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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-stre~ Mach number range 

from zero to low supersonic. Angles of attack of the order of the configuration 

thickness-length ratio and less can be treated. An approximate formulation is 

used which accounts for shock waves, leading edge separation and wind-tunnel 

wall effects. 

INTRODUCTION 

In this pEl/per a listing, user's manual, and sample caSe for a computer 

program whic~ calculates inviscid flow about lifting configurations traveling 

at any MaCh. number in the range from zero to low supersonic is presented. . The 

angle-of-attack range extends to values of the order of the configuration thickness 

length ratio. The approximate method which is used is described in reference 1. 

A preliminary version of the method is described in reference 2. The theory of 
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references 3 and 4 is used to reduce the nonll,near three-dimensional problem 

of transonic flow about lifting configurations to two two-variable problems: 

a linear lift problem and a nonlinear coupled thickness-lift problem. 

The linear lift 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 appreciably 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 lift 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 algorithm of the type intro-

duced by Murman 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-lift problem is similar 

to the axisymmetric formulation, in that the independent variables are the 

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

r 

Plane of 
constant ill 

x 

Figure 1... Coord:i.nate systems. 
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However, cress-flew effects are not set to. zero. as in axisymmet:.;ic flew but 

are evaluated with the theery of' references 3 and 4. It sheuld be neted 

that this theery acceunts fer nenlinear as well as linear phenomena. Se­

lutiens are determined in semiplanes ef censtant pelar anglew such as 

the ene shewn in figure 1. A separate selutien must be ebtained in each 

plane fer which results are desired. Nete that the angle w is zero. in the 

wing plane ,and is pesitive abeve the wing. 

A discussien ef the pro. gram input and eutput are given in t~l1spaper. 

In additien, a Fertran IV pregram listing is given in appendix A, and a sample 

input and eutput are given in appendices B and C, respectively. The minimum 

number ef cemputer sterage lecatiens required to. execute the pregram en the 

CDC 6600 cemputer is 77!000S' 
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SYMBOLS 

width and spacing ot slots in slotted tunnel wall 

dipole strength tor linear lift solution 

tree-stream Mach number 

radial coordinate 

tree stream velocity 

perturbation velocity components in axial and radial directions 

axial coordinate 

axial position ot maximum body diameter 
.~ 

spanwise coordinate 

vertical coordinate 

angle ot attack 

constant of proportionality for slotted-wall boundary condition 

~~ee-stream denisty 

polar angle 
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DESCRIPTION OF INPUT 

The ~rogram 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 schematically 

in figure 2. The grid indices in the axial and radial directions are J and 

K, respectively; and the arrays for the axial and radial 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 Jl and J4. The body is located between J2 and J3, and the 

x grid is scaled such that 

XW(J2) == 0, 

XW(J3) == 1. 

There are expanded grids in the regi~ns J==l to J=Jl and J~4 toJ=5 such 

that 

(XW(J) - XW(J-l»/(XW{J+l) - XW(J» == FAC 

in the upstream nonuniform region and 

(XW(J) - XW(J-l} )/(XW(J-l) - XW(J-2» == FAC 

5 
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in the downstream nonuniform region. For supersonic free-stream Mach numbers 

it is recommended that the grid be uniforn\ everywhere. This is accomplished 

by setting 

Jl == 1 

J4 ~ J5 

The grid in the radial direction is specified by the fixed-point 

parameter KM and the floating-point parameters RC~M,A and B. The index 

of the outer boundary is KM. The radial grid distribution is given by the 

equation 

RW(K) = RC~M + F:rA/(B - F:rA*A) 

where 

F:rA = K/KM 

The quantity RC~ is the radius at whic~h the inner boundary condition is 

applied, and the parameters A and B cietermine that stretching in the 

radial direction. If A=B the radius ot 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 

!WALL = 
0, free air 

1, porous wall 

2, slotted wall 

If IWALL=O, the parameter P is not used by the pr'ogram so any value may 

be input. For a porous wall (IWALL = 1) P is the constant of proportionality 

in the porous-wall boundary condition 

v = -Pu 

where u and v are the perturbation velocity components in the axial and 

radial directions respectively. For a slotted wall (IWALL = 2) P is the 

constant of proportionality in the slotted wall boundary condition 

av 
ax = 

It s~ould be noted that P for slotted walls is the reciprocal of the 

parameter K used in references 1 and 2. Baldwin, Turner and Knechtel 

(ref. 10) de:t:ive the approximatef'orm 

~ = - : tn (sin ;~) 

where b and a are the slot width and spacing. 

B 



Bas~c Parameters 

There are five basic floating-point parameters. ~MEGAD is the polar 

angle w 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. lISPAN is the nondimensional semispan 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.-poi~t parameters and four 

floating-point parameters. There are 5 body shapes which can be used. Thp. 

choice of body shape is designated with the parameter 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. If IR is not 1 or 2 any value can be specified for these parameters. 

The general pointed-body shapes were developed by McDevitt and Taylor (ref. 11). 

