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APPROXIMATE METHOD FOR CALCULATING
TRANSONIC FLOW ABOUT LIFTING WING-BODY
CONFIGURATIONS: COMPUTER PROGRAM AND

USER'S MANUAL

Richard W. Barnwell and Ruby M. Davis

- Langley Research Center

SUMMARY

This paper is a user's manual for a’computer program which calculates
inviscid flow about lifting configurations in the free-stream Mach number range
from zero to low supersonic. Angles of attaék of the order of the c;nfiguration
thickness~-length ratio and less can be treated. An approximate form#lation is
used which accounts for shock waves, leading edge separation and wind-tunnel

wall effects.

INTRODUCTION

In this peper a 1iSting, user's manual, and sample case for a computer
progrem whick calculates inviscid flow about lifting configuiétioﬁs traveling
at any Mach number in the range from zero to low supersonic is presanted,  The
angle-of-gttack range extends to values of the order.of the configuration thickness
length ratio. The approximate ﬁethod‘whiéﬁris used is described in reference 1.

A preliminary version of the method is‘described in reference 2. The theory of
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refefences 3 and 4 ié used to reduce the nonlinear three-dimensional problem
of transonic flow about lifting configurations to two two-variable problems:
a linear 1ift problem and a nonlinear coupled thickness-lift problem.

The linear 1lift solution is determined first. For free-stream Mach
numbers near one this solution is obtained from slender-wing theory. For
subsonic and supersonic Mach numbers apprecisbly different from one the
theory of Lawrence and Flax (ref. 5) and a modified version of the quasi-
conical theory of Carofoli (ref. 6), respectively, are used. It should be
noted that the 1lift solution varies consistently in the transonic range
because the theory of Lawrence and Flax and quasiconical theory both reduce
to slender wing theory as the free-stream Mach number approaches one.

The nonlinear thickness-lift solution is determined numerically with a
two-independent variable method of relaxation elgorithm of the type intro-
duced by Murmen and Cole (ref. 7). The present method is similar to that
of Bailey (ref. 8) for axisymmetric flow except that the shock finite~
difference operator of Murman (ref. 9) is employed.

The two-variable formulation of the thickness-1ift problem is similai
to the axisymmetric formulation, in that the independent variables are the

axial and radial coordinates x and r as shown in figure 1.

Plane of

.. constant
~N
X ;

Figure 1,- Coordinate systems.



Howevér, cross-flow effécts sre not set to zero as in axisymmetpic flow but
are evaluated with the thebr& of ﬁeférehces 3 and 4. It should be noted
that this theory accounts for nonlinear as well as linear phenomena. So=-
lutions are determined in semiplanes of constent polaer angle ® such as
the one shown in figure 1. A separate solution must be obtained in each
plane for which results are desired. Note that the angle w 1is zero in the
wing plane and is positive dbovévﬁhe'wing.

A discussion of the program input and output are given in tluis paper.
In aeddition, a Fortran IV program listing is given in appendix A, and a sample
input and output are given in appendices B and C, respectively. The minimum
number of computer storage locations required to execute the program on the

CDC 6600 computer is 77,000g.
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SYMBOLS

width and spacing of slots in slotted tunnel wall

dipole strength for linear lift solution

free-gtream Mach number

radial coordinate

free stream velocity

perturbation velocity components in axiel and radial directions
axial coordinate

axial position of maximum body diameter

‘spanwise coordinate

vertical coordinate

angle of attack

constant of proportionality for slotted-wall boﬁndary condition
free~stream denisty

polar angle




DESCRIPTION OF INPUT

The program input consists of 17 fixed-point and 22 floating-point
parameters which are input with a namelist statement. These parameters are

organized into several groups according to their use.

Computational Grid

The first 10 parameters determine the grid, which is shown schemgtically
in figure 2. The grid indices in the axial and radial directions are J and
K, respectively; and the arrays‘for the axial and radisl grid coordinates are
XW(J) and RW(K).

The grid in the axial direction is specified by the fixed-point parameters
Jl, J2, J3, J4 and J5 and the floating-point parameter FAC. The grid is
uniform between J1 and J4. The body is located between J2 and J3, and the

x grid is scaled such that

xw(J2) = o,

XW(J3) = 1.

There are expanded grids in the regions J=1 to J=J1 and J=Jh-to‘J#5, such

that
(Xw(3) - xw(3-1))/(xw(J+1) - XW(J)) = FAC
in“therupstream nonuniform region énd

(XW(T) = XW(T-1))/(XW(I-1) - XW(J-2)) = FAC
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in the downstream nonuniform region. For supersonic free-stream Mach numbers
it is recommended that the grid be uniform everywhere. This is accomplished

by setting

Jdl =1

Jh = J5

The grid in the radiel direction is specified by the fixed-point
parameter KM and the floating-point parametérs RC¢M,A and B. The index
of the outer boundary is KM. The radiel grid distribution is given by the

equation
RW(K) = RC@M + ETA/(B - ETA%A)
- where
ETA = K/KM_
The quantity RCEM ie thé fadius at which the iﬁner boundarir c;:ndition is
»applied, and the parameters A a.nd’ B determine that stretchingkin the

radial direction. If A=B the radius of the outer boundary RW(KM) is

infinite.



Outer Boundary Condition

The boundary condition at the outer wall is specified by the fixed-
point parameter IWALL and the floating-point parameter P. The values
for IWALL are

0, free air

IWALL = "l, porous wall
2, slotted wall

If IWALL=0, the parameter P is not used by the pfdgram SO any value may
be input. For a porous wall (IWALL = 1) P is the constant of proportionality

in the porous-wall boundary condition

where u and v are the perturbation velocity components in the axial and
radial directions respectively. For a slotted well (IWALL = 2) P is the

constant of proportionality in the slotted wall boundary condition

3v

X ‘f?u

It should be noted that P for slotted walls is the reciprocal of the
parameter K wused in references 1 and 2. Baldwin, Tu:ner and Knechtel

(ref. 10) derive the approximate form

b L. Ta
K= - = vzn (sin = )

where b  and & are the slot width and spacihg.

8



Basic Parameters

There are five basic‘floating-point parameters. @MEGAD is the polar
angle  shown in figure 1 which defines the plane in which the computation
is made, and ALPHAD is the angle of attack. Both @MEGAD and ALPHAD are
in degrees. HSPAN is the nondimensional semispen of the wing. The Mach
number and ratio of specific heats are specified by the parameters AMINF

and GAMMA, respectively.

Body

The body‘shape is specified by two fixed-point paremeters and four
floeting-point parameters. There are 5 body shapes which can be used. The
choice of body shape is designated with the paremeter IR as shown in
figure 3. The maximum body radius is specified by the parameter RMAX.

The parameters RC and RN are used only for the general pointed
bodies. 1If IR ‘is not 1 or 2 any value can be specified for these paremeters.
The general pointed-body shepes were developed by McDevitt and Taylor (ref. 11).
If the point of maximum thickness is ahead of the mid-point therbody radius

R(J) 4is given by the FORTRAN IV equation
R(J) = RC*RMAX *(1. - XW(J) - (1. - XW(J)) **RN)

‘end if the point of maximum thickness is behind the midpoint the equation for

the body radius is

R(J) = RC ®RMAX *(XW(J) - XW(J) **EN)
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ellipse. IR e O %COHE, IR =3

/\/’_ =
= <
general pointed body, meximum

radius shead of midpoint ogive-cyli .
JR = 1 € cﬁRlner-Oglve,

general pointed body, maximum
radius behind midpoint
IR =2

Figure %.- Body shapes.
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Values for RC, RN and IR for several configurations are given in teble I.

The values in this table were obtained from reference 11. Let the axial

Location of maximum IR RC RN
radius, X

.3 1 1.71 6.03

g 1 2.36 | 3.39

.5 lor2 4,00 2.00

.6 2 2.36 3.39

T 2 1.7L 6.03

Teble I. - Parameters for genersl pointed body.

location of the meximum radius be designated as xc. In general xc, RC

and RN are related as

1 RN-1
xcgl_(-ﬁN__)

-

RC = — L =
1-x - (1-x)
c c

for x, £ 1/2 and as

1
[ RN-1
L RN
1
RC = —
c [+

for x, 2 1/2
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The configurations which can be treated can have st:i‘.-ng,vs. The radius of -
the sting is specified by the parameter RS, and the axial location where the
sting starts has the axial index JS. The sting extends to Jb. If there
is to be no sting, let RS = 0, and JS = J3.

The lengths of the ogive sections of the ogive-cylinder-ogive are each

one quarter of the body length.

Wing

The wing shape, type of flow at the leading edge and algorithm for
solving the linear-1ift problem are specified ‘with 6 fixed-point parameters
and 4 floating-point varameters. The identities of the parameters JWi,

JW2, JW3 and JWD ere indjcated in figuwe 4 for wings with and without strakes.

wing

| strake '
| Y | |
—+—— — — - —+
, ] ‘ J P 1
JWl=JWD JW2 - JW3 JWlL  JWD W2 JW3
(a)  Wing without strake (b) Wing with strake

Figure 4.- Fixed-point wing parameters.
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The leading and ﬁrailing edges of the wing are specified by the arrays
Y2(J) eand in(J),vreépeétively. In this report the trailing edge is a
straight line. It‘may %e swept or unswept. An upswept trailing edge is
specifled by setting JW2 = JW3. Two types of leading-edge shape are consi-
dered. Both types satlsfy the condition that the tangent to the wing at the
trailing edge is parallel to the free-stream direction so that the slender-

wing solution satisfies the Kutta condition automatically.

The first leading-edge shape, which is depicted in figure 5, is a

portion of a hyperbola. The foci of the hyperbola lie on the line with the

asymptotes of hyperbola

—_————— - — T—f —

leading edge

\ DEL % HSPAN

\ o

=~ ~
N\
vody \\\\ HSPAN
\ \
— R R \\
\\
W\ - X

Figure 5.- First 1eéding-edge shape.
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index JW3 The wing shape is specified with the parameter IWING. The
specification for the first leading-edge shape is IWING = 0. The only -
floating-point parémeter which must be specified for this leadihg-;dge shape
is DEL. This parameter and HSPAN are depicted in figure 5. |

The second leading edge shape is depicted in figure 6. This shape is

Ya(J)

v

JW3
Figure 6.- Second leading-edge shape. |

composed of two or three ’sstraight-—line segmehts and one or two fillets. 'Thev
specification for a wing ‘wi;bhoﬁt é sﬁra.ke is IWING = 1 or IWING = -1. The
parameter is positive if 'the linéa.f 1ift solution is to be'determined with
slender wing tﬁeory, and negé,tive if quasi-conical theory or ;bhe theofy of
Lawi'ence and Flax is to be used. 'I‘in'.s wing is compo;sedk of two segments with

“the slopes B2 ‘and 0 as indicated in figure 6. The paremeter DEL g‘ives'
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the fractionel difference in the local wingspan at the Junction point with

and without the fillet. The equation for this fractional difference is
DEL = (HSPAN - Y2)/HSPAN

For a wing without a strake any values will suffice for the parameters

Bl and DELl since they are not used. The specification for a wing with
a strake is IWING = 2 or IWING = -2. This wing‘is composed of 3 segments
with the slopes  Bl, B2 and 0 as shown in figure 6. The definition of the
parameter DEL is the same as for a wing without a strake. The perameter
DEL1 has a similar definition. Let the y coordinate of the intersection
point of the first two segments (the segments with the slopes Bl and B2)

be designated as YI. The equation for DEL1l is

DEL1 = (Y2 - Y1)/YI

There are three options as to how the flow at ihe leading edge of thé
wing behavés. These options are designated with the parameter IVPR. If the
flow is asttached the parameter has the value IV¢R =v0, and if the flow is
separated et the leadlng edge the parameter has +he value IV¢R 1. If the
wing hes a strake, the flow can be separated at the leading edge of the
strake and attached on the ving. For this type of flow the parameter has the

value IV@R =



Computational Parameters

There are two fixed-point and three floating-point parameters which
are used to control the computation. As discussed in references 1 and 2,
different approximations are used at points inside the wingtip and bgyond the
wingtip. In order to make the transition the cuter regior is divided into
a thin inner strip and a broad outer strip. There are some differences in
the way the problem is formulated in the two strips of the ou’er regicn.
However,; the solution is virtually independent of the relative widths of the
two strips, The width of the inner strip is specifiéd by the parameter IDIR.
This parameter generally has been given the value 4 by the authors.

The convergence of the program is defined in terms of the maximum change
in the velocity potential from one cycle to the next at all the grid points.
The computation is terminatedrwhen the absolute value of the maximum cheange
from one iteration cycle to the hext at any grid location is less than the
parameter EPSI. Also; the computation will be terminated if the number of
iterations reaches IMAX.

?he method of successive line overrelaxation is used in this érogram.

The relaxation factor which is u;ed at points where the floﬁ is subsonic is
‘input with the parameter SUB. This factor can be no larger’than 2. At points
where the flow is supersonic the iela#ation factor is‘l unless the flow at the
point immediately upétream is subsonic. If this circumstance pertains, the
reiaxatibn factor éhould be less then one. The value for this facfor is input'
with the parameter SUP. Typically, this factor is givén g value slightly leés

than 1.

16



Plotting Parameter

The program output includes two or three figures. The first figure is a
view of the configuration in the plane of consfant w (see figure 1) and
any shock waves or sonic lines which may be present. The second and third
figures are plots of pressure distributions. The scale factor for plotting
the first figure is input with the parsmeter SFACTOR. The number which is

input is the number of unit lengths per. inch which are to be used.

DESCRIPTION OF PRINTED OUTPUT

The computational program is divided into 3 main parts called Program

Start, Program Work, and Program Result. All three parts . have output.

Program Start

The function of Program Start is to establish the basic working
constants and arrays used to make the numerical computation. All of these
constants and arrays are printed at the end of Program Start. As mentioeed
previously, the axial and radial grid point locations are given by the arrays
XW(J) and RW(K). The shape of the body and the leading and trailing edges
of the wlng are given by the arrays R(J), Y2(J) and Yi(J), respectively, and
the axial derivative of the cross=sectional ares is glven by the array
- SPRIME(J). The axial indices of the first columns of grid p01ntsvdownstream
vof the points where the wing leading and trailing edges emerge from the body
are designated as JW1¢ and JwW2d@. ;v In references 1 and 2, theedipole
strength for the linear 1lift eolution is designated by the function 'f(x)
In the program the dlpole strength and the axlal derlvative of the dipole

strength are given by the arrays FUNB(J) and FUN2(J) respectively.

17




18

- The Brown and Michael model‘for leading-edge separation is used. This
model represents the vortex system at the leading edge with a vortex core
and vorticity feeding sheet. In this program the y and =z locations of
the vortex éore are given by the arrays YV(JG) and ZV(JG) where the position

index JG is related to the axisl index J by the equation
JG =J - JWIg + 3

The vortex-core strength and the axial derivative of the strength are designated
as GAN and DGANDX, respectively. As noted in the previous section, the flow
is separated along the entire length of the leading edge if the separsation

input parameter is IVPR = 1. If the separation input parameter has the value
IVPR = 2 and the wing has a strake (IWING = 2 or IWING = -2) the flow is
separated at the leading edge only along the strake. Aft of the strake the
vortex trails across the wing and the flow is attached at the leading edge

of the wing. The last axial station at which the flow at the leading edge is

separated is designated by the perameter JCHCK.

Program Work

Aftef each iteration cycle is completed, fheflargest change in the velocity
potential and the grid location where this change is located are printed. The
axial end radial indices are designated as - JMARK and KMARK, respectivelyi
and the change in velocity potential is designated as DPHIMX. As mentioned
previously separate computetions are made at points above and bgneéth the wing
‘if the compﬁtational plane is the horizontal plane (w = 0°). If the position
indices are negative the maximum'change in velocity potential has opcurred

benesth the wing.



Program Result

The computed results are printed in this part of the program. First
the shock wave and sonic line locations at each axial station in the region
of uniform axial grid (J2 < J £ J3) are printed. Provision is made'for a
total of as many as 6 shock waves and sonic iines at each axial station.

The next quantities to be printed are the pressure coefficients at all
the grid points in the region of uniform axial grid. These are printed in
rows from K=1 to K=KF where KF = KM if a wall is present and Kl = KM-1
for free air. In general, the pressure coefficients are calculated with the
approximate form of the linear 1lift pPotential used in Program Work. The
bressure coefficient on both sides of the wing is printed if the flow is
calculated on both sides of the wing. In addition, the pressure coefficients
at points on the wing are calculated with a more accurate form of the linear
1ift poﬁential.

The computed values of the potential for the coupled thickness-1ift
problem are prlnted next. If the flowbeneath the wing is calculated, the,
potentlal beneath the wing is printed.

The distribution of the 1ift along the axis of the configurgtion is
printed. In addition, vortex effects and thickness interactioh effects afe
given. These quantities have been made nondimensional with the‘product
pay;? where p_  and U, are the free-streamkdensity and speed. The lift,
mément, moment arm about the nose and the lift and moment coefficients are
also printed.

‘The pressure coefficient dlstrlbutlon on the body surface is determlned
’and prlnted If the conflguration is at zero angle of attack so that the flow

is axlsymmetrlc only one dlstributlon is given. If the configuration is at

19
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angle of attack and the computational plane is the wing-plane (0w = 0°) the
distributions along the intersections of the body surface with the wing plene
(w = 0°) and the vertical plane (w = +90°, -90°), are given. Two distributions
are givgn along the intersection of the body surface and wing plane, oné for
the pressure coefficient above the wing and one for the coefficient beneath the
wing. The distributions which are obtained for the intersection of the body
surface and vertical plane from the horizuntal-plane calculation are simply
surmised frog.the porizontal-plane results with the aid of slender-body»and
glender-wing theory. If the computational plane is the vertical plane (w = 90°
or W = -90°), only the distribution of the pressure coefficient along the
intersection of the body surface and the computationel plane is printed. When
leading-edge vortices and strake-generated vortices are included, the pressure
distributions both with and without vortex effects are printed. It éhould be
noted thaf the body-surface pressure coefficients for 1lifting configurations
are complete only if the computational plane is the horizontsl plane (w = 0°)
or the vertical plane (W = 90° or w = =90°). Lift effects are not inclﬁded
for other values of W.

A number called DRAG is calculated and printed. This number is determined
by integrating the surface pressure distribution. The accuracy of ﬁhe present
program is not good enough for this procedure to yield a meaningfulyvalue

for the drag, It is not unusual for the sign of the number to be negative,
DESCRIPTION OF PLOTTED OUTPUT

The output includes either 2 or 3 plots, the first of which shows &
view of the configuration and the shock-wave and sonic-line structure in the

computational plane, and the second and third of which depict axial pressure-
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coefficient distributions. If the configuration is at zero angle of attack
only one distribution, the body~-surface distribution is plotted. Four
distributions are given on two plots if the configuration is lifting and the
computational plane is the wing plane (w = 0°). These distributions are for
the pressure coefficient along the intersection of the body surface and the
wing piane sbove and beneath the wing and along the intersection of the body
surface and the vertical plane (w = -90°). If the configuration is lifting
and the computational plane is the vertical plane (w=90° or w=90°) the
distribution along the intersection of body surface and the side of the

-

vertical plene which is being computed is given,



ARRAY SIZE

There are eight COMMPN statements. The first of these is for scalar
quantitiés derived in the program and the last is for the input parameters.
These second and third CPMM@N statements are for one-dimensional arrays in
the axial direction and are dimensioned 120 in the listing given in
appendix A. The fourth statement is for one-dimensional arrays in the radial
direction which are dimensioned 100 in appendix A. If the grid size in
the axial or radial direction is to exceed 120 or 100, respectively, the
dimension of the corresponding arrays must be changed. The fifth and
sixth statements are for the one-dimensional arrays in the radial and axial
directions respectively, which are used to make computations under the
wing of lifting configurations. These arrays are used only if the angle of
attack is not zero and the computational plane is the wing blane (w = 0°),
The dimension of the axisl arrays must be at least as large as the number
JW3-JW10 + L4 where JW3 and JW1@ are the axial indices for the rear-most tip
of the wing and the grid point either at or Just downstreas of the point where
the leading edge of the wing intersects the body surface, respeCtiVely;~ It
should be noted that JW3 is an input parameter, and JW1@ is determined by the
program. The dimension of the radiasl arrays must be at least as large as the
index of the smallest value of the array RW(K) which is larger than the input
parameter HSPAN. The dimensions of these radisl and axial arrays in the
listing in appendix A ére 25 and 50 respectively. The two-dimensional arreys
PHI(J,K) and PHIU(JG,K) for the general velokcity potential and the velocity .
potential under the‘wing, respectively, are dimensioned in the seventh COMMPN

block. In the listing given in appendix A the axial and radial_dimensions are

.22
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109 and 50, respectively, for the former array and 50 and 25, rexpectively,
for the latter array. The seventh CPMMPN, statement also contains the array

for the coefficients used in the series solution for the linear 1ift obtained

with Lawrence-Flax theory.



APPENDIX A

PROGRAM LISTING

The computational program is listed in this appendix. It is written
in the Fortran IV computer language and contains two primary overleys.
The numerical computation and the printing is done in the first primary
overlay, which contains three secondery overlays. The figures are plotted

in the second primary overlay.

24



OVERL AY (DICK.O 0} A 0

PROGRAM EXEC (INPUT=201,0UTPUT,TAPES=INPUT,TAPET, TAPEL) A 10
c A 20
C A 21
CEEekkkkk #*****#t****** ok kR R R RO KRR KRRk kR kR kR Rk kR kR R R Rk ik Rk k kX
c 23
CEEEEE R EE t**t#*.*‘#*tt#t**#t*‘#t‘#t#‘*‘tt‘*‘t**t#****# o e s ool e e aje e ol ks e afe o ofe e e e 3 ok ok ok Kk
c A 25
c TRANSONIC FLOW ABOUT LIFTING WING-BODY COMBINATIONS A 30
c * A 40
c A3746-4 A 50
c A 60
c A T0
c VARIAN PLIT CONTROL CARD SHOULD BE A 80
c PLOT.VARI AN 'FSH=1244FSV=11.) A 90
c _ ’ : A 100
COMMON /CALLP/ NREAD,NCASES A 110
COMMON /NMLIST/ J14J20J3,J49J5,FAC,KM,RCOMsA9B,IWALL P ,OMESADsALPH A 120

1 ADy HSPAN¢ AMINF o GAMMA, [RRC yRMAXoRN 3 JSoRS o JWL s JW20 JW3 s JWD, IWINGsBLy A 130

2B2¢ DELL,DEL s IVOR,TDIRSEPSI ¢SUB.SUP IMAX, SFACTOR A 149
NREAD=0 A 150

READ 30+ NCASES,NPLOT A 160

D0 20 I=1,NCASES A 170

CALL OVERLAY (4HDICK,l,0,6HRECALL) A 180

IF (NPLOT.EQ.1) CALL OVERLAY (4HDICKy2,0,6HRECALL) A 190

20 CONTINUE A 200
STOP 0101 A 210

c A 220
30 FORMAT (1015) A 230
END A 240-



OVERLAY (DICKel,0)
PRUGRAM ONEO

COMMON SIGMASDELTA, I,BETASQyDXRyDXSQRyGAMPL,GPLDXR,KMM1,KFM1 ¢ KF4DE
LLETAPIRyCONGoCONS yHoJToJI 9 JF 9 DPHIMX¢DXy IXNy SNO,CS20, SNALP yf Sy JWl

200 W20, JWLIX9JW3XyBETA, JW3IML, OLTPH, JCHCK y IWo JWIOM2,y JW3P 1, JWLOML, M, X

3WMy XWMSQR ¢ PT yAK2 yAX2 9 AKL9AX1 ¢AXLO¢CNX o NAMXPLyALy A2y ZMACH, JMCK

COMMON R(120)4SPRIME(120),FUN(120) 4XW(120),Y1(120),Y2(120) FUNL(12
10)o FUNO(120) +IFUN(120) +FUN2(120) ,FUN3{120) +FUN4(120)IGUNLL20),CPI
21203y FUNX{120)ySLAS(120,6),CPO(120) ¢KLOAL120) 4KUPA(L20) ¢FUNS5{120),
3FUN6L120) yFUNT{120) ,FUNY(120),CPL{120),CP2(120)

COMMON FUNB (1200, FUN9(120),FUN10(120)4FUNL1L1C120),Y2PRM{1203,FUNL21
11200 FUNA{L20},FUNB(120)

COMMON CON7(100),CON8(100),CONS(100)+CON10O(100),CONLL(100),50N1{ 10
10)+CON2(100),CON3(100),0MEGA(100)4ABAR(100),BBAR( 100),CBAR{100),D8
2AR(100)+PHIO(100)+RW(100) RWR{100) 4AXOCR{100)4ACHK(100)PHIOLD(100
3),BCHK(100}

COMMON PHIUO(ZS)pOMEGAU(ZS)oACHKUl25)'BBARU(ZS)oCBARU(ZS)'DBARU(ZS
1) +BCHRUL(25) ,PHIOU(25)

COMMON IFUM(50),VLAM(50) , VTAU(50)VLAMP(50),VTAUP(50),YV(50),2V(50
1), FUNAO(50), FUNBO(50),UU0D(50),UU90D(50)

COMMON PHI(109,50) PHIU(S0425),COEF(21)

COMMON /NMULIST/ J1ed2sJ3¢J4yJ54FACyKMyRCOMyA 8,1 WALL,P,CMEGAD,ALPH
LADsHSPAN ¢ AMINF yGAMMA » IRyRC¢RMAX, RNy SRS 9 JW L JW2, JW3, dWDy IWING,B 1,
2B2+DELLyDELyIVOR, IDIR,EPSIoSUBSUP,IMAX,SFACTOR

DIMENSION IDATE(2)

NAMELIST /NAME/ J19J29J39J4y JS9FACKMyRCOM4A,BoIWALL P ,CMEGAD JALPH
LADyHSPANYAMINF yGAMMA yTRyRC sRMAX sRNy JSsRS ¢ JWL v JW2 y SW3 o WD, IWNINGeB1,
ZBZoDELlpDELolVOKtlQlRuEPSl'SUBoSUPolNAXuSFACTOR ’

CALL DAYTIM (IDATE)
PRINT 30, IDATE
PRINT 20

PRINT 30, IDATE
PRINT 10

READ (5,NAME)
REWIND 1

PRINT NAME

PRINT 20

CALL OVERLAY (4HDICK,1lele6HRECALL)
PRINT 20

mmmtmwmmmwmwmmmcc:cu“zo:mcammwmmmmmmemww@ﬂcnwmmmm
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CALL OVERLAY (4HDICK,1,2,6HRECALL) B 420
PRINT 20 : B8 430
CALL OVERLAY (4HDICK;1l,3,6HRECALL) B 440
RETURN B 450

: 8 460

10 FORMAT (//54H RUBY DAVIS — SUBSONIC-TRANSONIC AERODYNAMICS DIVISIO B 470
LN/31H FOR DICK BARNWELL ~ A3746 - 4/52H TRANSONIC FLOW ABOUT LIFT B 480
2ING WING-BODY COMBINATIONS/) ~ : B 490
20 FORMAT (1HL1//7) 8 500
30 FORMAT (84A10) B 510
END 8 520~



e Xa¥e]

OVERLAY (DICKyl,y1)

PROGRAM START

COMMON SIGMA+DELTA, I1+BETASQy OXRy DXSQR¢GAMPL,GPIDXRyKMML,KFML 4 KF4DE
LLETAsPIRsCONGyCONS o HoJT oI o JF yDPHIMX yDXy JXNySNOsCS209SNALPy I JWe JW1
209 JW20s JWLIXsIWIXsBETAy JW3MLyDLTPH ) JCHCK 9 IWy JWLOM2 3 JW3PL o JWLOMLy My X
3WMyXWMSQRsPT9AK2 g AX2 ¢AKL ¢ AX1 s AXLOsCNXoNAMXP L9 ALgA24ZMACH,y JMCK

COMMON R(120),SPRIME(120),FUN{120) ¢XW(120)4Y10120),Y2(120)FUNL(12
10),FUNO(120),1FUN(120),FUN2(120) ,FUN3(120),FUN4{120), IGUN(120),CP
2120),FUNX(120),SLAS(120,6)yCPO(120)4KLOA{120) KUPA(L120),FUNS{120),
3FUN6(120) yFUNT(120)4FUNY(120),CP1{120),CP2(120)

COMMON FUNB(120),FUN9(L20),FUNLO{120),FUNLL1{120),Y2PRM(120},FUN12{(
1120),FUNA(L20),FUNB{120)

COMMON CONT7(100),CON8{100),CON9{100),CONLO(100),CONLLL100),CONL(10
L0)9CON2{100),CON3(LOO0),0MEGA(100),ABAR(100),BBAR(100),CBAR{100),08
2AR(100)yPHIO(100) yRWI100)+RWR(100) yAXOCR(100) 4ACHK(100) ,PHIOLD(100

31+BCHK{100)

COMMON PHIUD(25) 4OMEGAU(25),ACHKU(25), BBARU(ZS)'CBARU(ZS)yDBARU(ZS
1),BCHKUL25) ,PHIOU(25)

COMMON IFUM(50) ¢VLAM(50) ¢ VTAU(S0) +VLAMP(50),VTAUP(501,YV(52),2ZV(50
1) ,FUNAD(S0) ,FUNBO(50).,UU0OD(50),UUSOD(50)

COMMON PHI(109,50) ,PHIU(50,25),COEF(21)

COMMON /NMLIST/ J19J29J39J45d5,FAC KMpRCOMsA,B,iWALL,P,OMEGAD, ALPH
LADyHSPANS AMINF, GAMMA, IRy RCoRMAXs RN ¢ JS1RS s JW]1 s JW2 , JW3 2 WDy ININGB1,
2B2sDELLIDEL+IVORJIDIRIEPST 4SUB,SUP,, IMAX,SFACTOR

PART 1 VARIOUS CONSTANTS,AXTAL AND RADIAL GRIDS

RAD=57.29577951308
SNALP=SIN{ALPHAD/RAD)
SNO=SIN{OMEGAD/RAD)
CS520=1e--2. #SNO*%2
IW=Q

IF (ABS(SNO) eLTeleE=-06eAND.ABS{SNALP)eGT ol e E-06AND.HSPANLGT o RMAX)
1 Tw=l

SIGMA=SNALP **2

DEL YA=RMAX

1=0
BETASQ=1.—AMINF**2
AJl=J1

AJ2=42

AJ3=.3
DX=1./(Ad3~AJ2)
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220
230
240
250
260
270
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300
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%00
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10

20
30

40
50

60

DDX={AJ2-AJ 1) %DX
JIF=J4=-JL+1
DO 10 JJ=1,JJF

XW( J1+Jd-1)=FLOAT (JJ=-1 ) *DX~DOX

IF (J1.EQ.1) GO TO 30
JIMl=Jdi-1

DO 20 JJI=1l,J1IM1

JIMl=JJ—-1

J=J1-JJ

JPl=J+]
xw(J)—xulJPl)wa*FAC**JJMI
IF (J4.EQ.J5) GO TO 50
JOSMI4G=y5-Ja

DO 40 JJ=1,J5MJ4
JIMi=Ji-1

J=Jd4a+JdJ

JM1=J-1

XWilJ)= xw(JMl)foxtFAc*tJJHI
DXR=14/DX

DXSQR=DXR**2
GAMPL=(GAMMA+1 . ) «AMINF*&2
GPL1DXR=GAMP L*DXR
KMM1=KM-1 .

