) =XBODY [KPLS)

YTMR (K } =YBODY (KPLS5}
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XTMNI{K }=XNEW(KRLS)

00 70 K=1.KOUNTUP
KPLS=K+KSTOPL+1

IF (XTEMUP (Ko LEoXTMNINUML )) GO TO &0

KSTOPU=K-|

GO TO 8O

CALL DIscoT (XTEMUP(K)«XTEMUP(KJeXTMN-xTMB-XTMB-—OJOeNUMloOvXBN(KP
LSy

CALL DISCOT (XBN(KPLS)oXBN(KPLS)uXTMBuYTMB-YTME-—GSC.NUM[cOoYBN(KP
1LS)Y )

CPBN (KPLS }=CPUP (K}

KTOT=KSTOPU+KSTORL+1

XAN(KTOT+1 1=XxBODY (NU+NL }

YBNIKTOT+]1 =YHODY (NU+NL)

CREN(KTOT+1 y=CPUP (KOUNTUR)

CLP=0.0

COP=0oD

CMP=04s0

INTEGRATE PRESSURE DISTRIBUTION

DO 90 K=].KTOT

DX=XBN(K+] )-XBN{K }

DY=¥YBNI{K+1)=YBNI(K)

XAVE=Co 5% (XBN(K+1 Y+ XAN (K ) }

YAVE=D25# (YBN(K+1 1+YBN(K )

CRA=QSH*ICPBNIK+] 1+CPENIK)Y )

DCL==CPARDX

DCD=CPRA®DY

DCM=DCO#YAVE-DCL# {XAVE—s 25

CLP=CLP+DCL

COP=CDP+DCD

CMP=CMP+DCM

CORRECT FOR BASE PRESSURE ANDC FRICTION DRAG

CDT=CDP+CDF+CPBNf1)*fYBNtl)—VBNfKTOT+1:;

ALPHA=ALP/RAD

ADJUST COEFFICIENTS FOR ANGLE OF ATTACK

COC=COTHLOSCALPHA ) +CLP#S INCALPHA )
CLC=CLP#COS (ALPHA ) -CDT#S5IN(ALFHA )

CLOUTCTGRID+1 «KCYCLE)=CLC

CMOUT=CMP

X=CpDC

RETURN

END

SUBROUTINE GETCP

COMPUTE PRESSURE COEFFICIENTS

COMMON PHI (162433)4FB(162:33)

COMMON /B/ AA(100).BR(100)

COMMON 2C/ MoMM-MP»NqNNqLL-LP»IvIMu]MM-IM3qIIoJJo!K-JK»[ZuLEYPoMXP
1-NS,NCY-TE»P[-QAD-quTP[.DT.DRuDELTH.DELR.QAoRAS.QAe.RA3.aA4.RA5.E
EMuOCRIT-CIvCEeCQqCEnC&uC?.BET-EPS[L-TC.CL-CHDvALPvALDOuDPHlqXPH[oC
3N|SNnEPuCBoRA?.QABoQAQ-ELqXMoXb1FSYMnST-X.YwYMoonYAaAO-BOuKD'YR-E
AMO-EEo[D]MoNFCuNMPg!S-NZoNEuNﬂ~N5cM4|NRN

COMMON /E / KCYCLE-FNUoFNL-IBNDLAY:]B)-ABNDLAY(IQ)-XBODY(162)~YBODY
1(IéZ)vBODSLOP(162)nBODCURVfBE)-XNEW(]&E}.YNEW(162).CPSUQF(1621¢CPE
EDLY(EE)sIGR]DoGR[DoXUPLE(EO)nXUPAQC(ZO)aXLOLEtBO)oXLOARC(ZD]oT]TLO
3UTr15:.CLouTr3.?).supourta.?)vSLowouTtE»T>.CMOUT.CPUD(85).CPLO(SE)
4-XTEMUP(85&nXTEMLOIBEJ.DELBLX(162).KOUNT-KOUNTUﬂ-LGwGQD-[NVDIV

COMPLEX Z *

COMMON  ~4a/ ntao;oB(AO).ctaO).Dtam).E{qo)-RHO(do;.Rpfaom‘Qtat:.Qsta
11).91{41)«51(162).C0tl62).2(16?).PM(!62)uPHIQr162)

INTEGER &A

COMPLEX CLUDRTMPC1eZER ¢ CEXP

DIMENSION QGS(I3s XFIT(39, YELITU3)

EQUIVALEMNCE (QSC1YaPHIR {1}

CPQ(O)=C5*<AMAXIroa.ca—C5#O)**C?-l.J

IF CINVDIVeEGD) GO TO 20

DO 10 L=l eMm

CPBURF (L1=0,0

CLOUTUIGRID+] +kKCYCLE 12995,

RETURN
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LLL=MM=M 80+1

LLLMESLLL -1

LLLME=LLL-2

JAr=M4u0

NN =3 NINNE S

JIadPa=JJ0J+2

DO 30 L=JIJP1sLLLM]

Uz (PHI{L+1411-PHI{L—1+1 1} ¥DELTH=5T1 (L)

QS (L= CURLIIAFR L1}

CPSURFILISCPRIGS L)Y

DEFINE CP AT THE TRAILILING EDGE BY CONSIDERING THE GRADIENTS IN
THE CP DISTRIBUTION NEAR THE Ts Ea RATHER THAN AVERAGING THE UPPER
AMND LOWER CP AT THE ROINTS JUST FORWARD OF THE Te Es
TESLOPU=¢CPSURF(LLLM1}—CDSUQF(LLLle)/{REAL(F(LLLMI))—REAL(Z(LLLMZ
L
TESLOPL:(CPSURF(JJJPl)—CPSUQF(JJJP?})/[REAL(Z(JJJPL))—REAL(Z(JJJDZ
LR

IF (TESLOPLGT«240) GO TO 60

LOWGRE=-1

DD A0 L=2sJdJd

U=(PH1(L+1-I)—PH!(L—lnl))*DELTH—SIIh)

GSIL)={UXLIY/FP(La1)

CPSURF (LI=CPRIQS (L)

00 50 L=LLL«MM
CQSUQF(L)=CPSUQF€LLLM1)+TESLOPU*(REAL(Z(L))—REAL(Z(LLLMI)l)
OS(L)=(C4—(CPSUQF(L)/C5+1-)**(1-/C7))/C6
CRASURF {1 y=CPRSURF (MM}

QS (1)=05 (MM}

GO TO 160

LOWGRO=1
CPTEu=CPSURFtLLLMl)+TESLOPU*(HEAL(Z(MM)T—PEhL(Z(LLLM!l))
CPTEL=CPSURF{JJJDI)+TESLOPL*[REAL(Z(1)}-REAL(Z[JJJPI]))

IF (CPTEU-CPTEL ) 701004130

DO BN L=1+JuJ
CpsuﬁF(L)=CPSURF[JJJP1}+TESLOPL*(RFAL[Z(L))-QEAL[Z(JJJPl1))
OS(L]=(C4—(CPSUQF[L}/C5+[-1**(1-/C7]}/C6
KETIT(LISREALAZ (LLLMZ )

XFEITI2¥=RFAL (Z(LLLML )

XEIT(3 Y y=REAL(Z {1 )

YEIT{1Y=CPSURF (LLLM2)

YFI1T(2)FCPSURF (LLLEME D

YFIT(3)1=CPRURF (1}

DO 90 L =LLEL MM

XLOOK=REAL ¢ Z (L)

CALL DIScCOT (XLOOK-XLODK.XFITvYFIT.YF]T-—OEO-E-D.CPSURFtL)1
OS(L]=(C4~(CPSURF(L]/C5+[ol**(l-/C??)/Cé

GO TO 160

DO 110 L=laJud
CPSUQF(L)=CPSURF(JJJPL)+TESLODL*(QEAL(Z(L1)—PFAL(Z(JJJPI)!)
OS(L):(C4—(CPSURF(L)/C5+!.}**(1./C7)}/C6

0O 120 L=LLL MM
CpsuﬂFCL)=CPSUQF(LLLM11+TE5LOPU*IQEAL(Z(L))*REAL(Z(LLLMI}))
OS(L):tCﬂ—(CPSUHF(L]/C5+1-)**(1-/C7))/C6

GO TD 160

DO 140 LL=LLL +MM
CPSURF(L):CPSURF(LLLMI}+YESLOPU*(REAL(Z(L?)-REAL(Z(LLLMI)1>
QS{L)=(C4—<CDSUQF(L)/C5+l-)**i1-/c7])/C&
XFIT&l!=REALtZ[JJJP2))

¥FITI2I=2REAL(ZLJIIPL))

XKF1T(3)Y=REAL (Z(MM))

YF[T(1)=CPSURF(JJJDE)

YFIT{21=CPSURF (JJJIRL)

YF1T(3)=CPSURF (MM)

nao 150 L=1+JJJ

XLOOK=REAL (ZIL})

caLlL DISCOT (xLOOK.KLDOK-KFIT'YFITqYFITn—OEDqS-U'CPSURF(L))
GS(L]=(C4—(CP5URF(L)/C5+L.}**(1-/C7))/C6

caLL PHIRR

RETURN

END
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SUBROUTINE GOPLOT (M)
INITIATE PLOT

CALL CALCOMP

CALL LFEROY

RETURN

EMND

FUNCTICN GORD (Z)
IF (Z-063) 10.20:20
GODRD=17,5#7##%1 .86
GO TO S50

IF (Z=o89) 30,40440

GORD=90:F%Z~4%.75
GO TO S0
GORD=1B7#Z+14 .85
RETURN

END

FUNCTION GRAD (FRaHo 1A IR.NY

DIMENSION FR(110)

IF (N=14) 20410420

G=(—] e #FRIIA+21+4 «¥FR{ITA+1 )3 ¥FRITAY) /{2 #H)

GO TO %0

IF (N=IB) 40+304+a0

G=(3a#FR{IBI=G *FR(IB~1)1+FR(IB=2)1- (2 %H)

GO TO 50

GE{FRIN+II-FR{N=1 )/ (2aHH}

GRAD=G

RETURN

END .