If the point of maximum thickness is ahead of the mid-point the body radius 

R(J) is given by the FOR'l~ IV equation 

'R(J) = RC*RMAX *(1. - XW(J) - (1. - XW(J» **RN) 

and 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) **RN) 

9 
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Values for RC, 1m and IR for several configurations are given in table I. 

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

Location of maximum IR Re RN 
radius, x 

·3 1 1.71 6.03 
.4 1 2.36 3.39 
.5 1 or 2 4.00 2.00 
.6 2 2.36 3·39 
.7 2 1. 71 6.03 

Table I. - Parameters for general pointed body. 

location qf the maximum radiuB be designated as 

and RN are related as 

..l:­
Xc • 1 _ (~ ) RN-l 

RC = ___ -=l:...-_~~--
RN 

1 - x - (l-x ) c c 

for x < 1/2 and as c - . 

RC • _ ... l=--~~ 
_ x RN 

Xc c 

for x > 1/2 c-

x • c In general x, RC c 
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The configurations which can be treated can have stings. The radius of . 

the sting is specified by the parameter RS, and the axial location. where th~ 

sting starts has the axial index JS. The sting extends to JS. 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-lift problem are specified with 6 fixed-point parameters 

and 4 floating-point parameters. The identities of the parameters JWl, 

JW2, JW3 and JWD are ind:!,cated in figt'~'e 4 for wings with and without &trakes. 

t I 

JWl=JWD JW2 JW3 JWl JWD JW2 JW3 

(a) Wing without strake (b) Wing with strake 

Figure 4.- Fixed-point wing parameters. 
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The leading and trailing edges of the wing are specified by the arrays 

Y2(J) and Yl(J), respectively. In this report the trailing edge is a 

straight line. It may be swept or unswept. An upswept trailing edge is 

specif'ied by setting JW2 = JW3. Two types of leading-edge shape are consi-

dered. Both types satisfy 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 

y 

_--- asymptotes of hyperbola 

"­, 
~-.--..::::-~ -

I 
I 
I ----,-

JWl JW3 

....... , ' 
" 

-. " " " " 

Figure 5.- First leading-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 = O. The only 

floating-point parameter which must be specified for this leading-edge 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 

y 

--

= B2 

I 
I 
I 
I 

,body I 
-I, - L._ -1 
I I 

slope = 0 

Y2(J) 

- - -
I L-________ ~ ____ 4_ ____ ~ _____________ ~ _______________ ~----__ • X 

,JWl JWD JW3 

Figure 6.- Second leading-edge shape. 

composed of two or three 'straight-line segments and one or two fillets. The 

specification for a wing wHhout a strake is IWING = 1 or IWING = -1. The 

parameter is positive if the linear lift solution is to be determined with 

slender wing theory and negative if quasi-conical theory or the theory of 

Lawrence and Flax is to be used. This wing is composed of two segments with 

the slopes B2 and 0 as indicated in figure 6. The parameter DEL gives 
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the fractional difference in the local wingspan at the junction point with 

and without the fillet. The equation for this fractional difference is 

DEL iii (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 !WING = 2 or I~ING = -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 parameter 

DELl 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 DELI is 

DELl = (Y2 - YI)/YI 

There are three options as to how the flow at the leading edge of the 

wing behaves. These options are designated with the parameter IvOlR. If the 

flow is attached the parameter has the value IvOlR = 0, and if the flow is 

separated at the leading edge the parameter has +;he value IV¢R = 1. If the 

wing has a strake, the flow can be separated at the leading edge of the 

strake and attached on the wing. For this type of flow the parameter has the 

value !VOIR = 2. 



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 beyond the 

wingtip. In order to make the transition the outer region 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 region. 

However, the solution is virtually independent of the relative widths of the 

two strips. The width of the inner strip is specified 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 terminated when the absolute value of the maximum change 

from one iteration cycle to the next at any grid location is less than the 

parameter EPSI. Also, the computation will be terminated if the number of 

iterations reaches lMAX. 

The method of successive line overrelaxation is used in this program. 

The relaxation factor which is used at points where the flow is subsonic is 

input with the parameter SUB. This factor can be no larger than 2. At points 

where the flow is supersonic the relaxation factor is I unless the flow at the 

point immediately upstream i~ subsonic. If this circumstance pertains, the 

relaxation factor should be less than one. The value for this factor is input 

with the parameter SUP. Typically, this factor is given a value slightly less 

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 constant 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 parameter 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 mentioned 

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 wing are given by the arrays R(J), Y2(J) and Yl(J) , respectively, and 

the axial derivative of the cross-sectional area is given by the array 

SPRIME(J). The axial indices of the first columns of grid points downstream 

of the points where the wing leading and trailing edges emerge from the b00y 

are deSignated as JWl¢ and, JW2'" In referenceS 1 and 2; the dipole 

strength for the linear lift solution is designated by the £unction f(x). 

In the program the dipole strength and the axial derivative of the dipole 

strength are given by the arr~sFUN3(J) and FUN2(J) respectively. 