‘KF=KMM1

IF (IWALLGJNE. 0) KF=KM
KFM1=KF-}

AKM=KM '

DELETA=1./AKM

DO 60 K=2,4KF

AK=K

ETA=AK*DELETA
BMAEK=B~A%ETA
ETAR=1./(ETA+BMAEK*RCOM)
BMAEKR=1./BMAEK

CON1(K)= .S*DELETA*BMAEKR‘(B*ETAR -2.%A)

CON=(B*DELE TA*BMAEKR) *¥2
CON2(K)=CON*BMAEKR*%*2
CON3(K)=CON*ETAR*#*2
CONllL)=1.
BMADE=B~A*DELETA
BMADER=1./BMADE -
TBMADE=2,*B-A®DELETA
TBMADR=1./TBMADE
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740
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180
790
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[aNaNe)

BMT ADE=8~-2. *A*DELETA
BMTADR=1./BMTADE
F1=DELETA+BMADE®RCOM
F2=3,%DELETA+(2.%B-3 . #A*DGLETA)*RCOM
CON=8.*(B*DELETA)**2%BMT AUR*TBMADR/F2
CON2{1)=CON*F1*BMADER**2
CON3CL)I=CON/F1

P1=3,141592654

PIR=1./Pl

" CON4=PIR*B*DELETA*(2.%B8-3. %A *DELETA ) /F2%BMTADR*BMADER

70

80

90

100

[F (IWALL.NE.O) H=P*B*DELETA/(B-A)}*#2%(]1.¢.5%BSDELETA/(B-A))
JI=2 :
JF=J5-1

[F (AMINF.LE.l.) GO TO 70

JI=3

JT=JI+JF

DO 90 K=1,KF

AK=K

ETA=AK$DELETA

RW(K)=ETA/(B-A®ETA) +RCOM
ARG=1.+BETASQ*RW(K ) *%2

IF (ARG.LT.0.) GO TO 80
AXOCR{K)=1./SART{ARG)

RWR {K)=SNALP*SNO/RW (K}
CONLO{K)I=CON2(K) S SNALP*SNO*RW(K)

CONLL (K)=CONZ2(K)&RH (11) **2
CONT{KI=2 . %CON3{K)*RVR(K)*%2
CONBUK)=SNALP®®ZXCON2{K) *RW( K} #+2

CON9O( K)=SNALP*¥2%CON2 (K) *RW{K }
ABAR(K)=1,~CONL{K)

PARTY 2 80DY GEUMETRY

J2M1l=J2~1

DO 100 J=1,Jd2M1

R{J)=0.

SPRIME(J)=0.
COM=RC*RMAX

JSM1=J5-1

IF (IR.EQ.1) GO TO 120
IF (IR.EQ.2) GO TO 140
IF (IR.EQ.3) GO TO 160
IF (IR.EQe4) GO TG 180
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[gNeXa]

DO 110 J=J2,JdS5M1

 R{J)=COME(Y-Y*&RN)

110
120
130

140
150

160
170

130

190

200

210
220

230

SPRIME(JI=2 .*¥PTI*COM*(RN*Y**(RN—-1.)=1.)*R(J)
60 YO 220

DO 130 J=J2,J5M1

R{JI=COMK (XW{J}=XW{J)*%RN)

SPRIME(J)=2.*P T *COM*{ 1 .~RN*XW(J) ** (RN~1.) }*¥R(J)

GO TO 220

DD 150 J=J2,J5M1

Y=1le=2.%XW{ J)
RCOJI=RMAX*SQRT{ABS(1l.~Y*%2})
SPRIME(J) =4 o ¥P T*RMAXK*2%Y
SPRIME(J2)=0.

G0 TO 220

DO 170 J=J2.45M1

RUJ I=RMAX*XW(J)

SPRIME(J)=2.%P [¥RMAX*R(J)

GO TO 220

DO 210 J=J2sJSM1

IF (XW(J)eGTee25) GO .TO 190

REJI=B., % RMAX®XW (J)*(L.=2.%XW(J))
SPRIME{J)=2. %P1 *R( J)*#B. ¢ RMAX®(1.~4. *XW(J))
GO TO 210 :

[F (XW{J)eGTea75) GO TO 200
REJII=RMAX

SPRIME(J)=0.

G0 TO 210
REJDI=B.*4RMAX*(Lo=XW{JD)®(2.¢XWIJ)-1.)
SPRIME(J)=2 *PI*R(J)*8.%(3.~4.*¥XW(J))*RMAX
CONTINUE

DO 230 J=JS+d5

R{JI=RS

SPRIME(J)=V.

PART 3  WING GEOMETRY

IF (JW3.GT.JIW2) CAAL=HSPAN/(XWEJIW3)-XWIJN2))

JHLPL=Jnl+]
JWZ2P1=JH2+]
JH3PL=JW3+l
M=JW3
IMACH=0.
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240

DO 240 J=1, Wl

FUNA(J)=1. '
FUNB(J)=0.

EUNS5(J)=0.

FUNG6(J)=0.

FUNT(J)=0

FUN2(J)=0.
FUN3(J)=R{J)#%2
FUN4(J)=0.

IGUN( J)=1DIR

Y2PRM(J)=0.

FUNC(J)=0.

Y2(J)=0.

IFUN(J)=0

FUN{J)=0.
CNNL=Le/(XW(JIW3)=XH(IW1))
CNN2=HSPAN®#4%CNN1 %% 3%GAMP 1%( 1442, ¥DEL) %% 2
DELPL=DEL*+1.
TOELP1=2.%DEL+].
DELSQ=DEL%%x?

CNX=1l.

IF (SNO.LT.-1.E-06) CNX=-1.

"CNNA=CNX*HSPANSTDELPL*CNNL®SNALP

CNNAQ=HSPAN®TDELPL*CNNI
CNNB=-CNX*HSPANSTDELP L*DELSQ*CNN1*%2%SNALP
JW10=JW1lP1

JW20=JHW2+1

CNN6= (bAMPl*CNNl**3)**3*(HSPAN‘*Z*TDELP1)‘*4/128.
JCHCK=JNW3

IF (IWING.EQ.Q) GO TO 250

A2==B2% (XW{JWD)=-XWL{JIn1))
AX2=(HSPAN-AZ)}/B2

AY2=A2¢B2%AX2

IF (AY2.LTel.E-06) AY2=1.E-06
AKZ2=82/(DEL*AY2)

IF (IWINGNE.2. AND.IH[NG NEe~2) GO TO 250
Al1=R{JW1)

AX1l==(A2-A1)/(B2-B1)

AX1D=AX1+XW(JWY)

AYLl=Al+BL*AX]

IF (AY1laLT. 1.E=06) AY1l=1.E-06

 AK1=(82-B1) /{AY1%#ABS(DELL))

JCHCK=JW1"
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250

260

DO 410 J=JW1P1l,JW3

FUNA(J)=1.

FUNB(J)=0

IF (IWING.NE.O) GO TO 260
AX=(XW(JW3)=XW(J)I*CNN]
CNN3=SQRT (ABS({DEL SQ+TDELPL®AX*%2)])
CNN4=1./CNN3

Y20 J)=HSPAN*(DELP1-CNN3)

FUNO{J)=HSP AN®#2¥CNNL* (DELPL#*CNN4—1. )*TDELP 1 *AX

IF (Y2(J).LT.R{J4)) GO TO 400
ROY2E4=(R{JI/Y2(J) ) **4
FACO=1.-ROY2F4 '

FUN(J)=o5%FACO**2%CNN2*(DELP1*CNNé4~—1. l*(1.-DELPl*DELSQ*CNN#**3!‘AX

L+#2.%FACO*ROY2E4*#FUNO(J ) *x%3/Y2(J) #%2%GAMP ]
FUNOJ=FUNO(J)
FUN2(J)=FACO*FUNO(J)

FUNO(J”.S*FACO*(HSPAN*CNNI)‘*Z*(l.-DELPI*DELSQ*CNN#**B)‘TDFLPIOZ.

1 *ROY2E4* (FUNO(J)/Y2(J) ) *&2
IF (J.GTaJW2) GO TO 340
G0 T0 320
AX=XW(J)-XW(JWL)
BX=AK2*(AX-AX2)

. IF (BXeLT<—1004) BX=—100.

270
280

290

[F (BXeGTo100.) BX=1004

IF (ABS{BX).LT.1l.E~06) GO TO 270
CX=EXPl=-BX)

XD=La/lle=CX)

Y2(J)==B82%{ AX~-AX2)*XD
Y2JP=-B82%(1.~(1o+BX)#CX) XD**2
Y2JDP=~B2*AK2*¥CX¥{BX* (Lo #CX) €XD~2, ) *XD**2
GO TO 280

Y2(J)=-B2/BX

Y2JP=—.5%B82

Y2J40P==,5%B2%AK2

IF (IWING. EQe2.0R.IWING.EQe~2} GO TO 290
Y2(J)=A2+B2*AX¢Y2(J)

Y2JP=82¢Y24P

GO 10 310

BX=AK1¥ { AX—-AXL)

IF (XW(J).LT.AX10) JCHCK=J~1

IF (8X. LT-'IOO., BX°‘1000

IF (BX.GT.100.) BX=100.

If (ABS{BX).LT.1.E=06) GO TO 300
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300
310

320

330

340

CX=EXP(-BX)

XD=le/({}1e~CX)
Y2(J)=Y2(J)+(B2~BLI*(AX~-AX1)*XD+Al+B1l*AX
Y2JP=2Y2J P+{B2-BL)*(l.~(]l +BX)*CX)EXD*$24B1]
Y2JDP=Y2JDP +{B2~R 1 ) *AK1*C X*(BX*( 1 . +CX)*XD-2,) #XD & *2
G0 10 310

Y2(J)=Y2(J)+A1l+BLxAX+(B2-8B1) /DX
Y2JP=Y2JP+.5%(B2-K1)

IF {Y2{J) LTLRLJ)} GO TO 400

J6=J-JW10+3 $ FUNAO(JUG)=1. & FUNBOIJG)=0.
ROYZEé“(R(J)/YZ(J)U**#

FACO=1.-ROY2E4 '

FUNOJ=Y2(J)*Y24P

FUN2(J)=FACO*FUNDJ

FDOP=Y2{J)*Y2JDP+Y2/P%®?

FUN(J )= SEGAMPLAFACO=FUNOJ*FOP
FUNO(J)=5%FACO%FDP

IF (J.GT.JW2) GO TO 340
FUNSBIJ)=.5%Y2(J)%%2%( ] . #ROY2E4)

TJIW=J+1

JN20=1JW

IF {IWING.NEL.D) GO TO 330
FUN4(J)=CNNA®AXXCNNS :
FUNG(JII=FUNGLIIS (1. +(lo=2.%SNO*®2)S{RIJ)/Y2(J))*x2)
Y2PRM{J)=CNNAO*AX*CNN4
FUNSCJIY=CNNBECNNG*%3

GO TO 360 ‘

FUN4(J) = CNX*SNALP‘YZJP

FUN4(JI=FUN4LJ)I®LL, 0(l.-Z.*SND#*Z)*iR(J)/YZ(J))*‘Z)
Y2PRM(J)=Y2JP

FUNS(JI=CNXXSNALP*Y24DP

GG 10 360

YI{J)=CAALI®(XW(JI)=XW{JIW2))

IF (J.EQeJW3) Y1LJ)=Y2(J)

IF (YI{J)LELR(J)) GO TO 320
AKBAR=Y1{(J)/Y21J)

ANUMI={1.-AKBAR) /{1 .+AKBAR)
FUNZ(JD-.BS*FACO*FUNO(J)*ANUMI
ROY2E2=(R{JIZY20J) ) %%
ROYLEZ2=(REJIZYLLJ))¥%Z:

AKPRM=1.7 (1 1.-ROY2E2)&Y2(J))*((]. +ROY1EZ)*CAA1-(l.—ROYlEZ)*(l.&RDY

L2E2 YL (JI*FUNOJ/{(1.~ROY2E2)*Y2(J)))
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1RM)

FUNO(J)=.85%FUND(J )*SQRT (ABSCANUML) )
[F (J.EQ.JdW3)
FUNOUJII=FUNO(J)-.425%FUNOJ*{ 1., -ROY2E4) *AKPRM/SQRT( (1.~AKBAR) # (1. +A

1LKBAR)}*%3)
350 FUN4{J)=0.
FUNS{J)=0.

ILF (INING.EQ.D)
IF CIWINGoNELO) Y2PRM{J)=Y24P

360 IF (IVOR.EQ+OeUR.JGTJIW1ID) G50 TO 370
RBP=,5*%PIR*SPRIME(J)I/R(J)
CHEKK={Y2(JD)=-R{JI D/ CLLY2PRM{J )-RBP ) *DX)
IF (CHEKK«LTe.sl) GO TO 400

370 ETA=0.
KJd=0

380 ETA=ETA+DELETA

Kd=KJ+1

GO 1O 350

RAD=ETA/(B-A*ETA) +RCOM

IF (RADLGT.Y2(J)) GO TO 390

GO YO 380
390 IFUN(J)=KJ-1

IF (IFUN(J).EQ.0) TFUNLJI=1

IGUN(J)=IDER+IFUNL J)

G0 10 410
400 1FUN(J)=0
IGUN(JI=1DIR
FUN4{(J)=0.
FUNS5(J)=0.
FUN6{JI=0,
FUNT(J)=0.
Y2PRM{J}=0.
FUN(J)=0.
FUNO(JI=0.
LIW=J+1
FUN2(J) =40

FUN3{J)=R(J)**2

JW10=J+1

410 CONTINUE
FUNAD(2)=1.
JMCK=JW10-1

JWIOM2=JwW 10-2

JW3P1=JW3+1

JW10M1=JW10~1

Y2PRM(J)=CNNAO*AX*CNN4
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aaoa

420
430

440

450
460

JW3IMl=JwWi~]

IF ([JW.EQ.JW3PLl) GO TO 430
DO 420 J=TJHW,JW3
FUN3{J)=FUN3I(J=1) . 5¢DX*(FUN2UJ)+FUN2(J~1))
DO 440 J=JMW3P1,J5
FUNA(JI=1. !
FUNB(J)=0.

FUNS(J)=0.

FUN6L J)=0.

FUNT(J)=0.

FUN2(J4)=0.
FUN3{JI=FUN3(JW3)
FUN4(J)=0.
IGUNCJ)}=TGUN(JIW3)
Y2PRM(J)=0.

Y2(J)=Y2(JW3)
TFUN(J)=TFUN(JIW3)
FUNO(J)=0.

FUN(J)=0.

DO 450 J=.4Jd2.

IF (XulJ)elTe~1.) GO TO 450
JXN=J

GO TD 460

CONTINUE

DLTPH=0.

IF (IWING.LTL0) CALL MACH

PART 4  VORTEX OVER WING

IF (I1VOR.EQ.0) GO TO 720

IF (IVOR.NEe2) JCHCK=JW3
JHKML=JCHCK~-1

JAM=128

AJAM=JAM

AJAMR=1./AJAM

ADX2=DX*AJAMR

Y2P=Y2PRM(JW10) -
RBP=,5%P [ R*SPRIME { IW10)/R(IM10)
TOT=(1.-(Y2(JWL0I=R{JKI0) }/ (DX*(Y2P-RBP) ) I *AJAM+ 1,
NTOT=TOT

4T=JAM-NTOT

AJT=JT
RB=R(JWLIOD}-RBP*AIT*ADX2
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Y2B=Y2{JW1l0)-Y2P*AJT*ADX2
RATIO=FUNA( JW10)-FUNB(JIW10)*AJT*ADX2
RATIOP=FUNBILJ)
ANUMO=SNALP/(Y2P-RBP)*RATIO
YA=-,00451++56114*ANUMO-4 121 52%¢ANUMO**2
YVT=RBO(YZB—RBD*(.99031—.98407‘YA42.?9481*YA“2-1.78322*YA**3)
IVT=(Y2B-RB) *YA
HB=Y2B+RB**2/Y28
HBP={l.-(RB/Y2B)*%2)*Y2P+2.,*RB/Y2B*RBP
AF1=(Y2B-RB)/RB
AF2=(YVT-RB)/RB
AF3=ZVT/RB
ANUML=AF2%%2—-AFl*%2-AF3%%2
ETA=1 .+ S*ANUML
X [=AF2%AF3
ANUM2=SQRT (ANUML**2+¢4 *(ETA®X]1 *%2)
BLAM=.70710678%SQRT{ ANUML +ANUMZ)
BTAU=ETA®X [ /BLAM
JSTAT=JW10~1
IF (NTOTL.LEL.O) GO TO 470
JJI2=JAM '
JJ1=NTOT+]
GO TO 480
470 JJ2=J47
JJ1=1 ‘
430 DO 650 J=JSTAT,J¥3
JG=J-JW1l0+3
L=Jd6
DO 640 JJ=JJledJ2
AJJd=4J
ADX3=ADX2
10=1
RBG=RB
¥2B6=Y28
RBPG=RBP
Y 2PG=Y2P
HBG=HB
HBPG=HRP
BLAMG=BLAR
B8TAUG=6TAU
RATIOG=RATIO
RAT[PG=RATIOP
490 AIQ=1G
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500

510

520

»

AIQR=1./A1Q

D0 640 1S=1.,1Q

ALS=1S

ABCL=AJAMR®* (AJAM-AJJ#1 .~ (AIS-.5) *#AIQR)
ABC2=1.-A8C1

ABC 3=ABC1-.5%AJAMR*AIQR
ABC4=1,-ABC3

1IC=1 '
ANUML=1 o ¢+ BL AM&*2-BT AU*%2
ANUMZ2=SQRT{ ANUM1*¥ 244 . {BLAMXBTAU) *%2)
ETA=.T7071L06T78*SQRT { ANUML+ANUM2)
XI=8LAM*®BTAU/ETA

CHCEK=Y2B/RB-1.

IF (CHCEK.LT..01) GO TO 510
ANUMLO=ETA*®2+X [ % %2 +4 ., ¥ (RB/HB)e*2
ARG=ETA**2+,5% ANUM20—-ANUM1O)

GO 10 520

AFl=(Y2B-RB)}*%2
AF2=BLAM®%2-BTAU**2

AF3=1./RB*%2

ANUMIO=.5%({ AF1*AF3#AF2)

ANUM20=AF3*SQRT(AFL*(AFL+2 .%AB*$2%AF2) tRB* %4 (BLAMER2+8TAUSE2 ) *82)

ARG=ANUM] O+.5%*ANUM20

YVYT=45%HB*{ ETA+SQRT (ABS(ARG) })
ZVY=XI*HB*YVT/( 2. %YVT~-ETA*HB )
ANUM=RB%*2/(YVTR%2¢IVT%*%2)
FNUM2=HB*(BLAM**2+BTAU%*2)
AY=(YVT*BLAM+ZIVT*BTAU}/FNUUM2
AZ=(YVT%BTAU-ZVT*BLAM)/FNUM2
BY=(YVT*%2-7VI*®2 | %826 % (YVTEIVT ) *82
BZ=4, %Y VT#ZVT# (YVT*&2-7YT%%2 )
ANUM3=RBk*4/(BY*%2+B1%%2)
BYO=1.~ANUM3%BY

BZ0=-ANUM3%xBZ

CY=AY*BYO-AZ*BZ0O

Cl=AZ*BYOD+AY*3Z0
DY=(AY*%2-A7%%2 ) &BY(Q-2.¥AY*57*B10
DZ=2.*AY*AZ*BYD* (AY *%2--A72 582 )*¥B20
ANUM&=1. 7LYVT®524ZVTH2Z]
ANUMS =ANU M* ANU M4

DYO=1 .43 % { YVT*%2-Z V%2 ) =ANUMS
D20=6,%YVT*ZVT*ANUMS
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530

540

ANUM6=1./{BYO%%2+BZ0%*%2)
EY=ANUMG* { BYO*DY O +BZ0*DZO)
E1=ANUM6*(BYO*DZ0-BZ0*DY0)
FY=ANUMG* ( ZVT#{EY=DY)-YVT*(DZ-EL))

F2=ANUMG* (YVT*(DY—EY ) +ZVT *(EZ-DLZ))

1F (JoGT.JCHCK) GQ TO 530

IF (JeEQ.JCHCK<AND.JJ.GEL2) GO YO 530

GAN=.5%HB* (BLAM+BTAU%*2/BLAM)

GAN=GAN*RAT 10

GANSAV=GAN

AMY=({ YVT-Y2B) *HBERATIO *.5/GAN®*{(1.-(BTAU/BLAM)**2)
AMZ=ZVT#*HB*RAT I #.5/GAN*(1.~(BTAU/BLAM)**2)
ANY=(YVT-Y2B)#HB*RATIO ¢BTAU/ (GAN®BLAM)
ANZ=ZVTXHB*RAT IO *BTAU/ (GAN*BLAM)

APY={ YVT-Y2BJ/RATIO

APZ=2VT/RAT IO

‘AQY=(VYVT-Y2B) /HB

AQZ=2NVT/HB

GO 10O 540

GAN=GANSAV

AMY=0,

AMZ=0.

ANY=0,

ANZ =Ce

AQY=0.

AOZ=0.

APY=0,

APZ=0.

ANUMT=HR*BYO* ANUM4 * ANUM6
ANUM8=HB*BZO*ANUH4*ANUM6
ANUMS=BLAM*YVT+BTAU*IVT
ANUM10=8BTAU*YVT-3LAM*ZIVT
0Y=ANUMZ7=ANUMI~ANUMB®ANUMLO

0Z= ANUMT* ANUML1O +ANUNB®ANUMS
GYO=(RBEANUMSG ) =¥ 2% [ YV T%x%2-ZVT**2)
GZO==2 . kYVT*Z VT4 RB*¥ANUM 4 ) **2
GY=ANUM4/ (L 1.~GYD)**%2 24GZ0*%2 )% (YVT*{1.~GYD)+ZVT#GZ0)
GZ—ANUM4/(‘lambYO)**2*6[0‘“2)*(YVT*GZU‘ZVT*(lo'GVO)’
GBARY=ANUM4®ANUM6*( YV T*BYO+2ZVT*BZ0)
GBARZ=ANUMG®ANUM6*(YVT*BZ0-2ZVT*8Y0)
H11=0Y*HB+AMY

H12=~0Z%HB+ANY

H21=0Z%HB+AMZ
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550

560

570

580

H22=0Y%HB+ANZ

Hl==SNALP*(CZ*RATIO=.5%GAN®(CZ/{BLAM*HE)- FY))ORB*(YVT*ANUM4+2.*GY)

1 *RBP-{0Y*®BLAM-0Z*BTAU+AQOY+HB*GBARY) *HBP-APY*RATIOP

H2=SNALP* {CY*RAT IO-o5%GAN® (CY/ (BLAM®HB)+FZ ) J+RB*(ZVT*ANUM4G+2.

1 *GZ)*RBP— (OZ*BLAM+QY*BTAU+ACZ+HB*GB ARZ)*HBP-APZ*RAT 0P
BNUMO=14/ ({H11%H22~ H12*H21) ‘
BNUML=H]1 *BNUMO
BNUM2=H2«BNUMD
BLAMP=BNUM]1 *H22-BNUM2*H12
BYAUP=BNUM2#H11-BNUM1*H21
IF (1IC.GT.1) GO TO 580
11Cc=2
BLAMO=BL AM
BTAUO=BTAU
BLAMP1=8BL AMP
BTAUP1=BTAUP
BLAM=BLAM#+ .5%ADX3#BLAMP
BTAU=BTAU+.5%ADX3«BTAUP
IF (JJeNEeloeORoIQeNEaleORJeLT.iW1lC) GO TO 550
VLAMP(JG)=BLAMP
"VTAUP(JG)=BTAUP
YV{JG)=YVT
INLIG)=ZVT
IF (J.EQ.JW3) GO TOQ 650
IF (J.LT.JW10) GO TO 560
RB=ABC1*R{J)+ABC2*R{J*1)
Y2B=Y2{JI*®ABCL+Y2(J+]}*ABC2 :
RATIO=FUNA(J)*ABCY+FUNA{J+1)*ABC2
RATIOP=FUNB(J)*ABCL+FUNB{J+1 )%ABC2
RBP=,5*PIR*(SPRIME(J)/R(JI*ABCL+SPRIME(JI+1)/R(J+1)*ABC2)
Y2P=Y2PRM(J)*ABCL+YZPRMEJ+1) *ABC2
GO 10 570
RB=R(JWLO) ~ABCL*DX*RBP
Y28=Y2(JW10)}-ABC1*DX*Y2P
RATIO=FUNA(JW10)-ABCI*DX*FUNB{JWLO0)
RATIOP=FUNB(JW10Q)

HB=Y2B+RB**2/Y28 :
HRP= YZP*(1.-(RB/YZB)**2)+20*RBIYZB*RBP
GO 10 500

IF (1IC.GT.2) GO TO 590

fEC=3

BLAM=BL AMO+.5*ADX3*BLAMP
BTAU=BTAUD+.5%ADX3 *BTAUP
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590

600

610

620

630
640

BLAMP2=BLAMP

BYAUPZ2=BTAUP

GO TO0 500

IF (1IC.GT.3) GO TO 630
CHECKL=ABS{{BLAMP2~BLAMP)/BLAMP2)
CHECKU=ABS((BTAUP2-BTAUP)/BTAUP2)

IF (CHECKLoLTeo0leDReCHECKU«LT.201) GO TO 600
RB=RBG

Y2B=Y2BG

‘RBP=RBPG

Y2P=Y2PG
HB=HRG
HBP=HBPG '
BLAM=BLAMG

8 TAU=BTAUG
1Q=2%*1Q
ADX3=,5%ADX3
RAT 10=RAT {06
RATIOP=RATIPG
GO TO 490
11C=4

‘BLAM=BLAMO®ADX3%BLAMP

BTAU=BVAUO+ADX3*BTAUP

BLAMP 3=BLAMP

8TAUP3=BYAUP

IF (J.LT.JW10) GO TO 610

RB=ABC3*R(J)+ABCLH*R(J+1)
Y2B=ABC3%Y2(J)+ABC4*Y2(J*¥]1)
RATIO=FUNA{J)*ABC3 +FUNA(J +1)*ABC4
RATIOP=FUNB(J)*ABC3+FUNB(J+]1)*ABC4
RBP=.)*PIR*(ABC3*SPRIHE(JliR(J)*ABC#*SPRIHE(J*ll/R(J+l)l
Y2P=ARC3®Y2PRM(J) +ABCL*Y2PRM(J+1)

G0 70 620 o

RB=REJHWLD)-ABLCA*DX*RBP

Y2B=Y2(JWLD)-ABCI*DX*Y2P

RAT [0=FUNA(JK10)-ABC3*DX*FUNB{ JW10)
RATIOP=FUNB(JW10)

HB= Y2B+RB**2/Y28B

HBP=Y2P* (1l.~(RB/Y2B)*¥2) +2 ,%R3/Y2B*RBP

GO TD 500 : ‘
BLAM=BLAMO#(BLAMPI*2.*(BLAMPZ*BLAMPB)08LAHP)*ADX316.
B?AU=BTAUO+(BTAUP102.*(BTAUPZ*BTAUPB)fBTAUP)*ADXBIb.
JAM=16
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AJAN=JAM

AJAMR=1./AJAM

ADX2=DX*A JAMR

JJ2=JAM

JJ1=1

VLAM{ JG+1)=BLAM

VTAU(JG+1)=BTAU

650 CONTINUE

JG=JW2-JW10+3

IF (JCHCK.LT.JW2) GO TO 660 .