SUBROUT INE GRAFIC

COMMON PHI{1582:33):FP1162+33)

COMMON #B/ AALLIUC)HI+BBRI1COY

COMMON #C/ MaMMiMP aN NNl L sLP el v [Ma IMMy IM3. [ 1)y IKWJK G [Za [ TYPqMXP
1 aNSeNCYSsTEAP T sRADSTPAaTPIWDTaORAVOELTHADELR sRALZRAS+RAZWRA3 s RA4 4 RASE
PMeQCRIToC1eC2eCasC5vCOEICTIBEToEPSILsTCoCL o CHD 2 ALPALPODPHI ¢+ XPH 1T+ C
3MNeSNeEP LA RAT 1 RABRADIEL s XM e X B o FSEYMiSTaX e Y a¥YMe XA« YA AQBGsKP W YRWE
GMC+EES IDIMiNFC iNMP s [Sa N2 N3 o NG NSy M4 s NRN

COMMON /E/ KCYCLE oFNUGFNLy IENDLAY{I3) ABNDLAY [19) o« XBODY ({162} YBODY
1{162)BODRSLOP(1&21+.BODCURVIBZ2) e XNEW (1 62) ¢« YNEW(1562) «CPSURF {1621« CPRB
POLY(B21-IGRIDWGRIDXUPLE {201 « XUPARC (20)+ XLOLE (20 ) o XLOARC (20), TITLOD
BUT LS )« CLOUT I3 7)o SUROUT I 7 )4 SLOWOUT L3 a7 ), CMOUT

COMPLEX Z

COMMON AR/ AL4D) Bl4ADC{40) +DIaD I+ E{4D}-RAHDIG0DIRP (401, RI41 1:R5{4a
1135RI{41 131 (1621sCO{I621:Z(16E) -FM(LIE2)sPHIRILIAZEY

COMMOM /Ds SFoSIZEAMG ¥EMAN s YMAX v XORSYORPGSLZ

DATA NPLOTWPF ERF o SCF/0o=cSa 70045/
PE(Q)=CESEIAMAXL (Qo s CA=-CERGYRHFLCT=161)

INITIATE PLOT OR GO TO NEXT PAGE

[F (NPLOToEQaCY CALL GOPLOT (NAN)

IF (NPLOTaGTa0) CALL CPLOT ((13s4=124)+—3)

NPLOT=1

MOVE THE ORIGIN TO THE LQCATION X=0esCPz=0p

CALL CPLOT (CMPLX (24 oEPF)—-3)

PLOT CP CURVE AS A FUNCTIOMN OF X

CPF=1e¢/FPF

CCR=CPF#CPSURF (1)

CALL CPLOT (CMPLX{SCF¥REALIZIL1)}«CCP) )

DO 10 L=2,Mm

TEMPCP=CPSURF (L)

IF (TEMPCRPL Ta=3:2) TEMPCP=-=3s2

CCP=CPFETEMPCP

CALL CPLOT (CMPLX(SCF*REALIZIL YY) +CCP2)

DRAw AND LABEL CP-AXIS

ANG=9D e

CALL XYAXES {({-459¢00)s343550¢PF}

ANG=0ao

COMPUTE AND PLOT CRITICAL SPEED

YMX=CRF®PE(QCRIT)

51Z2E=.28

CALL CSYMBL (CMPLX{~6eSeYMX)11S5e—-1}
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S5[Z2E=e14 -

CALL CSYMBL ({~1s2:1S)+¢1HCs1)

CALL C3SYMBL {({-105sled4)1s1HP 1
YOR=1«%

LABEL THE PLOT

SF=1.

S51ZE=e11

CLI=CLOUT{IGRID+1 +KCYCLE)

EMCODE (60¢20+A8) NRN«CLY +CMOUT X
CALL CSYMBL ((DeQy=1e01+A60}
EMCODE (60+3048) IBMNDLAY(13) sNCYJEP»MN
CALL CSYMBL ({(0ale—1 +51+A:601)
ENCODE (60+4004) TITLOUT

CALL CSYMBL ((-Dals+Bad):1A+60)
EMNCODE (80+50+4) EMcALPABNDLAY (1 8)
CALL CEYMBL ((0sCaTeF)1+8:601

RE TURN

FORMAT (EMRUN = 2 1344X+5HCL = +FSa3+4X+aSHCM = FSe32d4X+SHCD = sF7e
151

FORMAT (THIFIX = +1214X+6HNCY = 2 I3+9XeSHEP = WF3eZ+OEXaHHMXN = 413
TaiHxa12)

FORMAT (15A4)

FORMAT {(7HMACH 7 sF8.35X+8HALPHA = 3sF5e¢2+SX¢13HRN X 10E-6 = sFHe2
11

END

SUBROUTINE INIT

COMMON PHTI (162433 12FP {16233

COMMON AB/ AA L1000 WBBRLID0DY

COMMON /C/ MaMMaMP N oNNsLLsLP 1o ITMy IMMa IMAG 1T+ dd s IKa UK 12 [TYRMXE
L aNG eNCY s TE«R [ aRADs TR TP T DT DRI DELTHDIFLIR A RAVRAS W RAZCRAZRA4ZRAGWE
EM-OCP[Tﬁcl1C20C4|C5-C6-C7-BFTlEPS[LoTC-CLnCHDﬂﬂLPoALPUtDPHI'XPH[!C
3Nv5N0EpIC3!RA79QAB|QA9|EL0XMvXSuFSYMtST-XOY!YM.X“qYAOAO.BO!Kp0YD1E
AMO+EE s IDIMaNFC alNMP s 1S s N2 s N3 s NG« NS+ M& « NEN

COMPLEX Z

COMMON 7A/ A(ADI+B{A0 I C 401 +sDI4CI+F (a0 1+RHC AN -RP (AN, B4l YR504
111+RI{41 14511162 1COE621420162)1«FMI1B6214PHIRILIB2)

coMp =002y

CO(MMY=COC(1)

51 (Mmy=51 (11

S51(mMP1=51(2)

ALPO=ALP

CN=COS{ALP+ABR (1))

Sh=SINTALP+BE (L 1)

caLt PHIRR

RETURN

END

SUBROUTINE INTPL (NX e D[ aF e SaFsFPWFPPFPER)

GIVEN S5eF(S) AND THE FIRST THREE DERIVATIVEZ AT A SET OF POINTS
FIND FI1(S1) AT THE NX VALUES OF S1 BY EVALUATING THE TAYLOR SERIES
OBTAINED BY USING THE FIRST THREE DERIVATIVES

OIMENSTION STCL3y FELLDr St13s Filys FPRUL)y FPPLYs FRPPR(])

DATA PT/e333333333333373/ ’

J=0

Do 30 1=14NX

VAL=Os

55=514(1)

J=J+)

TT=5(4)-55

[F (FLOAT{J-1)%TT) 10+30.20

J=Ju—-1

S6=8S~50.0)

VALSSS# (FP(J)+eSESTH IFPP L) +SS*PTREPPP () ) )

FECII=F {1+ val

RFETHRN

END
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[ et}
110
1zo0
130
tan
150
ten
170
180
120
200
210-
10
20
30
40
=0
a0
70

=T
100
110
120
130
1460
150N
160
170
180
tan-
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SUBROUT INE LAGRAN (XAsXaY+NsANG)
DIMENSION X(2)1s Y(Z2)

5uUM=0.0

DG 20 1=1.N

PROD=Y {1

00 20 JUS1sN

a=x(y=X{J)

IF (Ay 1020410

B=(xA-X{J)11/A

PROD=PRODH*B

P0OCONT INUE
30 SUM=S5UMEPROD

| %e}

20

30
a0
S0

&0

ANS=SUM

RETURN

END

SURAROUT INE MAP

SuUM UP FOURIER SERIES To OBTAIN FIRST GUESS

COMMON PHI(1I62:331:FFP 1152433

COMMON 7BY AA(1D0)1-8RBCLOG:

COMMOMN 7T/ MGMM‘MP-NqNNnLLan!l![MGIMM|IM30[[1JJQ[KIJKQ[Z»[TYP.MXP
lINScNCYoTElp]lRADQTp»Tp[ODTQDQHQELTH\DELQtQﬂvRASyRﬂZQQA3sQA4|PA51E
AMeOCRIT+Cl o G290 CH1CHaCTsBETIEPSIL 4 TCCLaCHD s ALPWALPOWDPHIWXPH T A C
3Nl5N|EP¢C31QA7.RﬁB!QA9lFLuXM!XS!FSYM-STlXoYtYMuXAvYAoAQ.HQuKP:VQ.E
AMOSFE e IDIMaNFC o NMP o [S1 M2 o N3 o NE s NS o Mg o NAN

COMPLEX Z

COMMON  AA/ AL40)sBlAD)eC(40) D40 E(40aRHO(40)+RPI40YR{4]1)R5(4
111aRIT4114S101621eC0O1H2)14Z(16R)FMITE2)YPHIRILIGE)

DATA TOLAloF—12/

no 50 J=1eoN

RN=R{J)

DO 10 KK=Z4NFC

AIKKITAA (KK ) #RN

NIKKI=RR{KK ) #RN

IF (RNOLE-TOL)Y GO TO 20

RN=R (J)¥RN
KK =NFC

DO an =] MM

S=BR11Y

DO 30 K=2KK
LT=1+MOD{(iK=]1 12 {L~1) M)

S5=S+A(KIRCOILTI+D(KI#ST(LT)

FPR{LsJ1=5

FRI{MPs JI=FR(Z200)

DC &0 L=l .MP

Z{LY=(Doe00 )

FP{LsNN)=De

CALL MAP1

RETURN

END

SUBROUTINE MAP)

COMPLEX TMP.CEXPsTTZERONE

COMMON PHI{162.33)«FP{162433)

COMMON B/ AA{]DOD)Y:BBR{100}

COMMON /C/ MaMMeMP oN NNl sLP ol o [Me IMM IMA 11 0 dJ o IKJK 2o ITYP s MXP
1 eNSoNCY'TESsPIoRAD e TP TRI« DT +DRADELTHIDELR «RAJRAS I RAZ+RAZ s RAG4RASWE
PMIACRIT e C I+ L2 A CB A CR LT BETaEPSIL « TC+ Clo s CHD WAL P+ ALPOWDPHI o XPHI o C
ANt SNIEP s CIoRAT 1 RAB RAT 1 EL o XM XS4 FSYM ST e Mo ¥ e YMa XA YA AN BLKR s YR E
GMOsEEs IDIMaNFC yNMP ¢ 1Sy N2 N3 aNA s NS Ma « NRMN