17 
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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 core are given by the arrays YV(JG) and ZV(JG) where the position 

index JG is related to the axial index J by the equation 

JG = J - JWl~ + 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 separation 

input parameter is IV¢R = 1. If the separation in})ut parameter has the value 

IV¢R = 2 and the wing has a strake (!WING = 2 or !WING = -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 parameter JCHCK. 

Program Work 

After each iteration cycle is completed, the largest change in the velocity 

potential and the grid location where this change is located are printed. The 

axial and radial indices are designated as . JMARK and KMARK, respectively, 

and the change in velocity potential is designated as DPHIMX. As mentioned 

previously separate computations are made at points above and beneath the wing 

if the computational plane is the horizontal plane (w = 0°). If the position 

indices are negative the maximum change in velocity potential has occurred 

beneath the ,nng. 



Program Result 

The computed results are printed in this part of the program. First 

the shock wave and sonic l~ne 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 lines 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=l to K=KF where KF = KM if a wall is present and Kl = KM-l 
for free air. In general, the pressure coefficients are calculated with the 

approximate form of the linear lift potential used in Program Work.. The 

pressure 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 
lift potential. 

The computed values of the potential for the coupled thickness-lift 

problem are printed next . If the flow-beneath the wing is calculated, the, 
potential beneath the wing is printed. 

The distribution of the lift along the axis of the configuration is 
printed. In addition, vortex effects and thickness interaction effects are 

given. These quantities have been made nondimensional with the product 

p~u~2 where p~ and U~ are the free-stream density and speed. The lift, 
moment, moment arm about the nose and the lift and moment coefficients are 

also printed. 

The pressure coefficient distribution on the body surface is determined 

and printed. If the configuration is at zero angle of attack so that the flow 
is axisymmetric only one distribution is given~ If the configuration is at 

19 
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angle of attack and the computational plane is the wing-plane (w = 0°) the 

distributions along the intersections of the body surface with the wing plane 

(w = 0°) and the vertical plane (W = +90°, -90°), are given. Two distributions 

are given along the intersection of the body surface and wing plane, one for 

the pressure coefficient above the wing and one for the coefficien~ beneath the 

wing. The distributions which are obtained for the intersection of the body 

surface and vertical plane from the hori~~ntal-plane calculation are simply 

surmised from the horizontal-plane results with the aid of slender-body and 
I . 

slender-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 computational 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 should be 

noted that the body-surface pressure coefficients for lifting configurations 

are complete only if the computational plane is the horizontal plane (w = 0°) 

or the vertical plane (w = 90° or w = -90°). Lift effects are npt included 

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 the present 

program is not good enough for this procedure to yield a meaningful value 

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 a 

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 plane above 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 (0,) = 90° or w = 90°) the 

distribution along the intersection of body surface and the side of the 

vertical plane which is being computed is given. 



ARRAY SIZE 

There are eight C¢MM¢N statements. The first of these is for scalar 

quantities derived in the program and the last is for the input pa!"ameters. 

These second and third C¢MM¢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 ill 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, th~ 

dimension of the corresponding arrays must be changed. The :f'ifth 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 plane (w = 0°). 

The dimension of the axial arrays must be at least as large as the number 

JW3-JW1Q + 4 where JW3 and JWl~ are the axial indices for the rear-most tip 

of the wing and the grid point either at or just downstr~~ 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 JWl¢ is determined by the 

program. The dimension of the radial 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 radial and axial arrays in the 

listing in appendix A are 25 and 50 respectively. The two-dimensional arrays 

PHI(J ,K) and PHIU(JG,K) for the general velocity potential and the velocity 

potential under the wing, respectively, are dimensioned in the seventh C¢MM¢N 

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

22 



109 and 50, respectively, for the former array and 50 and 25, re:~pectively, 

for the latter array. The seventh C¢MM¢N, statement also contains the array 

for the coefficients used in the series solution for the linear li~t obtained 

with Lawrence-Flax theory. 



APPENDIX A 

PROGRAM LISTING 

The c.amputa;tionaJ. program is listed in this appendix. It i.s written 

in the Fortran IV computer language and contains two primary overl~s. 

The numerical computation and the printing is done in the first prtmary 

overl~. which contains three secondary over~s. The figures are plotted 

in the second prtmary overl~. 
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C 
C 

OVERL AY (DICK, 0, 0) 
PROGRA~ EXEC (INPUT=201,OUTPUT,TAPE5=INPUT,TAPE7,TAPEl' A ° A 10 

A 20 
A 21 

c •••••••••• * ••• ~ •••• *.* •• ** •••••••• * ••••••••• * •• • ••••••• * •••••••••••••••• ** •• * •• 
C 23 
C.···.··.··.·· .• · •....•. · ............... • ....... ·• .. ··.* ...•.•................. *** 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

TRANSONIC fLOW ABOUT LIfTING WING-BODY COMBINATIONS 

A314b-4 

VARIAN. PLJT CONTROL CARD SHOULD BE 
PLOT. YARI AN{ 'FS H= 12., FSY=tl. ,. 