DLTPH=2 o DX ¥ SNALP*(2.% (Y2 (JW2 ) +R (JW2 ) #%2/Y 2(IN2) ) *(VLAMIIG ) *VLAMPL
1JG) #VTAULJIG) AVTAUP(JGI I+ L (1a=(REJW2D /Y2(IW2) 1 H¥2) #Y2PRM(IWZ) +PIRAS
2PRIME(JW2) Z/YZ(JIN2) D *(VLAM( JG I $%2+VTAULJIG) *%2)1 )/ (1 .~-VTAULJG )**2)$FU
INA(JW2 )42« *DXESNALP*(Y2(JW2)+R (JW2) #%2/Y2 (JW2 ) b ( VLAM{ JG)#*#2+VTAU(
4JG)*¥2) /(1.=VTAU(JG)**2) #FUNB( JH2) .

GO TO 670 |

660 JGl=JCHCK-JWLO+3

GAN=.5%Y2 (JCHCK ) *(VLAM(JGL)+VTAULSGL)#*2/VLAMLJIGL))

GAN=GAN* (1. +{R{JCHCK) /Y2 ({ JCHCK) }#*2 ) *FUNA ( JCHCK)

DLTPH=2 « *SNALP $GAN*DX*( { ( La=VTAU(JG) ) /{{ Loa=VTAUCJG} ) ¥%24VLAML JG) **
12141 /7({1«+¥VTAULJG ) ) DEVLAMP{JIG) #VLAM(JG) * (1.7 ((1.~VTAU(JG) ) %62 +VLAM
2006)¢%2)~1./(1.+VTAU(JG) ) &2 ) VTAUP{IG))

670 DO 700 J=JW10,JwW3

JG=J=-JW10+3

IF (J.LE.JCHCK) GO TO 680

DGANDX=0a

GO TO 690 , .

680 GAN=.5%{Y2(J)+R(JI*¥2/Y2 (I ) (VLAM(JIG)I+VTAU(JIGI**2/VLAMIIG))

DGANDX=o 5%V 2PRM{JB#{1a=(REJ)/YZLI) ) 2E2) 2 (VLAMIIGE +YTAU(JG) #%2/VLAM
LUJG) ) +.55{Y2{J)+R{JI*#2/7Y2 (J} IRVLAMPLIG) * (1 o= (VTAULJIG)/YLAMIJUG) ) *+
22)+(X20JV 4R (J)*%2/Y2(I) ) RVTAULIGY /VLAMIJIG)*VTAUP (JG)

DGANDOX=0GANDX #FUNA(J) +GAN*FUNB{J )

GAN=GAN*FUNA(J)

690 CP(J)=GANKVLAM{JGI* (Y2 (JI+R(J)**62/Y2(J))*2.

700 CPO(J)=(&DGANDX*VLAM(JG)#GAN*VLAMP(JG))*(YZ(J)+R(Jl*‘2/¥2(Jl)¢GAN*'

LVLAMIJGIRY2PRM(JY*(1—(R(JD/Y2(I})%H%2))%2,
DO 710 J=JUW10,JW3
IF (J.EQeJWLO) DLFDP=DXR*(CPO(JN10+1)-CPOLIW1O))
[F (J.EQ.JW3) DLFDP=DXR*(CPO(JW3)-(POLJIW3-1))
IF (JaGToJW10cANDcJalT odW3) DLFOP= S*DXR*(CPO(J+1)-CPO(I-1))
FUNCJDI=ZFUNC J) #. 5% GAMPL*( 2. #CPOLJ  *FUNOLJ) +DLFDP* (FUN2LJ}+CPOLJY )
FUNQ( J)=FUNO(J) +.5%DLFDP ‘ ~
FUNZ2{JI=FUN2(JI+CPOLY)
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C
C
c

710 FUN3(J)=FUN3LJ)+CP(J)
PART 5 MORE WING GEOMETRY

720 DO 750 J=1,+45
FUN(J)=SIGMA*FUN(J)
FUNL{J)=2.%SNALP*SNCO*FUNOLJ)
FUNCLJ)=SIGMAXFUNO(J])
FUN&(J)=FUN&4(J)-FUNO(J)
IF (KVDR.EQ.O.OR.J.LT.JHIO.OR.JQGT.JN3) GO TO 740
JG=d~Jdil0+3
IF (J.GT.JCHCK) GO TO 730
HB=Y2(J)+R{JI**2/Y2(J)
HBP=(l.-(R(J)/YZ(J))**ZitYZPRM(J)*PIR*SPRIME(J)/R(J)

FUN#(J)=FUN4(J)+SNALP*(HBP*(VLAH(JGI*‘Z&VTAU(JG)**Z)#Z-*HB*(VLAM(J‘

lGl*VLAMP(JG)4VTAU(JG)*VTAUP(JG)))/(1.-VTAU(JG))*FUNA(J)*SNALP*HB#(
ZVLAM(JG)**Z*VTAU(JG)**Z)/(1.-VTAU(JGD)*FUNB(J)
FUNO(J)=FUNO(J)—SNALP*(HBP*(VLAM(JG)**Z*VTAU(JG)**Z)fZ.*HB*(VLAM(J
IG)*VLAMP(JG)*VTAU(JG)*VTAUP(JG)))/(1.—VTAU(JG)**Z)*VTAU(JG)‘FUNA(J
2I—SNALP*HB*(VLAM(JG)**2+VTAU(JG)**2)/(1.—VTAU!JG)*#2)‘VTAU(JG}*FUN
3gid) ' :
G0 YO 740 '

‘730 ADDI=GAN*((l.—VTAU(JG))*VLAMP(JG)#VLAM(JG"VTAUP(JG)ll((1.—VTAU(JG

1)) *X24VLAM(JG ) **2)
FUN4{J)=FUNG(J)+SNALP*ADDL
ADD2=1./01+VTAULJG) ) '
FUNO(J)=FUNO(J)—SNALP*(ADDI*GAN*ADDZ*(VLAHP(JG)—VLAM(JG)*ADDZ*VTAU
1P(JG))) ; '
740 FUNY(J)=e25%CS20%FUNLJ) ,
FUNB(J)=FUN2(J)*FUN3(J %2, $AHINF&*2
FUNS(J)=0a
EUN10{J)=0.
IF {Y2(J)eLT.1.E-06) GO 1O 750
FUNOQ( J)=FUN2(J) /Y2 (J) #2452 S AMINF&*2
FUN10{J)=FUNI(JI*Y2 {Jb*PIR
FUN9(J)=—FUNI(J)
750 FUNX{(J)=FUNY (J)—.5%SIGMA*FUN2(J)
CNNC=.1258STGMA%CS20%DXR :
JW10P1=JW10+1
JW3IMLI=JW3-1
FUNb(JHlD)=2.#CNNC*(FUN€JN10?1)~FUN(JHlO))*FUNO(JHIO)
0O 760 J=JW1O0PLloJW3ML
760 FUN&(J)=CNNC*(FUN(J+1)-FUM(J*1B)-FUNO(J)
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06480
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YOV OD

OO0

FUN6(JW3) =2 ¥CNNC*(FUN({JW3D)=FUN(JW3ML) )~FUNO (JW3) C6720

FUNT(JWLO)=DXR* (FUN6 {JWLOPL)-FUNELJIWLD)) €6730
DO 770 J=JW1OP1,JW3ML C6750

770 FUNT(J)=.5%DXR® (FUNE(J+1)-FUN6(JI=1)) €6760
FUNTIJW3)=DXR®{FUN6{JINI}=FUNOL{JW3ML)) : C6770
C6790

PART 6 FAR-FIELD MACH LINES C6800

' C6810

[F (AMINF.LE.1.) GO TO 850 C6820
XWM=XW{M) ‘ £6830
XWMSQR=1, /XWME*2 C 6840
BETA=SQRT(—-BETASQ) C6850
J2P1=42+1 C6860

DO 810 J=J2P1,J5 ; C6870
KUPA(J)=1 o €6880

DO 780 K=1,KF 4 C6890
2=XW{J)-BETA*RW(K) o , C6900

IF (2.LT.XW(J2)) GO YO 790 , C6910

780 KUPA(J)=K o 6920
790 KUPA{JI=KUPA(J)I-1 : £ 6930
. IF (J.LT.M) GO TO 810 ' €6940
KLOACJ)=1 6950

DO 800 K=1,KF ' ‘ C6960
Z=XW(J)-BETA*XRW{K ) ‘ C6970

IF (Z.LT.XW(M)) GO TO 810 £ 6980

800 KLOA(JI=K ‘ C6990
810 CONTINUE C7000
: DO 820 J=J2PlsJ5 c7010
IGUNP1=IGUN{JI*+1" ; ‘ ' c7020
JwWlX=d . C7030

IF (IGUNPL.LE.KUPA(JY) GO TO 830 : ~ C 1040

820 CONTINUE C7050
830 DO 840 J=M,J5 . ' : : - CT060
IGUNPL=IGUN(J ) +1 ; , ‘ C7070
JW3Ix=J : ' , : €7080

IF (IGUNPl<LF.KLOA{J)}) GO TO 850 ¢ 7090

840 CONTINUE o ' , ' €T100
- c7110

PARY 7 INITIALIZATION OF VELOCITY POTENTIAL c7120

, ‘ c7130
850 DO 1000 J=1.+J5 C7140
- TGUNJ=IGUN(J) C7150

LGUNP1=IGUNJ+1 , o C7160



860

870

880 XOCR=AX/SQRT{AX**24BETASQ*RW(K)**2)
890 PH[lJv&):RHR(K)*(XOCR*FUN3(J)0.5‘(1.-XOCRD*FUN3(JH3I)#XOCR**Z‘FUNX
LeN ‘

DO 860 K=1, IGUNJ

PHI (J,K)=0.

IF (KFJNEJKM) PHI(J,KM)=0.
IF (AMINF.GT.le) GO TO 900
DO 890 K=IGUNP1,KF

IF (J.LT<IXN) GO TO 870

IF (J.GT.J3) GO TO 870
AX=1.

G0 TO 880

AX=ABSI{XW(J))

LUPALJ)=KM |

GO T0 1000

900

910

940

950

IF (J.6T.JWLIX) GO YO 910
KLO=IGUNP1

GO TO 980

IF (J.GT.JwW3X) GO TO 920
KUP=KXUPALY)

KLO=IGUNP]

GO TO 940

KUP=KLOA(J)

XWJ=XWl I

DO 930 K=IGUNPL1,KUP
BRSQ= (BETA*RW(K) ) #%2
ANUML=SQRT( XWJ**2~-BRSQ)

ANUMZ=SQRT ( ABS ( { XWJ—XWM ) *¥%2-BR5Q))
930 PHI(J'K)=RHR(K)*FUNB(M)‘XHMSQR*(XNJ*ANUMI-(XHJ+XHN)‘ANUMZfBRSQ'(AL
106G { XWJ-XWMEANUM2 ) -ALOG (XWJ +ANUML) )

IF (KUP.EQ.KF) GO TO 1000
KLO=KUP+1

KuP=KUPALL)
Z=XH{J)-BETAXRW(KLO)
JJ==1 '

JI=J3+]

IX=J=-3J

[F (Z.LT.XWIJX)) GO TO 950
DO 970 K=KLO,KUP
BR=BETA*RW(K)

2=xWlJ)-BR

JJ=-1

960 JJ=Jdd+l
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c7380
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c
C
c

IX=JX=JdJ .
IF (2.7, XWtJX)) GO TO 960
IR=1./1
970 PHI(JyK)I=RWR(K}SFUNI(IXI®(XWI{JI¥ZR*®] S*SQRTIXN{ J) *+BR) +(BR¥ZIR ) ¥%2%
1CALOG(BR)—ALOGUXW( J) +SQRT{XW( J)*x%2-BRE%2) ) ) ) +FUNX (J)
IF (KUP.EQ.KF) GO TO 1000
KLO=KUP+1
980 DO 990 K=KLO.KF
990 PHI (J4K)=0.
1000 CONTINUE

PARTY 8 TUNNEL wWALL

IF (IWALL.EQ.0.0R.ALPHAD.EQ.0.} GO TO 109C
IF (IWALL.EQ.2) GO TO 1070 -
C ARRY=0,
CARRY1=0.
JWXZ=JW10
DO 1060 J=1,4J5
IF (J.LE.JWLIO) GO TO 1050
IF (P.EQ.0O.) GO TO 1030
IF (AMINF.LE.l.) GO TO 1010
[F (KUPA(J).LT.KM) GO TO 1040
1010 IF (J.GT.JdW3) GO TO 1020
EXPL=EXP{OXWLIWXZY—XWlJ)D /7 {PERWIKM) })
EXP2=EXPL¥%*2 ’
EXP2R=1,/EXP2
EXP4LHR=EXP 2R 2 ,
EXPIM=EXPU{XWIIWXZ)—XN{JI~L) I/ {PERW(KM)})
EXP2M=EXPLM%**2
EXP2MR=1. ZEXP2M
EXP4MR=FEXP2 MR%#2
CARRY=CARRY ¢. 5*(EXP2R4EXPZHR)*(FUN3(J)*EXPI—FUN3(J*l)*EXPlMD
CARRY1=CARRY1#2.%{ EXP2R4+EXP2HRIS(FUNYLS)-FUNY {J=1) )=, 5%(EXP4R+EXP4
L MR) & (FUNB (J I *EXP2=FUNB(J=1)*EXP2M)/RW(KM) *%2+5IGMA*CS20 '
1020 FUN11(J)=—EXPL/RW(KM)**2%CARRY
FUNL12(J)=—EXP2/RW (KM} *%2 %« CARRY]
"GO TO 1060
1030 FUNLLUJ}=FUN3I(J)/RW{KM)®E%2
FUN12(J)=FUNBLJ)I/RWIKI)#%42SEGMA*CS 20
GO TO 1060
1040 JWX2Z=J
1050 FUN11(J)=0.

C 7600
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C7670
C7680
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1060
1070

1080

¥ oKyl

1090

1100

1110

1120

1130

1140

1150

1160

1170
1180

FUN12(J)=0.

CONTINUE

60 T 1090

ANUMO=(1.-P¥RWIKM)I /({1 +P*RWIKM) I *RW(KM)**2)
ANUML=(2.~P*RW(KM) )/ (RW{KM) *%4%( 2, +P*RW(KM) ) ) *SIGMA*CS20
ANUM2=P/(RW(KM) *{ 2. ~P*RW{KM) ) ) %4,

DO 1080 J=1,4J45

FUN12(J)=ANUML*FUNB(J )-ANUM2*FUNY(J)
FUNLLUJ)=FUN3({J)*ANUMD

PART 9 INITIALIZATION OF VELOCITY POTENTIAL UNDER WING

IF ({W.EQ.0) GO TO 1110
KU=[FUM{JW3)
JGU=Jw3-JW10+4

DO 1100 J=1,.6U

DO 1100 K=1¢KU
PHIU(JsK)=0.

PART 10 INDEXING OF WING TRAILING EDGE

IF (JW2.EQ.JW3) GO TO 1160
JGP=JW20-JW10+2

00 1120 J4=1,JGP

LFUMUJ) =1

JGP=JGP el

JOU=JW3-JWl0+3

DO 1150 JJ=JGP,JGU

J=Jwl0+JJ-3

K=0

K=K+l

IF (RW({KJGTaYL(J)) GO TO 1140
GO0 YO 1130

[FUMLJJ) =K

IF (KoFQe IFUNLJW3) ANDLJJSoLY o JGUD IFUMISS ) =K~1
CONTINUE

IF (IFUM(JGU) GTJIFUNIJ) ) IFUMIJGU)=TFUNLJ)
GO T 1180

JGU=JW3I-JWLO+3

DO 1170 J=}+JGU

[FUM{) =] '
IFUM{JW3=-JW 1044 )=TFUN(JIW3) (1
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PART 11 PRINTING ) £ 8460

/ C 8470

PRINT 1230, (KyRW(K)RWR{K)eAXOCR(K) ¢ ABAR(K) oK=1,KF) C 8480
PRINT 1240¢ (KyCONL{K)sCONZ(K) CON3 (K):CONT {K)CONS (K)o CONILK),CON CB490
1100K) s CON1L(K) oK=1,KF) o . £8500
PRINT 1250y (JoXW(J)oR(J)SPRIMELS) Y201, Y1(J)oFUNI(IDFUN2LI) FU CB510
INOLJ) J=15J5) . € 8520
PRINT 12609 (JoXW{J)FUNIJ)oFUNGLJ) JFUNLIJ) ¢ FUNSLJ) ,FUNGLS),FUNTLJ C8530
1) e FUNX(J) d=1,J5) €8540

PRINT 1270y (JcXH(J)yFUNY(J)vFUNA(J).FUMB(J).lFUN$J)'iGUN(Jl¢KUPAI c8550

1J)eKLOA(J ) 9d=19IW10ML) C8560

DO 1190 J=JW10,JW3P1 : c8s570
CJGEd-JW104+3 €8580
1190 PRINT 1290y JoXW(J),FUNY(J), FUNACJIDFUNBLJ), IFUNEID o TGUNEY) ,KUPALS  C8590
1) oKLOA(J) o IFUMLIG} € 8600
JH3P2=JW3+42 C8610
 PRINT 12805 (JoXW{Jd)yFUNY(J),FUNALJ) o FUNB(J) s EFUNLJI) 2 TGUN(J) 4 KUPAL  C8620
1J) s KLOA(J) s J=JW3P2, J5) €8630

IF (JWL0.EQ.JW3PL1) JWl0=J3+1 C8640
PRINT 1300 : N ' . C 8650
PRINT 1310, (JoXW{J),FUNB(J) (FUNI(J) ,FUNLOLJID FUNLLLJ),FUNL2(JD V2 (8660
1PRM(J),d=1s4d5) c8670

IF (IVOR.EQ.0) GO TO 1220 C8680
PRINT 1320 € 8690

DO 1210 J=JWL0,JW3 C8700
JG=J-JNW10+3 . c8T10

IF 1J.GT<JCHCK) GO TO 1200 € 8720
HB=Y2(J) +R{J) *62/Y200) c8730
HBP=(1.-(R(JIZY2(J) VHX2)SY2PRK(I)+P IRESPRIME(J) /Y20 J) C 8740
GAN=.5*HB*{ VLAM( JG) +VTAUCJIG) ¥%2/VLAMIJIG)) c8750
DGANDX= o 5% HBP*(VLAM{JG I ¢VTAU(JG) #%2/VLAM{JG) ) +HB* (Lo~ (VTAULJG) /VL  C8760
LAM(JG)) *%2) $VLAMP{ JG} ) +HBEVTAU{IG ) /VLAMIJG) $VTAUP {JG) c8770
DGANDX=DGANDX*®FUNA (J }+GANSFUNBLJ) ca780
GAN=GAN®FUNA(J) €8790

GO TO 1210 : € 8800

1200 DGANDX=0. c8810
1210 PRINT 13304 JoXW(J) s VLAMEIG) VTAULIG) o VLAMP(SGD ¢ VTAUP(JG),GAN, DGAN  €8820
 LDXsYV(JG) 9 VG e REIISV2LLD ' € 8830
1220 1F (IWING.GE.O) GO TO 1222 c8831
PRINT 1333 , ' : £8832

DO 1221 J=JW10,JW3 ‘ €8833
JG=J-JW10+3 C 8834

1221 PRINT 1334;~J,XH(J)'FUNAG(JGﬁcFUNBO(JG)'UUOD(JG)eUU900(JG! € 8835



IF (AMINF.GT.l.) GO TO 1222
PRINT 1331
PRINT 1332y (NAyCOEF{NA) ¢NA=1,NAMXPL) ‘
1222 PRINT 1340, SIGMAvDELTA'BETASQ.DXR.DXSQR'GAHPIQGPIDXRQKHHIvKFMl'KF
1 DELETAQP IR ¢ CONA s CONSyHe JToJd I
PRINT 1350, JF'DX'JXN'SND'CSZO'SNALPO'J“'JNlO'JHZOOJHlX'J“BXOBEXA'
L JWBMLDLTPHeJCHCK ¢ TW o JW10OM2 S
PRINT 13609 JH3PLeJWIO0OML ¢ My XWMs XWMSQR
RETURN
C

1230 FORMAT (17H SUBROUTINE START////44H ARRAYS AND PARAMETERS USED I
1N COMPUTATION/48H J = AXIAL GRID INDEX, K = RADIAL GRID INDEX/
2//3X.1HK'SX'5HRH(K)ngX,bHRHR(K)'9X08HAXOCR(K§19x97HABAR(K)//([4|4
3E16.8))

1240 FORMATY (//3X11HK.5X97HC0N1(K"10X'7HC0NZ(K)19Xv7HC0N3!K’olOXW7HCON
l7(&)gSXp7HCDN8(K)'9XQ7HC0N9(K)|9Xn8HC0N10(K)o9x18HC0Nli(K’//(l‘an
216.8))

1250 FORMAT (//3X91HJ.5X15HXH(J)'lZXp4HR(J)09X19HSPRIME(J,QGXQSHYZ(J"1
IOX'SHYl(J)v11X17HFUN3(J,'9X07HFUNZ(Jl99X07HFUNO(J’//‘14'851608"

1260 FORMAT (//3thHJ,5X|5HXH(J).lZXobHFUN(J,f9X'7HFUN4(J)9[0X17HFUN1(J
1)'11X97HFUN5(J)09X'7HFUN6(J"9X'7HFUN7(J)09XQ7HFUNX(J’//(1408516.8
2)) :

1270 FORMAT (//3X01HJ05X15HXW(J’911X17HFUNV(J)'9X'7HFUNA(J,110xt7HFUNB(
1J)09X'7HIFUN(J)cZX'7H|GUN(J’vZXv?HKUPA(J’02X97HKL0A(J,p?XvBHlFUM(J
2G)/ /1444 EL16.8,4191))

1280 FORMAT (I494Fl6.8,419)

1290 FORMAT (I494Fl6.8+519)

1300 FORMAT (//3X§1HJ15X,5HX“(J)'1lx'7HFUN8(J’09x'7HFUN9(J'09X.8HFUN10(
lJ)QIOXpBHFUNll(J)08X'8HFUN12(J)79X95HY2PRH(J,/’

1310 FORMAT (14+7E16.8)

1320 FORMAT (//3X'lHJ.4x.5qu(J).BX.8HVLAM(JG).3X.8HVIAU(JG).2x.9HVLAMP
l(JG"ZX,QHVTAUP(JG"5Xc3HGANv6X.6HDGANDX:Sx.bHYV(JG),Sx'6HZV(JG)'6
2X94HR(JI.6X|5HYZ(J)/)-

1330 FORMAT (I4s11E1143)

1331 FORMAT(//3X12HNA94XQBHCUEF(NA)/'

1332 FORMAY (144EL16.8)

1333 FORMAT (//3Xv1HJ05X,5HX“(J)Q9XO9HFUNA0(JG,07XI9HFUNBU(JG,'9Xo8HUU0
LDUJG) o 7Xy 9HUUIOD( JGD /) k

1334 FORMAT (14,5E16.8) :

1340 FORMAT (//8BH SIGMA =,ELl6.87/8H DELTA =,616.8//9H BETASQ =,EL6.8//7
1H DXR = ,E16.8//8H DXSQR =,E16.8//8H GAMPl =4E16.8//79H GP1DXR =,El
268//TH KMML =,15/7TH KFMl =415//5H KF =,15//9H DELETA =,E16.87/76H
3 PIR =,€E16.8//8H CON4 = ,E16.8//TH CONS =¢E16.8/74H H =4E16.8//5H

C8840
c8e4l
c8842
c8843
c8850
€8860
ces70
cg880
€ 8890
€8900
€8910
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€8930
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c8980 -
c8990
€9000
csolo0
c9C20
€9030
€9040
C9050
C9060
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437 =¢15//5H J1 =415)

1350 FORMAT (/9H JF =415//9H DX - =9E1668//9H JXN =915//9H SNO
" =yEl6.8/79H CS20 =¢4E16.8//9H SNALP =4E16.8//9H 1JH =915/

2794 JWl0 =¢15/7/79H JIW20 =915//79H JM1X =9 I5//79H JW3X =9 15//9
3H BETA 2¢El6e87/9H JW3ML =,15//9H OLTPH =4EL16.8//9H JCHCK =,1
45//9H IW =y [5/7/9H JW1OM2 =,15)

1360 FORMAT (/9H JW3PL =,15//9H JWL0ML =,15//9H M =9 15/7/79H XuM
1 =4E16.8//9H XWMSQR =,E16.8)

END

€9190
€9200
€9210
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£ 9230
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€C9250
€9260
c9270-




s NaXalal

SUBROUTINE MACH

C OMMON SIGHA,DELTA.l18ETASQ.DXR.DXSQR'GAHPI'GPIDXRoKMMI.KFHl,KFoDE
lLETA,PIRvCDN&:CON5'H,JToJ[nJF'DPHIHX.DX.JXN.SNU,CSZOnSNALP,IJH.JHL
ZD.JNZDyJHIXoJHBX,BETA'JH3M1,DLTPH,JCHCK.!H,JHLOHZ'JN3P1’JH10M1quX
BchXHMSQR.Pl.AKZ,AXZ'AKI.AXI,AXIO'GNX.NAMXPlyAloAZ.ZHACHoJMCK

COMMON R(lZO)ySPRlME(l20).FUN(120).XH(120)oYl(120)'Y2l120)'FUN1(12
lO),FUND(lZOi.lFUN(120).FUN2(120)oFUN3(120)yFUNé(lZO).IGUN(lZD)oCPl
ZIZO)yFUNX(lZO).SLAS(IZO.bl.CPD(lZO).KLUA(120):KUPA(120).FUN5!lZO)v
3FUN6(120).FUN7(120'.FUNY(120)'CPL(IZOI.CPZIIZO)

COMMON FUNB(120),FUN9(120).FUN10L120).FUN11(120).Y2PRM(lZOl,FUNlZ(
1120)+FUNALL20),FUNBL120) J

COMMON CON?(100).CON8(100).CON9(lOOD.CONlO(lOO).CONll(IOOD,CONI(IO
10)yCDNZ(lOOboCDN3(100)qOMEGA(lOOloABAR(IOO)yBBAR(lOO),CBAR(lOO)'DB
ZAR(IOO).PHID(lOO).RH(lOO)-RHR(100).AXOCR(100).ACHK(100)pPHiDLD(lOO
3) ,B8CHKI100)

COMMON PH[UO(ZS).0MFGAU(25).ACHKU(25)'BBARU(ZS)oCBARU(ZS)cDBARU(ZS
1),BCHKU(25).PHIOU(25)

COMMON IFUH(SOD'VLAM(SODoVTAU(SO)oVLAHP(SO)9VTAUP(50’:VV(5OD.ZV(5O
l)'FUNAO(SOl.FUNBO(50),UU00(50’.UU900(50)

COMMON PHI(109'503vPH[U(SOvZSloCOEF(Zl)

COMMON /NML IST/ J1.JZ.JB.JQ.JS;FAC&KH,RCOMvA-BnlHALL.PoONEGAD.ALPH
1AD,HSPANQAMINF'GAHMA'IR’RC'RMAX%RN'JS'RS’J“!'JHZ'Jwa,J“D'xwlNG’Bl’
ZBZ;DELL.DEL.lVDR.lDlHoEPSlnSUB-SUP'lMAX.SFACTOR

DIMENSION ATHETA(19), ATAULL9), AXW(19), AY2B(19)

DIMENSION ARA(19,19), ARB(21)e BRA(19+1), 191vOT(19)

JX0C=JW10

ZMACH=BETASQ

MM=JW3 '

[F (AMINF.GEe.l.) GO TO 210

PART 1 LAWRENCE AND FLAX APPROXIMATION
FOR SUBSONIC FREE-STREAM MACH NUMBERS

X0C=XW(JX0C)

YPCHK=Y2PRH(JW10I°DXR*(R(J“10)*R(JH[O‘1)’

I1F (ABS(YPCHK’.GT-I.E-Ob) XOC=XOC~(YZ(Jﬂ10)*R(JN10))/YPCHK
XLC=XW(JW3)

X1MX0=X1C—-X0C

X1IMXOR=1./X1MX0

GP1=0.