COMMON YE/ KCYCLE
COMPLEX Z
COMMON AA/ A{40):R{40)sC(40)+:DI40)+E(40)RHO(40) RP(40)RI411sRS(4
L11sRIT41)151(1621eC0L162)19Z(162)+FM162)PHIRIIBE)

DIMENSION XY {Z)

COMMON /G/ SS(3101:THIZ1Q1.U(310)« V(3101w (3101 5P (2101

EGUIVALENCE (XY (1) TMP)

DATA ZERWONEA 1Doc90e)oefllesDa)/

DO MAPRING

SN=2a/0A(1)

W

P A A A AT AT T A A A R e AR N A E I A A A R S A A S A I T KX XXX XKXEEE ELE X &£ £ €€ =

0
20
an
a{y
S0
&0
T0
8¢
Q0
loo
110
120,
130
140
150~
10
20
30
40
S0
&0
70
an
i)
1NG
110
1z2n
130
lan
150
160
170
tAn
15¢
206
210
22n
230
240
250
260
270
280
290
3p0
310
3z0
330
340-
10
20
30
40
50
&0
70
80

tno
110
120
130
140
15a
160
170
18O
190
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IF (KCYCLESEGs1) WRITE (N2.70)}
CALL MAP2

FIND SLOPES AT EQUALLY SPACED POINTS 1IN THE CIRCLE PLANE
SPiMMy=P]

CALL INTPL (MM SPFMaSSsTHyUs VW)
COMPUTE ANGLE OF ZERO LIFT
S=aSHIFM(] J+FM (MM )

0O 10 L=24M

S=S+FMIL )

BB{1 15— («S*¥P 1 +S/FLOAT (M))
S=-BB (1 1*RAD

IF (KCYCLESEGe1) WRITE (N2s50) $Ss+8Q
COMPUTE DS

N0 20 L=1yMm

FMIL)Y=FM{L)+P!

A=FP(L~1})
ZLy=Q*CEXP({Dyen] sV ¥FMIL))
FPILs1)=0%Q

FR(MPs1)1=FP(241)

ZIMPY=Z(2)

TMP=7ER

S=0,

Q=0s

RO=N .

DO 30 L=1+MM
TT=TMP+«S*¥DTH(Z(L+13+Z (L })
ZILI=TMP

TMP=TT

S=AMINL (SaXY (L))

Q=AMINL (GaXY12))
BE=AMAX 1 (BRXY(21)

FPAILsNNI=1

TC=¢a-BA1/5

CHO==-1a/5

DO 40 L=1+MM

Z L) TONE+CHD*Z (1)

IF (KCYCLE«EGal} WRITE [N2+60) TC
CN=COS (BB (L 1+ALP)
SMN=SIN(BB (1 1+ALP)

RETURN

FORMAT [21HOANGLE QF ZERO LIFT =FF.517Xs 22HOUTER MARC ING RADIUWS =F
157

FORMAT (32H THE THICKNESS TO CHORD RATIO [5+FGaed /)

FORMAT (IHO+SX+SHDEL Sa8Xs3HREL PN+ 3HS AL «Bx4HWID) )

END

SUBRDUTIME MAPZ

COMMON PHI (162+23)4FP 16233

coMMON /By AACIODBRIIND)

COoMMON 7Cr M!MM!MPQN;NN'LLQLD![u[Mv]MMn[MB.[[»JJ!IK‘JK‘[ZI]TYD.MXP
loNS-NCV!TF!PIOQADuTDqTP]uQTqDQlDELTHﬂﬂFLQqQAnQﬂSQQAE|QA309AQ-QA5qE
RMqﬁCRIT!Cl-CEQCQvCEIC6!C71BFT!EPSIL~TC-CL-CHO'ALDQALPOGDPH[-XDHIQC
3NOSN1EPOC3vQA71QQB'QQQOEL1XM|vaFSYMv5TnXoYQYMQXA!YA-ﬂOqHO-KP.Yﬁuf
AMOZEE s [DIMaNFC o NMPy 1S e N2 A NI o NGNS e Ma s NRN

COMMON ZE/7 KCYCLF

COMPLEX 7

COMMON A4/ A(#O)-B(QO]lC(40)vD(43)oEf4ﬂ)lQHO(ﬂO)»QﬁIQO)OQ(QI)-RS(Q
II]1R[<41)!51(162]0CO(]52}!2(!62}!FM(]52)0DH]Q(162)

DIMFNSICON SPOL Y

COMMOMN  /G/ 55(310)!TH(BIOI!UESIO).V(alﬂltW(JlO}OSP(3]O)

EQUIVALENCE {5PQ(13y+Z2(821)

EE=,=5*(1e=~FRP51L)

AQ=1 «+FPSI1L

[M=N/7+]

COMPUTE ARS(1-SIGMA #¥ (1 -FPSIL)

oo 10 L=1aM

FM{L1=1%

MM N AN NN NN MNRNMNNNNNM <K (<€A €L AL LI AL L L L L L L

200
210
220
23N
2a0
250
260
270
280
290
300
310
320
33n
340
350
380
370
380
3agoe
490
410
420
430
440
450
460
470
ago
490
500
Sl0
520
530
540
850
Q&N
_7C
al=1al
zon
[<1ale]
510
620
630
640
£50.
Ean-
10
20

a0
&0
18]
70
80
an
1n0
110
120
13c
140
150
160
170
1RO
190
20n
210

73
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0
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PHIR(L Y= {2 a=20¥C0 (L) 1 #¥FE
PHIR (MM =1,

Do AT MOST NS CYCLES

no 1720 K=1NS

XR="aq

YR=De

¥=Co

comPUTE DS AND FIND THE MEAN VALUE OF FP AT R=,5
DO 20 Lxla.M

XRsXR4FP L 1M)

SO (LI=EXP (FP (L.1 7 }4PHIRIL)
XR=XRAFLOAT (M1
SP{MM)=5P1(1)

BQ=N,

COMPUTE ARC LENGTH AT EQUALLY SPACED RPOINTS IN CIRCLE PLANE

00 30 L=1.M
AL =B+ SFDTH(SPIL+1I+SP LY}

sPL=Ra
BO=AalL.
SP (MM =BG

Bo=AA{] Y/AL

BQ 1S THE RATIQ OF ARC LENGTH BASED ON gEAN IN COORDINATES TC THE

ARC LENGTH COMPUTED IN THE CIRCLE PLANE
IF tKoeNEal) GO TO SO

DO 40 L=1sMM

SPO (L ¥=BRFESP L)

D0 60 L1 oMM

SET PP AT INFINITY TO MEAN VALUE TO ENSURE ANALYTICITY THERE

FP{LoNN}I=XR
SCALE ARC LENGTH TO TRUE ARL LENGTH
SP(L1=BRH#*5P (L)

COMPUTE MAXIMUM CHANGE [N ARC LENGTH AT EQUALLY SPACEDN POTNTS

AL =8P (L 1~-5SPAL)
X=AMAX]1{X,ABS{AL))

UPDATE ARC LENGTH AT EOQUALLY SPACED BOINTS IN THE CIRCLE PLANE

SPOCL y=SPO L y+XMFAL

COMPUTE T(S) SINCE SPLINF FIT USES T AS INDEPEMNDENT VARIABLE

SP(_1=ACQS (1 e~SNE#SPO (L))
NORMAL [ZE X
X=xsAAC01

cOMPUTE KAPPA AT THE POINTS CORRESPONDING TO seaiL)

CALL INTPL (MeSPaFMeSSalUyVaeWsZ)
DO 70 IL=2+M
FMILY=SN#FMIL)ASINISP L))

CONT TNUE

COMPUTE KAPPA%ABS (1-SIGMA#¥LL-EPSILY AT THE TAIL

FM{MMI=ocGH#{FMI2I*PHIRI2)+FM (M) #ERIR (M)}

i=2

DO POINT RELAXATION

CALL MAP3

Do 80 J=1eoMNN

FRPIMP JI=FPI{2:U)

DO G0 173.MM

CALL ™MAPRT

DO 100 J=1eN

FRI1JISFP MM, )

IF (RCYCLEGNE-1} GO TO 116

IF {MODIK~1+KP}eEQaC) WRITE (NZ2+170) YR X BQA W XR
CHFECK FQR CONVERGENCE

IF (AMAX] (YReX1LTaSTY GO TO 130

CONT INUE

NCY=K

NOW COMPUTE MAP FUNCTION

DO 150 L=1sM

DO 140 J=2W
Q=EXP(FP(L0J)—X§)*(Iu+Q5(JJ—23*Q(J]*CO(L])**EE

[N SR N N NI SO NI VO NI I S R o I I B B B B PN NN NN NNNANNNNNN PO M RN NN NN NN N NN

220
230
240
250
260
27n
28n
290
3ann
3o
3zo
336
340
asn
3&a0
370
380
390
ann
450
anrn
430
840
450
460
470
480
430
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
aTo
6580
690
700
70
720
T30
740
750
760
770
780
790
ang
81c¢
a0
830
840
850
a60
B70
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150

160

170
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FRIL «J)=0%Q
FPIL+1)=PHIR(L}*EXPIFP (L1 -X%R)
FP{LANNI=14

CONT INUE

DO 180 J=1+NM

FPIMMsJI=FP{1+J)

FPiMP, Jy=FP{2.J)

COMPUTE OQUTER MAPPRING RADIUS
Be=EXP (XR}

RETURN

FORMAT (2E12¢342F12451
END
SUBROUT INE MAP3

00 POINT RELAXATION-FOR LAPLACES EQUATION 1IN POLAR COORDINATES

ALONG LINE 1 FROM J=N O o =1

COMMON PHI(1624+33).FP{162433}

COMMON s/Bs AA(100)3,BB8(100)

COMMON ACr MQMM!MP'NQNN'LLOLP!IllM!IMMQlMB.I]lJJI[KiJK‘IZ'ITYp|Mxp
l»NS.NCYOTE!plQRADITplTplQDTlDR!DELTH-DELQtpn!RAS-RA2|RA30RA4|RA5QE
2M|OCQITOC]QCE|C4!C5|C6|CTQBET»EPSIL.TCoCL-CHD!ALP-ALPOQDletXpHKoC
3NlSN:EP!CB!RAT!RASQPAglEL'XMlXSuFSYMsSTchYoYM.Xh-YA.AO;EO.KPVYRIE
GMOSEE « IDIMeNEC JNMP 4 1SaNZ N3 a NG e NS M4 o NRN