COMMON ICALLPI NREAD,NCASES 
COMMON INMLISTI Jl,J2.J3,J4,J5,fAC,KH,RCOM.A,B,IWALL,P,QHEGAD,ALPH 

1 AD, HS PAN, MUNF, GAMMA, IR. RC ,R~AX,RN, JS,RS ,JW 1 ,JW2, JW3. JWD, I WING,B1, 
2B2.0Ell,DEL,IVOR,IOIR,EPSI,$UB,SUP,IMAX,SFACTOR 

NRfAO=O 
READ 30. NCASES.NPLOT 
00 2~ l=l,NCASES 
CAll OVERLAY (4HDICK,I.0.6HRECALL. 
IF (NPlOT.ErJ.U CALL OVERLAY C4HDI'.K.2,0.6HRECALU 

20 CONTINUE 
STOP 0101 

30 FORMAT (l015) 
END 

A 25 
A 30 
A 40 
A 50 
A bO 
A 70 
A 80 
A 90 
A 100 
A 110 
A 120 
A 130 
A 140 
A 15(' 
A 160 
A 170 
A 180 
A 190 
A 200 
A 210 
A 220 
A 230 
A 240-



C 

c 

c 

OVERLAY (DICK,l,O) 
PRUGRAM ONE 0 

COM MON SIGMA, DEL T A, I, BET AS Q, DXR, DX SQR, GAMP 1, GP lOXR, KMM.l ,KFM 1 f KF, DE 
llETA,PIR,CON4,CONS,H,JT,JI,JF,OPHIMX,DX,JXN,SNO,CS20,SNALP,IJ~,JWl 

20, J W2 0, JW 1 X, JW.3X, BET A, JW3 H l, Dl T PH, JCHCK , I W, J W 10M 2, JW3P 1, JW 10M 1, M, X 
3WM,XWHSQR,PI,AK2,AX2,AK1,AX1,AXIO,CNX,NAMXP1,Al,A2,lMACH,JMCK 

COMMON R(120),SPRIME(120),FUN(120),XW(1201,Yl(120),Y2(120)tFUNl(12 
10),FUNO(120),IFUN(120),FUNZ(120),fUN3(120),FUN4(llO',IGUN(120),CP( 
2120),FUNX(120),SLAS(l20,6),CPOf120.,KlOA(120.,KUPA(120),FUN5(120), 
3FUN6(120),FUN1C120),FUNY(120),CPl(120),CP2(120) 

COMMON fUN8(120),FUN9(120),FUNIOC120),FUNll(120),Y2PRMf120},fUN12( 
1120),FUNA(120j,FUN~C120) 

COMMON CON7(lOO),CON8(lOO),CON9(lOO,.CONIOCIOO),CONllClOO',CON1elO 
10' • CON2 (l 00) ,CON3 f 100) • OME GA ( 100) ,A BAR C 100) , BBAR C 100) ,GBAR ( 100) , DB 
2AR(lOO),PHIO(lOO),RW(100),RWR(100),AXOCR(100),ACHKlI0OJ,PHIOlDllOO 
3) ,BCHK( lOO~ 

COMMON PHIUO(2S),OMEGAU(2S),ACHKUfZS),BBARU(2S),CBARUCZ5),OBARUCZS 
1).BCHKU(2S),PHIOU(25) 

COMMON IFUM(50),VLAM(SO),VTAUCSO),VlAMP(SO),VTAUP(50),YV(50), lV'50 
1),FUNAOCSO),FUNBO(50),UUOO(50"UU900(SO) 

COMMON PHI(109,SO),PHIU(SOy25),COEFC21) 
COMMON INMllSTI J1,J2.J3,J4,J5,FAC,KM,RCOM,A,B,{WAlL,P,CMEGAO,AlPH 

lAO,HSPAN,AMINF,GAMMA,IR,RC,RMAX,RN,JS,RS,JW1,JW2,J~3,JWD,IWING,Bl, 

2B2,DF.Ll,DEL,IVOR,IDI~,EPSl,SUB,SUP,IMAX,SFACTOR 

DIMENSION IDATE(2) 

NAMElIST INAMEI Jl,J2,J3,J4,J5,FAC.KM,RCOM,A,B,lWALl,P,OMEG~D,AlPH 
lAO,HSPAN,AMINF,GAMMA,IR,RC,RMAX,RN,JS,RS,JW1,JW2,JW3,JWD,IWING,Bl, 
2B2,OELl,DEL,IVOK,IOIR,EPSI,SUB,SUP,IMAX,SFACTOR . 