NAMAX=20

TZTXTXTXTXXTEXTXXTX

332333333333333333333333333323

10

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
231
232
240
250
260
270
280
290
300
310
320
321
322
330
350
360
370
380



W ey st R TR T

10

20

30
40

50

60

70

80

S0

MAMAK=19

ANAMX=NAMAX

AMAMX=MAMAX

ANAMXR=1 o/ ANAMX

AMAMXR=1,/AMAMX '

NAMXM1=NAMAX=1 $ MAMXM1=MAMAX-1 $ NAMXP L1=NAMAX+1
ATHAMX=ACDS‘X1MXDR*(Zn*XN(JXOC)'XOC‘XIC)’
ATHAMX=ATHAMX*ANAMX/ { ANAMX=1 .}

Do 10 NA=1,NAMXM1

ANA=NA :

ATHETA(NA ) =ATHAMX *ANA*XANAMXR

AXW(NA)= -5*(X1C+X064X1HXO‘COS(ATHETA(NA),)
00 20 MA=1,MAMXM1

AMA=MA

ATAUIMA)=P 1 *AMA®AMAMXR

DO | 70 NA=1,NAMXML

AX=AXWINA }-XW{JIWL)

BAX=AK2% { AX—AX2)

IF (BXeLT.~-100.}) BX=~100.

IF (BXeGT<l00.) BX=100.
IFLABSIBX)<LT.1.E-06) GO YO 30
CX=EXP{(~BX)

XD=1.7% l.—CX)

AY2B(NA)=-B2*(AX-AX2)*XD

GO Y0 40

AYZBINA}==B2/BX

[F(IWING.EQ.~2) GO TO 50
AYZBINA)=A2+B2%AX+AY2BINA)

GO 10 70

BX=AKI*(AX-AX1) ;

[F (BXeLTo—-100.) BX=—100. $ IF {BXaGTo100.) 8X=100.
IF (ABS(BX).LT.l.E=-06) GO TO 60
CX=EXP(-BX) $ XD=1./(1.-CX)
AYZB(NA)=AYZB(NA)¢(BZ—31)‘(AXQAXI,*XDOAI*BI‘AX
GO 0 70
AYZB(NA)=AYZB(NA)*Al*Bl‘AX%!BZ‘Bl)IBX
CONTINUE '

J=Ju3

DO 100 NA=1,NAMXM]

IF (XW(J)eLT.AXWINA}) GO T3 90

J=Jd=1

GO TO 80
AR=R(J)*(R(J*1)—R(J3)$DXR*€AXU(NAI-XH(J,.

XXX E
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100 AYZR(NA)=AY2B(NA)—-AR¥*2/AY2B(NA)
BETA=SQRT(BETASQ)
DO 110 NA=1,NAMXM]1
CST=COS{ATHETA(NA))
BABR=2.%BETA*AY2B(NA)*X1MXOR
BRA(NA,1)=(SQRT((1.~CST)*#24BABR*%2)-BABR)/ (1.-CST)
ARA|NA0HAMAX)=(BABR—SQRT((1-+CST)*‘2’BABR**Z))/(1.0CST’
DO 110 MA=1,MAMXM1
CSTU=COS(ATAUIMA))
ACKL=CSTU-CST $ ACK2=.01%*BABR
IF (BABR.LT.1.E-08) GO TO 102
IF (ABS(ACK1l) .LT.ACKZ2) GO 7O 101
ARA{NASMA)={SQRT(ACKL¥*2 +BABR*%2 )—8ABR)/ACK]
GO 10 110
101 ARA(NAvMA)=.5*ACK1/BABR*(1.‘.25*(ACK1/BABR.**Z’
GO Y0 110
102 ARA(NA,MA)=1.
[F (ACK1eLT.0a) ARA{(NA MA)=-1.
110 CONTINUE
DO 160 NA=L,NAMXM]
DO 130 LA=1,NAMXP1
ALA=LA. =
SUM=0.
DO 120 MA=1,MAMXM]
120 SUM=SUM*COS(ATAU(HA’*(ALA-I.))*ARA(NA,HA)
130 ARB(LA)=P|*AMAMXR‘(.5*(8RA(NA9l)'(—lo)**LA‘ARA(NA.HAHAX)’OSUM’
ARB(1)=2.#*ATHETAINA)+ARB{1)-3.%P] '
DO 140 LA=2,NAMXPL
ALA=LA
ALAM]1=ALA-1. R
140 ARB(LA)=2.*S[N(ALAMI*ATHETA(NA’)*(l./ALAHI’PI*BETA*AYZB(NAI*XIMXOR
1/SIN(ATHETA(NA) ) ) +ARBILA)
DO 150 LA=1,NAMXML
15G ARA(NA,LA)=ARBILA+2)-ARB(LA)
160 BRAINA,1)=3.%GPI+2.%PI*AY2B(NA)**2
NL=NAMXM1 '
NRHS=1
IFAC=0
CALL SIMEQ ‘ARA'NLQBRA’NRHS'DETER"’lPlVOT.NAMxnll[SCALE)
[F (DETERM«NE.O.) GG 7O 170
SYOP 201 .
170 DO 180 NA=L.NAMXM1
180 COEF(NA)=BRA(NA,1)

EZTXTZTITXTTETTXTTXTIZIIXIIXTXTTXTIITIXIX

810
830
840
850
860
870
880
890
900
910
911
912
913
914
915
916
917
918
919
920
930
940
950
960
970
980
990
M1000
M1010
M1020
M1030
M1040
M1060
M1070
M1080
M1090
M1100
M1110

M1130
M114C
M1150
M1160



OO

CQEF{NAMAX)}=0. M1170

COEF{NAMAX+1)=0. : M1180
DO 191 J=JXO0Cy JW3 M1200
Y2B=Y2{J)-R{JI*%2/Y2(J) M1210
B THETA=ACOS (X1MXOR*(2 . ¥XW (J }=X0C~-X1C)) , M1240
CPLIJI=GPI+(PI-BTHETA )*COEF(1)-SIN(BTHETA)*COEF(2) M1250
DO 190 NA=3 ,NAMXP1 M1270
NAMI=NA-1 : M1280
ANAML=NAM] M1290
SINT=SIN{ANAML*BTHETA) M1300
190 CPL(J)=CPLIJI+(COEF(NA=-2)~COEF(NA)I*SINT/ANANML M1310
FUNA(J)=2.*%PIR*CPL(J)/Y28%#2 M1330
JG=J-JW10+3 M1341
FUNAO(JG)I=FUNA(J) ' M1342
191 CP(J)=2.%PIR%CPL(J) /Y28 M1343
CHKO=3,%{ FUNA(JW10+ 1) -FUNA(JW10+2) ) +FUNA(JW10+3) : M1344
IF (FUNA(JW10).LT.CHKO) GO TO 192 ’ : M1345
FUNA{JW1D)=CHKOD M1346
FUNAQ(3)=CHKO ‘ ML1347
CPIJWLO)=(Y2(JINLOD-RIIWIOD) **2/Y2(JW10) )*CHKO M1348
: CPLIJWLO) =CHKO* (Y2 (JW10)-RIJWLO) #%2¥Y2(JIW10) ) *s2% 58P M1349
192 CP2{IXOC )=o5%DXR*(—=3.%CP1{IXOC I+4. *CPLLJIXOC+1)-CPL{JIXOC+2)) M1350
CP2(JIW3)=0. Mt351
DO 200 J=JXOC yJW3 M1352
JG=J-JW10+3 _ M1353
FUNB( J)=.5*DXR*{FUNALJ+1)~-FUNALJI-1)) - M1354
Y28=Y2{J)-R{JI*%2/Y2(J) M1355
FUNBO(JG)=FUKBLID ; : M1356
IF (JNEeJXOTANDJaNEIW2Y CPZ{J)=.5%DXRR(CPLIJ+1)-CPL1{J-1)) M1357
Y2BOP=PIR%CP2(J}/Y2B ' M1358
UUOD( JG)=Y2BOP*SNALP M1359

200 UU9OD(JGl=((l.-(R(J’/YZ(J))**ZD*YZBOP*Z.*PlR‘SPRIME(JD/YZ(J))/(1.* M1360

LER(J)/Y2( ) )##2) ¥SNALP , M1361
FUNB(JWLO )= oS*DXR* (=34 *FUNA(JW10) ¢4 #FUNA (JW10+1 )-FUNA( JW10+2)) M1362
FUNB(JW3)=o SROXR®{ 3. ¥FUNA(JW3) —4. #* FUNACJW3=1 ) +FUNALIW3-2)) M1343
FUNBO(3)=FUNBIJW1O) $ FUNBOUJW3-JW10+3)=FUNB(JH3) M1364
GO T0 390 . . M1365

M1366

PART 2 CARAFOLI APPROXIMATION o M1370

FOR SUPERSONIC FREE=-SREAM MACH NUMBERS M1380

, M1390

210 BETA=SQRT{-BETASQ) M1400

BBBP=BETA*B82 o M1410



IF (BBBP.GTele} RETURN
CHCK=+5%D XR¥HSPAN*BETA

- JF (CHCK.GT.l.) GO TO 220

220

230
240

250
260
270

271

272

280

JMCK=JW3

60 10 270 .

JMCK=JXOC +1

JXOCP2=JX0C+2

DO 230 J=JXOCP2,JNW3

IF (Y2PRM{J).LT.Y2PRM{J+1)) GO TO 230
CHCK=Y2PRM(J) /B2

IF {CHCK. LT..999) GO TO 240

JMCK=J

AX20=XW{JW1l)+AX2

DO 250 J=JXCC,JIn3

IF (XW(J).6T.AX20) GO TO 260

MM=J

JMP 1= MM+]

HSPNB=HSPAN-R{ JMP1 ) *%2/HSPAN

NAMAX=20

ANAMX=NAMAX

ANAMXR=1+/ANAMX

PHIO(NAMAX+1)=0.

NAMXP1=NAMAX+1

DO 271 NA=]1,NAMAX

ANA=NA
PHIOINA)=SQRT{1.—( (ANA—-L. )} *ANAMXR ) *%2)
SUM=0.

DO 272 NA=1,NAMAX

SUM=SUM#2 4 *PIR*ANAMXR*(PH[O(NA)OPHIU(NA*I))
DO 280 J=JW10,JMCK

ARGO=BETAXY2PRM(J)

IF (ARGOWLTLls) ARG= 1.~SQRT(1.~ARGO*‘2)

IF (ARGO.GEale) ARG=1.

ANUM3=0. $ IF (ARG.GT«1l.E-06) ANUM3=ARG*ALOG(ARG)
EC=1a 404630151 %ARG+41077812%ARGH*2— (., 2452727*.0412496*ARG|*ANUHB
FUNA(JI=1./EC

JG=J-JW1l0+3

FUNACLJG)=SUM/EC
FUNBD({JG)=DXR *( FUNAC{ JG}~FUNAD(SG~1))
FUNA(J)=1./EC _ o
FUNB(J}= DXR*(FUNA(J]-FUNA(J-!))
FUNB(JIWLI0)=FUNB(JWLO+1)

FUNBO(31=FUNBO(4)

M1420
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M1550
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M1591
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M1595
M1596
M1597
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290
300

310

320

IF (JMCK.EQl.JW3) GO TO 390
JMCKPL=JIMCK+]

HSPNBP=Y2 PRM{JMCKPL)*(]. O(R(JMCKPI)/VZ(JMCKPI))‘*Z’-PIR*SPR[ME(JMC

IKPL1)/Y2{JMCKP L)

XWOO=XW(JMCKPL) =(Y2{JIJMCKPL)-RIJMCKP 1) %%2/Y2( JMCKP L) }/HSPNBP

ANUML=1./(1.+BETA®HSPNBP)
XUO=XWOO+ {XW({JIJMCKPL)—XwW00)*ANUML
DO 290 J=JX0OC,JMP1

1F (XUOLLT XW(J)) GO TO 300
JXU0=4J

DO 380 J=JMCKPLl,JW3
Y2B=Y2{J)}-R{JI*%2/Y2(J)

DYB =Y2B* ANAMXR

Y B8=-DYB
XUL=XWOO+{XW(J)=XWOO)®ANUM]

I[F (J.LE. MM} GO TO 310
YUl={XULl-XWOO) *HSPNBP

IF (YULLLE.HSPNB) GO TO 310
XUL=XW(J)—BETAXHS PNB

IF (XUlGE.XW{JXUO#1}) JIXUO=JXUO+L
If (XUL.GE.XW(JXUO+1)) GO TO 310
JXU1l=JXU0

JXU2=Jxul

XU2=xX Ul

DO 360 NA=1,NAMXP1

YB=YB+DYB

IF (NA.EQ.l) GO TO 320

XUl =XUL+BET A%DYB*ANUM]

IF (J.LEs MM) GO 7O 320
YUl=(XULl~XWOO0 ) ¥HSPNB

IF (YUL.LE.HSPNB) GO TO 320
XU1l=XUL+BETA®DYB*{ 1.~ANUML)

IF (XULoGELXW(JXUL#1)) JXUl=JdXUL+])
IF (XUl.GE.XW(JXUl+l)) GO TO 320
IF (JUXUL.LTL.JWL0) GO TO 321
ABC2=(XUL-XW{JXUL) ) *DXR
ABCl=1.-ABC2

Yup= (l.f(R(JXU1)/Y2(JXUl)3**2)*YZPRM(JXUl)—PlR*SPRlME(JXUl)lVZ(JXU

11)

YUP1= (1.*(R(JXUI*II/YZ(JXU1+1))‘*2D‘YZPRM(JXUI%l!*PIR*SPRIME(JXUIO

110/ Y2{IXUL+1)
ALAMLO=ABCL*YUP+ABC2%YUPL

ALAM1= ABCI*YZPRM(JXU1)+ABC2*YZPRM(JXUI*I)

M1670
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' M1840

M1850
M1860
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M1880
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321

330

331

340

350

YUB=Y2{ JXUL)=R(JIXULI%%2/Y2 (JXUL)
YUBL=Y2(JXUL+1)-R{JIXUL+1) *¥2/Y2(JXUL*L)
YUC 1=ABC1*YUB+ABL2*YUB]

IF (JXUl.LT.JMCKPL) YUCLl=(XUl-XW0OO)*HSPNBP
IF (JUXUl.LT.JUMCKPL) ALAML(O=HSPNBP

IF (UXUL.LTLJMCKPL) ALAML=Y2PKRM(JIMCKP1)
ABL=YUCL+(XW(J)-XUL)}*¥ALAMLO

IF (NA.EQ.1) GO TO 330

XU2=XU2—-BET A*DYB*ANUML

IF (J.LE. MM) GO TG 330
YU2=(XU2-XWOO*HSPNBP

IF (YU2.LE.HSPNB) GO TO 330
XU2=XU2-BET A¥DYB*( 1.—ANUML)

IF (XU2.LTSXW(JXU2)D JXU2=JXU2-1

IF (XU2.LT.XWIJXU2)) GO TO 330

[F (JXU2.LT.JW10) GO TO 331
ABC2=(XU2~-XW(JIXU2) I*DXR

ABCl=1.-ABC2

YUP=(1e4(R{JXU2)/Y20JIXU2))E$2)EY2PRM(JXU2)~-PIRESPRIME(IXUZ)I/Y2(IXU

12)

YUP1=(1.+(R(JXU2#1)/YZ(JXUZ#l))**2)*YéPRM(JXUZ*lD-PIR‘SPRIHE(JXUZ*

1L1)/7Y2(4XU2¢1)
ALAM20=ABCL*YUP+ABC2*YUP1
ALAM2=ABC1*Y2PRM( JXU2)+ABC2*Y2PRM( JXU2+1)
YUB=Y2(JXU2)-R{JIXU2)*%2/Y2(JXU2)
YUBL=Y2(JXU241)-R{JIXUZ#L)*%2/Y2(IXU2¢1)
YUC2=ABCL*YUB+ABC2%*YUBL
IF (JXU2.LT.JMCKPL) YUC2=(XU2-XWOOD)*HSPNBP
IF (JXU2.LTLJMCKPL1) ALAM20=HSPMBP
IF (JXU2.LT.JMCKPL) ALAM2=Y2PRM(JMCKPL)
AB2=YUC2+(XW(J)=-XU2 ) *ALAM2O
IF (ALAM2.GT.1.E~-06) GO TO 340
CB1=ABlL & CB2=AHB2
GQ 10 350
DELB=.5*(YUC1*ALA!\U*XUI’YUCZ*ALAHZO*XUZ*(ALA"lO‘AL“HZC"XH(J)'
CBl=ABL-DELB §& CH2=AB2+DELB
ANUM2=SQRT{2.%CBL1/7(CB1+CB2))
ARGO=.5%BETAX(ALAML+ALAM2)
IF (ARGO.LTele) ARG=14-SQRT(1.-ARGO**2)
if (ARGD.GFQI.’ ARG=1le
ANUM3=0. $ IF (ARG<GT.1.E-06) ANUM3=ARG*ALOGUARG)
EC=1.*-4630151*ARG*.1077812*ARG*‘2’(o2452727*.0412496*ARG5*ANU"3
IF (NALEQJNAMXPL) GO YO 36!
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360

361

370

380

390

400
410

420

IF (NA.EQel) SAVC=ANUMZ2/EC*SQRT{ABL*AB2+44.%R(J)**2)
[F (NAEQeloAND.J.EQeJMCKPL) SAVA=(XW{JIMCK)-XWOO) *HSPNBP/EC

IF (NA.EQel oANDLJEQ.JMCKPL) SAVB=SQRT(SAVA*%2+4,. *(R(JMCK) /ECI®*2)

PHI O(NA)=ANUM2 /JEC*SQRT({ABL-YB)* (ABZ+¢YB))
FUNALS)=SQURT((ABL+AB2)/AB1*CB1/{CB1+CB2))/EC
SUM=0.,

00 370 NA=1,NAMAX
SUM=SUM#DYB*(PHID{NA)+PHIO(NA+1)})
JG=J-JW10+3 ‘
FUNAD(JGI=2 c*SUM/ (P %Y 28%%2)
FUNBO(JG)=DXR®(FUNAD(JG)-FUNAQ(JG=1))
UUOD(JG)=DXR*{PHIO(1)—-SAVA)}*SNALP

VU9 OD(JG) =DXR*{ SAVC—SAVB)*SNALP
SAVA=PHIO(1l) $ SAVB=SAVC

FUNB( J)=DXR*(FUNA(JI-FUNA(U-1))

PART 3 CORRECTION OF FUNCT IONS

DO 420 J=JW10, W3

JG=J-JW10+3

IF (J.6T.JW10) GO TO 400
FUNBP=DXR* { FUNBO(4 )~-FUNBO(3))

GO T0 410 ‘
FUNBP=DXR*{FUNBO{JG)-FUNBOLJG~1))

FUNO(J)=FUNAO( JG)I*FUNG(J)+FUNBOLJG) ®FUN2( J)+.5¢FUNBP*FUN3 (J)
FUN2(J)I=FUNAO{ JG) *FUN2(J ) +FUNBO(JG) *FUN3(J)
FUN3{J)=FUNAOL JG)*FUN3LJ)

FUN (J)=GAMP L*FUN2{ J)*FUNO(J)
FUNG(J)=FUNAC(JG)I*FUNG (J) +CNXSFUNBO (JGI*V2 {J ) *SNALP
R ETURN

END
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SUBROUTINE SIMEQ(AyN,ByM,DETERM, IPIVOT,NMAX, ISCALE)
SOLUTIIN OF SIMULTANEOUS L INEAR EQUATIONS

DIMENSION IPIVOT(N)sA(NMAX,N)sBI(NMAXsH)
EQUIVALENCE ([ROWsJROW), ({1COLUMyJCOLUM)+ (AMAX Ty SWAP)

INITIALIZATION

I SCALE=0
R1=10.0%%100
R2=1.0/R1
DETERM=1.0
" 20 J=1 4N
L PIVOT(J)=0
DO 550 I=1.N

SEARCH FOR PIVOT ELEMENT

AMA X=0.0

00 L0S J=1,N

TF (IPIVOT(J)-1) 604105460

DO 100 K=14N

[F (IPIVOT(K)-1) 80,100,740

[F (ABS(AMAX)-ABS(A(JeK))} 85,100,100
[ROW=J

1COL UM=K

AMAX=ALJ oK)

CONTINUE

CONTINUE .

IF (AMAX) 110,106,110

DET ERM=0.0

1SCALE=0

GO TO 740
[PIVOT(ICOLUM)=IPIVOT(1COLUMI+1

INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL

IF {IROW-ICOLUM) 140,260,140
DE TERM==DETERM

DO 200 L=14N

SWAP=A(IROW,L)

Fael

SUBROUTINE REVISED 08-01—68 ssxksssssFé, ]

Féel
Féaal
Féa.1
Féaal
F4a.1
F4.1l
F4al
F4.1
F4.l
Fa.l
Fb.l
Fael
F4.1
Fé.1
F4el
Fo.l
E»‘L"n 1
F4.1
Féel
Fao.l
F“c 1
F4,.1

Fé.l

Fé.l
Fael
Feol
Féa.1l
Faé.l
F4.l
Fé4.1
F4.1
F4.1
F4.l
Fé4ol
Féel
Fés l
Fsaosl
F4.l
Fée l
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170
200
205
210
220
230
250
260

1000
1005
1010

1020

1030
1040

1050

e XaXg

1060
1070

1080

1090
2000

2010

320

ALTROW,L)I=ACICOLUM,L)
A(ICOLUM,L)=SWAP
IF (M) 260+260,210

DO 250 L=1,M

SWAP=B(IROW,L)
BIIROW,L)I=B(ICOLUM,L)
BULICOLUMy L)=SHAP
PIVOT=A(1COLUM, ICOLUM)
IF (PIVOY) 1000,106,1000

SCALE THE DETERMINANT

PIVOTI=PIVOT :
IF(ABS(DETERM)-R111030,1010,1010
DETERM=DE TERM/R1

ISCALE=ISCALE+1 ;
IF(ABSIDETERM)-R1)1060,1020,1020
DETERM=DETERM/R1

ISCALE=ISCALE+]

GO TO 1060
IF(ABS({DETERM)-R2)1040,1040, 1060
DETERM=DE TERM*R1

ISCALE=ISCALE-1
IF(ABS(DETERM)-R2)1050,1050, 1060

"DETERM=DETERM*R]

I SCALE=ISCALE-1
IF(ABS(PIVOTI)-R1)1090,1070,1070
PIVOTI=PIVOTL/R]
ISCALE=ISCALE+]
[F(ABS(PIVOT1)~R1)320,1080,1080
PIVOTI=PIVOTI/R1
ISCALE=ISCALE+]

GO T0 320
[F(ABS{PIVOTI)-R2)2000,2000s320
PIVOTI=PIVOTI*R]
[SCALE=1SCALE-]
IF(ABS{PIVOTI)-R2)2010,2010.320
PIVOTI=PIVOTI*R1

1 SCALE=ISCALE-]
DETERM=DETERM*PIVOT]

DIVIDE PIVOT ROW BY PIVOT ELEMENT

Féol
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Féol
Féol
Féel
Flol
Fé.l
Féol
Féol
Féol
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Féel
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Féol
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Féol
Féal
Féol
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Féal
Faol
Féel
Fé.l
Féal
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Fé. 1



OO0

340
341
350
351
355
360
370

380
390
400
430
431
450
451
455
460
500
550
740

DO 351 L=1,N

IF (IPIVOTL(L)-1) 350,351,740
A(LCOLUM,L)=A(ICOLUM,L)/PIVOT
CONTINUE

IF (M) 380,380,360

DO 370 L=1,M
B{ICOLUM,L)=B{ICOLUM,L)/PIVOT

REDUCE NON-PIVOT ROWS

DO 550 LL=1,N

IF (L1-ICOLUM) 400,550,400
T=A(L1,1COLUM)

DO 451 L=1,N

IF (IPIVOT(L)-1) 450,451,740
ACLLoL)=A(LL,L)-A(ICOLUMsL )*T
CONTINUE

IF (M) 550,550,460

DO 500 L=1sM
BILLoL)=B(L1,L)=B(ICOLUM,L)I*T
CON TINUE

RETURN

END
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OVERLAY (DICK,1,2)

PROGRAM WORK

COMMUN SIGMA,DELTA,I,BETASCyDXRy,DXSQR,GAMPL ,GPIDXRoKMM],KFM1yKF,DE
LLETAyPIRyCONGyCONS g He Ty JT ¢y JF¢DPHIMXsDX 9 JXNg SNOoCS209 SNALP T JUWeJNL
200 JW2Co JWLIX s JW3XyBETAJWAML, DLTPHs JCHCK o TW, JWLOM2, JW3P Lo JWICML oM, X
WMy XWMSQR 9P I9AK 29 AX2 g AK1 g AX1 gAXLO oCNXyNAMXPL 9ALl A2 ¢ ZMACH s JMCK

COMMON R(120) ,SPRIME(L20),FUN(L120) o XW{120)4Y1(1205,Y2(120),FUNLI12
10YeFUNO(120) o IFUN(120) FUN2{120)+FUN3(120),FUN&(120),IGUNL120),CP(
2120) sFUNX(120)4SLAS(120,6)4,CP0E120)KLOA(L20)+KUPA(L120),FUNS(1201},
AFUNG6(120) yFUNT(120) yFUNY(120) ,CPLLL20),CP21120)

COMMON FUNB(120)yFUN9(120),FUNIO{L20) ,FUNLL(120),Y2PRM{120},FUNL2¢(
1120),FUNA(120),FUNB(120)

COMMON CON7(€100),CONB(100),CON9(100),CONL1O(100)4CCNLTI(100),CONL(IO
10)4CON2{100),CON3(100) ,OMEGA(100),ABAR(100),BBARI(100),CBAR(100),DB
2AR(170)4PHID(100)sRW(100)4RWR{100) sAXOCR(100) yACHK(100) PHIOLD(100
33 +BCHKL100)

COMMON PHIUO(25) 0OMEGAU(25),ACHKU(2S) BBARU(25)sCEBARU(25),DBARUL25
1) sBCHKU(25),PHIQU(25)

COMMON IFUM(50)y VLAMIS50) s VTAU(SG) ¢ VLAMPL(50) 4 VTAUP(50),YV(50) .2V (50
1) 4 FUNAO(S50)  FUNBO (501} ,UU0D(50),0U3CD(50)

COMMON PHI(109+50) +PHIU(S504+25) yCOEF{21)

COMMON /NMLIST/ JL9Jd29J39J4yJd5sFAC KMeRCOM A48, IWALL P yCMEGAD ALPH
LADs HSPANJAMINF g GAMMA, TRy RCyRMAX g RNy JSeRSyJWL e W2 9dW3 3 JWD, ININGeB 1,
2B29DELLyDELyIVOR,IDIR,EPSI 4SUBSUP 4 iMAXeSFACTOR

PRINTY 810

PRINT 820

PRINTY 830

PRINT 840

SuUPP=1.