COMPLEX Z

COMMONMN A/ A[ﬂO)lE(QO)tC(QO]»D(QD!05(40)sQHD(40]|QP(QC)on4l)-R5(4
ll!QQI(QI)uSI(IBE)QCOIIEE)QZ(IGE)oFM(léE)clep(lﬁe}

JaN

TASRAS*¥RS {J)

XX=(FP(I+1»J)+FP(]—1|J)+TA*{FPII.J+l)+FP(I.J—1)’+QA5“Q(J)*(FPCI-J+
11)=FP(1aJ=-1131)1/(2e+TA+TA)

XX=XX—FEP{I+.)}

YR=AMAX1 {ABS(XX)1»YR)

FRIT«JISFP (T ¢ J1+XX¥XS

J=o=1

IF (JaGTal) GO TO 10

USE REFLECTION ON THE BOUNDARY

TA=FP(1-2:—DR*(AO+FMtI)*PHIQ(I)*Z.*EXD{FP(]ol)J)

Xx:(FP(t+1.lJ+FP£I—!.!?+RAS*[FPf1.2)+TA)+QA5*(FP(1-2)—TA!1/(2.+2.*
1RAS)

XX=XX-FP(1+1)

YR=AMAX1 (ABS{XX )1+ YR)

FR(Ls1)=FP {1 )+XXEXS

RETURN

EMD

SUBROUTIMNE MOVC ([l eWla[2ewW2)

J1=t10=-111%5

Je=(i0-121%6

na 1N K=146

CALL SETBIT (J1+J2eWlaW2y

J1=J141

J2=J2+1

RETURN

FND

SUBROUTINE MURMANM

SET UP COEFFICIENT ARRAYS FOR THE TRIDIAGONAL SYSTEM USED FOR LINE

RELAXATION AND COMPUTE THE UPDATED PHI ON THIS LINE

COMMON PHI[162+33)FP(1624+33)

COMMON B/ AAT100).8R1100)

COMMON 7C/ M|MM|MP.N;NN|LL.LPO[!IM!IMMO1M3-]IoJJ-IK-JKnEZ-iTchMXp
1‘NS!NCY’TE'F]‘RADITP.Tp!QDTODR’DEL?HIDELQ!QA|QAS|QA2IQ&3'pﬂ4!Rﬁ5OE
EM-OCQ[T!C]1C2-C41C50C6.C7aBEToEPS!LoTCnCL-CHD-AvaALpDQDpHI-XDHI'C
3N1SNOEP!C30RATORABQRA9-ELQXMOXSOFSYMGSToXquYM.XA»YA-QQ\HQvanYR-E
4MD¢EE!101M!NFC-NMD|lS!NE.NE-N4~N5.M¢~NRN

COMPLEX Z

COMMON <A/ ﬂ(ﬂO)vB(401|CfGO)lD(GC)oE(ﬂU}rQHO[bD)tPP€QC)¢Q(41];QS(&
11)nﬁllal)osl[162)-C0(162)OZ(162)-FM(162)‘pH!Q(1621

Do THE BOUNDARY

FAaC=FLOAT I IM=1MM}

KK =0

’

NAMNNRNNNNNNNN

Z1o00=

AA
Al
AA
AA
AA
AD
Al
Ab
AR
AR
Al
AR
AA
AA
AR

AR
AR
AR
AA
AA
AA
AA
AR
Al
An
Y
AA
Y
AA
AR
AR
AR
AR
AB
AR
AR
ag
ap
AC
AC
AC
AC
aC
AC
arc
AC
AC
AC
AC
AC
AC
AC
AC
acC

880
830
ann
910
920
930
a0
950
360
970
B0
0

10

24
30
a0
50
&0
70
B0
an
100
110
120
130
1an
150
160
170
180
190
200
210
220
230
240
250
26N
270
280
290
ano
310-
10
20
30
an
50
a0
70
a0
Qn-—
10
20
30
a0
a0

70

=1v]

20
170
110
120
130
lan
120
1&0

75
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30
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40
C
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C
C
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U=RP (1 )*DELTH-5111)

CHECK FOR THE TAIL POINT

IF ([aEQeMM} GO TO 10

BR=11/FP (1.1

AQ=U*BQ
RO=AQ*PO* {(FP (-1 1 ~FP{I+t+11)
cs=Ct—C2%A0

RP(1)=4Q

C{11=-C5%¥RAS5

Cr1iy=Cct1+Ct1y

a(11=CS5-AQ

K=CO(1 1R (Ce] y¥DRFRALFICTE+AQ )
IF (AQ.LE.QCRIT) GO TC 20

FLOwW [S SUPERSONICs BACKWARD DIFFERENCES

D(;;-A([\*(RAB*DHE(IMM;[l—DAQ*PHIt]M-])—FP*PH]t[M?c[))+QA3*BO+X
AC1Y=—(CUI+A LT ) ¥RAT)

=1

co YO 30

FLOW SUSCRITICALa. CENTRAL DIFFERENCES

DeY =A{LIR{PHI {4141 1+PHI(T-1+1)1+RA3*BA+X

A{Tr1=ALL 4013 -C{1Y

DO NON~BOUNDARY POINTS
DO 50 J=2WM

DuU=RP{J)
UDUER(Jy#DELTH-31C1
DV=EPHI (e J+13=PRI(1s0-1)
V=DVARS T JI#DELR-COYLT )
US =Y

ySeyREY

BQ=s1 e ,FP(1sJ]

US=BQR#US

VvS=aQEYS

GS=US+VS

RP{J1=Q5

C5=C1—-C2%Q5

UvS=80#%*Qs
C{Ly=RSINFIVE-CS)I#RAS
B{J-11=CtJ)

At J1=CS-US

LV =BQa%L1¥y
X=RA2¥LVER(J}

COMPUTE CONTRIBUTION OF QIGHT-HAND SIDE FROM LOW ORDER TERMS

D{JI=RASH# (CS+US-YS~ VQ}*R(J)*DV DT*UV*DU+QA?*UVS*[QI(J)*U*fFP(In]eJ

—

)—FD(1+qu}}+RQ*V*(FP(]vJ-1J’Ep(]vJ+1)])
1 (QS«LE-QCRITYI GO TO 40

SUPERSONIC FLOW. USE BACKWARD DIFFERENCING
Wl =k 41

K=NEFAC

D(J):D(J)+A(J)*(PA8§PHI(]MM-Jﬁ—QAQ*DH]l]MQJ)—EP*PH[(1M3qJ1)+X*€EP*

LEPHI (IMMaJd+1 ) =PHI (EMMyJd—1 ) )+EL*(PHI (L IMaJ—1)1-PHETIMJ+11))
AL =—(RAT®*A{J)+2.#C(J}}

QS=Ca*X

R{J-13y=B(J-114+05

cin=Ci-05%

GC TO %0

CONT I NUE

S5UBSONIC FLOWs USE CENTRAL DIFFERENCES

D(J):D(J)+A[J]*[PH](1+I|J)+PH!([—1-J))+X*(PHI([+)0J+l}+PH!([*10J—1

Ly=PHICT+1 o1} =PHI (I =TaJ+1)1}

AL JI=2e (AL I)—CLU)Y

CONT [NUE

ADJUST FOR BOUNDARY CONDITION AT [NFINITY
DIN)I=DIN)I~CUINY#PHT { [ +NN)

MXP=MA X0 {MXP KK}

SQLYE THE TRIDIAGOWNAL SYSTEM

CALL TRID

DO 7O Jd=laWN

FIND THE LOCATION OF THE MAXIMUM RESIDUAL
IF {ABS{E(II=PHLI{Tl« 23 3ellE¥RY GO TO £0

AC
AC
AcC
AL
ac
AC
AC
AC
AC
AC
AC
AL
AC
Ac
Ac
AC
AC
AC
AC
acC
AC
AC
AC
ac
ac
acC
AC
AC
ac
AC
AC
Ac
ac
AC
AC
AC
AC
ac
AC
AC

AC
AC
AC
AC

AT
Al
AC
AC
AC
AC
AC
AT
Ac
AC
AC
AC
AC
AC
aC
AC
AC
AC
AC
AC
Ac
AC
AC

170
180
190
2nt
210
220
230
240
250
2a0
270
280
290
200
a0
320
320
340
350
360
370
380
390
400
410
420
430
440
450
asn
470
480
a90
500
510
S20
S30
540
S50
SH0
570
580
599
600
610
620
&30
&4
£50
660
570
680
6HIN
Too
o
720
730
740
750
F&n
770
780
790
800
810
820
a3n
840
880
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YR=ABSIE(JI=-PHI (14J M)

IK=1

N N ‘

caoMpPUTE RELAXATEON FACTOR

X=zAMINL (XS eAMAX1 (XM YM+Y*RP (J) 1))

SAVE CLD vaLUE OF PHI

RPR(JI1=PHI (I, J)

COMPUTE NEW PHT AT EACH POINT OM THE LINE

PHE(L v JISXHEL I+ lea—MI¥PHI {1 4J)

RE TURN

END

FUNCTIOM ORDIN (A+GaX)

DIMENSION A(CYI0)

JEINTI(X/G)

R=(X—AINT(X/G1¥G) /G

QRDINZ(le=RI¥A{I+]114+RW¥A(J+2)

REYURN

END

SUBROUT INE PERMUT {AXaNX, )X}

REORDERS POINTS WITHIN AN ARRAY

COMMON PHI{162:32)1+FP {16233

COMMON /B AA(100).8BLI00O)

COMMON ~C/ M!MM!MP.N‘NN'LL!LPO[!IM.]MMtIMS.I[!JJI]K!JK\!Z!ITYDUMXP
1!N5|NCY!TEOPI!RAD!TPch[oDT|DQCDELTH|DELRnQAIQASGQAElRAEOQAQoﬂﬂﬁtE
2M|OCQIT|C1-CZ|C4lC5~C6|C71BETIEPSILcTCoCLlCHD!ALp'ALPOODpH[lXPH['C
3N|5N1Ep-C3|RA71RA8|RA9|ELnXMlXS-FSYM-ST-XthYMqXAuYA'AQ-BOuKPuYQ-E
QMOOEEIIDIMINFCQNMpu[5!N2|N3|NQUN51MQONRN