CALL OAVTIM «(DATE) 
PRINT 30. IDATE 
PRINT 20 
PRINT 30, IDATE 
PR iNT 10 
READ (5, NAME. 
REW IIIIC 1 
PR 1 NT NAME 
PRINT 20 
CALL OVERLAY (4HDICK, 1, 1,6HRECAlU 
PRT NT 20 

B 0 
B 10 
B 20 
B .30 
B 40 
S SO 
B 60 
B 70 
8 80 
B 90 
B 100 
B ltD 
B 120 
B 130 
B 140 
B 150 
B 160 
B 170 
B 180 
B 190 
B 200 
B 210 
B Z20 
t; 230 
B 240 
R 250 
B 260 
B 210 
8 280 
B 290 
B 300 
B 310 
B 320 
B330 
B 340 
B 350 
~ 360 
B 370 
t3 380 
B 390 
B 400 
B 410 



CALl, OVERLAY (4HDICK,1.2.6HRECALL) B 420 
PR INT 20 B 430 
CAL L OVERLAY (4HDICKt1,3,6HRECAll. B 440 
RETURN 8 450 

C B 460 
10 FORMA r (//54H RU8Y DAVI S - SU8S0NIC-TRANSONI C AEf(ODYNAMICS (lIV IS 10 B 410 

IN/3lH fOR DICK BARNWELL A3746 - 4/52H TkANSONIC FLOW ABOUT LIFT B 480 
21NG wING-BODY COMBINATIONS/) B 490 

20 FORMAT (lHlll. B 500 
JO FOR.,.AT (8AIOl B 510 

END B 520-



OVE RLAY ( 01 CK, 1,1 ) C 0 
PROGRAM START C 10 
COMMON SIGMA,DELTA,I,BETASQ,DXR,DXSQR,GAMPl,GPIDXR,KMMl,KFMl,KF,DE t 20 

1LETA,PIR,CON4,CON5,H,JT,J(,JF,DPHIMX,DX,JXN,SNO,CS20,SNAlP~IJW,JWl C 30 
20,JW20,JWIX,JW3X,BETA,JW3Ml,DlTPH,JCHCK,IW,JWlOM2,JW3Pl,JWlOMl,M,X C 40 
3~M,XWMSQR,P(.AK2,AX2,AKl,AX1,AXI0.CNX.NAMXPl,Al,A2.lMACH,JMCK C 50 

COMMON R( 120), S PIU M E ( 120) ,FUN ( 120' • XWC 120), Y l( 120) ,Y2 (120) v FUNl (12 C 60 
10),FUNO(120),IFUN(120),FUNZ(120),FUN3(120),FUN4(120),IGUN(120),CP( C 70 
2120),FUNX(120),SLASC120,6),CPO(120),KlOA(120),KUPA(12O),FUN5C120). C 80 
3FUN6(120),FUN7(120),FUNY(120),CPl(120),CP2(120) ,. 90 .. 

COMMON FUN8(120),FUN9(llO),fUNI0t120),FUNIIC120),Y2PRMCI20J,FUNIZ( C 100 
1120l,FUNA(l20},FUNB(llO) C 110 

.. 
COMMON CON7(lOO),CON8tl00),CON9( 100),CONIO(100),CONll(100)vCQN1(10 C 120 

10),CON2(lOO),CON3(100),OMEGA(100J,A8ARC100),8BAR(100),CBAR!l@O),DB C 130 
2AR(100),PHI0(100),R~'100),RWR(lOO),AXOCR(100),ACHK(10OJ,PHIOlDCIOO C 140 
3) .8 CHK II 00) C 150 

COMMON PHIUO(25),OMEGAU(25),ACHKU(25),BBARU(25 •• CBARU(25),OBARU(25 C IbO 
1),BCHKUC25),PHIOUC2S) C no 

COMMON IFUM(50),VLAM(50),VTAU(SO),VlAMP(50),VTAUPCSOJ,VV(5J),lV(SO G 180 
1),FUNAO(SOJ,FUNBO(50t,UUOD(50),UU900CSO) C 190 

COMMON PHtCI09.50',PHIUC50,25),COEFC21J C 200 
COMMON INMLISTI Jl,J2,J3,J4,J5,FAC,KM,RCOM,A,B,IWAll.P,OMEGAO.AlPH G 210 
lAD,HSPAN,AMINf,GAMMA,(R,RC~RMAX,RN,JS,RS,JWl,JW2,JW3,JWD,IWING,Bl. C 220 
2B2,DELl,UEL,IVOR,(DIR,EPSI,SUB,SUP,IMAX.SfACTOR C 230 

C C 240 
C PAR T 1 VARIOUS CONSTANTS,AXIAl AND RADIAL GRIDS C 250 
C C 260 

RAD=57.295779S1JOB ,. 270 .. 
SNAlP=SIN(AlPHAD/RAD) C 280 
SNO=SIN(OMEGAD/RADJ C 290 
C S20= 1.--2. *SNO**2 C 300 
IW:::O C 310 
IF (ABS(SNO).LT.l.E-06.ANO~A8S(SNALP).GT.l.E-06.AND.HSPAN.GT.RMAX. C 320 

1 I W=l C 330 
S IGMA=SNAlP.*2 C 340 
DEL TA=RMAX C 350 
1=0 C 360 
BETASQ=I.-AMINf.·Z C 370 
AJl=Jl C 380 
AJ2=J2 C 390 
AJ3=.J3 C ~OO 
DX= i.,1( AJ3-AJ2) C 410 