10 I=1+1

JIML=JdI-1
DO 20 K=14KF
PHIOCLDIKI=PHI(JIM],K)

20 ACHK(K)=BETASQ

DPHIMX=0.

DO 780 J=JledF

JPl=J+1

JM1=J~1

JM2=J=-2

JM3=3-3

JG=J-JWl0+3

LF {4..T7.d1) GO TO 290

OUDCUDOUDUOOUUODOCODOLO0OLDoOOLOULULLDCOLOLUODOUOUCDOC

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410



OO0

IF (J.GToJd4) GO TO 290
DART 1 PRIMARY B AND D ARRAYS IN INNER REGION

I FUNJ=IFUN(J)
IFNJP1=1FUNJ+]
KGUN=IGUN(J)
K GUNP 1=KGUN+1
KLO=1
KUP=KGUN-1
PHIML=PHI(JML, 1)
© PHIMIO=PHIOLD(1)
30 DO 120 K=KLO,XUP
IF (KJ.LE.IFUNJ) GO TO 40
U=FUN2(J) *RWR (K} +FUN6(J)
I W0=0 :
IF (IW.EQo1l<AND.KoLE.IFUNLJPL)) IWO=1
GO 10 50
40 U=FUN4(J)
. IW0=0
50 ALAMB=BETASQ-.5¢GPLOXR*(PHI(JPLeK)=PHIMIO)=GAMPLSU
IF (IWO.EQ.1) ALAMB=ALAMB#.25%GPI1DXR®(PHI(JPL,K)-PHIULJG+L
IF (ALAMB.LT.0.) GO TO 80
CMEGA(K)=SUB
ACHECK=ACHK (K)
ACHK (K)=ALAMB
BCHK(K)=ACHK(K)=~ZMACH
BBAR(K)=—2.*DXSQR#ALAMB :
DBAR(KI=ALAMB*DXSQR* (PHI(JPL,K) ¢PHIML)
IF (IW0.EQel) DBAR(K)=DBAR(K)+.5¢ALAMBEDXSQR* (PHIUIJG+1+K)
15K))
[ (ACHECK.GT.0.) GO 7O 110
[F (LGUN(JM2).LT.K) GO TO 60
PHIM2=PHI (JM2.K)
GO 10 70
60 PHIM2=PHI (JM2,K)-RWR (K)*FUN3LJIM2 )-FUNX(JIM2)
70 BBAR(K)=BBAR(K)+ACHECK*DXSQR
DBAR(K)=DBAR (K)+ACHECK#DXSQR#*(~2, #PHINL+PHIMN2)
BCHK(K)=BCHK (K) +tACHECK-ZMACH
OMEGA(K)=1. ‘
GO T0 110
80 OMEGA(K)=1.
IF (IGUN{JM2).LT.K) GO TO 90

oK) )

~PHI(J4PL

OOUOOOOOUUOOUUOO'OQUOOO'QOOOOUOOUDOUOOUOODDOU

420
430
440
450
460
470
480
490
500
510
520
$30
540
550
560
570
580
590
600
610
620
630
640
650
660
610
680
690
100
710
120
730
740
750
760
770
780
190
780
810
820
830
840
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aXzXa

90
100

110

120

130

140

150

160
161

PHIM2=PHI{JM2,K)

60 1O 100

PHIM2=PHI (JM2 ¢ K)—=RWRIK ) *FUN3{JM2}=FUNX(JIM2)
SAVE=ALAMB

ALAMB=BETASQ-GPLDXR*(PHI (JeK)~PHIM10)-GAMP]1*U
IF (ALAMB.GT.0.) ALAMB=0.

IF (ACHKT{K)<GT.0e) COMEGA(K)}=SUPP
ACHK(K)=SAVE

BCHK( K) =ALAMB—-ZMACH

BBARIK)I=DXSQR*ALAMB
DBAR(K)=DXSQR¥*ALAMB*(-2.*PHIML+PHIM2)
PHIMLI=PHI(JM]l,K+]1)

PHIMLO=PHIOLD(K+1)

IF (IGUN(JM1).GT.K} GO TO 120
PHIML=PHIKL~RWR(K+1)*$FUN3(JM]LI-FUNX(JM1)
PHIMIO=PHIMIO-RWR(K+1 )} *FUN3(JML)-FUNX{JIML)
CONTINUE

IF (KLDWNE.1) GO TO 130

KLO=KGUN

KUP=KGUN

60 10 30

IF (IW.EQ.0) GO TO 210

PART 2 B8 AND D ARRAYS BENEATH WING

[F (J.LT.JW10.OR<J.GToJW3) GO YO 190
[ FUMJ=TFUM{JG)

JGM1=JG~1

JGP1=JG+1

JGM2=46-2

LFNJP2=1FUN{ J+2)

IF (J.GT.JWi0) GO TO 150

DO 140 K=IFUMJ, IFNJP2

PHIUL 1, KD =PHI(JWL1OM2,K)

PHIU(2, K)=PHI(JWLOML,K)

GO T0 161

IFNOL=IFUN{JM1)+1

IFNO2=1FUN(JPL)

DO 160 K=IFNO1,IFNO2
PHIU(LJGML oK )=PHLLJIML, K}
U=—FUN4(J)=2. € FUNO( J)

DO 180 K= IFUMJ, IFUNJ
ALAMBU=BETASG=+5%GPLOXR* { PHIUCJGPL s K)=PHIUO(K) )~GAMPL*U

850
860
870
880
890
300
910
920
930
940
950
960
970
980
990
D1000
p1010
D 1020
pi030
D1040
D1050Q
D1060
D1070
D10o80
D1090
D1100
D1110
D1120
pD1i30
D1140
D1150
D1160
D1170
p118o0
01190
01200
01210
DL220
D1221
Dl222
D1l223
p1230
D240

CoO0DOUDOUDOUOODOCOD
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170

180
190

200

210

220
230

IF (ALAMBU.LT.0.) GO TO 170

OMEGAU{K) =SUB

ACHECK=ACHKU(K)

ACHKU(K)=ALAMBY

BCHKU (K)= ALAMBU-ZMACH

BBARU(K) =—2.%¥DXSQR*ALAMBU
DBARU(K)=ALAMBU*DXSQR*(PH[U(JGPI-Kl*PHlU(JGHliK))
IF (ACHECK.GT.0.) GO TO 180

BBARU(K)=BBARU(K) +ACHECK*DXSQR

DBARU(K)=DBARU(K)GACHECK*DXSQR*(‘Z.*PHIU(JGMl;K)*PH!U(JGHZ.K)l

BCHKU (K ) =ALAMBU+ACHECK =2+ #ZMACH

OMEGAU(K)=1.

GO TD 180

OMEGAU(K)=1.

SAVE=ALAMBU ;

ALAMBU= BETASQ-GPLOXR®(PHIUTJIGK)=PHIUO(K) )=GAMP1*U
[F (ALAMBU.GT.0.) ALAMBU=0.

[F (ACHKU(K)}+GT.0a) OMEGAU(K)=SUPP

ACHKU(K)=SAVE

BCHKU (K)=ALAMBU-ZMACH

BBARU(K)=DXSOR*ALAMBU
DBARU(K)=DXSQR*AL AMBU*I(-2, #PHIU( JGM1 ¢ KD +PHIU(JIGH2 1K) )
CONTINUE ' :
IF (J.NE.JWLOML) GO TO 210

KUO=TFUN(JIW1G+2)

DO 200 K=1,KUG

ACHKU (K ) =ACHK(K)

"BCHKU(X)=BCHKIK)

PHIUD(K)I=PHI(JWIO0ML 4K)

‘pART 3 B AND D ARRAYS IN OUFER REGION

IF (IGUM{JP1).LT.KGUNPL1) GO TO 220
PHlP1=?HI(JPl.KGUNPl]fRNR(KGUNP&)*FUNB(JPIDOFUNX(JPI)
G0 10 230

PHIPL=PHI(JPL,KGUNP])

DO 260 K=KGUNPL,KMML"
ALAMB=BETASQ-.S'GPIDXR*(PHlPl*PHlOLD(K)l
IF (ALAMB.LT.0.) GO TD 240

OMEGA(K )=5UB

ACHECK=ACHK(K)

ACHK(K)=ALAMB

BBAR(K)==~2+*DXSQR*ALAMB

D1250
D1260
01270
01280
01290
D1300
D1310
D1320
01330
D 1340
D1350
D1360
p1370
DL380
D1390
DL1400
D1410
D1420
D1430
Dle40
D 1450
D1460
01470
D1480
01490
D1500
D1510
D1520
D1S30
D1540
D1550
01560
D1570
01580

-D1590

D1600
D1le6lo0
01620
D1630
D 1640
D1650
01660
D1680



240

250

260

2170

280

DRAR(K)=ALAMB*DXSQR*(PHIPL+PHI(JMi+K))

1F (ACHECK.GT.0.) GO TO 250

BBAR(K)=BBAR(K) +ACHECK*DXSQR

DBAR(K)=DBAR (K) +ACHECK*DXSQR®( -2, ¥PHI( JML oK) ¢PHI( JM24K))
OMEGA(K)}=1.

G0 TO 250

OMEGA(K)=1.

SAVE=ALAMB
ALAMB=BETASQ-GPLDXR*(PHI(J,K)-PHIOLD(K))

IF (ALAMB.GT.0.) ALAMB=0.

IF (ACHK(K).GT.0e) OMEGALK)=SUPP

ACHK(K)=SAVE

BBAR(K)=DXSQR*ALAMB :
DBAR(K)=DXSQREALAMB*(~2 .*PHI(JML oK) +PHILIM2,K))
PHIPL=PHI(JPLl,K+1)

IF (IGUN(JP1).LE.K) GO TO 260
PHIPL=PHIPL1+RWRI{K+LI®FUN3(JPL) +FUNX(JIPL)

CON YINUE

PARY 4 B AND D ARRAYS AT OUTER WALL

[F (IWALL.EQ.0) GO TO 280

ALAMB=BET ASQ-.5¢GPLOXR*(PHIPL—PHIOLD(KM))
IF (ALAMB.LT.0.) GO YO 270

OMEGA(KM) =SUB

ACHECK=ACHK{KM)

ACHK(KM)= AL AMB

BBARIKM)==2 . *DXSQR*ALAMB
DBAR(KM)=ALAMBXDXSQR*(PHIP L+ PHI(JML sKM))
IF (ACHECK.GT.0.) GO TO 280 »
BBAR(KM)=BBAR(KM) +ACHECK *DXSQR

DBAR(KM)=DBAR(KM)*ACHECK*DXSQR*(—Z.‘PHI(JHl.KMD*PHl(JHZ'KHD'

OMEGA (KM)=1.

GO V1O 280 :

OMEGA{KM)=1.

SAVE=ALAMB

ALAMB=BETASQ-GPLDXR®(PHI (JoKM)—PHIOLO(KMN)
IF (ALAMB.GT.0.) ALAMB=0.

IF (ACHK(KM).GT.0+) OMEGA(KM)=SUPP
ACHK(KM)=SAVE

BBAR(KM)=DXSQR*AL AMB

OBAR(KM) =DXSQR*ALAMB* (=2, *PHI{ JMLs KM} +PHI{IM2KM) )
DX23=2.%DX

D1€é9C
D1700
0t710
01720
D1740
D1750
D1760
01770
D1780
D1790
D1800

_D1810

D1830
01840
D1850
01860
D1870
D1880
D1890
D1900
Dl91C
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AON

290

300

310

320

330

DX12=2.%DX
DX2=DX
GO0 TO 340

PART 5 B AND D ARRAYS

DX2=XW J)=XWlLIML1)

[F (J.FQeJdS) GO TO 300
DX3=XW(JPLI)=XW(J}
DX23=0X2+DX3
DDD23R=1./7(DX2*DX3*DXx23)
D23=DDD23R*GAMP1

IF (J.EQe.2) GO TO 310
DXL=XW{JM]1)~XW{IM2)
DX12=DX1+DX2
DDD12R=1./{DX1¥DX2%DX12)
D12=00D12R*GAMP1]

DO 330 K=1,4KF

ALAMB=BETASQ~D23*(DX2**2*PHI(JPL oK) +(DX3-DX2) *DX23%PHI (JoK)-DX3**2 .

1*PHIOLD(K))
ACHECK=ACHK(K)
ACHK(K)=ALAMB

BCHK (K} =ALAMB-ZMACH

IN X=STRETCHED REGION

IF (ALAMB.LT.0.<ANDeJaNEL2) GO TO 320

OMEGA(K)=5uB

BBAR(K)=-2.%DX23%DDD23R*ALAMB

DBAR(K)=2.%DDD23R*ALAMBR(DX2¥PHI (JP1,K)+DX3*PHI{IML,K))

[F (ACHECK.GT«0.+0ReJcEQa2) GO TO 330
BBAR(X)=BBAR(K) +2.%DDOD12R*DX 1 *ACHECK

DBAR(K)=DBAR(K) +2.*DDD 1 2R *{~ DXlZ*PHl(JMLvKDODXZ‘PHI(JMZ'Kl"ACHECK

BCHK{ K)=BCHKI(K)+ACHECK-ZMACH

OMEGA(K) =1.
GO 10 330
OMEGA(K)=1.

ALAMB=BETASQ-D12%DX1*DX12*(PHI{J K)-PHIOLD(K))

[F {ALAMB.GT.0.} ALAMB=0.

IF (ACHECK.GT .0«) OMEGA(
BCHK {K)=ALAMB-ZMACH

K)=SUupPpP

BBAR(K)=2.%DDD12R*DX1%*AL AMB

DBAR(K)=2,%DDDL2R*{~-DX12%PHI (M1 4K ) +DX2*¥PHI( JM2,K) ) *ALAMB

CONTINUE

PART 6 C ARRAY, FINAL PREPARATION OF B ARRAY.

D2170
D2180
D2190
D2200
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D2240
D2250
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D2270
D2280
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D2300
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D2450
D2451
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D2480
D 2490
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AOOO

OO0

340 DO 350 K=

1.KF

BBAR(K)=~24+CON2( K)*BBAR(K)

350 CBAR(K)=1
PART 7

KGUN=IGUN
DO 370 K=
IF (Ka.LEa
DBARIK)=~
1 BAR(K)+CO
GO T0 370
360 DBAR(K)=~
. 1%FUNLO(J)
370 CONTINUE
IF (IW.NE
IF (J.LT,
IF (IwWALL.
00 280 K=
380 DBARI(K)=D
390 DBAR(1)=D
KGUNP1=KG
DBAR{KGUN

PART 8

IF (1W.EQ.
(F (JoLT.

PO 400 K=
BBARU (K )=

CBARUI(K)

400 DBARU(K)=
LK )*FUNLO
IF (IFUMJ

DBARU(L)=

GO T0 420

410 DBARUUIFU

PART 9

++CONL(K)
FINAL PREPARATION OF PRIMARY D ARRAY IN INNER REGION

(J}

1+ KGUN

IFUN(J)) GO TO 360
BCHK(K)*(CONB(K)*RH(KD*FUNI(J)*CONZ(K)*FUN7(J))-CONZ(K)*D
N7 (K)*FUNB(J)+4.*CON3(KI*FUNY{J)

CONZ(KD*(BCHK(K)*FUNS(J)*DBAR(K))fCUNB(K)*FUN9(J)OCDN9(K’

0 «OR.ALPHAD.EQ.C.3 GO TO 390
JW10) GO TO 390
EQe0.OR.KUPA(J).LT.KM) GO TO 390
IFNJP1+KGUN
BAR(K)-CONLO(K)*FUN11(J)
BAR{1)+CON4*SPRIMELYY
UN+1
)—DBAR(KGUN)#CBAR(KGUND‘(RHR(KGUNP[I*FUN3(JE4FUNX(Jl)

C ARRAY BENEATH WING, FINAL PREPARATION OF 8 AND D ARRAYS
BENEATH WING

0) GO TO 420
JW10.0R.J<GT.JW3) GO TO 620
IFUMJ, IFUNJ
-2 ++CON2(K)*BBARU(K)

=CBAR(K)

CDNZ(KI*(BCHKU(K)*FUNS(J)-DBARU(KD!*CONB(KEQFUN9(J)fCON9(
J) o :
«GTel) GO TO 410

DBARU( 1) +CON4*SPRIME(Y)

MJ 1=DBARU( TFUMJ )-ABAR { IFUMJ) ®PHI U UGy IFUHJI~1)

FINAL PREPARATION OF D ARRAY IN OUTER REGYION FOR SUBSONIC

. FREE STREAM MACH HNUMBERS

D2500
02510
D2520
02530
D2540
D 2550
D2560
D2570
D2580
02590
D2600
02610
02620
02630
D2640
02650
D2660
02670
D2680
02690
D2700
D2710
D2720
D2730
D2740
D2750
D2760
b27710
D2780
02790
D 2800
D2810
D2820
D2830
D2840
D2850
D2860
D2870
D2880
D2890
D2900
D2910
02920
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420

430

IF (AMINF.GTo.l.) GO TO 480

AX=ABS(XW(J))

IF (JoGE4JUXN<ANDeJ.LE.J3) GO TO 440

DO 430 K=KGUNP1,KF

XOCR=AX/SQRT ( AX*%2 +BET AS Q#RW (K ) %%2 )

DBARIK)=CON3 (K ) * (RWRIK)*( XOCR*FUN2(J) #+o5%(1 . ~XOCRI*FUN3{JW3) ) #4.. %X

LOCR*%2%FUNY (J))-CON2(K ) *DBAR{K) +CONT(K)}*FUNB(J)

440
450

460
470

480

490

500

GO Th 470

DO 450 K=KGUNPLyKF

XOCR=AXOCR(K)

DBAR(K)=CON3(K)* (RWR(K)*{ XOCRZ*FUN3L J)+.5%(1.~XOCRI*FUN3{JW3) ) +4. %X

1OCR**26FUNY(J) )-CON2 ({KI*DBAR{KI+CONT (K)*FUNB(J)

{F (ALPHAD.EQ.0.) GO TO 470

IF {J.LT.JW1O0) GO TO 470

IF (IWALLL.EQ.O) GO TO 470

DO 460 K=KGUNPL1,.KF

DBAR(K}= DBAR(K)—CONIO(K)*FUNII(J)-CONII(K)*FUNIZ(JD

DBAR{KGUNPL )=DBAR{KGUNP1 )~ ABAR(KGUNPL)*(R“R(KGUN)*FUN3(J)+FUNX(Jl)
GO T0 620

PART 10 FINAL PREPARATION OF D ARRAY IN OUTER REGION FOR
SUPERSONIC FREE STREAM MACH NUMBERS

IF {J.GTL.JW1X) GO TO 490
KLO=KGUNP1

GO 10 590 ‘

IF (J.GT.JW3X) GO TO 500
KUP=KUPA( J)

KLO=KGUNP1

GO0 10 520

KUP=KL3ALJ)

XWJ=XH{J)

DO 510 K=KGUNP1,.,KUP
BRSQ= (BETA%RW(K) ) *%2
ANUML=SQRT{ XWJ**2-BRSQ)
ANUM2=SORT (ABS ( (XWJ—XWM} +%2-BRSQi )

510 DBAR(K)=-CON2{K)*DBAR(K)+CON3(K)*RWR (K ) $FUN3 (M)&XWMSQR*{ XWIJ*ANUM 1~

1{XWJI+XHM) #*ANUM24+BRSQ* (ALOG { XWJ—XWM#ANUM2 ) -ALOGIXWJ+ANUML) ) )
IF (KUP.EQ.KF) GO TO 610

ALO0=KUP +1

KUP=KUPALJ)

520 Z=XW{J)-BETA*RW(KLO)

“Jd=-1

D 2930
D2940
02950
02960
02970
D2980
D2990
D3000
D3010
D 3020
03030
D3040
03050
D3060
D3070
03080
D3090
03100
D3l10
D3120
D3130
D3140
03150
D3160
D3170
03180
03190
03200
03210
03220
D3230
03240
D3250
D3260
03270
03280
03290
03300
p3310
03320
03330
03340
D3350
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530 JJ=Jd+l D3360

JX=d=-Jd D3370
IF (Z.LT.XW(JIX)) GO TO 530 D3380
XWJ=XH(J) D3390
DO 550 K=KLOsKUP D3400
BR=BETA*R WI(K) D3410
Z=XwWJ-BR . D3420
IR=1./1 03430
JJ=-1 N 3440
540 JJ=JJ+l D3450
I X=JX-dJ ’ D3460
IF (Z.LT.XW(JIX)) GO TO 540 03470

550 DBAR(K)=CON3(K)*(RHR(K)*FUNS(JX)‘(XNJ‘ZR**I.S*SQRT(XHJ*BR)*(BR‘ZR) D3480
1**2*(ALDG(BR)-ALDG(XHJ+SQRT(XHJ‘*Z-BR**Z)l))+4.‘FUNV(J))’CONZ(K)‘D 03490

2BAR(K)+CONT(K)*FUNB(J) _ D3500

IF {ALPHAD.EQ.0.) GO TO 570 D3510

IF (J.LT.JW10) GO TO 570 D3520

IF (KUP.LT.KM) GO TO 580 D3530

{F (IWALL.EQ.O} GO YO 570 D3540

DO 560 K=KLO.KUP : D3A550

560 DBAR(K)=DBAR(K)—CONlOlK)*FUNll(JI-CQNII(K)‘FUNIZIJ) D3560
570 1IF (KUP.EQ.KF) GO TO 610 - ' D3570
580 KLO=XKUP+1 D3580
590 DO 600 K=KLO.KF ' 03590
600 DBAR(K)=—CON2{(K)*DBAR(K) » D3600
610 DBAR(KGUNPl)=DBAR(KGUNP1)—ABAR(KGUNPI)*(R*R(KGUN)*FUN3(J)0FUNX(J)) D3610
03620

PART 11 FINAL PREPARATION OF 8 AND D ARRAYS AT WALL D3630
D3640

620 [F (INALL.EQ.0) GO TO 640 D3650
IF (IWALL.EQ.2) GO TO 630 D3660
BBAR(KM)=BBAR(KM) +CBAR{KM)-H/DX2 D3670
DBAR(KM) =DB AR(KM)=H/DX2¥PHI(JIM1,KM) D3680

IF (OMEGA(KM).GTole) OMEGA(KMI=1. D36%50
GO TO 640 ’ D3700
630 BBAR(KM)=BBAR(KM) +CBAR(KMI-H ‘ D3T7T10
- D3720

PART 12 FIRST SWEEP OF THCOMAS ALGORITHM({ABOVE AND BENEATH WING) 03730
D3740

640 IF (I1W.EQ.O0) GO TQ 670 D3750
IF (1FUNJGEQs1) GO TO 650 . D3760

1F (JolToIWL0.0RJGTLJH3) GO TO 670 D3¥710

DO 650 K=2, IFUNJ D3780



Ao

ks Xs

650
660

670

660

690

700

KML=K~1

BBAR(K)=ABAR(K)*CBAR(KM1)-BBAR(K) *BBAR(KM]1)
CRAR(K)=—CBAR(K)*BBAR(KML)
DBAR(K)=ABAR(K)*DBAR(KML)}-DBAR(K)*BBAR(KM])

IF (K.LE, IFUMJ) GO TO 650

BBARUIK; =ABAR(K)*CBARU{KML )-BBARU(K)*BBARUIKM])
CBARUIK)=~CBARU(K ) *BBARU (KM1)

DBARU(K) ABAR(K)*DBARU(KMll-DBARU(K)*BBARU(KMl)

CONTINUE

K=1FNJPL

KM1l=K~-1
BBAR(K)=.5%ABAR(K)*{BBARU (KM]1 ) *CBAR(KM L) +BBAR(KM]1 }*CBARUIKML) )~-BBA
LR{K)*BBARU(KM1 ) *BBAR{KM])

CBAR(K)=-CBAR(K)*BBARU(KM])*BBAR(KM1)

DBAR(K)= .S*ABAR(K)*(BBARU(KMI’*DBAR(KMI)*BBAR(KHI)‘DBARU(KMlD)‘DBA
1R(K)*BBARU(KMIl*BBAR(lel

PART 13 FERST SWEEP OF THOMAS ALGORITHH(GENER&L CASE)

KB=K#1

KT=KF—-1FNJP1

60 TO 680

KB=2-

KT=KFM]1

DO 690 K=KByKF

KM1=K=-1
BBAR(K)=ABAR(K ) *CBAR(KM]1)-BBARI{K)*BBAR(KM])
CBAR(K)=—~CBAR(K)*BBAR(KM1)
DBAR{K)=ABAR(K)*DBAR{ KM]1 ) -DBAR(K) *BBAR{KM])

PART 14 SECOND SWEEP OF THOMAS ALGORITHM

PHIO(KF)= DBAR(KF)/BBAR(KF)

00 700 KK=1,KY

K=KF—-KK

KPl=K+1

PHIOQ(K)= (DBAR(K)-CBAR(K%*PHIO(KPl))/BBAR(K)
IF (IW.EQ.0) GO TO 720

IF (JLT.JW10.0ReJGTLJW3) GO TO 720
PHIOUCTFUNJ+1)=PHIOLIFUNJ+1)

D0 710 KK=1,IFUNJ

K=TFNJP1-KK

KPl=K+1

D3790
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p3s810
D3820
D3830
D3840
03850
D 3860
D3870
D3880
D 3890
D3900
D3910
D3920
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OO

OO

710

720

730

740
750

760

770
180

790
800

PHIO(K)=(DBAR(K)-CBAR(K)*PHIO(KPL))/BBAR(K)
PHIOU(K)=(DBARU(K)I-CBARUIK }*PHIBU(KPL))/BBARULK)

PART 15 NEW VALUES OF VELOCITY POTENTIAL, MAXIMUM DPHI

DO 730 K=1e¢KF

PHIOQLD(K)=PHI(JyK)
DPHI=OMEGA(K)*(PHIO(K)I-PHI (JsK))

IF (ABS(DPHI).LE.ABS(DPHIMX))} GO TO 730
DPH IMX=0PHI

JMARK=J

KMARK=K

PHE(JyK)=PHI(JsK) +DPHI

IF (IW.EQ.Q) GO TO 780

IF (JlT.JWI0.0R.J.GT.JW3PL} GO TO 780
IF €JLEaJW2.0R.IFUM(JG)LEQal) GO TO 750
(FUMM1=1FUM{ JG )-1

[FMIML=TFUM(JG-1)

DO 740 K=IFMJIM1,IFUMML
PHIUIJG,KI=PHI(J oK)} ¢PHIU(JG—1eKI-PHI(J=~14K}+DLTFH
IF (IFUMM1.EQ.TFUNJ) GO TO 780
[FNJPLI=TFUN(J+1)

DO 760 K=1,1FNJPL

PHIUD(K}I=PHIULJGsK)

DO 770 K=1FUMJ,TFUNJ
DPHI=OMEGAU(K) $( PHIOU(K)=PHIUL JG+K))

1F (ABS(DPHI).LE.DPHIMX) GC TO 770
DPHIMX=DPHI

JMARK=~J

KMARK==K

PHIU(JGyK)I=PHIULJGK)+DPHI

CONTINUE

[F (AMINF.LE.l.) GO TO 800

DO 790 K=1,KF ’

PART 16 PRINT MAXIMUM DPHI, CHECK CONVERGENCE

PHI(J5:K1=24PHI( J5=1y K)=PHT (J5-2,K)
PRINT 850, [,JMARK,KMARK,DPHIMX

AF ([.6T.1) SUPP=SUP

IF {1.EQs IMAX) RETURN

CIF (ABS(DPHIMX) .GEL.EPS1) 60 TO 10
RETURN
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810
820
830
840
850

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
END

{16H SUBROUTINE HDRKI//)

(52H LICATION AND VALUE OF GREATEST CHANGE IN VELOCITY)
(4 8H POTENTIAL ( NEGATIVE LOCATION INOICES ARE FOR}
(22H POINTS UNDER WING )//)

(3H I=15,2X96HIMARK=] 542Xy 6HKMARK=1542X ¢ THOPHIMX=E16.8)
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[aNaNe

OVERLAY (CICK,y1,3)

PROGRAM RESUWLT

COMMON SIGMAsDELTA,I,BETASQyDXReDXSQR,GAMPL,GPLDXRyKMM] ,KFM). ¢ KF o DE
LLETA,PIR,CON4 s CONS y Hy JT o J 1 3JF;DPHIMX DXy JIXNy SNOpC S20¢ SNALP o Edbod Wl
20+ JW20eJWLIXo JWIXyBETA»JWIML s DLTPH ;s JCHCK o I Wy JWLCM2 9 IW3IP Lo JWAOMLy My X
3WMs XWUMSQRyPTy AK2 4 AX2 ) AKL 9 AXD 9 AX10 3 CNXyNAMXP1,AL19A 2, ZMACH, JNCK