COMPLEX Z

COMMON 7A/ A(ﬂO)!B!40l-CIQU)10‘40)-5(4D)|RHO(405oQP(QO)qQ(41lqRS(Q
ll]!Ql(al)-S](152)|C0(162)-2(162]vFM(l&E)'leRfléz)

OIMENSION Axtl) ’

L=1

JY=JIX+IK

NyY=2#{ (NX=11/21+1

NZ=2%{NX 2]

IF (X+EQa24} GO TO 30

NY=JX#* (NYy=11+1

NZu=JX*(NZ=11

DO 10 J=1 aNYaJY

AtlLLy=AX(J)

L=L+}

DO 20 JEUXIMZeJY

A{LY=AXTJ+])

L=L+1

GO TO 60

DO 40 J=1aNYs 2

AtJI=AXIL)

L=L+JX

NO &0 JT2 N7+ 2

AlLJi=AKIL Y

L=L+JX

L=1

DO 70 J=1 WNX

Ax L 1=A ()

L=t +JX

RE TURN

END

SUBROUTINE PHIRR

COMMON PHI(162+331+FP(162:33)

COMMON #Brs AAL100)1.BB0100)

COMMON /C/ M!MMvMqu|NN1LLqullq[Mo[MM»IMJ.]IoJJo]K-JKv[Z-:TYleXP
lcNSqNCYnTEqP]oRAD»TP-Tp[nDT-DQaDELTH»DELR-DA-QAS.QAZQDAB'RAQ-RASOE
2M|OCRIT|C1|CE-CQ.C5-C6-C7.BET-EDSILwTCvCLqCHUoALPqﬂLPO»DPHI.XPHI.C
3N|SNIEP!¢3!QA7lRAB-QAQ!EL»XM!XS.FSYM!ST1XCY»YM-XAQYA-AO.EOuKP.YQlE
QMOIEE'[D[M!NFC.NMP.!S!N2.N3|NQ'N5|M“vNQN

COMPLEX Z .

COMMON  FAS A(QO)uﬁ(ﬂ@)'C(ﬂO}chﬂO]1E(40)QQHO[40)1PQ(QD].Qfﬂl)vQS(&
ll)oﬂ[[41]15[(162)!C0t162112(léE)qFM(léZ]lQH[Q(I&?)

AC
AC
AL
AC
AC
AC
AC
AC

AC
AC
AD
AD
AD
AD
AD
AD
AR

AE
AE

AE

AE
AE
AE
AE
AR
AE
AF
AF
AF
AF
AT
AE
AE
AF
AE
AE
AF
AE
AF
AE
AF
AFE
AE
AF
AF
AF
AL
AE
AFE
AE
AF
AE
AE
AE
AF
AF
AF
AF
AF
AF
AF
AF
AF
AF
AF

860
= de}
8Ro
B9D
{00
210
20
230
240
950
60—

20
3¢
40

60
T -
10
20
30
40
50
a0
70
80
S0
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260"
270
280
290
300
210
320
330
3aC
350
360
aron
380
390 -
10
20
a0
40
50
=1e)
Kol
80
GO
100
110

7
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ADJUST CONDEITION AT INFINITY FOR MACH NUMBER AND ANGLE OF ATTACK

BO=-4s
DO 20 L=1.MP

PHIRILI=ATANZ (—BET#SI(L ) «=CO(L))
IF (PHIR(L)eGE-BQ) GO TO 20
PHIR(L Y=PHIRIL }+ TP

GO TO 10

BO=PHIR(L)

RETURN

END

SUBROUT INE PLOT (Xa¥al}

CALL CALPLT (X+¥sl)

RFTURN

END

SUBROUTINE PLOTN (NPLTsNBINNLINeXAXIS: YAXTS+PSYMBL «MAXPL TAaMAXPT )

GENERATES CUTPUT PLOTS INCLUDED IN THE CISTING

DIMENSION XAXIS(MAXPT)e PSYMBL{MAXPLT)s YAXISI(MAXPTMAXPLT)

DIMENSION PS(10})
DATA BLANK/LH .,

DATA ZLINE/1OH-=—e—m—eee s
[TEST=0

NHI={NBIN+3) /10

[F (NPLTsGT«03 GO TO 10
NPLT=-NPLT

1TEST=1

CONT INUE

YMAX=YAXIS(1s1}

YMIMN=YMAX

DO 20 J=1.NPLT

DO 20 I=1+NAIN
YMAX=AMAXT {YMAX s ¥YAXTS (To L))
YMIN=AMINL CYMINGYAXIS (T )
YSPANZ=YMAX-YMIN

AYMX=YMAX

HYMX =vmax

IF (YMINsGEaOL0} GO TO 30

[F ((YMAXoGTa0,01 0 ANM (YMINGLT:Nsn)) GO TO 50
HYMYX=YMIN

AYMX=—YMIN

YMIN=YMAX

YMAX=HYMX

IF (¥YSPANWGT. [AYMX/24)) GO TC 50
[F (ABS(YSPAN]LE«!sF~-15) YSPAN=10,
HYMX=HYMX./ 24

DO 40 JS1+NPLT

DO 40 1=|4NBIN

YAXIS (1 aJdI=YAXTS (T e d)~HYMX
AYMX=AYMX /3,

Go TO 30

CONT I NUE
NLINES=({TABSINLINI—1) /5041 1 %50
DY=AMAX] { YSPANAYMX ) AFLOAT (NLLINES 3
RESTY=YMAX—HYMX
HYMX=DIM{HYMX400 }

XMYH=HYMX

NTBN=NBI1N

NGROS= (NBIN-1),/100
1GROS=NGROS

HYMX =X MY H

PRINT 170

IF (IGROS.E0.CY GO TO 60
NBIN=100

GO TO 70

NBINZNIBN-NGROS*100

NHI= (NBIN+G) /10

1COR=100% (NGROS-1GROS

D0 80 J=1.NPLT

DO BO [=1+NAIN

AF
AR
Ar
AF
AF
AF
AF
AR
AF
AF
AG

AR
AG
AG
AH
AH
AH
AH
AH
AH
4H
AH
AH
aAH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
BH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
Ak
AH
AH
AH
AH
AH
AH
AH

120
130
1an
150
160
170
180
lon
200
210~
[l
2n
n
40~
10

30
40
S0

100
110
120
136
tan
150
160
170
180
130
200
210
220
230
240
250
260
270
280
290
3n0
a1n
320
az0
340
asa
asn
37n
aso
390
400
410
420
410
440
480
480
a70
48n
49n
500
Stn
520
530
540



a0

a0

oD

100

110
120

130

140

150
160
17N
180
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YAXISI] sJd)=YAXI[S(I+ICDR«)

DO 90 [=1«NRIN
XAXIS{T 1 =xXAX1S([+1C0OR)

LFLG=0

DD 140 K=1+NLINES

IF ((HYMXeGT+De0)1+0R: (LFLL.GsNE«C)) GO TO 110
LFLG=]

0O 100 1=1aNHI

PS5 (1 y=ZLINE

PRINT 150« (PS{LYsI=1eNHI)

NO 120 1=1NH!

P51 1=BLANK

00 130 J=1.MNPLT

00 30 I=s1aNBIN

YI=vyAXIS(1sJ)

1F I(HYMX.LT-Y])-OR-((HVMX—Y]).GT.DV)) GO TO 130
11=(I+93/10

[2=1-t11-11*10C

CALL MOVEC (LaPSYMBL(J)12.PSCI1)1)
CONT INUE

CONT=REDUC {(HYMX+RESTY)

IF (ITESTEGs11 CONT=-CONT

PRINT 160+ CONT(PS{IYaI=1NHI)
PRINT 180

HYMX=HYyMxX~DY¥

RETURN

FORMAT (1H++19X%-10410)
FORMAT (1H+sF12e¢8+7Xa10A10)
FORMAT (1H1)

FORMAT (1H )

END

FUNCTION REDUC (X}

REDUCE N

RETURN

END |

SUBROUT INE REFINE i

HALVES THE MESH S1ZE

COMMON PHI(162433)FP(162433) |

COMMON #Bs AA(1003+BB(100) ;

COMMON ST/ MtMMuMPanNNQLLiLPJIlIM-lMMcIM3.EIcJJoIKlJK'lZOITVP!MXp
1-Ns.NcY-TE.PI.RAD.TP.TP:.DT.DQ-DELTH.DELR.RA.QASJRAeinAJ-RAa.Rns-E

ZMtQCR!TuCluCEcCﬂ|C5nCﬁvCToBEToEPSIL-TC;CL-CHD.ALF-ALPO-DPHIsXPHl-C

3NoSNgEP-C3-RﬁTQRABQRA9|EL\XM|XS|FSYM-5T|X|YtYM-Xﬂ|YA.AQ-EG-KP-YQQE
4M0|EEOIDIMCNFC|NMPU|5|N2|N30N4!N51M4|NRN

compLEX Z

COMMOMN A/ A(dD)oB(QOlnC(QO!10{40)-EIQO)ORH0(4O)-RP(QD)'Q(QI)cRS(4
1!J-QI(41)nSIt162)-C0(162}-Z(I621-FM(162)-PHIR(I62)

X=2a

M=M4M

MM=M+1

N=N+N

NM=N+1

It=11+11-1

NN ENNL VS

CALL BOTH

RETURN

END

SUBROUTINE RESTRT

COMMON PHI(162.33314FPI162+33)

COMMON #B/ AA(1C0)«BRI100)

COMMON AL/ McMM-Mp.NqNNqLLch-IOIMoIMMo|M3|I]!JJ!]K&JK.]Z;!TYPOMXP
lcNS.NCY!TEvplqnﬂDiTpqul1DT-DR¢DELTHvDELQ.QA-RAS!RA2|RA3¢PA4QRA5|E

ZMnGCRlTOCIvCEuC“qCSoCEuC?-BETvEPSIL-TCoCLnCHDqALP-QLPO.DDHl'XPHInC
GNQSNQEDUCalRAT'QABIQAglEL‘XMGXSCFSYM‘STIX!YIYM|XA.YA!AQ'EO!KP!YR.E
AMG.EES ITDITMaNFC o NME, !5!N2!N3!N4'0N5'M4|NRN

COMPLEX Z
COMMON /A, A(AO)oB(QO]-CCﬂO)uD(AOI-E(ﬁD)IPHOIQO)‘RD(QO)-QIQI?-RS(4

Ax
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AH
AR
Ar
AH
AH
aAH
AH
AH
AH
AH
AH
AH
AH
An
AM
AH
AH
AR
AMH
A

At

Al

al

AJ
AL
Al
W,
A
Al
A
A
A
AJ
A
AJ
AJ
AJ
A
A
AJ
AJ
Ad
Al
Al
Al
AK
Ax
AK
AK
AK
AK
AK
AK
AR
Al

100
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COMMON  AE/ SCYCLE«DUMY (1836 INVDIY

SET UP CONSTANTS
TE=P1+PI

TRPI=1a/TP

RAD=180+/P1

IF (KCYCLE.EQe]1} 1TVYP=
MM=M+ 1

MP =MM+ 1

LL=MP 2

LP=LL+2

NN=M+1
DR==1+/FLOAT{N)
DT=TPsFLOATI(M)
DELR=+5/DR
DELTH=s5/DT

RA=DT/DR

RAS=RA#RA

RAZ2=—o SH#RA

RA3=—5 125/DELTH

RAA= 25/ DEL THHDEL TH)
RAS=—RA#* (RA3Z+RAZ)

DO 10 K=14N
RIK}1=] o +DREFLOAT(K~1)
RS IKI1=RIKY¥R (K
RI(K)I=1e/R{K)
CONT I NUE

R{NMN1=00

RSIMNY=0,

DO 20 L=1.MP
TH=FLOAT(L-1 )#DT
COMWI=COS(THY
STILI=SINCTH)

CALL Map

DO MNOT REINITIALIZE PHI

RETURN

BQ=-4.