DDX~(AJ2-AJ1)*DX 

JJF=J4-JA.+1 
00 10 .JJ=l,JJF 

10 XW(Jl+JJ-1.=FlOATIJJ-1t*OX-OOX 
IF (Jl.EQ.l) GO TO 30 
J IMl=Jl-l 
00 20 JJ=l,JIM1 
JJM l=JJ-l 
J=J I-JJ 
JP 1=J+1 

20 XWlJ'=XW(JP1'-OX*FAC**JJMl 
30 IF (J4.EQ.J5) GO TO 50 

J5MJ4=J5-J4 
00 40 JJ=l,J5MJ4 
JJM1=JJ-l 
J=J4+JJ 
JM1=J-l 

40 XW~J'=XW(JM1)+OX*FAC**JJMl 
50 OXR=l./OX 

DXSQR=DXR**2 
GAMP1=(GAMMA+l •• *AMINF**Z 
GPIOXR=GAMP1*OXR 
KMM1=KM-l 
KF=KMMl 
IF «(WALL.NE.O) KF=KM 
KFM1=KF-l 
AKM=KM 
DElETA=l./AKM 
00 60 K=2,k.F 
AK=K 
ETA=AK*OELETA 
6MAEK=B-A*ETA 
ETAR=l./(ETA+BMAEK*RCOM) 
BMAEKR=l./BMAEK 
CON1(K)=.5*OELETA*BMAEKR*(S*ETAR-2.*A) 
CON=(B*DElETA*BMAEKR)**Z 
CONZ(K)=CON*BMAEKR**2 

60 CON3(K)=CON*ETAR**2 
CONlll)=l. 
BMADE=B-A*OHETA 
SHADER= 1.1 BMADE 
T8MADE=2.*B-A*OElETA 
T BM AOR= 1./T BMADE 

C 420 
C 4.30 
C 440 
C 450 
C 460 
C 410 
C 480 
C 490 
{: 500 
C 510 
C 520 
C 530 
C 540 
: 550 
C 560 
C 570 
C 580 
C 590 
C bOO 
C 610 
C 620 
C 630 
C 640 
C 650 
C 660 
C 610 
C 680 
C 690 
C 100 
: 710 
C 720 
C 730 
C 140 
C 150 
C 7«»0 
C 170 
C 180 
C 190 
C 800 
C 810 
C 820 
C 830 
C 840 



C 
C 
C 

BMTAOE=B-2.*A*OElETA 
BMTADR=l./BMTAOE 
Fl=OELETA+BMAOe*RCOM 
F2=3.*OElETA+(2.*B-3.*A*O~lETA)*RCOM 
CON=8.*CB*OElETA.**Z*SMTAOR*TBMADR/F2 
CONZCll=CON*Fl*BMADER**2 
CON 3 ( 1 • = CON / F 1 
PI=3.141592654 
PIR=1./PI 
CON4=PIR*8*OEL ET A*C 2.*8-3 ... *OElETA) /FZ*SMTAOR*SMAOER 
IF ((WAlL.NE.O) H=P*B*OELETA/CB-A'**Z*C1.+.5*S*OElETA/CB-A)) 
JI=2 
JF=J5-1 
IF (AMINf.LE.l~) GO TO 10 
JI=3 

70 JT=JI+JF 
00 90 K=l,KF 
AK=K· 
E TA=A K*OELE T A 
RW(K)=ETA/C8-A~ETA)+RCOM 
ARG=1.+SETASQ*RWCK)·*2 
IF 'ARG.lT.O •• GO TO 80 
AXOCR(K'=l./SQRTCARG) 

80 RWR(K)=SNAlP*SNO/RWCK. 
CONIO{K)=CON2(K)~SNALP*SNO*RW(K~ 
CONll(K)=CON2(K)ORW(R)··2 
CON 1 C K' =2 •• CON3 ( K ) *R,R (K) .*2 
CON8(K)~SNAlP**2*CON2(K)*RW(Kl·*2 
CON9(K'=SNAlP.*Z*CON2(K.*RW(K) 

90 ABAkCK)=1.-CONl(K) 

PARi 2 BODY GEOMETRY 

J2.M 1= J2-1 
00 100 J=I.J2Ml 
R(J'=O. 

100 SPRIME'J'=O. 
COM=RC*RMAX 
J SM1=JS-l 
IF (IR.EQ.l) GO TO 120 
IF (IR.EQ.2) GO TO 140 
IF (IR.EQ.3) GO TO l60 
IF (IR.EQ.4. GO TO 180 

C tiS {J 

: 860 
C 810 
C 880 
C 890 
C 900 
C 910 
( 920 
: 930 
C 940 
C 950 
( 960 
C 910 
C 980 
( 990 
C1000 
C 1010 
C1020 
( 1030 
(1040 
C1050 
C 1060 
C 1070 
C 1080 
(1090 
C 1100 
CIllO 
Cl120 
C 1 L30 
C 1140 
C1150 
(1160 
C1110 
C1l80 
C1190 
G1200 
C 1210 
C12Z0 
C 1230 
C1240 
C 1250 
C12bO 
C 1210 



c 

DO 110 J=J2.JSMl 
V=l.-XW(Jt 
RlJ)=COM·(Y-Y**R~) 