COMMON RU120)+SPRIME(120),FUN{120) 4 XWLL20},Y1{(120),¥2(120)+FUNL(12
10)s FUNO(L20), IFUN(120),FUN2(120),FUN3{120),FUN4(120) ,IGUN(120),CPL
2120)4FUNX(120) ySLAS(120,6),CPOL120)4KLOALL20),KUPA{L120)4FUNS(L20),
3FUNG6(120)+FUNT(120),FUNY(120),CP1(120),CP21120)

COMMON FUNB{120),F38N21120),FUN10{120),FUNLL1{120),Y2PRM{120),FUNL2(
1120),FUNA(120),FUNBLL20)

COMMON CONT(100),CONB$126),CON9(100),CONL1O{100),CON11(100),Z0ONLL10
10)+CON2(100),CON3L10035,5'MEGAL100),ABAR(100),BBAR{100),CBAR(L100),DB
2ZAR(100) »PHIOCL00) yRWF "0} yRWR(100) 9 AXOCR(100) ¢ACHK{100},FPHIOLD(100
3) +BCHK{100)

COMMON PHIUO(25),0OMEGAU(25)sACHKU(25),BBARU(25),CBARUL25) »DBARUL25
1) +BCHKU(25),PHTIQU(25)

COMMON IFUM(50),VLAM(S50), VTAU(50) ¢ VLAMP{50) , VTAUP(50) 4 YV{5C), ZV(50
1) ,FUNAO(50) oFUNBO(50) ,UUODI(50),UU900(50)

COMMON PHI(109,50),PHIU(50,25),COEF(21)

COMMON /NMLIST/ J1leJ2¢J39J%9 35, FACKMyRCOM A48, IWALL,PyOMEGAD AL PH
1ADsHSPANy AMINF ¢ GAMMA s IR yRC yRMAX RNy JSoRSoJW1l 9 JW2y JW3 , JWD, IRING,B],
2B2+DELL,DEL+IVOR, IDIR,EPSI,SUB,S5UP, IMAX, SFACTOR

DIMENSION NAM{2)

DAT A NAM/THBBAR{K), 6HFUN(J)/

PART 1 SHOCK-WAVE AND SONIC LINE LOCATIONS

PRINT 1070

IF (AMINF.GT.la) Jl=Jl#2

DO 250 J=Jl,J4

KK=1

KK2=1

JPl=Jd+]

JM1=J4-1

JM2=]-2

DO 170 K=1,KF

IF (RWIK)LTLR(J)) GO TO 160
IF (KJLEe IGUNIJUMY ) LAND.K.GY.IFUN(J)) GO TO 10
PHIMLI=PHI(JML,K)
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130
140
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180
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200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410



10

30

40
50

70

80

IF (KoeLEL IGUNC(JPL) .ANDKLGT.IFUN(J)) GO TG 20
PHIPL=PHI (JP1,K)

60 YO0 30
PHIML=PHI(JML, K) ¢+RWRIKI*FUNI(JML ) +FUNX{JIML)
PHIPL=PHI(JP L, K)+RWRIKIXFUNI( JPL1)+FUNX(JPL)
Uz 5%¥DXR¥(PHIPL1-PHIML)

IF (KeLELIFUNLJ)) U=U+FUN4L(J)
ALAMB=BETASQ-GAMP1 &Yy

IF (KelEJIGUNIUM2) JANDKoGTIFUNIJ)) GO TO 40
PHIM2=PHILJIM2,K)

IF (KelEGIGUNIJ)ANDKLGTLIFUNIJ)) GO '0 S0
PHIMO=PHI(J+K)

FIP2=PHI(J+2,K]}

GO TO 70
PHIM2=PHI(JIM2,K)+RWRIK)EFUNI(JIM2) +FUNX(JIM2)
PHIMO=PHI(J K)+RWRIK)EFUN3(J)+FUNX(J)

Fip2= PH[(J*Z,K)fRHR(K)*FUN3(J*Z)*FUNX(J*Z)
FIPL1=PHIP]

FIMO=PHIMO

FIM1=PHIMI

FIM2:=PHIM2

[F LALAMB.GT.0.) GO TO 80

U=e SEDXR¥(3 . ¥PHIMO=4 ., #PHIM]1+PHIM2)

IF (KLELIFUNUJ)YI UsU+FUN&G(J)
ALAMB=BETASQ-GAMPLl*U

IF (ALAMB.LT.0.) GO TO 80

U=BETASQ/GAMP1

IF (KaFQel) GO TO 130

IF (K.EQ.KF)} GO TO 140

KM1=K~1

KP1l=K+1

DR1=RW{K}-RW(KML)

DR2=RW{KP1}—-RW{K}

DD1=DR1/{DR2*{(DR1+DR2})

DD2=( DR2-DR1)/ (DR1*¥DRZ2)
DO3=~DR2/(DR1*{DR14DR2))

IF (KPl.LE.IGUN{J).ANDK4GT, lFUN(J)’ GO 1O 90
PHIPL=PHI(JKP1)

IF (KsLELIGUNIJ)AND.KWGTLIFUN(J}) GO TO 100
PHIMO=PHI {J4K)

IF (KM1.LE.IGUN(J)<AND, KgGT-lFUN(J’) 60 TO 110

C PHIML=PHI(JKML)

mmmmmmmMmmMmMmMmmMmMmMmMmMmMmmMmMmmammmmmmmmmMmmmmmmmmmmmimm

%20
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610

620

630
640
650
660
670
680
690
100
710
720
730
740
150
760
170
780
790
800
810
820
830
840



90
100
110
120
130

140

150

160
170

180

190

GO
PH
PH
PH

TO 120
IP1=PHT {JoKPL)+RWR(KPLI*FUN3(J)+FUNX(JI)
IMO=PHI(J oK) +RWR (K)*FUN3{J)+FUNX(J)
IML=PHI (J,KML}¢RWR{K ML) *FUN3(J)+FUNX(J)

V=DD1¥PHIP1+DD2*PHIMO+ODI*PHIM]

GO
V=
60
KM

T0 150

o S*DXRE(RIJPLI-REIML) }-SNALP*SNO
T0 150

1=K~-1

=(PHI(JoK)=PHI(JyKML) D/ (RHLKDI-RWIKML})
CSO=SQRT{ABS(1l.~SNO**2))
SN20=2.%SNO*CSO '

w.—
IF
I1F

(SNALP*CSD/RH(K)*FUN3(J)-.5*FUN(J)*SNZO)/RH(K)
(KoL Ee IFUN(J)) V=V-SNALP*SNO
(KeLESIFUNTJ) ) W=0.

USQ={1.4U )EX24VR%2.4£W*F2 :
OMEGA(KB=AM!NF*SQRT(AﬁSlUSQI(1.*.5‘(GAHMA-1.l#AMINF*‘Z*(l,'USQ))l)

PH
PH

I0LD(K)=(FIP1-FIM2-3%{FIMO~FI M1} ) *DOXR**3
10(K)=(FIP2-FIML-3.%(FIP1-FIMO))*OXR**3

BBAR(K)=DXR*®2&(FIPL1¢FIML=-2,%FIMO}

GO

T0 170

KK=KK+1
CONTINUE

KK

Pl=KK+l

KTT=KF+KKP1
11C=0

KK
DO
SL
po
DO
K2=
K2
IF
IF

SLAS(JoII)=RWIK2)~{RW{IK2E—RW(K2M]1) ) *(OMEGA(K2)~1. )/ (OMEGA (K2 )-DMEG

P10=KKP1
180 1i=1+6

AS{JyIE)=0.
240 If{=1+6
220 KL= KKPI.KF
KTT-X1

Ml=K2~-1} '
{OMEGA(K2) o GTel o dARDLOMEGA(K2ZML ) 4GT41le) GO TO 190
{OMEGATK2) oLT ol au ANDJOMEGAIK2ML)4LT.10) GO TO 220

1LA{K2ML})

GO
i1F
LF
IF
IF
IF

10 230

(PHIDLD(KZD.GT.O..UR PHIO(K2) 4L T 0.) GO TO 220
{BBAR(K2).GT.0.) GO TO 220

({K2.EQoKF. DR K2.EQ.KKP10) GO TO 220
(PH[OLD(KZMI).GT.O..AND;PHIOLD(KZOI).GTJO.5 GO 10 220
(PHIOLD(K2M1}.GT .0« ) GO TO 200

850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
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OO

200

210

220

IF (PHIOLD(K2+1).GT.0.) GO TO 210

G0 TO 220
SLAS(Jpll)=RH(KZD+(Rd(K2—1)-RH(K2))‘PHIULD(K2)/(PﬁlDLD(KZ)*PHlOLD(
1K2-11)

GO TO 230
SLAS(JvII)=RN(KZD#(RH(KZ*ll—RH(KZ))*PHIOLD(KZ)/(PH[OLD(KZI-PHIOLD(
1K2+1))

GO 7O 230

CONTINUE

GO TO0 250

23¢

240
250

KKP 1=Kl+1

IF (KKPlL.GT.KF) GO TO 250

CONTINUE :

PRINT 1080, JoXW(J)o(SLAS(Je11)e11=1,6)

PART 2 PRESSURE COEFFICIENTS AT GRID POINTS
PRINT 1090

IF (IW.EQ.O0) GO TQ 290
IFNJW3=IFUN(JIW3)

C PHIU(JIW3-JW1043, IFNIW3+1L)=PHI(JW3, IFNJW3+1)

DO 280 K=1, IFNJW3
IMK=0 ‘
DO 280 J=JW2.,JM3P1
JG=Jd-JWl0+3

CIF (IMK.EQe.l) GO TO 260

260
270

280
290

300

IF (IMK.EQ.2} GO TO 270
"IF (IFUM{JG+1).LE.K) GO TO 280

IMK=1

CONN=PHIU(JG KI-PHI(JyK)

GO TO 280

I MK=2

GO TO 280

PHIU(JG,K)=PHI(J, K}+CONN

CON TINUE

IF (IVOR.EQ.0) GO TO 300

IF (JCHCK.EQa.JW3) GO TO 300

JG=JCHCK-JWLO0+3

GANO=.5%Y2 { JCHCK) ® (VLAM(JG)+VTAUCJIG ) ##2/VLAM( JG) }
GANO=GANO*FUNA ( JCHCK) ® (1. + (R (JCHCK) /Y2 (JCHCK ) h#42)
DO 530 K=1.KF

ALAMB=1.

DO 520 J=Jdl,J4
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310

320
330
340

350

360

JPl=Jd+l

JMl=J-1

JM2=g-2

ACHKK=AL AMB

JG=J-Jnl0+3

IF (K.GTLIFUN(J)) GO TO 310
PHIML=PHI { JM1,+K)

PHIMO=PHI (J+K)

PHIPL=PHI(JPLsK)

G0 TOD 350

1F (KJLE.IGUN(JML)) GO TO 320
PHIML=PHI { JM1,sK)

[F {K.LEe IGUN(J)) GO TO 330

PHIMO=PHI LJ+K)

IF (KJLELIGUNGJPL)) GO YO 340
PHIPL=PHI(JPLK)

GO 70 350

PHIML=PHI (JML,K)+RWR(K)*FUN3({JML) +FUNX(JIML)
PHIMO=PHI {JsK)+RWR{KIFFUN3(J) ¢FUNX{J)
PHIPL=PHIC(JPLK) +RWR(K)*FUN3(JPL)+FUNX{IP L)
[F (KeLESIFUNIJPL)) PHIPL=PHI(JIPL K]

IF (IHeEQe0aOReKeGTIFUNIJIPL).OR.JGToJW3) GO TOQ 350
PHIPL=PHIP1+.5%(PHIU(JG+L yK)—PHI(JPL,4K))
U=.5%DXR*{PHIP1-PHIM])

IF (K.LE. IFUN(J)) U=U+FUN&LJI}
ALAMB=BETASQ-GAMP1%*U

[F (ALAMB «GT.0..0R.ACHKK«GTe0) GO TO 360
SAVE=U

U=DXR*(PH IMO-PHIML)

[F (KJELIFUN(J)) U=U+FUNA LS}

CHECK=BET 4SQ-GAMP1*U

IF (CHECK«GTa.0.) U=SAVE
ALAMB=BEYASQ—-GAMPL1*U

IF (ACHKK<LT+0saANDALAHBSGT 0o} U=DXRE®(PHIMO-PHIM1)

IF (ACHKK.L.T.0¢oeAND<ALAMB4GT «Oe s ANDKoLE. IFUNEJ)) U=sU+FUN&LJ)

1f (IWeFQeOaOReKeGTIFUN(JIoORILGTIW3) GO TO 38C
UO=.5*0XR* (PHIU(JG+1 ,K) -PHIU(JG~1,K) )=-FUN4 LI}
UU=DXR*(PHIU(JGK)-PHIU(JG~1,K) )} -FUNSG(J)
U0=UD—2 < *FUNO( J)

UU=UU-2.*FUNO(J)

ALAMBO=BEYASQ-GAMP1*UD

IF (ALAMBO.LT.0.) GO TO 370Q

ALAMBU=BETASQ-GAMP1*UU
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370
380

390

400
410
420
430

440

450

460

470

IF (ALAMBU.LT.0.) UO=UU

GO TO 380

Uo=uy

IF (KeEQ.l) GO TO 440

IF (K.EQ.KF) GO TO 450

KMl =K=-1

KP1=K+l

DRI =RW(K}I-RW{KML)

DR2=RW{KPL1)—RWI{K)

OO1=DRL/{DR2*(DR1+DR2)})
DD2=(DR2-DR1)/(DR1*DR2)
DD3=~DR2/{DR1*(DR1#DR2))

TF (KGTSLIFUNLJDD GO TO 390

V=DD1*PHI(J yKP1) +DO2#PHI(J 4K ) +DD3*PHI(J4KML)
W=0., :

IF (IWeEQaDeOR.J.GT.IN3) GO TO 47
V0=DDI*PH[U!JG'KPI)¥DDZ*PHIU(JG'K)*DD3*PH[U(JGvK"1)
GO TO 470

IF (KPLo.LE.HGUN(J)) GC TO 400

PHIPL=PHI (J 4KP1) ‘

IF (KJ.LE.IGUN(J))} GO TO 410
PHIMO=PHI(J oK)

IF (KML.LE.IGUN(JI) GO TO 420
PHEML=PHI(J,KML)

GO 1O 430
PHIP1=PH[(J'KP1)ORHR(KPl).FUN3(J)0FUNX(J)
PHIMD=PHI(J K)+RWR(K)*FUN3LJ) ¢FUNX(J)
PHIML=PHI(J,KML ) +RWR(KM1)*FUN3(J)+FUNX(J)
Vv=DD1*PHIPL+DD2%PHIMO+DD3*PHIM]

GO TO 460
V=UPHI(J,2)—PHI(Je 1))/ {RW(2)-RUW(1D)

IF (K.GTLIFUN(J)) GO TO 460

W=0. :

1F (IWeEQe0oOR<JGToJIW3) GO TO 470

VO= (PHIU(JIG, 2)-PHIULJGy 1) ) /{RW(2)-RW( 1))
GO T 470

KM1=K-1
V=(PHI(J'KD‘PHIQJ'KMI))/(RH(K’“RH(KH[))
CSO=5QRT{ABS(1.-5NO*%2))

SN2 0=2.*SN(O*CS0O

W=(SNALP*CS0O/RWIK JEFUN3(J)~e SHFYNL I ®ESN20 D /RIEK)
CPUJ) =2 $U-VEK2-WE%2 ,

1F ([H.EQ-G.OR.J-LT.JHI0.0R;J-GT:JHB.QR.Kqu.lFUN‘JHS" G0 70 520
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480

IF (K.GTJIFUNGJY) GO TO 510

CPO(J)==2,%UD-VOx*2

IF (Y2(J4).LT.RW(K)) GO YO 510

IF (RW(K) +LT.RMAX) GO TO 520

HB=Y2 (J) +R(JVE*2/Y2(J)

HBP=Y2PRMIJ)®(L.=(R(IJ)/Y20J) )#22)+PIR/Y2(J} *SPRIME(J)

FNUML=0.

ARG L=HB#% 2= (RW(K) +R(J)%%2 /RW(K) ) $82

{F(ARGL.GT .1.E-06) FNUML=1./SQRT(ARGL)

JG=J-JWl0+3

FNUM1=FNUML*FUNAO{ JG)

DUX=SNALP* (HB¥HBP={1.+(R(JI/RW(K) )2 ) $SPRIME (J) *PIR)#FNUM 1~FUN4{ J
1)

DUX=DUX +SQRTIHB*#2~(RW (K ) +R(J ) #%2/RW (K ) ) 82 ) #SNAL P*FUNBO( JG)
U3=U+DUX-FUNO( J)

U4=U0-DUX +FUNO( J )

DVX==SNALP*FNUML* (Lo.~(RUJI/RWIK)IB82) % (RWIK )+R(J) $82/RW(K ) )
V3=VeDVX

V4= y0-DVX

IF (IVOR.EQ.0) GO YO 500

IF (J.GT.JCHCK) GC TO 480

DUY=SNALP#(HBP#( VLAMUJG ) %%24 VTAU(JG ) *%2) +2 . % HB* (VLAM{ JG) SVLANP(JG)
L+VTAULJGIRVTAUP (JG)))

DUY=DUY*FUNA(J) ¢ SNALPSHB® (VLAM(JG) *%2+VTAULJG )2 ) kFUNB( J)
U=U3-DUY*VTAULJG) /{ L.~VTAU(JG) *%2)

UO=U4-DUY* VTAU(JIG) / (1a=YTAU(JG)**Z)

BNUML=.5% (VLAM{JG ) +VTAULJG ) %2 /VLAMI JG) }

GAN=BNUML*HB

DGANDX=BNUML*HBP +HB*( o5#( Lo~ (VTAU(JG) /VLAMIJGD ) #%2 ) #YLAMP( JG) +VTAU
1 (JGI/VLAM(JGI*VTAUP{JG) )

DGANDX=1NGANDX®FUNA( J3+GANSFUNB(J)

GAN=GAN*FUNA(J)

GO TD 490

GAN=GAND ,

DGAND X=0. :

DUY=SNALP #GAN*{{{ 1.=VTAULJG) }/((Lo—VTAU(JIG) ) %26 VLAM(JG)**2) 41./ (1
Lo #VTAUCIG ) ) DEVLAMP(JUG) #VLAMIJGI#( 1/ ({1a~VTAULJIG) D2+ VLAMLJG )% 42)
2-1a/(1+VTAUCIG) ) ¥%2) XVTAUP( JG) )

U=U3-pUY

UO=U4-DUY

490 v=v3

vO=V4
Y2N=(RW(K)+R(JI**2/P(i. 2 ) /HB
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SO0

500

510

520

530

BNUM2=5QRT( l.-Y2N*%2)
CNUM3=BNUM2-VT AU( JG)
CNUM4=BNUM2+VTAUL JG)

BNUM3 =Y 2N *%2/ ( BNUM2*HB ) *VILAM(JG)
BNUMG=VLAMI JG) / (BNUMZ*HB*RW{K) ) *Y2N*P[R
DNUM3=CNUMI*%2 +VLAM(JG)*%*2
DNUNM&G=CNUML**x2 +VLAM( JG)*%x2
ENUM3=CNUM3*%x2~VL AM{ JG ) %%2
ENUMG=CNUM4LER2 -V AM{JG)*%2

ARG 3=2., *VILAM( JG ) ¥ CNUM3 -
ARG4=2.%VLAM(JG) *CNUML s
THETA3=ATAN2({ARG3,ENUM3) -
THETA4=—ATAN2( ARG%, FNUM4 )

{i3=L+ SNALP* (THETAZ*DGANDX 42+ *GAN/ DNUM3* (CNUM ISV AMP (JG )-BNUM3*HB P+

IVLAM( JG)*VTAUP(JG ) +BNUM4*SPRIME(J) })

U4=UD~SNALP* (THET A4 *DGANDX 42 o *GAN/ DNUM4 X (CNUM4 VL AMP(JG )—-BNUM3*HBP

1=VLAM(JG)*VTAUP(JG ) +BRNUM4XSPRIMELJ ) ))
BNUME=] o= (REJD/RUW LK) ) %%2

V3=V#2. ¥SNALP®Y2NEVLAMU JG ) *GAN*BNUM4/ ( BNUM2*DNUM3 )
Ve=V0-2 . #SNALPRY2ZN*VLAM{JG Y *GAN*E:UME/ (BNUM2*DNUM3)

W3=-SNALP

W4=—SNALP
CPL(J)=—=2.%{U3+SNALP#W3 ) -V3EX2-|j3¥%2
CP2{d)==24%(U4G+SNALP*WLI—V4E*2-44%%2

G0 7O 520 < ‘

CPO{JI=CP (J)

CrL1J)=0.

CP2(J)=0a

CONTINUE

PRINT 1110y Ko Jly Jas(CPLJYed=JlyJIb)

IF (IWeEQeD20RKGTLIFUNIJNW3)) GO YO 530
PRINT 1100, KyJW1l0sJW3,{CPGLJ),I=JN10,J43)
IF (RW(K).LT.RMAX) GO T3 530

PRINT 1100y Ky JW10,JW34{CPLIJ)ed=dW10,JW3)
PRINT 1100y KyJW10sJIW34(CP2(J)oI=IN10yIW3)
CONTINUE

PART 3 PERTURBATION VELOCITY POTENTIAL AT GRID POINTS

PRINT 1120

JoL=1 '
JPU=JU3-IW10+4

DO 540 K=1.KF
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540

C
C
C

550

560
570

580

590
600

PRINT 1110y KydlyJdae (PHI{JyK) gd=Jled4)

IF (IWeFBQaOeORJK.GTLIFUNIJINWI)) GO TO 540
PRINT 1100y Ko JOL o JPUL (PHIUCJ K) 9J=1¢JPU)
CONTINUE

PART 4. AXIAL LIFT DISTRIBUTION -~ LIFT AND MOMENT

I1F (ALPHAD.FQe0eeOR.HSPANCEQ.0.) GO TO 750

PRINT 1130

JG=JHW3I-JW10+3

AINT=0.

IF (IW.EQ.0) GO TO 570

K=1 '

AINT==2 . % (PHI(JW3, 1)-PHIULJIG 1) ) *RW( 1)

K=K+1

IF (KGTIFUN(JIW3)) GO TO 560 - -
AINT=—=(PHI{JWIsKI+PHI(IN3 3 K=1 )~PHIU(JIGeK }=PHIU(JIGK~1) I*{RWI{K I-RW{
1K—=1))+AINT

60 10 550

AINT=AINT=(PHI {3y K—~1)=PHIULIGoK~1 )} ) &IY2{JU3)~RH(K=1))
AINT==AINT
ALA=SNALP/PIR®{(Y2(Jw3L—RIIW3II*E2/Y2{JW3 ) I*€2*FUNADLIW3~JW10+3)+R(
1 JW3)*%2) #AINT

IF (IVORL.EQ.Q) GO TO 590

IF (JCHCK,.LT.JW3) GO TO 580
ALS=ALA+SNALP/PIR®2 ¢ (VLAMIJG I 22 +VTAULJGI*%2)%( Y2(JWII+R(JIW3)*&2/
LY 20 JW3) ) %2 %FUNA( J)

GO TO 600

ALS=ALASNALP/PIR*4 ¥GANOSVLAMUJIGI®(Y2({JHIISRIINIIE&2/Y2(JWI))

GO TO 600

ALS=ALA

ALANS=ALA—AINT

ALSNS=ALS—AINT

AINTO=AINT

SMA=ALS~ALA
CP(J2)=0.
CPO(J2)=0. »
CP1(J2)=0.
CP2(J2)=0.
JWLOML=dwW10-1
2P 1=J2+1
(F (JWLOMLLLELJ2) GO 10 620
DO 610 J=J2P1,JWl0M]
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CPUJI=SNALP*SPRIME(J)
CPL(J)=CP(J)
CP2(J)=CP(J)
610 CPQ(J)=CP(J)
620 DO 700 J=JW10,JW3
AINT=0.
JG=J=-JW10+3
IF (IW.EQ.0) GO TO 650
IF (IFUN(J).EQ.0) GO TO 660
K=1 '
AINT=—(PHI(J#1s1)=PHI(J=19 1)-PHIU(JG#1, 1) +PHIU(JIG=1 1} ) *DXR*RW(1)
630 K=K+l
IF (K.GT.IFUNCJ)) GO TO 640
AINT=AINT =« SXDXR* (PHI{ J#L oKI=PHI (J=1 KI+PHI( 141 K—1)=PHILJ=1,K=1)=
CL1PHIUCJG#L K I+PHIU(JG=1,K)=PHIU(JG#1 yK=1) ¢PHEULIG—LoK—1))*(RW(K)-RW
2(K=1)) ;
GO TO 630
640 AENT=AINT~o5%DXR% (PHI{J#LyK=1)=PHI (J=1,K=1)=PHIU(JG+1,K-1)+PHIU(JG
1-1,K=1) ) ®4Y2(J)—-RW(K=1))
650 AINT=-AINT
660 Y2P=YZPRM{J)
JG=J-JW10+3
CPUJI=SNALP*(2.%((1.-(R(J)I/Y2UJ) )04 )aY2(J)*Y2P/PIR-2.*(1e~(R{J) /Y
120J))%%2) #SPRIME( J) ) *FUNAO(JG I+ Y2{ J)-R(J)*%2/Y2{ J) 1**2/PIR*FUNBO(
2JG) +SPRIME (J) ) ' ~ E
IFE (JoGE.JW20) CP(J)=.85%CP{J)*SQRTIABSI(L{Y24J)=YL(J)I/LY2LII+YL(I)
1)} : : i
CPUJI=CP(J) +AINT
HB=Y2{J) +R(J)**2/Y2{J)
HBP=Y2P& {1o~(R{J)/Y2(J3)%€2) +PIR/Y2{JI¥SPRIMELI)
IF (IVOR.EQ.O0) GO TO 680
IF (J.GT4JCHCK) GO TO 670
CPO(J)=CP{J)+4./PIRASNALP*HI*(HB%(VLAM{JIG ) *VLAMP( JG) +VTAULJG) *VTAU
LP(JG))+HBP* (VLAM( JGI¥*2+VTAUCJIG) #%2 § JRFUNAL.S )42 /P IRXSNALP#HB*#2%(
2VLAMIJG) ** 24VTAUL JG 1 %2 ) *FUNB( J) :
, GO T0 690
670 CPOLJI=CPIJI+4./PIR¥SNALPEGAND® (HB#VLANP( JG) +VLAMIIG) #HBP)
GO T0 690
680 £PO(J)=CPLJ)
690 CPL(J)=CP(JI-AINT
? CP2(J)1=CPO(J)=ATINT
DCP=CPOLJ)~CPEJ)
700 PRINT 1060y JoCPUJ)sCPO(I)CPLII),CP2(JID,AINT,DCP
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AMA=0. . ; E4240

AMS=0. . E 4250
AMANS=0. _ E4260
AMSNS=0. | E4270

DO 710 J=J2P1,JW3 £4280
AMA=AMA+.5% (CP{J) +CP(J=-1) D ®(XW (J )= .5*DX ) *DX E4290
AMANS=AMANS . 5% (CP1{ JI+CPL{J~1) ) * (XW{J)~.5%DX)*DX £4300
AMSNS=AMSNS + . 5% {CP2( J)+CP2(J~1) ) ¥ {XW(J) . 5%DX) *D X E4310

710 AMS=AMS+.5% (CPO(J)+CPOCI=1)) ®(XW{J)—.5%DX)*DX E4320
IF (JWZ.EQ.JW3) GO ¥O 730 £4330
DLO=SNALP/ZP IR {{Y2{ JW20)-REJW20) #€2/Y2(JW20) ) 42 ¢R(IW20) #%2-(Y2(JIW E4340

T3 )-R(JWI) FX2/Y2{JW3) ) €¥2-R(JW3)*¥2) £4350
DO 720 4=JW20,J W3 M1 . E4360
720 DLO=DLO+.5%DX*(CPL(JI+CPL(J+1)) £4370
ALA=ALA+DLO , E4360
ALS=ALS+DLO E4390

AL ANS=AL ANS +DLO E4400
ALSNS=ALSNS+DLO o , E4410

730 XBARA=AMA/ALA E4420
: XBARS=AMS/ALS , E 4430
XBARAN=AMANS/ALANS £4440
XBARSN=AMSNS/ALSNS E 4450
AREA=0, : . E4460
JWLPL=JWl+1 E4470

DO 740 J=JWLPLl,JW3 | E 4480

ARE A= AREA+.5%DX*(Y2(J ) +Y2(J-1)-R(J)=RLI-1)) . E4490

[F (J.LE.JW20) GO TO 740 - E4500
AREA= AREA= o 5*DX*(Y1(J)+YL(J-1)) © E4510

740 CONTINUE E4520
AREA=2.%AREA £4530

IF (HSPANGLE.RMAX) AREA=RMAX*%2/PIR E 4540
ARR=2./AR EA E4550
CLA=ALA*ARR o T 'E4560
CLS=ALS*ARR : «  E4570
CULANS=AL ANS *ARR , , - £4580
CLSNS=AL SNS*ARR £4590
CAINTO=AINTO*ARR : E4600

C SMA=SMA% ARR E4610
CMA=AMA®ARR : £4620
CMS=AMS®ARR : E4630
CMANS=AMANS#*ARR ' E4640
CMSNS=AMS NS #ARR F4650

PRINT 1140, ALAyALS,AMA : : o E4660



leXaNe]

PRINT 11504 AMS, XBARA.XBARS.ALANS.ALSNS.AHANS.AMSNS.XBARAN.XBARSN: E4670

LAINTD - E4680
PRINT 1160, GMA,CLASCLSsCLANS,CLSNSy CAINTO,C SHA,CMA ;CHMSCHANS E4690
PRINT 1170, CHSNS,AREA £4700

- . E4T1O0

PART 5 BODY SURFACE PRESSURE COEFFICIENTS E4720
£E4730

PRINT 1180 ' : E 4740

[F (ABS{SNALP).LT.1.E-06) G0 TO 770 : . E4750

IF (ABS(OMEGAD)<GT.1.E-06) GO TO 760 E4760
PRINT 1190 ' , £4770

IF (IVOR.EQ.0) GO TO 750 E4780
PRINT 1200 - o E4790

G0 T0 780 ‘ ‘ E4800
150 PRINT 1210 - £E4810
60 TN 780 ' E4820
760 CHK=SNO-1. E4830
{F. (ABS{CHK).LT<l+E-06) PRINT 1220 E4840
CHK=1.+SNO E4850

IE (ABS(CHK).LT+1.E-06) PRINT 1230 . E4B60

IF (IVOR.EQ.0) GO TO 770 E4870
PRINT 1240  E4880
PRINT 1250 S £4890
GO To 780 : £4900
770 PRINT 1260 ‘ £4910
780 J2P1=J2+¢1 : : £4920
J3M1=J3~1 _E4930
ALAMB=1. ' . F4940

K=1 ' , C E4950

DO 1030 J=J2P1,J3M1 . E4970°
JP1=J+1 ‘ - E4980
JM1=J-1 -  E4990
JM2=4-2 £5000
JM3=9-3 . ES5010
JG=J-JW10+3 \ ' - €5011
ACHKK=ALAMB . €5020
ALAMB= BETASQ—.S*GPLDXR#(PHI(JPI.KD—PHI(JHI K ) 1-GAMPL*FUN4( J) ~ ES030

IF (ALAMB.LE.O} GO TO 790 £5040
AA= .5#P IR*ALOG(R(J)/RWIKD) £5050
PHIML=PHI (JML, K) +AAXSPRIME (JM1) ~ ES5060

IF (J-EQ.JSeAND.ABSTRIJI=R(I=11)eLTo1.E~06) PHIMI=PHILIMLK) CE5070
PHIPLAPHI (JPL oK)+ AAESPRIME (1P1) ~ : £5080

U=.5%DXR*(PHIPL-PHIN1] ‘ ' . ES090



790

800

810
82C

830

840

850

860

IF (ACHKK.GE.O0.) GO YO 800
PHIMO=PHI(Jy 1} +AAXSPRIME(J)D

U=D XR* ( PHIMO-PHIML) '

G0 TO 800 |
ALAMB=BETASQ-GPLDXR*{PHI{J 4K 1=PHI{IMLyK))=GAMP1EFUN4LJ)
AA= o5 #P [R*ALOG(R{JI/RWIKD) .