DPHT=P1®5N/ {CHD*BET)
CL=TP*5N/8FET

DO 70 L=1.M

X=CO(L)

CO{L y=XH#CN-SI (L.} #5N
STULY=ST (L y*¥CN+X#8N

PHIR(L)TATANZ(-ST (L Y#BET«-CO (L} )
IF (PHIRI{L) GEBR) GO TO S0

PHIR(LI=PHIR(LI+TP
GO TO 40
BO=PHIR (L

DO &0 J=1 4NN

ON CYCLES OTHER THAMN THE FIRST.
THE INVISCID SQLUTIoON DIVERGED

IF (KCYCLE«EQ«1 ) GO TD 30

IF {INVDIVaEQel} GO TO 30

DH](L;J)=Q(J)*CD(L)+DPH]*PH]Q(L)*TPl

CONT INUE
PHIR(MM)I=PHIR (| 1+TP
PHIR(MP )=PHIR(2)+ TP

DO BO J=1NN
PHI{MMy J1=PHI (] + J)+0PHI
PHIIMP s J)=PHT (24 J)+DPH L
CALL INIT

RETURN

END

FUNCTION RLORD (Z)
RLCRO=,4%Z

IF [Z-918) 40,410,110

IF (Z-1el} 20,30,42nN

RLORDT 2 D95 - ¢ OS5 ( 2, 71,1 % ¥2

AK
aK
AK
AK
aK
At
Ak
Ak
AK
AK
AK
AK
AK
A
AK
Ak
Ak
Ak
AK
AK
AK
AK
Ak
AK
AK
AK
Ak
AK
AR
Ak
Ak
AK
AK
AK
AK
AK
AK
AK
AK
Ak
AR
AK
AK
aK
AK
AK
AK
AK
AK
AK
AK
Ak
AR
AR
AK
(.4
AK
AK
Ak
.0
Ak
Ak
AL
AL
At
AL
AL

110
12n
130
L&n
150
taQ
tro
L80
190
200
210
220
230
2a0
250
260
a0
2an
290
ang
are
320
330
340
3sn
360
7o
380
g0
400
410
azmn
430
44N
450
460
870
480
490
Sno
510
SA0
530
540
550
560
570
580
590
&nn
610
620
630
540
650
65560
570
680
&90
700
710
TFA0-
10
20
30
40
S0
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GO TO 40

RLOFPD= e Q1G¥EXP (- 10+ % (Z-1at )

RETURN

TN

SUBROUT INE SETCP

INTERPOLATES FOR CP AT INPUT STATIONS TO Be Le CALCULATION

COMMAON G/ MeMMaMP N aNNLL s LP s [o IMy IMMIM3, 11 s dd e KK 1Z4 1TYP s MXP
1 yNSANCY s TEAPL+RAD TR TR! |DT-DRIDELTH»DELQ‘QA|PA50RA20RA3vRA4-RA5'E
EMOOCQ[TOCI|C21C4qC5|C61C7.BET!EPSlLtTC.CLuCHDiALpuﬂLPOuDPHInXPHI-C
3NoSNoEchB-HA?cﬁﬂanAngLan-XSuFSYM»ST-XquYM-XAtYﬁnﬁonBOcKp-Yﬁnﬁ
AMOLEE [OLIMsNFCyNMP s TR N2 s NI 4 NGNS s ML (NRN

COMMON  AE / KCVCLE!:NU!FNLQIBNDLAY(13)OABNDLAYIIQ)qXBODV(lﬁE)IYBODY
1f[52)1EODSLOP(162]AEODCURV{82]1XNEW{i62)¢YNEWf162}tCPSURP[léEJiCPH
EDLY(BE)0[GR]D!GQIDIXUPLEIEQ)cXUPARC(ZO)'XLOLE[EO)-XLOARC(EO)nT]TLD
BUTIIEJOCLOUT(307)vSUPOUT[3|7)!5LOWOUT(3-7)-CMOUT-CPUPCBE]|CpLO(85}
4-XTEMUP(55]-XTEMLO(BE)uDFLBLX[lEE)1K0UNT|KOUNTUP

COMPLEX 7

COMMON ZA/ A(ﬂCJﬁB(ﬂﬂ)oC(ﬂO)lD(#O}-E(&O]lRHO(&O)'RP(40)|R(4l)'RS(4
IIJ-QI(Ql)uS]E]ﬁE)cCO(lé?)-Z(162)-FM(162)-PH|Q(1621
MNEG=M2~5
MPOS=M/2+5

KSTOP=M+)
REORDER CP RISTRIBUTION
CPNOS1 =CPSURF (MNEG)
KOUNTL =MNEG

DO 12 L=MNEG.MPOS

IF (CPRSURF (L)sLEWCPNOSE)Y GG TO 10
CPNOS] =CPSURF {{)
KOUNTL=L
CONT INUE

XNOS2=REAL {Z tMNEG )
KOUNTZ2=MNEG
DO 20 L=MNEG+MPOS

IF (REAL(Z{L)}«GE«XNOS2) GG TO 20
XNOS2=REAL (2L )}
KaUNT2=L
CONT INUE

IF (KOUNT1+GT«KOUNT2) GO TO 30
KOUNT2KQUNTIL
KOQUNTUR=M~-KOUNTZ+2
KSTART=KOUNTZ
GO TO 40
KOUNT=KOUNTZ2
KOUNTUP=M=KDUNT1+2
KSTART=KOUNT1
DO S0 L=1+KOUNT
S OUNT =L +1
XTEMLO(LY=REAL{Z{J})
CPLO(LI=CPRSURF (.1
DO 60 LZIKSTARTKSTOP
JEL-KSTART+1
XTEMUP (J)=REAL (Z1L )}
CPUP{Jy=CPRSURF (L)
KMAXCYC=18NDLAY {12
RETURN IF KCYCLE 1S A MAXIMUM

1F (KCYCLEsEQekKMAXCYC) GO TO 180
DEFINE ADDITIONAL INPUTS TO BOUNDARY LAYER ROUTINE
Jup=1

IF (CPUP{JUP) L Tal sOeANDSXTEMUP {JIUP ) «GT« XUPLEC]1 ) GO TOQ 80
JUP=JUP+1
co TO 7O
CALL D15COT (XTEMUPR { JUP ) » X TEMUP [ JUP ) + XUPLE « XUPARC « XUPARC +=010+20+0
+ARCL Y
RNLDS=ABNDLAY(18]*IOO**6
AMNTM1=O-292/SORT(QNLDS/ARC]‘SQRT(I-O—CPUPIJUP)I)

JLO=1

1F (CPLD (JLO ) oL Ta) s Oe AND e XTEMLO (IO ) «GT+ XLOLEA1) ) GO TO 100
JLO=JL0+1
GO TO S0

—

AL
AL
AL
AL
AM
AM
At
AM
AM
AM
AmM
AM
AM
AM
A
AM
AM
Am
AM
AM
AM
AM
AM
AM
AM
AM
Am
AM
AM
AM
AM
AM
AMm
AM
AM
Am
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
AM

AM
AM
AM
AM
AM
AM
AM
AM
AM
AM
A
AM
Am
AmM
aAM
AM
aAM

&0
T0

Qa0 -
10
20
30
40
50
&0
70
B0
o0
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
zap
290
360
310
320
330
340
350
360
370
380
390
4no
810
420
430
440
450
460
470
480
490
500
510
520
530
san
550
60
570
580
590
600
610
620
630
640
650

81
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140

180
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CcAiL DIScOT (XTEMLOEJLO) o XTEMLO{ JLO Y »XLOLE s XLOARC ¢+ XLOARC =0l 0:2014Q
1 +ARCZ2)Y

AMNTMZ=00:292/50RT (RNLDS/ARCZ#SORT {1 0-CPLC(JLO) })

ABMDLAY (11=(AMNTMI +AMNTM2) /200

ABNDLAY (4 )=RNLDS*ABNDLAY (1)

NPRES=IBNDLAY (5)

113=IBNOLAY {13

XKTEMLO(13=0.0

XTEMUP (] 3=0.0

INTERPOLATE FOR CP AT REQUIRED X/C

DO 119 J=1-NPRES

XPRES=ABNDLAY(3:+FLOAT(J—1)*ABNDLAY(E)

CAlLL DIScoT (XPRES o XPRES«XTEMLO» CPLOCPLO -0 0 +KOUNT a0« CPEDLY (J1)

JPL=J+NPRES

CALL DISCeT (XPRES s XPRESy XTEMUR s CPUR s CPUP s —010 + KOUNTUP + B CPBDLY (JP
| RIS |

CONT ITNUE

LIMIT CP AT NOSE SO Be Lo ROUTINE DOES NOT BLOW UP

1F {cPBOLY{1):LE-CeBY GO TO 120

CRBOLY (131=0.8

IE (CPADLY(NPRES+]11aLE.0s8) GC TC 130

cPapLY {NPRES+1 y=0.8

IF (NPRES-113:LE«0) GO TO 180

ADJUST AFT SURFACE PRESSURE COEFFICIENTS FOR BOUNDARY LAYER INOUT

NMAX=NPRES/2 +1

CPMAXLO=CPBDLY (NMAX-1)