110 SPRIME(J)=2.*Pl*COM*CRN*V**CRN-l.)-1.t*RlJ. 
GO TO 220 

120 DO 130 J=J2.JSMl 
RCJ)=COM*CXweJ)-XWlJ'*·RNt 

130 SPRIME(J)=2.*PI*COM*( 1.-RN*XWCJ.**CI~N-1 •• )*RCJ. 
GO TO 220 

140 DO 150 J=J2.JSMl 
V=1.-2.*XwlJ) 
RCJ)=RMAX*SQRTCABSl1.-V**Z •• 

150 SPRIMflJ'=4.*PI*RMAX**Z*V 
SPR [ME( J2'=0. 
GO TO 220 

160 00 170 J=J2.JSM1 
RCJj=RMAX*XW(J) 

170 SPRIME(J'=l.*PI*RMAX*R(J. 
GO' TO 220 

l80 00 210 J=J2,JSM1 
IF exwtJ).GT •• 25) GO TO 190 
RCJ)=8.*RMAX*XW(J'*ll.-2.*XW(JJ. 
SPRIME'J'=2.*PI*R(J)*8.*RMAX*'1.~4.*XWlJ') 
GO TO 210 

190 IF (XW(J).GT •• 75' GO TO 200 
IHJ )=RMAX 
SPRIMElJ)=O. 
Go, TO 210 

200 RlJ.=8.*RMAX*Cl.-XWeJ.'*C2.*XWeJ)-1 •• 
SPRIME(J'=2.*PI*ReJ)*S •• '3.-4.*XWeJ')*RMAX 

210 CON n NUE 
220 00 230 J=JS,J5 

R(J)':RS 
210 SPRIMElJ.=O. 

C PART 3 WING GEOMETRY 
C 

J~ (Jw3.GT.JWZ' CAAl=HSPAN/CXW'JW3'-XWCJWZ,' 
JWIP1=JW1+l 
JW2Pl=JW2+1 
J W3 PI =J W.3 + 1 
M=JW3 
lMACH=O. 

C 1280 
C1290 
C1300 
C1310 
C 1320 
C1330 
C 1340 
1:1350 
C 1360 
C1370 
C1380 
C1390 
C 1400 
C1410 
C1420 
C1430 
:1440 
C1450 
C1",60 
C 1,-"10 
t1480 
Cl"'90 
C1500 
C 1510 
C1520 
C1530 
C1540 
C1550 
C1560, 
C1570 
C1580 
C1590 
C 1600 
t Ib10 
C1620 
t1630 
C1640 
C1650 
C 166() 
C1670 
C 1680 
C1690 
C 1100 



DO 240 J=l, JWl 
FUNA(J'=l. 
FUN8, J'=O. 
fUNS(J)=O. 
FUN6(J'=0. 
FUN1( J )=0. 
FUN2( J, =0. 
FUN3(J.=RIJ»**2 
FUN4( J)=O. 
IGUN( J'=I 01 R 
YlPRM(J)=O. 
fUNO( J,=O. 
YZ( J)=O. 
[FUNCJJ=O 

240 FUN(J)=O. 
CNN1=1./CXW(JW3'-XW(JWl'. 
CNN2=HSPAN**4*CNNl**3*GAMP1*Cl.+2.*OEl)*.2 
OEl"l=DEl + 1 • 
TOElP 1=2. *DEl+ 1. 
OElSQ=DEl**Z 
CNX=I. 
IF (SNO.lT.-l.E-06) CNX=-l. 
CNNA=C~X*HSPAN*t~ElP1·CNNl*SNAlP 
CNNAO=HSPAN*TOElPl*CNNl 
CNNB=-CNX*HSPAN*TOElPl*OElSQ*CNNl**2*SNAlP 
JWlO=JW lP 1 
JW20=JW2+1 
CNN6=(GAMPl*CNNl**3.**3*(HSPAN**2*TOElPl,**4/1l8. 
JCHCK=JW3 
IF (IWING.EQ.O' GO TO 250 
A2=-B2*(XWtJWD'-XW(Jwl') 
AX2=(HSPAN-A2)/B2 
AY2=A2+Bl*AX2 
IF (AY2.LT.I.E-Ob) AV2=1.E-06 
AKi2=B7,/ (OEL*AV2 ) 
IF (lwlNG.NE.2.ANO.JWING.NE.-2' GO TO 250 
A I=R( JWU 
AXl=-CAZ-Al)/CBl-Bl. 
AXIO=AXl+XW( JWl) 
AYl=Al+81*AXl 
IF (AYl.LT.I.E-06' AYl=1.E-06 
AK1=(82-BI)/CAYl*ABS(OEll.J 
JCHCK=JWl 

C 1110 
C1120 
C 1130 
C1140 
(1150 
(1160 
C 1110 
e1780 
(1190 
e1800 
( 1810 
C1820 
C1830 
(1840 
C 1850 
C 1860 
C1810 
(1880 
C1890 
e1900 
e1910 
C 1920 
C1930 
C1940 
C1950 
C1960 
C1910 
(1980 
C2000 
C2010 
C2020 
C2030 
C2040 
C2050 
C2060 
C2070 
C2080 
C2090 
Cll00 
(l110 
(l120 
e2130 
e2140 