PHIMO=PHI(J,K) +AAXSPRIME(J)
PHIML=PHI (JMLsK) +AA®SPRIME (JML)

PHIMZ=PHI(JM2,K) +AASSPRIME (JM2)

U=e S*¥OXR¥ {3 ¥PHIMO-4 . #PHIML+PHIM2)

[F (J.NE.JS.OR.ABSIR(JI-RIJM1})-GE.1.E-06} GO TO 800
PHIML=PHI (JML ,K)

U=DXR*{PHIMO-PHIM1)

V=.5%DXR& (R(JPL)-R(JIMLY)

1 (IW.£Q.0) GO VO 850

1F (JoLT.JWI0.0R.J.GTJW3) GO TO 850

IF (J.GT.JWl0) GO TO 810

ACHKK=ALAMB

GO TO 820

ACHKK =ALAMBU

JGM1=JG-1

JGP 1=JG+1

JGM2=JG-2

ALAMBU-BETASO—+5%GPLDXR¥ (PHIU(JGPLsK}~PHIU(JGML, K ) ) +GAMPLEFUN4LJ)
PHIML=PHIU{JGML,K)+AAXSPRIME(JIML)

IF (ALAMBU.LE.O.)} GO TO 840

IF (ACHKK.LT.0.) GO TO 830

PHIPL=PHIU(JGPL,K) +AA*SPRIME(JPL)

UO= .S *DXR* (PHIP1-PHIML)

G0 TO 860

PHIMO=PHIU( JG K)+AA®SPRIME (J)

JO=DXR%: {PHIMO-PHIM1)

G0 TO 860
ALAMBU=BETASQ—.S*GPIBXR*(PH!U(JG,K)—?HIU(JGHZaK)D~GAMFl*FUN4(Ji
PHI MO=PHIULJG K) +ALSSPRIME I D , , )
PHIM2=PHIU(JGM2,K ) +AA *SPRTHE( JM2)

UO= o SRDXR¥ {3 *¥PHIKO=4 . *PHIML +PHIM2)

GO 10 860

uo=u

ALAMBU=ALAMB

IF ([VOR.EQ.O.GR.JaLTaJMiQ¢OR.J-GT.JNZD GG TO 880

IF (JeGTLJCHCK) GO TO 870

HB=Y2(J)+R(J)*¥2/Y2(J)
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HBP={1a=(RLJD/Y2(J) ) *%2) $Y2PRM(J)+PIR*SPRIME(JI/Y2(J) E5540
FUNO(JI=FUNOQUJ)+SNALPS(HBPR{VLAM(JG)**2¢VTAU(JIG)**2) 42 *HB*({ VLAM(S ES5550
LGI*VLAMP (UG ) +VTAULJG) &VTAUPLUG) ) ) /{1.~VTAU(JG) *¥*2}*VTAU(JG I 2FUNA(J) ES5560

2) +SNALPEHB* (VLAM(JG) **24VTAU(JG) *%2) /(1. ~-VTAULJG ) ##2) *VTAU(JG)*FUN ES5570
38t4) E5580

, GO YO 480 £5590
BTO FUNO(JI=FUNOCL J) +SNALP*GAN*® {{ {1, —VTAULIGI I/ ({1 ~VTAULJIG))*%2+VLAM{J = E5600
1G1*#2 )41, /(1o +VTAU(JIG DI RVLAMPLJG) *VLAMIUG) #{ 1o/ ({1 ~VTAULJG) )*%2¢ ES5610

C2VLAMIJGIR%2)=1 o/ (Lo +VTAU(JG) ) %82 ) 2VTAUPLJIG)) £5620
880 UO=UO~-FUNO(J) £5630
U=U-FUNO(J) E5640
DRD X= +S*DXR*{R(JPLI=R(IML}) €5650
ROY24=1, : E5660
IF (Y2(J)eGToR{J) eANDeJNELJ2) ROY2J=R{JIZY2(J) ES6TO
UU=SNALP#(2 . %ROY2J*DRDXM{ 1.=ROY2J*%2) &Y 2PRM( J)) £5680
IF (JeGToadW2ANDe JoLEJWA) UU= 2 &SNALP*ROY2J*DRDX E5681
Y240=R(J) ' E5690
IF (Y2(J)GT.R(J)) Y2UR=Y2(J) EST00
UU=UURFUNAL J) +SNALP*Y2J0%( 1o +ROY2J*%2) xFUNB( J) €5710
IF (IWINGalTe0eANDeJoaGT « JMCK ANDoJ «LEoJdW3 ) UU=UU9OD(JGI*SQRT{ l.+DR ES5711
1DX*%2%4,) ) ES5712
Ul=uU+uUu E£5720
U2=u0-uu €5730
V1=V-SNALP €5740
V2=V+SNALP EST50
IF (J.LT.JW10) GO TO 890 €ES760
UU=SNALP* (=2.%ROY2 J*DRDX+ (1. ¢ROY2J%*2 ) & Y2PRM( J)}) ES5770
IF (JoGTodW2.ANDeJoLE < JW3) UU==2, %5 NALP®ROY 2 J*DR DX . ESTT1
UU= UU*FUNA(J ) #SNALP#Y2J0% (1. ~ROY2J* %2} #FUNB( J ) , ES5780
IF (IWINGelTeDeANDedoGT o JMCK o ANDe JoLE<JW3) UU=UUODLJIG) €5781
U3=uy+uu £5790
U4=UD-UU : £5800
W 3=—=SNALP o €5810
Wa4==SNALP £5820
GO TO 900 ‘ E5850
890 U3=U £5860
‘ Us=Uu0 ‘ , ES8T0
W3=SNALP , E5880
W4=SNALP - E5890
900 V3=V . - £5920
V4=V e ) v £5930
IF (ABS{SNALP).LT.1.E~06) GO YO 990 , , £5940

IFLG=0 , E5950



IF (ABS{OMEGAD)GT.l.E-06) GO TO 950 £5960

CPUJ)==2.%(U3+SNALP*W3)-V3e&2-WI*%2 ~ ES5970
CPO(J)==2.% (U4+SNALPENG )= Vo822 4%%2 £5980
CPL{J)==2,% (UL +SNALP*V1)~V18x2 E5990
CP2(J)==2.%(U2-SNALP*V2)-V2%%2 £6000
IF (JaGF.JWLD.AND.JoLE.JW2) GO TO 910 €6010
PRINT 1060y JsCP(J)oCPOLI)CPLLI)CP2(I) £6020
GO TO 1030 E6030

910 IF (IVOR.EQ.O0) GO TO 1010 E 6040
'CPX=CP(J) , E6050
CPOX=CPO(J) E6060
CPLIX=CPL(J) ~ E6070
CP2X=CP2(J) E6080

920 HB=Y2(J)+R(J)*%2/Y2(J) ' €6090
HBP=Y2PRM(JI* (La=(R(JI/Y2(J) )%42 4P [R/Y2(J ) &SPRIME(J) E6100
L=J4G F6110
BNUML=.5% (VLAM(L ) +VTAU (L) *%2/VLAMIL)) . E6120
IF (J.GT.JCHCK) GO TO 930 £6130
GAN=RNUM 1 *HB | £6140
DGANDX=BNUMI*HBP+HB#( 5% (1.—(VTAU(L)/VLAMIL) ) ®#2) #VLAMP(L ) +¥TAUIL) E6150

1/VLAMIL)*VTAUPIL) ) . E6160
DGANDX=DGANDX*FUNA(J) +GAN®FUNB (J ) ' E6170
GAN=GAN*F UNA( J) E6180
GO TO 940 ' ; F6190

930 GAN=GANO ; E6200
DGANDX=0. ' £6210

940 Y2N=2,%R{J)/H8B £6220
CNUM1=1.-VTAU(L} £6230
CNUM2=1.+VTAU(L) ‘ E6240
BNUM2=SQRT( L.~Y2N*#2) o £6250
CNUM3=BNUM2-VT AU (L)  E6260
CNUM4=BNUM2+VTAUiL} £6270

 BNUM3=Y2N#*%2/ (BNUM2*HB } VL AM(L ) E62B0
BNUM4=2 . ®VLAM(L )/ { BNUM2®HB®%2) *P [R E629G
DNUML=CNUML*22 +VL AM(L ) %%2 : , ' : £6300
DNUMZ=CNUM2 ¥#2 +VLAMIL ) %%2 E6310
DNUM3=CNUM3®*2+VLAM(L ) %2 ‘ £6320
DNUMG=CNUM #%2+VLAM(L ) %22 , : ‘ £6330
ENUM1=CNUM1®%2-VLAMIL ) %%2 . ‘ E6340
ENUN2=CNUM2 $22-VLAM( L) *%2 : - E6350
ENUM3=CNUM3##2-VLAM(L)¥%2 : , | €6350
ENUMG=CNUMG #%2-VL AM(L ) *%2 ‘ : '  E63TG

ARG 1=2,*VLAM(L ) *CNUML £E6380



950

ARG2=2.*VLAM{L)*CNUM2
ARG3=2,*VLAM{ L )*CNUM3
ARG4=2.%VLAM(L)*C NUM4
THETAL=ATAN2(ARG1 . ENUML)
THETA2==-ATAN2( ARG2+ ENUM2)
THETA 3=ATAN2(ARG3 , ENUM3)
THE TA4=—ATANZ2({ ARG 4, ENUM4)

ULl=UL+SNALP*( THETAL*DGANDX+2 o *GAN/DANUML*(CNUML*VLAMP (L) +VLAU(L ) &VT

1LAUPLL)))

U2=U2~SNALPX {THETA2*DGANDX ¢2 . *GAN/ DNUM2* ( CNUM2*VL AMP(L }-VLAMLL )} VT

1AUP(L)))

U3=U3+SNALP*(THETA3*DGANDX 2 o #GAN/ DNUMB*(CNUM3EVLAMP (L) -BNUM3I*HB P+

ITVLAM(L)*VTAUP (L) +BNUM4RSPRIME(J) })

U4=U4-SNALP*(THETA4*DGANDX +2 o #GAN/DNUM4*{CNUM4SVLAMNP (L) ~BNUM3®HB P~

LVLAMIL) & VTAUP (L) +BNUMG*SPRIME(J)))

IF (ABS(OMEGAD) .GT.1l.E-05) GO TO 950

CPLJ)=~24%(U3+SNALP*WN3 )-V3 #%2—W3%%2
CPO{JI==~2 e ¥ (UL +SNALPRNL}—VL¥%2=Y4kx 2
CPL(J)=—24% (UL+SNALP*V])~V]%%2
CP2{J)=-2.%(U2-SNALP*V2)=-V2¢%2

PRINT 1060y JyCP(J)sCPOLJ)+CPLLI)CP2(JI)sCPX CPOX CPLX,CP2X

GO TO 1030

CHK=SNO+1.

IF (ABS(CHK).GT.1.E-06) GO TO 970
CPUJN==2,%{U2-SNALPHV2I~V28%2

IF (JeGELJWIDANDJLE.IW2) GO TO 960
G0 TO 1000 '

960 IF (IVOR.EQ.0) GO TO 1000

IF {IFLG.EQ.1) GO TO 1020
[FLG=1

cPx=CPLJ)

GO T3 920

970 CHK=SNO-1.

iF (ABRS(CHK).GT.l.E-06}) GO TO 990
CPLJ)==2.%(UL+SNALP®V])—V1#%k2

IF (JGE.JWLIO.AND«JaLE.JW2) GO TO 980
60 Y0 1000

980 IF (IVOR.EQ.0) GO TO 1000

IF (IFLG.EQ.L) GO TO 1020
IFLG=1

CPX=CP(J)

GO TJ 920

990 CPLU)==2,%U~V**2

£6390
E6400
F 6410
E6420
£6430
E 6440
€6450
E6460
£6470
F 6480
E6490
E6500
£6510
E6520
£6530
E6540
£6550
€E6560
E&6570
E6580
£6590
£6600
E6610
E6620
£6630
E6640
E6650
E6660
€6670
E6680
E6690
E6700
E6T10
E6T20
£6730
E6740
E6750
E6T60
F&6TT0
E6780

E6790

£6800
E6810



1000 PRINT 1060, JyCP(J)
GO 710 1030
1010 PRINT 1060, J4CP{J},CPOLJICPLLII,CP2(S
GO 10 1030
1020 PRINT 1060,y J, CPLJ),CPX
1030 CONTINUE
[F (ABS(AMINF).LT.1.E-08} AMINF=1.E-08
CPSTAR=2 . #{ 1. ~SQRT( ( (GAMMA—1 .} *AMINF*%2+2.) /(GAMMA+1.) ) /AMINF)
PRINT 1270, CPSTAR

c
c P ART b REMOTE TERMINAL OUTPUT
c
BLK3‘10HCP(J.
WRITE {7,1280) BLKS-JZP‘:J3"1.lt(fP‘J.oJ‘JZPI.JJHl)
BLK4=10HCPOL J)
IF (IN.FQ.1) WRITE (7,1280) BLKG¢J2PL,d3ML, [, 1CPO(JDed=J2P 1y J3ML)
WRITE (751290) DPHIMX
C :
c PARY 7  WAVE DRAG
C
DRAG=0.
J2P2=J2+2
J3M3=y3-3
DO 1050 J=J2P2,J3M3
JP1=J+l

IF (IW.EQ.0) GO TO 1040
DRAG= DRAG+.39269908‘(CP(J)*CP(JPL)0CPO(J)*CPO!J91))‘(R(J)*R(JPL)’*
LIRCGIPLI-RUJD)
GO T0 1050
1040 DRAG=DRAG+. ?8539816*(FP(J)+CP(J91))‘(R(J)ékiJPll)*!R(JPI)-R(JI!
1050 CONTINUE
I€ (1W.FQ.0) DRAG=DRAG*la 57079632'(CP(J2P1)'RIJZPZ)“ZfCP(J3H1)‘(R
1L{J3)%%2-REI3-2)%%2))
[F (1W.EQel) DRAG=DRAGH, 78539816*((CPIJ2P1)0CPO(JZPl)l*R(JZPZ#*‘Z*
l(CP(JBHLDfCPO(JBHl)3*(R€J3l**2‘ﬂ(d3~2l‘*2il
PRINT 1300, DRAG

c PARTY 8 PLOTTING INPUT

WRITE (1) INALL 3 J 1925030 J4s JW100JW20,JW2 9 JW3oKM,CPSTAR, AMINF s RMAX
1 o HSPAN, SNAL P, SNO, SFACTOR

WRITE (1) CPOsXWeRM¢Y19Y2eRySLAS,CP,CPL,CP2

RETURN

E6820
F6830
E 6840
£6850
E6860
E68T0
E6B871
E6880
£ 6890
£6900
E6910
£6920
£6930
£ 6940
E6950
£6960
E6970
E6980
£6990
£ 7000
£7010
ET020
E7030
ET040
£ 7050
€7060
€£7070
£7080
E 7090
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ETL10

-ETL20

E7130
ETL4C
ETLS50
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F7180
ETi90
£7200
ET210
€7220
£7230



C

1060 FORMAT {[4,8EL16.8)

1070 FORMAT (18H SUBROUTINE RESULT////36H SHOCK WAVE AND SONIC LINE LOC
LATIONS/ /73X olHJ 96X s SHXW(I) 99X g IHSLAS(Je1 ) o TX9 FHSLASIJ92)9 TXy FHSLAS
20J93) 9 TXy GHSLAS(J 94) s TXsOHSLAS(I95) s TXsIHSLAS(J96) /)

1080 FORMAT (I447E16.8)

1090 FORMAT (///38H PRESSURE COEFFICLIENTS AT GRID POINTS /51H 1 GENER
L AL PDINTS ( COMPUTATIONAL APPROXIMATION )/54H 2 POINTS UNDER WIN
2G { COMPUTATTONAL APPROXIMATION )/23H 3 POINTS ABOVE WING /22H
3 4 POINTS UNDER WING)

1100 FORMAT (/315/(8El6.8))

1110 FORMAT {//315/(8E16.8))

1120 FORMAT (///34H VELOCITY POTENTIAL AT GRID POINTS/19H 1 GENERAL P
10INTS/22H 2 POINTS UNDER WING)

1130 FORMAT (///24H AXLAL LIFT DISTRIBUTION/3TH CP(J) = LIFT MINUS V
10RTEX EFFECT /16H CPOlJY = LIFT/52H CP1{J) = LIFT MINUS THICKN
2ESS AND VORTEX EFFECTS /39H CP2(J) = LIFT MINUS THICKNESS EFFECT

3/28H AINT = THICKNESS EFFECT/26H pce = VORYEX EFFECY /73X
4 9 1HJIp 6X o SHCP(J) 9 L1 Xy 6HCPOLU) ¢ LOX4 6HCPLIJ) p1OX46HCPZ(J) 911 X5 4HAINT,
513Xe3HDCP /)

1140 FORMAT (///16H LIFT AND MOMENT/59H At = LIFT: AM = MOMENT, X
LBAR = MOMENT ARM ABCUT NOSE/45H A = ATTACHED FLOMWy 5 = SEPA
2RATED FLOW/ 25H NS = NEGLECT SHOCK/42H AINTG = SHOCK LIFT
3, SMA = VORTEX LIFT/29H AREA = EXPQOSED WING ARFA/46H
4 0R MAXIMUM CROSS—~SECTIONAL AREA///11H ALA =4E1648//11H
5 ALS =9E16.8//11H AMA =4E16.8//)

1150 FORMAT (11H AMS =9E1648//11H XBARA =,El6.87/11H XBARS

1,E16.8//11H ALANS =,E1648//11H ALSNS =,Fl6.8//11H AMANS
2.F16.8//11H AMSNS =,El6.8//11H XBARAN =,E16.8//11H XB8ARSN
3,E16.8//11H AINTQ  =+E16.87/)

nohon

1160 FORMAT (11H SMA =9E1l6<8//11H cLaA =yE16.8//11H cLs =
1,E1648//11H CLANS =,E16.8//11H CLSNS =,El6.8//11H CAINTO =
2+€16.8//11H CSMA =9E16.8//11H CMA =yE16.8//11H {MS =
3,E1648//11H CMANS =¢E16.87/)

1170 FORMAT (1l1H CMSNS =,E16.8//11H AREA =4E164 &)

1180 FORMAT (///36H BODY SURFACE PRESSURE COEFFICIENTS )

1190 FORMAT (48H CP(J) ~— OMEGA = +0 DEGREES ( LEEWARD SIDE }/49H
1CPO(J) - OMEGA = —0 DEGREES ( wWINDWARD SIDE )/32H CPL{J} - OMEG

2A = +90 DEGREES /32H CP2(J) -~ OMEGA = ~-90 DEGREES )

1200 FORMAT (53H CPX . CPOX.CPIX AND CP2¥ - VORTEX EFFECTS NFGLQCTED 7/
173X 91HI s TX9SHCP(J ) o 0Xg6HCPD(Jl19X.6HCP1(J)’IOX-6HCP21JD'13X'3HCPX
2el13 X 4HCPOX 3 12X 4 4HCPLIX 12X 94HCP2X/)

1210 FORMAT (//3Xy1HJ, TXsSHCP{JD yLOXe6HCPO(J) +IX s 6HCP LU ST+ 10X, 6HCP24I D/

£7240
£7250
ET260
ET270
ET280
E7290
£7300
F7310
£7320
E7330
ET7340
£7350
ET360
€E7370
E7380
€E7390
F7400
ET7410
E7420
E7430
ET440
E 71450
E7460
E7470
£E7480
E7490
€7500
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€7520
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E7540
ET550
F 1560
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E7600 *
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1220
1230
1240
1250
1260
1270
1280
1290
1300

1)
FORMAT
FORMAT
FORMATY
FORMAT
FORMAT
FORMATY
FORMAT
FORMAT
FORMAT
END

(324 CPLJ) — OMEGA = 490 DEGREES )
{324 . CP(J) - OMEGA = -90 CEGREFS )
{34H CPX ~—VORTEX EFFECTS NEGLECTED )
(//3Xs1HIyTXySHCP(J )y LOXy BHCPX/)
(773X+1HI,TX9sSHCP(UIIY/)

(/78H CPSTAR=,E16.8)
t1X1A10,315/¢(7€16.8))

(3H DPHIMX=E16.8)

{76H DRAG=El6.8/)

E7670
ET680
E 7690
ETT00
F7710
ET720
E7730
ET740
F7750
ET760
ETT70~



[gEalal

OVERLAY (DICK,2,0)

PROGRAM TwW0O :

DIMENSION CPO(120}, XW(120), RW(100), Y1(120), Y2(120): R{120)s SL
1AS{120+6)y CP(120}, CP1{120}), CP2(120)

DIMENSION TMPL(200), TMPZ2(200), TMP3(200)

DIMENSION NAME(6), LBLE1(8), LBLE2(S8)

DATA NAME/3HM =,3HF =43HH =9 THALPHA =4 THOMEGA =,4HDEG./

COMMON /CALLP/ NREADNCASES

YTIC"“I.

XTIC=~1.

YDOV=10.

X0v=10.

NREAD=NREAD+!

REWIND 1

RAD=5T7,29577951

READ (1) IWALL o Jl 9 J29J35 04 9JW10yIW20eJ W25 JH3 gKMeCPSTAR JAMINF , RMAX,y
1HSPAN)SNALP,SNOSFACTOR

READ (1) CPUO XWsRWeYLyY2¢ReSLAS,CP,CPl,CP2

F=e5/RMAX

ALPHA=AS IN(SNALP)

ALPHA=ALPHAXRAD

J2P1=J2+1

J3Mi=J3-1

IF (ABSTALPHA).LT.1leE~08) ALPHA=0.

OMEGA=AS IN(SNO)

OMEGA=0ME GA®RAD

CALL PSEUDD

CALL LERQY

CALL CALPLT (249024593}

YSHIFT=1.0

IF (SNOSLT.~1.E-06) VYSHIFT=T7.5

CALL CALPLT (OeyYSHIFY,=3}

ENCODE (304240,L8LEL(L} FNAMELL1) AMINFNAMEL2),F ¢ NAME(3)4HSPAN
ENCODE (404,250,LBLEZ(L) INAME(4), ALPHA,NAME(6) yNAME(5) ,OMEGA o NAME(
16} ’

FIGURE 1 - PLOT BODY

NCOUNT=0

00 10 J=Jd2,43
NCOUNT=NCOUNT +1
TMPLI{NCOUNT}=XW(J)

TN T AN AN AN M A T AN ANMTAANTI AR NN AN B AN I AN A AN AN D

160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410



SGO

10

20

30

40

TMP2{NCOUNT )=R(J)

TMP3(NCOUNT }=—R{J]

CONTINUE :

TMPLINCOUNT #1)=TMP11(1)

TMP2(NCOUNT #1)=TMPLINCOUNT ¢1)
TMPIINCOUNT+1)=TMPL(NCOUNT+1)
TMPLINCOUNT +2)=SFACTOR
TMP2INCOUNT#2)=TMPL{NCOUNT ¢2)
TMP3(NCOUNT+2)=TMP1(NCOUNT+2)

CALL LINE (TMPL,TMP2,NCOUNTy1y#0+3,+.07)
CALL LINE (TMP1,TMP3,NCOUNTy1s¢0¢34.C7)
IF (HSPAN.LT.RMAX) GO TG 80

IF (ABSISNO).LT.1.E-06) GO TO 20

GO0 TD 80

FIGURE | — PLOT Y2(J} VERSUS XW(J)

NCOUNT=0

N0 30 J=JWLO,JW3

NCOUNT=NCOUNT+1

TMPL(NCOUNT )=XW(J)

TMP2{NCOUNT)=Y2(J)

CONTINUE

TMPLINCOUNT+1)=0.