JMAX SNMAK <1

DO 140 JSENMAXNPRES

IF (CPBOLY(J1<LTaCPMAXLO)Y GO TO 140

CPMAXL.O=CPBDLY L)

JMAX =

CONT INUE

po 150 J=JMAXNPRES

CPBOLY ( Jy=CPMAXLG

1IF (NPRES=-T13.LTa2) GO TOQ 170

X1 =ABNOLAY (3)+FLOAT (L1 3-21%¥ABNDLAY (2)

X2=ARNDLAY (3)1+FLQAT{ 11 3-1 ) ¥ABNDLAY (2)

X3I=ABNDLAY ( 314FLOAT (NPRES=1 ) #ABNDLAY (2)

Y1 =CPBDLY {NPRES+!13-1)

Y2=CPBOLY (NPRES+I113)

Y3=CPBOLY (NPRES}

APARAB T ( {Y2-¥ 1 )% [X3=X1 )= (¥3=¥] 1 IX2=X} 11/ ¢X2-X1 )/ (X3=-X1)/(X2~X3)

BRPARAR= (Y3-Y1-APARABH® (X3#X3-X1%¥X1))/ (X3-X1)

CPARAB=Y1—BPARAB# X1 ~APARABR X ] *#X1

113P1=113+]

DO 160 J=113F1NPRES

JPL=J+NPRES

XPRES=ASNDLAY (3)+FLOAT (J=1 }*ABNDLAY (2)

CPBOLY { JPL )= APARAH*XPRES*XPRES+BFPARAB#XPRES+CPARAB

GO TO 18O

CPEDLY { NPFRES+NPRES) =CPBDLY (NPRES)

RETURN

END

SUBROUTINE slCo

COMMON PHI (1624331 :FP (16233

COMMON AR/ AA(100D).88{100)

COMMON AT/ MaMMyMPaN NN 1LP2 D Ivs IMMa ITM3 el [add e IKeJKs 12« 1TYPMXP
L s NS +NCY s TEsP 1 sRAD+ TP« TR1 DT+ DR+ DELTHDELRsRAVRAS I RAZ s RAZJRAG 4RASE
PMaOCR I TaC L C2eChrs LB CHyCTIBETIEPSIL » TCaCL +CHD 1 ALP 4 ALPCDPEHT # XPH 14 C
3NUSPlcEpoL:}nF!f'\_fqﬁhB-QAQOELuXM-XStFS‘:’M!ST\X-Y\YMaX»’-\sYﬂqAOqﬂQQKF’QYQqE
GMOyEEy IDTMoMNFC o ®MME 15+ N2 M3 MA A NS M4 MNRM

COMPLEX 2

COMMON #A7 A(401 B {a0) {821 a0(40)aE140)RHOT40)+RE(40) +RI41).R54
L11eRI{A1)4SI 1152 14CRI162 1201562 1FMIIE21PHIRI152)

COMPUTE COS(THETA+ALPO I SINITHETA+ALPO)

CN=COS{ALP-ALPD)

SHES INLALP-ALPD)

CALL CO51

RE TURN

EMD

AM
AM
am
AM
AM
AM
AM
A M
AM
Am
AM
AM
AM
AM
AM
AM
AM
amM
AM
AM
AM
AM
AM
A b
Am
AM
AmM
AM
AM
AM
AM
aMm
A
AM

660
670
680
690
700
710
720
T30
740
750
Ta0n
770
780
790
ano
810
azo
830
8B40
850
860
870
8B0
a9g
9nn
910
Q20
230
40
950
260
ST0
980
Y90

AM1000
AMIOID
AM1020
AMI D3RO
AMIN40D
AMIDS0
AML 060
AMLINTO
aAM1080
AMI QGG
AM11Q0
AMI110
AMI 120
AMI1130
AM1140
LMY 10
AM11&0
AM11T0

AMl 180

AN
AN
AN
AN
AN
AN
AN
AN
AN
AN
AN
AN
an
AN
AN
AN
AN

| 23]
20
a0
40
S0
&0
70
ap
o0
100
110
120
130
140
150
160
170~
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FURNCTION SIMPSN (FR»FAsNWH)

DIMFNSION FRI1 1)

JziN-[AY /2

IF (N—1A-2%J) 30410.30C

520,

N1 =N-1

o0 70 =1A«NI 2

GeS+H*F (FROI1+4 #FROI+1 1+FR{TI+211/3s

GO T S0

SeHN (S *FR{TAT+B *FR{1A+11-FR(1A+21}/12s
[Aa1=1A+1

M1 =MN-1

DO 40 1=1A14N1+2

S=S4H¥ (FRI1II+4¥FR{T+1I+FRET1+211/3.
SIMBSN=S

RETURN

END

FUNCTION SLOG (Z2)

SLOG=1Ta%{1 4—EXP {2083 #7131+ 78/ (1 ++60S+ ¥ (AIS(Z—e7E) I H¥T)
RETURN

END

FUNCTION SLOPE {A«GehaX)

DIMENSION ACL11D)

JEINTIXACH

R=(X=AINT{X/GI#GY /G
SLOPE={1s—-RI¥*GRAD (A +GalaNy J+1 ) HRUEGRAD (A Gl aNaJ+2)
RETURN

ENM

SUBRDUTINE SOLWVE (DaE+DETHA)

DIMENSION AtZ3)
DET=A{1+11¥A(2+2)1=A(2+11%*A(1+2)

[F (DET) 104204170
D=(A(1+2)%A(243)1-A(2+2) %A1 +3)1/70ET
E={A{l+3)%A (241 )-A(2.31#A(1.12)/DET
CONT I MUE

RETURN

END

SUBROUTINE SPLIF {Ni1SeFaFBFPPFPPPsKMe UM KN VN

GIVEN S AND F AT N CORRESPONDING POINTS. FI1T A CuBlcC SPLTNE

DIMERNSION S{l1)s FIlils FPCI1e FPP(11s FPPPI{1)}
K=1

M=

1=M

=M

DS=S{JY=5{1)

D=05

IF (DSEQsCe) GO TC 110
DF=tF{JI1-F([1)/D3

IF {(KM=23 10+20430

Uze5

Vr3. #{DF-YM) /DS

oo To S0

=0

AVERY]

GO TO 50

us=-1le

V==DS*VM

GO TO S0

[ =2

Jd=JI+K

DS=5¢(Jy=-5{1)

1IF (D*DS.LE«Os) GO TO 110
DF=(F{J)y=F(111/DS
Brle s {D5+DS+W)

U=R*NS

v=B* {6+ ¥DF~V}

FP(E 1=

FPP(1}=V

AD
AD
AO
AD
AD
AQ
AD
AD
AD
AD
AQ
a0
AO
AQ
AD
AQ
AD
AR
AP
ap
AP
AQ
AQ
AQ
AQ
AG
AR
AG
AR
AR
AR
AR

AR
AR
AR
AR
AS
AS
AS
AS

AS
AS
AS
AS
AS
AS

AS
nS
AS
AS
AS
AS
a5
A5
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS

10
1]
30
40
50
60
70
80
50

tnn
110
1720
130
140
150
160
170

1o
20
30
40—
10
20

40
S0
60
70—
10
20
30
40

&0
70
80
Q0 -
10
20

a0
50
50
70

90
100
110
120
130
140
150
160
170
180
190
200
210
22on
230
240
250
260
270
280
290
300
310

83



&0

70

B0
90

100

84

10

20
30

40

30

50
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U (2oL IEDS

V=6 HDF4DSHY

IF (JoNEeoN} GO TO a0

IF (KN=2) 60,7080

V(S RVN=V I Y

GO TO S0

V=WVN

GO TO 20

V= (PSEVNHFPPIT 1)/ (1o +FP{T})

Bl

D=D5

DE=S5tJ)1=5(1)
UsFPRITI=-FP (1 18#V

FPPP (11={V-U)/DS
Fre{li=u
FP{I12{F{J)=F (11}/D5-DS# (V+U+U) /6o
vEi)

J=1

1=1-K

IF {JeMEeM) GO TG 100
FPPP (M) =FPPP (N-1)

FPE(N)=B
FRINI=DF+D# (FPP (N=-11+B+B})/6+
RETURN

5TOF

END

SUBROUT INE SWEER

SWEFEP THROUGH THE GRID ONE TIME

COMMON PHI(162+331FPI162.33)

COMMON #By AA(1001.BBL10O)

COmMMON T/ MaMM M VN aNNyLL s P sl a IMyIMMe TMALE 13 JJ e TKSJKA [T 1TYRP e MXP
11NS.NCY1TE!O[oRADoTPoTP[.DT.DR-DELTH»DELRvQAwQAS.RAE.RAEoQAQ-Qﬁ51E
EMoGCQETlcl1CE»CQ-CSQC&!C?QBETvEPSILnTCiCLtCHDsﬁLpuﬂLpOchH[!XPHIlC
3N05N|EPDCBORA71QA8lQﬁ91EL-XM!X5!FSYM=ST-XthYMOXA!YAuAGIBO!KPoYQ-E
AMO«EE s IOIMaNFC o NMP e IS e N2 N3 s N s NS s M4 s NRN

COMPLEX 2

COMMOM #A, A(ACIsBLAC)ICL40) D401 E(40 1 RHD (40 1+RP(40).R{4]11R5(4
113sRIM411S11162)+C001462120162)aFMIL62)YPHIRI16Z)

YR=Ce

IK=LL

JK=1

DO 13 J=1eN

RP{JY=PHI {LL=~1sJ)

Mx =10

SWEEP THROUGH THE GRID FROM NOSE TO TAIL ON UPPER SURFACE

00 30 I=LLeeM

EM=1-1
iMM= -2
ImM3=1-3

DO 20 J=1.N

RPII=PHI{I+1+0)=RP(J)

CALL MURMAN

AQ=Cg

BQ=0a

[=vMm

DO 40 Jd=1 N

RE{JI=SPHTI(MPJY~RP (J)

CALL MURMAN

UPDATE PHE AT THE TA[L FROM UPPER SURFACE
DO 50 J=1aN

PHIC(1+J)=2PH] {MMaJ)-DPHI

SWEERP THROUGH THE GRID FROM NOSE To TAIL ON LOWER SURFACE
DO 69D J=1eM

RPLJIY=PH] (LL )
00 80 J=3.LL
[=L.P=-J

PIM=T+1

3z0
330
340
350
360
370
3A0
390
400

410
420
430
440
450
460
470
480
aan
500
510
520
530
540
550
560
570-
10
20
30
40
50
[=]e]
70

0
100
110
120
130
140
150
&0
170
180
190
200
210
220
Z230
240
250
260
270
280
290
3n0
310
320
330
340
350
360
370
380
350
400
410
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IMM=1+2
[M3I=T1+3
Do 70 L=1aM
70 RPILI=RP(L}=PHI (I=1sL}

80 CALL MURMAN
ACJUST CIRCULATICN TO SATISFY THE KUTTA CONDITION
IF (XPHL+EQe+De) GC TO S0
YASXPHI* { (PHI{My1)1=PHI(MP, 1 ) *¥DELTH+SI (1)
S0 DPHI=DPHI+vyA
YA=YA¥TPI
DO 100 L=1+MP
PHI (L s NN =DPHI*TPI*PHIR (L)
o0 100 J=1wM
10G PHT (L J)=PHE (L + )+ YAXPHIR (L}

0O 110 J=1aN

I10 PHI(MP s JJy=PHT (2+J14+0PH]
RETURN
EMND

SUBROUTINE SYMBOL (XeY+H+NsANGLE «NCHARY

[F (NCHARLGT«01 GO TO 20

IF (N+EQe261 GO TO 10

IF (NeEQ«20) GO TO 10

IF [(Ne.EQet73) GO TO 10

GO 1O 20

10 1F (NeEGQe2561 N=13

SINA=SIN{ANGLE)

COSA=COS{ANGLE)

XX+ SRHE(SINA-COS5A)

Y=vy— e SEH®(STINA+COS5A)

20 CONT INUE

CALL MNOTATE {X+Y o HsNJANGLE s NCHAR)

RETURN

END

SUBROUTINE TANCAL (GsAsVaJiRMiDeJaTaTASTBa W}

DIMENSION AT1SYe VIL1OYy L1103 T41103s TATI10). TRI11O0ys WL1IDY}

G=0a

AAJSFLOAT (I XA (1) R16Y

D=A(8)RRMEGORD (AAJ)

C=wlNI*T (N

Pi=(vIiJdI+{Aa{1%1—51#C+D) /UL

TEMP=(D+{A(15)++51¥CIRE24+2, ¥ (ALBIRT [JI+D*C)H

IF (TEMP+GE«CeY GO TO 10

TAIJIS1IQa%%T] e

TRBIJI=TAL))

o TO 20

10 P2=SGRTI(TEMP)Y/U()
TALLI=P14+P2
TR(JI=P1-P2

20 RETURN

END

SUBROUTINE TRID

SOLVE N DIMENSIONAL TRIDIAGOMAL SYSTEM OoF FEQUATIONS

COMMON PHI (162331 FP(162433)

COMMON B/ AA{10031.RR(100}

COMMON ACF MaMMaMP g N NNoLL sLP 1T e IMaIMMa IM3 3T Tvdda TKeJK JTZ [TYPaMXP
lﬁNSqNCYiTEiPl-RADITPQTPI|DT-DRODELTHlDELRcQQuRASqQAE!QA3cQﬂ4URASQE
EMoQCR[Tncl|C2|C4'C5!C6-CT~BF?lEDSILqTC-CL-CHDtﬂchﬁLpOuDPH]oXlenC
3N|SN.EPICS!QATqRAB!QAQ.EL-){M!XSGFSYM-ST|X-Y'YMvXA-YA-ﬂD.BOoKP'YQQE
AMOCEE 1 IDTMaNFCaNMP 1 [SaN2 4 N3 N4 NS M4 «NRN

CONMPLEX Z

COMMON A8/ A(AD L BIANI a0 ) «DIAn1+aF (4N} RHDL4N I +RE(40) R141 1RSS4
1117041451 (LE2)sCO 1621 Z{1E21FMI1621PHIR{162)

XXzlarAlL)

Ef11zXX*D (1)

po FLIMIMATION

no 1C J=2sN

ClJ-11=Cld—] 1%XX

XXzte / {ALIY-BCI-1y*C(J=13

10 ECJ)={D{JYy-BL{I=-1 1 XE(J=1) ) %XX

AT
AT

AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT

AT
AT
AU
AU
AU
AU
AU
AU
Al
AU
Ay
AU
AU
AU
AU
AU
AU
Ay
Ay
Ay
Ay
Av
Ay
AV
Av
Av
AV
Ay
Ay
Ay
Av
av
Ay

Aw
Aw
Aw
Aw
Aw
Aw
Aw
AW
Aw
Aw
Aw
Aw
Aw
AW
Ay
Aw
Aw
Aw
Aw

420
430
440
450
460
470
480
490
500
510
520
530
540
550
S60
570
580
5590-
10
20
30
40
=0
50
70
BO

100
110
120
130
140

100
110
120
130
140
150
160
170-
10
20

40
50
&0
70
BO
90

tno

110

120

130

140

150

140

170

180

190
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a0

86

20

10

20

30
a0

50

60

10
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DO BACK SUBSTITUTIONM

DO 20 J=2.N

LanNN—J

EtLy=E(LY=C(LYRE(L+1)

RETURN

END

SUBROUT INE UNS {ICs 1A+ 1IDX» 1DZsIMS)
IF (1C) 1010020

1MS=1

NC=-1C

GO TO 30
1M5=0

NE=T1C

IF (NC~-100) 40.50450
[A=0

GO TO 6O

1a=1
NC=NC-100
1DX=NCr10
[DZ=NC—-1DX%10
RETURN

END

SUBROUT INE XYAXES (X«BOT:TOP+SCF}
¥ 15 THE LOCATION OF THE ORIGIN ON THE AXIsS
BOT IS THE LENGTH OF THE AXI[S TO THE LEFT OF THE ORIGIN
TOP 1S THE LENGTH TO THE RIGHT OF THE ORIGIN
COMPLEX ZBeZF+H«COR

COMMCON 7D/ SFQSIZEQANGIXMAXIYMAX!XDR!YOQ!pGSiZ
DIMENSTON X{(2ys Y (21

ANGO=ANG

SFO=5F

51Z0=512E

¥ (1)=XOR

Y(21=YQOR

ANG=Ce

SF=t e

S12F=a14

XOR=X {1 1+X0OR

YOR=X(2}+YOR

ZB=CMPLX (~-B0T Qo)
ZT=CMPLX(TOP «Oo)

COR=(=02%+—~0 3}

NC=16&

IF (ABS(ANGO)aNE-90e) GO TO 10
VERTICAL Y—-aAXIS

ZB={0cal0)¥Z8

ZT={Daoelo}*ZT

COR=(—a&s05)

NC=18

DRAW LINE FOR THE AXI15

calil, CPLOT (ZT31)

CALL CPLOT (ZB.2)

K=BOT

L=TOP

N1 +K+0L

S==FLOAT(K)#SCF

H=ZT/TQFP

ZBu~-FLOAT () ¥H

ZT=78+C0OR

Do 20 1=1«N

DRAW HATCLH MARK

CALL TS5YMBL (ZB+NCo—-1)
B=S4FLOATI(I~1y*SCF

ENCODE (10.30.4) 8

AW
1]
Aw
Aw
Ay
Ay
AX
AX
Ax
AX
AX
Ax
AX
AX
ax
ax
Ax
AX
Ax
Ax
ax
Ax
Ay
AY
Ay
Ay
AY
Ay
AY
AY
Ay
AY
Ay
Ay
AY
Ay
AY
Ay
Av
Ay
AY
AY
Av
AY
Ay
Av

Ay
Ay
Ay
Ay
By
Ay
AY
AY
AY
AY
Av
Ay
AY
Ay
Ay
AY
AY

200
210
220
230
240
250~

20
30

100
E10
120
130
140
150
L&0
170
180
190
200
210
z20
230
240
250
260
270
280
290
anG
310
320
330
340
350
350
370
380
390
4010
aln
a20



20

30

LABEL AXIS
CALL C3YMBL (2T+As+4a}

ZB=7ZB+M
ZT=ZT+H
SF=5F0

51ZF=51Z0
ANG=ANGD

xOR=vy (1
YOR=vw (2
RETURN

FORMAT
END

)
1

(F4+1

APPENDIX

AY
Ay
ay
AY
Ay
Ay
aAY
AY
AY
AY
AY
A
ay

430
4490
450
450
470
480
490
500
310
520
S3n
5S40
550~
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Figure 1.~ Illustration of fundamental parameters.
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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.
M = 0.759;
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Figure 5.- Concluded.
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(b) External flow characteristics.

Figure 6.- Variation of selected quantities with Reynolds number, M = 0.759; a = 0.95°.
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Figure 7.- Pressure distributions for a Korn supercritical airfoil. M = 0.512; R =21.50 x 105.
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Figure 8.- Pressure distributions for a Korn supercritical airfoil.
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Figure 8.- Continued.
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Figure 8.- Concluded.
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Figure 9.- Pressure distributions for a Korn supercritical airfoil. M= 0.752; R =20.95X 108.
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Figure 10.- Effect of Mach number on pressure distributions for a Korn supercritical airfoil.
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Figure 11.- Pressure distributions for a Korn supercritical airfoil. M =0.782; R = 20.80 X 108.
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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 16.- Drag creep for a NACA 64A410 airfoil.



6 |
4+
—— Theory
——— Experiment
)
2
O™ i | 1 | I
70 72 74 .76 78 80

Figure 17.- Drag divergence boundary for a NACA 64A410 airfoil.

113



481

5 - _205 — ~ 0574
—— Theory; ¢ = 0.505 —— Theary; t o = J._..!ﬁ
riment; ¢ = 4.3
O Experiment; ¢, = 0.495 © Experiment; ¢
0 2.0
5 b= ~-1.5 b
0 % -1.0 F
Cp
5+ -5 b
0+ 0.0
5 5
0+ 1.0 +

(a) M =0.600; R =6.60x10%;, o =0.100. (b) M=0.780; R =17.76 x 10%; & =0.00°.

Figure 18.- Pressure distributions for an early NASA supercritical 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 105; @ = 0.00°.
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