TMP2({NCOUNT +1)=TMPL(NCOUNT#1)
TMP3{NCOUMNT+1}=TNPL1 (NCOUNT+})
TMP1(NCOUNT+2)=SFACTOR

TMP2(INCOUNT #2)=TMPL (NCOUNT ¢2)

TMP 3{INCOUNT+2)=TMP1INCOUNT +2)

CALL LINE (TMPL,TMP2,NCOUNT,1,%0,3,.07)
D1 40 J=1 NCOUNT

TMP2(J)=-TMP2{J)

CALL LINE {TMP1l,THP2,NCOUNT¢1,40,3,.07)
IF (JW3.GT.JW2) GO TO 50

DRAW LINE IF JW2=JW3

TMPL{L1)=XWLJW3D/SFACTOR
TMP2(1)=Y2(JIW3)/SFACTOF
TMPLI2)=XW( JW3)/SFACTOR
TMP2(2)=R{(JW3)/SFACTOR
CALL DRAW (TMP1,TMP2,C}
TMP2(1)=-TMP2(1)

ﬂ‘h‘ﬂ’n‘ﬂ‘ﬂﬂ‘ﬂ’ﬂﬂ'ﬂ'ﬂTl"ﬂ'ﬂ’ﬂ‘n'ﬂﬂ'ﬂﬂﬂmﬂ'ﬂ‘hmmﬂ‘ﬂ‘ﬂ'ﬂﬂ'ﬂ’“'ﬂﬂﬂ'ﬁ'ﬂ‘ﬂﬂ‘Y'l

420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610

‘620

630
640
650
660
670
680
690
T00
710
120
730
740
750
76D
770
1890
190
800
810
820
830
B840




C

c

c
50
60
70

C

c

C

80

90

100

TMP2(2) =—TMP2(2)
CALL DRAW (TMPL,TMP2,2)
GO0 1O 80

PLOT Y14J) VERSUS XwWtJ)

NCOUNT=0

DO 60 J=JW20,JW3

NCOUNT=NCOUNT+1

TMPLINCOUNT }=XW( J )

TMP2 (NCOUNT)=Y1 (J)

CONTINUE ‘

TMPLUNCOUNT +1)=0.

TMP2(NCOUNT#1)=TMP1 (NCOUNT+1)
TMP3(NCOUNT +1)=TMP LINCOUNT+1)
TMPLINCOUNT+2 )=SFACTOR
TMP2(NCOUNT +2)=TMP 1{NCOUNT+2)
TMP3(NCOUNT+2)=TMPL (NCOUNT +2)

CALL LINE (TMPL,TMP2,NCOUNT,1,40+35.07)
DO 70 J=1 ,NCOUNT

TMP2(J)==TNP2(J}

CALL LINE (TMPL,TMP2,NCOUNT,1,40434407)

FIGURE 1 - PLOT SLAS(J;1) VERSUS XW(J)

DO 120 II=1+6

NCOUNT=0

DO 90 J=JlsJ4

IF (SLAS(J,I1).0LLE.O0.) GO TO 90

IF (SLASCJr 11 ) eGToYSHIFTLANDSNOLTe-1.E-06) GO TO 90

NCOUNT=NCOUNT #1
TMPLINCOUNT)=XW(J)
TMP2{NCOUNT)=SLAS(J,11}
CONTINUE

TMPLINCOUNT+1)=0. ‘
THMP2(NCOUNT+1)=TMPLINCOUNT+1)
TMP3(NCOUNT+1)=TMPLIKCOUMNT+1)
TMPL{NCOUNT42)=SFACTOR
TMP2{NCOUNT+2)=TMPLINCOUNT +2 )
TMP3{NCOUNT +2)=THP 1{NCOUNT+2)
IF {SNO«GYe—1.E-06) GO TO 110
D0 100 J=14y NCOUNT
TMP2{J)=~TMP2{J)

850
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950
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110 IF (NCOUNT.EQ.O0) GO TO 130 F1290

CALL LINE (TMPL14TMP2,NCOUNTy1l,=144y.07) F1300

120 CONTINUE F1310

¢ o V F1320
130 YSHFTN=-YSHIFT-1. | : : F1350
YSHFT1=YSHF TN-.25 F1360
YSHFT2=YSHF TN- .50 ' . F1370
YSHFT3=YSHFTN-,75 Fl138C

CALL NOTATE (0.,VSHFTL,414925HSONIC LINE AND SHOCK WAVE(0.925) F1390

CAUL NOTATE (0eyYSHFT294149LBLEL(1) 304530} F1400

CALL NOTATE (0o YSHFT3,.149LBLE2(1)40,+40) F1410

IF (ABS{SNO).LT.1.E-06)-GO TO 140 F1420

TMPL( 1} =XW{JW10)/SFACTOR F 1430
TMPL(2)=XW{JW3)/SFACTOR F1440
TMP2(1)=0. o , ~ F1450
TMP2(2)=TMP2( 1) ' F1460

CALL DRAW (TMP1,TMP2,2) ‘ ' ~ F1470

140 IF (IWALL.EQ.0) GO TO 150 F1480
TMPL(1)=-1./SFACTOR ' ; ; F1490
TMP1(2)=+2./SFACTOR F 1500
TMP2(1)=RW(KM)/SFACTOR F1510
TMP2{2)=TMP2(1) , F1520

IF (SNO.LT.-1.E~06) TMP2{1)=-RW(KM) /SFACTOR F1530
TMP2(2)=TMP2(1) F1540

CALL DRAW (TMP1,TMP2,2) ; F1550

150 CALL NFRAME F1560
CALL CALPLT (2.9245,-3) F1570

C F1580
c F1590
© XPG=5. . . F1600
YPG=8. ' F1610
TOPBND=-.8 , ' o F1620
BOTBND=+.8  F1630
SKIP=4. : ; F1640
SCF=+.2 , : F 1650

YMO VE=SKIP-CPSTAR/SCC : : S F 1660

[F (ALPHA.EQ.0.) GO TO 200 , F16T70

IF (ABS(SNO).GV.1.E-06} GO TO 200 | F1680

c ; F1690
c FIGURE 3 = CP VERSUS X , L ‘F1700
c : F1710
NCOUNT=0 L FL1720

© DO 160 J=J2P1,yJ3M1 , F1730



[ eXe

OO0

160

NCOUNT=NCOUNT +1
THPL{NCOUNT }=XW{J)

 TMP2{NCOUNT )=CP(J)

TMP3(NCOUNT)=CPOL J)

IF (TMP2{NCOUNT).LT.TOPBND) TMP2(NCOUNT)=TOPBND

IF (TMP3{NCOUNT).LT.TCPBND) TMP3{NCOUNT)=TOPBND

[F (TMP2(NCOUNT)«GT.BOTBND)} TMP2{NCOUNT)=BOTBND

IF (TMP3(NCOUNT).GT.BOTBND) TMP3{NCOUNT )=BOTEBND

CONTINUE o

TMPL {NCOUNT+1)=0.

TMPLINCOUNT+2)=5CF

TMP2(NCOUNT+1 )=B0TBND

TMP3{ NCOUNT+1) = TMP2{NCOUNT +1)

TMP2(NCOUNT+2)=~-SCF

TMP3INCOUNT+2) =TMP2{ NCOUNT+2)

CALL AXES (000900909 XPGo TMPL{NCOUNT#1) 4TMPLINCOUNT#2) 4XTIC(XDV,y1
1HXy o141}

CALL AXES (-.510.090.pYPG TMP2 (NCOUNT#1) 4 TMP2INCOUNT#2),YTICoYDV,2
1HCP o 144+2)

DRAW LINE FOR CPSTAR

CALL CALPLT (-.500,YMOVE,—3)

CALL CALPLY (.5+0a+2)

CALL CALPLY (+.500,~YMOVE.-3)

CALL LINE (TMP1l,TMP2 NCOUNTs1,¢193,.08)
CALL LINE (TMPLoTMP3.NCOUNTy1ls41049.07)
IF (HSPAN.LT.RMAX) GO .TO 170

DRAW LINES FOR JW10 AND JW3

TMPL{L)I=XW(JIWLO) /SCF
TMP1(2)=THMPLI1)
TMP2(1)=0.

TMP2(2)=.5

CALL DRAW (TMP1, TMPZ.Z)
TMPL(L)I=XW{JIW3)/S5CF
TMPL({2)=TMP1{1)

CALL DRAW (TMPL,TMP2,2)
IF (JW2.EQ.JW3) GO TO 170

© TMPL{1)=XW(JW20)/SCF

TMP LL2) =TMPLIL)
CALL DRAW (TMPLl,TMP2,2)

F 1740
F1750
F1760
F1770
F1780
£1790
F1800
F1810
F1820
F 1830
F1840
F1850
F1860
F1870
F1880
F1890
F 1900
F1910
F1920
F1930
F1940
F1950
F1960
F1970
F1980
F 1990
F2000
F2010
F2020
F2030
F 2040
F2050
F 2060
F2070
F2080
F2090
F2100
F2110
F2120
F2130
F2140
F2150
F2160



OO

OO

O OO

170

180

CONTINUE "
CALL NOTATE
CALL NOTATE

(Des—Le25¢a14926HBODY PRESSURE DISTRIBUTION¢0e+26)
(0ep—1e509014y 13HIN WING PLANEyO.+13)

CALL NOTATE (Oes—1e759e144LBLELI1)+0ey30)
CALL NOTATE (0e9=24004s149LBLE2(1)904040)

CALL NFRAME
CALL CALPLY (2.,2.5.-3)

FIGURE 2 ~ CP VERSUS X
NCOUNT=0

DO 180 J=J2P1lysJ3M}
NCOUNT=NCOUNT+1 .
TMPLI{NCOUNT)=XNW(J)
TMP2(NCOUNT)=CP1(J)

TMP3 (NCOUNT ) =CP2( J).

IF (TMP? (NCOUNT).LT.TOPBND) TMP2(NCOUNT)=TOPBND
IF (TMP3 (NCOUNT).LT.TOPBND) TMP3(NCOUNT)=TOPBND
[F (TMP2(NCOUNT) .GT.BOTBND) TMP2(NCCUNT)=BOTBND
IF (TMP3 (NCOUNT)<GT.BOTBND) TMP3(NCCOUNT)=BOTBND

CONTINUE
TMPLINCOUNT #1)=0.

- TMPL{NCOUNT+2)=SCF

TMP2(NCOUNT+1)=80TBND

TMP3(NCOUNT+1)=TMP2(NCOUNT ¢1
TMP2({NCOUNT+2)==5CF ‘
TMP3 (NCOUNT+2)=TMP2(NCOUNT +2

CALL AXES (0.0,0.000.'XPG,THPl(NCOUNT01)'Tﬂpl(NCOUNTOZl9XTngXDVol

1HXy o149y —1)
CALL AXES (‘0500-990.0YPG"MP2(NCOUNT*1)
1HCP g 4y 42) . i

DRAW LINE FOR CPSTAR

CALL CALPLT (-.500,YMOVE—3)
CALL CALPLT (.5404+2)

CALL
CALL
CALL

CALPLY (+.500,-YMOVE.=-3)
LINE (TMPLl,TMP2,NCOUNTsle#le3,+.08)

LINE (TMPL,TMP3,;NCOUNT,l¢4l949o07)

IF (HSPAN.LT.RMAX) GO T0 190

DRAW

LINES FOR  JW10 AND JW3

+TMP2(NCOUNT #2),YT1CoYDV,2

F2170
F2180
F2190
F2200
F2210
F2220
F2230
F2240
F2250
F2260
F2270
F2280
F2230
F2300

- F2310

F2320
F2330
F2340
F2350
F2360
F 2370
F2380
F2390
F2400
F2410
F2420
F2430
F 2440
F2450
F 2460
F2470
F2480
F2490
#2500
£2510
F2520
F2530
F2540
F 2550
£2560
F2570
£2580

F2590



2¥2l gl

190

290

210

TMPL(L)=XW(JW10)/SCF
TMPL{2)=TMPL1{1)
TMP2(1)=0.
TMP2(2)=.5
CALL ORAW (TMP1,TMP2,2)
TMPLI1)=XW(JW3)/SCF
TMPL(2)=TMP1(1)

CALL DRAW (TMP1,TMP2,2)
IF (Uw2.EQ.JW3) GO TO 190
TMPLELI=XW{JW20)/SCF
TMPL(2)=TMP1(1)

CALL DRAW (TMP1l,TMP2,2)
CONTINUE

CALL
CALL
CALL
CALL
CALL
CALL

NOTATE
NOTATE
NOTATE
NOTATE
NFRAME
CALPLT

GO TO 230

FIGURF ¢ -

NCOUNT=0
DO 210 J=J2P1+J3M1

NCOUNT=NCDUNTY+1

TMPLINCOUNT ) =XW( J)

- TMP2UNCOUNT }=CP(J)

IF (TMP2{(NCOUNT).LT.TOPBND? TPP2(NCCUNTI=VTOPBND
IF (TMP2(NCOUNT)}.GT.BOTBND) TMP2(NCOUNT}=BOTBND
CONTINUE
TMP LINCOUNT+1)=0. ' .
TMPLINCOUNT +2)=5CF &

TMP2{ NCOUNT+1}=80TBND

TMP3 (NCOUNT+L)=TMP2{NCOUNT ¢1)

TMP2{ NCOUNT +2)=~SCF

TMP3 (NCOUNT+2)=TMP2{NCOUNT+2)

CALL AXES (0.00060, 0.oXPG.THPl(NCOUNT*l)cTMPl(NCDUNT#Z}.XTleXDVoI

1HXy e 1G9~

CALL AXEJ (—.5,0..90..YPG,TMP2(NCOUNT*R)nTMPZ(NCOUNT#Z) YTIC,YDVe2

1HCP val4,+2)

(Dee—=16259014+26HBODY PRESSURE DISTRIBUTIONyO.¢26)
(O0ey=14509 o149 LTHIN SYMMETRY PLANE¢Oes17)
(Oev=1a75¢149LBLEL(1),0.,30)
(0e9—2e00914yLBLE2(1)+0.940)

(2.0205""3’

CP VERSUS X

DRAW LINE FOR CPSFAR

2600
F2610
F2620
F2630
F2640
F2650
F2660 -
F2670
F2680
2690
F2700
F2710
F2720
F2730
F2740 .
F2750
F2760
F27170
F2780
F2790
F2800
F2810
F2820
F2830
F2840
F2850
F 2860
F2870
F2880
F2890
F2900
2910
F2920
F2930
£2940
F 2950
F2960
F2970
FZ980
F 2990
F3000
F3010
F3020



'2XaXe]

220

230

240
250

CALL CALPLT (~<500.YMOVEs—3)
CALL CALPLT («540442)
CALL CALPLT (+.500¢=YMOVE 4=-3)

'CALL LINE (TMPL.TMP2, NCOUNToloflo30.08)

IF (HSPANLLT.RMAX) GO TO 220
DRAW LINES FOR  JWL0  AND JW3

TMP 1 1) =XW(SW10)/SCF

TMPL(2)=TMP1( 1)

TMP2{(1)=0.

TMP 21 2} =.5

CALL DRAW (TMPL,TMP2,2)

TMP L{1)=XW{ JW3) /SCF

TMPLI2)=TMP1(1)

CALL DRAW (TMP1l,TMP2,2)

[F (UW2.EQ.JW3} GO TO 220
TMPLUL)=XWIJW201/S5CF

TMP1{2)=TMP L(1)

CALL DRANW (TMP1,TMPZ2,2)

CONTINUE

CALL NOTATE (Oee=1.25+414426HE0DY PRESSURE DISTRIBUTION;0.+126)
CALL NOTATE (0e9=1650+4149LBLEL(1)+0.,30)
CALL NOTATE (Oso~1eT75:e14eLBLE2(1) 9004400
CALL NFRAME

IFf (NREAD.EQ.NCASES) CALL CALPLT (Q.90.4999)
[F (AMINF.GTa.1l.) J1=41-2

IF (AMINF.GTele) J4=d4+2 , : — e -

RETURN

FORMAT (A3,F5.3,2X9A35F64392XeA39F5.3,1X)-
FORMAT (AT:F6a2+1 X0A4s20 AT F6.201X0A402X)
END

F3030

F3040

F3050
£3060
F3070
F3080
F3090
F3100
F3110
F3120
F3130
F3140
F3150
F3160
F3170
F3180
F3190
F3200
F3210
F3220
F3230
#3240
F3250
F3260
F3270
F3280
F3290
F 3300
F3310
F3320
£3330
F3340
F3350
F3360 -



APPENDIX B

SAMPLE INPUT

The input for a sample case is presented in this appendix. This
case involves a lifting configuration composed of a parabolic-arc body
with a fineness ratio of 10 and a wing with a strake and a swept trailing
edge. The flow is separated at the leading‘edge. The free-stream Mach
number and angle of attack are M°° = 0.98 and o = ho, respectively.

The computation is made ‘in the wing plane.
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SNAME
J1

42
43

36

45
FAC
KM
RCOM

IMALL
P
OMEGAD
ALPHAD
HSPAN
AMINF
GAMMA

IR

RC
RMAX
RN
H
RS
Ju1
Jn2
Ju3

. JWD

TWING

81

82
pELL
DEL
1VOR
IDIR
epst
suB
sup

INAX
- SFACTOR

SEND

184

30,

80,

924

109,
0.12E+01,
50,

0.0y
OelE+QL,
0. 1E+01,
0,

0.0

0.0,
O«4E¢01 4
0.3€+00,
0.955009'
0.14E+01y
Q9
0.4E+01,
045601
042E+01,
80,

004

42,

104

78,

49y,

24
0«2E+0D,y

0..8391E+00,

0.1E+00,
0.1E+00,
1,

4y .
0.5F~05,

0+13E40),

(s 85E+00,

200,

) 9;554007.

PRECEDING PAGE BLANK NOT FiLum




APPENDIX C

SAMPLE OUTPUT

In this appendix the ocutput for the calculation described in
appendix 3 is given. The printed output is given first, and then the

plotted output isfgiven in figures 7, 8, and 9.

—r
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SUBRUUTLNE START

3

ARRAYS AND PARAMETERS USED IN COMPUTATICN

x

f-
OO0~V W N -

%%
27
2u
29

- 30

- 31
3z
33
34
35
38
37
38
39
40
4f
42
A3

ENA

45
4o
%7
48
49

J =

RALKY

2.04581623%-02
4. 1666666TE~02
6,.33297372E8~02
8.695552176~02
Le11111221E-0L
1.3636306365~01
L.62750698E~0]
1.90476150F~01L
2, 195121 €%E-01
2.500000CI&~01
2.82051282°-01
3.15789474€-01
3,51351351F~01
3.88888829€~01
4.2 3571429E~01
4 705892356~01
5.15151L515E8-01

5, £2500000%-01

6,12903226E=-01
8. 65666667701
T4 24137921€6~01
T.857142865-01
d: 21851 8528~ 01
9.23076923E~21
{. 0DCQ0VOOF +00
1,08323333284+00
1.173913046+09
L.2T272727E¢00
1.38095238£400

1. 566000005400

1.631578G5E+00
1. 7771777187+00
1.9411764 78400
2.1250000DE+00
2.333533335E 00
2.57142357E400
2.B4E153E55400
3.168666ETEDO
3,545454555400
4.0000000QE +00
4,55555556 €400
5..25000000E+00
6.142B5714E+00
7..33333333F+00
9.000D0000E +00
1.15000000E+01
1.5666666TE+01
2,40000000E+01
42 9U0ICO00E+0)

CONL LK)
1,0000000DE +00

© 2,395833335-0}
1.55028369E~01

1o 141304356-017

£.88838889E~Q2
7o 1496969 T0E~02
5.9 8006645502
5.05%523el8-02
4.336943367-02
3. 75000000E-a2
S 3226340326707
2. 85087 1196~02
2.494802495-02
2.1 4253588502

1.90476190E-02

Lo 65441 1763 0%
1.4 2602496202
1.21527778E-02
1:018673726~02
B.32333333E-93
6.55814450F~03
4 ETC12987E-03
3,220611928-03
146025642 0E=63
2.E%2LT0947 10
~1.602504106~03
~3:22061 1928-03
~4.ETOL2967E-03
~54568]44507-03
~8.35933333%-03
~1.0i687572E-02
S1.21527778%-02
~1.%280249EE-02
L, 65471176802
< 19058761905 ~D2

=2 182539688-02.

A LT-UFLR Lot
=2+ B5GBTTIYE~D 2

w3e 26343326802

=2.75000000E~02
~he 336U3THE-UZ

=5,0595 248 g-02 .

EETS T I E N Jee B
=Ly L §EYR5 T0E~02
~8.88BBBERTR~DY
~1.141300%,
“1e5.005 4
~2a355033557
—~4.B21953133-01

RR{K}

CON2¢X)

54843057356~ 04
4470950280F-04
5. 122283726~ 04
5.58352 7796~04
6,096563161E~04
5,670053£85-04
7.312505175=04
80034202868 D
38471 T42TE~04

9, T6552300E~04%

1. Q80641355-03
1193 4pR,6E=02
1.4323%20225-03
1.488435456-04
L. e6597251E-03
1.470736995-03
‘24 10806622E-03
2.384183793-03
2470701036 ~02
2¢080419755-03

3:534663035~03 "

4:06e731570E~-03
4. J0LYL06E=03
Fe4T70THEBIE~04
64400000307
74535204585

8. 93354 94bE-03.

10672045 LE~1
Le285474628
b2 562500003
L.91 834910802
238149672502
2:992257148-02
2.814691275-02
4. 93B27160E=02
63567 (051 2F~02
Be753196928<02

le 20563272601

Lo T0I5336585-0)
2430000 300E-01
3edl03usla =0]
641 0%5L562E-01
1eUAL2Z32828400
12929012353+ 00

lessddutds rad
2.50003000 53

AXRTAL GRID INDEX, X = RADIAL GRID INDEX

AXOCR(K S

1 9499991754201

9.999656217E~01
9.499919343:~01
9. 9985031 7E~D1
9.99755¢458~01
9.99632021F-01
99547565 /E~C1
9.99282406F~0)
9, 59C4 72B8E~0)
9.9876%762e~0%
9.93428564E-01
9.98031314E~01
9.97564659T-01
9. 9701 8939E~01
9496 332985=01
$.956438558-01
349478651 1E-01
9.93793421 E~-01L
9.92£445050£~01
9.913144828-01
9.89776311E~-01
9.87996180E~01
S 9,85934%20E~01
9.83 544279~ 01
9.80769303E-01
2.77542321E~01
9.T3182477E~01
2:693152160E-01:
L 9+542531908-01L
9.582219636~01
9.511235658-01
Geb2 1438567-01

. 9.32B21463£-01

9.210357396~01
9.065945026=G1
8.902193135-01
B.70130103E~01
8.460309555~C1
B417100%647=01
7482396930E~01
T-408785186~-01
6.91470507£~01

6.33178544E~04
5465269840E-01

4, 875091 56E-01
4.00413440E-01
3.05429309E-01
2.045386876-01
1.02019786E~01

CON3 (K}

1:40291807E+00
2. 7126136 F-01
).25148202E-01
7.384215506~02
%4 93B27160€6~02
3,587006415~ 02
2.75935144E-02
2. 214427466202
1o B3635LT2E-02
1.562500008=02
1.358392976=02
1.20229301E-02
1:08056241E-02
9 B4189912E~01
9.07029478E~03
844771269503
7.943543¢56-03
753520448603

7.20625157:-03

b 94494%445~03

6+14070E59E~03

6458837915E~03
6.5%8271320E-03
6442052926E-03
64+4%J0000U0E-03
6.4 2052926 E~01
6y482713208<03
. 580379156-02
£, 74070659E-07
6494448444503
722062515 1603
To53520458E~03
T.94354363E-03
BoAGTIT249E-45%

F07D2Y4TBEXQ2

9. 841037 726=03
108056241 E-02

1. 20229301E-02

1.358992976~02
Le 56250 )00E= 02
Aa838d6LTIE~02
2.21442T44E~-02
2759351448~ 02
3.54100643F~02
%4.938271406-3k
T.34u215508-07
A e STHAZEAL Za
2allebiinlEm0l
La041232828+00

ABARIK)

0.
T.60416867E-01
B.439716318-00
B,B5B69585E~-01
9.1111414LE~01
$.28030303E~01
9.40196336E-01
9.49404762E-01
9.56639566E-01
9.62500000E~01
9.61365967E=-0]L
9. T 1491 228E~01
9.75051975€-01
9.781T4£03E~0}
9, 809523E1E-01
9.83455862E~01,
985734 T50E-CL
9. 81847222E-0}
9.89813243E-0L
9.916666LTE~0L
9.493431856E-01
9.95125ET0E~0L
9.96779388E~01
9.98397436E~0)
1.00000000E +0C
1.30160255E400
1.003220£1EQQ,
123048701 3€+00
1.00656314E¢00
1.008333338400
1.01016aT60E+00
1.9121E278E +00
1.01426025E+00
1. 016544126400
1.01904762E+00
Le)2182540E¢00
1,02494802€+00
1.02850877E+00
4413263403E400
1.03750000€+00
1.043360436+0C
1.05059524€+00
1o 05980066E+0Q
1.07196970E+00,
L.0B8OBEAIE 00
121141304700
141560285 7€ H00
42 2395€3.3% 400
1.48979592E400

4
CEONTIK)

'

CONBIK)

11841 7810€6-09
3,97852061E-C9
Le01568756E~0a
2.05438556E~ 08
3.662640912€-08

-6.03425310E-08

$+42962435¢-08
1.41838222E~07
2.07439246E-07
2.96994972E-0T
4+ 193182137 ~07
5e01 /94984 E~0T
84012820358~-C7
1.095342964£-Cb
148896091 £-00
2,0L593028E~ 06

+2a72222018E~0¢e

3.670744 75506
4.94613676E~06
6.67484997E~06
$.01902618E-06
15221817} 6E=05.
1465104 181 E-05
2.26825272E<05
3.11421800E~C5
4.303156790E~05
5.990589445-C5
8.4L180165E~05

149289944 -0k

171069104~ 04
2e48431094E04
3.662459128+04

D 4HE3TDLIERDS
B.38198T02E~C%

1.30827059¢-03
2:09325129%-C3

<Fe450264426-03

5.882863388-03

© 140444 36T6E~C2
1.94638625E-02
3.B4 7881628702

8410592393E-02
LoYL186TLTE~OL
5.04I05529E~0]1
L. 573572865+ 00
Geiuhhlan e+l
346261 E5I84OL
4,37936907.°+02

2.920795475 %0y

CONGHK)

5.802472706-08
9+ 5484494 86~08
1.59125950€-07
2436254385€E-07
342962222)E~CT
44%4258522TE~07

5. 7392483526-07:

T444650663 E~07
9,45001007E~07
1.167979896-=05
1,431 2821 E~06
1842350 72E~05
2.28057195E-04
2816596136~ 06
3.%7424213E~06

4.283d5185€~06
5.28430776E= 06

£+ 525/ 0latE~De

V4073357 3BE- 06

1.00122750E+05
1.2654845 1€~ 05
1,555040025~05
149499 2569E-05
2.42T27379E-05

3.3 1651 BOGE~05:

3.9721 54966~ 05.

S 1L3094728-05"
64409272 12E~C5

B.&3TINTHIE-DS

1. 1404606598~ 04
[ 1.52306993E~04

2,060 3480E=0%
Z.827342226-04
3494445664 BE~D4
3. 606873936504
de L4271 5500 E~0%

1, 21276507€-03

Le85774633F-03
209658412 TE~02

4. BE59E565E~-02 |

Beb6ESH941E-03

1455922361E-02

3411234191 E~02

ELBBIAINIZE-02°

1.751747638~01
Gehtal 3Ta%E-01
2033 80461EHG0
Leugwf3TL1EVOL
AR GRITYOY 02

coN10 (K}

7

T 2anUiiial

ChNLLIKY

2.433533738-07
8.176%20136-07
2.08725045E-06
4.22194918E=06
7.52670569E-06
1:24025916E-05
1.93787319E-05
2.91490349E-05
% .263064 34E-05
6.193515625-05

T BeBuERIE). E205

1+19%641 34E~04
Labs £IDT14E-DY
2425102892E-04
3.U595%4951E-D%
Ay L4291 DLE- D4
Ha998a00 = 06
Te54311085E~04
T.016d9i196-03
L 374d4pii8-03

et 2TIESE 03

& piBSRRUE- (S
304l 360366803
4ibBlabad5E 33
£awJuddI00E D2
. 843459 Jue--03
(.23112973E-02
1. 12670141602
: Toe02

391563008 32
5. 06T a09E~UF
15268 369E~dr

Sl L el TTE= 0L
Tol.1225T823E-01
1 2+63861454E-0L

4,302055J0E~0)
T 90605 92E-01
1, 208901 70E+00
2. 168412128600
4,000030008¢00
T I0TT+51TE+00

1ab8228) w9EeDL
L BaGa%acoL7ESOL
S 1ag3TITIRIEAO2

4, 240N FF0Z
1o g 296003
7o27549532E403
¢, 09000003 +D%
. 00Z S JIPOELDE

E



1 1,0200U000¢ £33

O D g O

1

Xv o ¥

2,355 LETLE4O0
—1e 38527 T2%e )}
-1, 6807 IS ¥
wleh2is  InaBrod
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