250 00 410 J=JWIP1,JW3 
FUNA( J).;:l. 
fUNBeJ'=O. 
IF (lwING.NE.O' GO TO 2&0 
AX=eXWeJW3)-XWlJ"*CNNl 
CNN3=SQRfeABSCOELSQ+TDELPl*AX*.Z'. 
CNN4=1./CNN3 
Y2eJ'=HSPAN*(OElPI-CNN3) 
FUNO, J '=HSP AN**Z*CNNl* (DElP 1*CNN4-1. '*TOELPl*AX 
IF (Y2(J).lT.~(JJ) GO TO 400 
ROY2E4=(R(JI/YleJ) )**4 
FAeO=1.-ROYZf4 

C2150 
C2160 
C2110 
e2180 
C2190 
e2200 
C2210 
C2220 
C2230 
C2240 
C2250 

FUN« J J=. 5 *FACO**2*CNNZ*toElP 1 *CNN4-1..' * c 1.-DELPl *OELSQ*CNN4**3, *.X 
C2260 
C2210 
C2280 1+2.*FACO*ROY1E4*FUNO(J'**3/Y1(J'··2*GAMPl 

FUNOJ=FUNO(J) 
FUN2(J'=FACO*FUNOeJ' 
FUNO(J'=.5*FACO.eHSPAN.CNN1'**2*(1.-DELP1*DElSQ*CNN~**3'.'OElPl+2. 

C2290 
C2300 
C 2310, 
C2320 1.ROV2E4*(FUNO( J '/Y2CJ) ).*Z 

IF (J.GT.JW1) GO TO 340 
GO TO 3Z0 

Z60 AX=XWlJ,-XW(JW1' 
8X=AKZ*UX-AX2' 
IF (BX.lT.-lOO.J 8X=-100. 
[F (BX.GT.lOO.) 8X=100. 
IF (ABS(8XJ.lT.l.E-Ob) GO TO 170 
CX=EXPC-8Xt 
XD=l./l 1.-eX) 
YZ(J)=-BZ*CAX-AXZ,*XD 
Y2JP=-BZ*'1.-(1.+8X'*CX,*XO*·Z 
Y 2JOP=-BZ*AKZ*CX*' .8X. ( 1. +CX) *Xo-2. »*XO**2 
GO TO 280 

270 Y2CJ'=-B2/BX 
Y2J P=-. 5*B1 
Y2JOP=-.5*B1*AK2 

280 IF (IWING.EQ.2.0R.(WlNG.EQ.-Z) GO TO Z90 
Y Z ( JJ = A2 + 82 *AX +Y Z ( J , 
Y2JP=B2+YZJP 
GO TO 310 

290 BX=Al<l*CAX-AXlJ 
IF (XW(J'.lT.AX10J JCHCK=J-l 
IF (BX.LT.-IOO •• 8X=-100. 
IF (BX.GT.100.J BX=100. 
IF (ABSCBXj.LT.l.E-06. GO TO 300 

C2330 
C2340 
C2350 
C2360 
C2310 
C2380 
C2390 
C2400 

_. C2410 
e242Q 
C2430 
C2440 
C2~50 
C2460 
C2410 
C2430 
C2490 
C2500 
C2510 
C2520 
C2530 
C2540 
C2550 
CZS60 
C2510 



CX= EXP(-BX' 
XD=l./Cl.-CX) 
Y1(J'=Y2(J'+(Bl-81.*IAX-AX1,*XO+Al+Bl*AX 
Y2JP=Y2JP+(B2-B1'*Cl.-(1.+8X)*CX'*XO**2+81 
Y2JOP=Y2JOP+(B2-R1'*AK1*CX*(BX*' 1.+CX)*XO-2.j.XO**2 
GO TO 310 

300 Y2(J)=Y2(J)+Al+Bl*AX+(B2-B1)/BX 
Y2JP=Y2JP+.S*(82-BIJ 

310 IF '(Y2(J).LT.RtJ)) GO TO 400 
JG=J-JwlO+3 $ FUN40(JG'=1. " fUNBOI JG)=O. 
ROY2E4=(RIJ)/Y2(J»)**4 
fACO= l.-ROY 2E4 
fUNOJ=Y1 (J) *Y2 J P 
fUN2(J)=fACO*FUNOJ 
fOP=Y2(J)*V2JDP+YlJP··2 
FUN(J)=.5*GAMPl*FACO-FUNOJ*FOP 
FUNO(J)=.S·FACO*fOP 
IF (J.GT.J~2' GO TO 340 

310 FUN3(J)=.5*YZ(J.*.Z*(1.+ROV2E4) 
I JW=J+l 

.J W20=.lJW 
IF (IWING.NE.OJ GO TO 330 
FUN4(J)=CNNA*AX*CNN4 
FUN4(J,=FUN4(J'*(1.+(1.-2.*SNO·*1.*CRCJ'/Y2CJ'J*·lJ 
Y2PRMeJ)=CNNAO*AX*CNN4 
FUN5(J)=CNNB*CNN4**3 
GO TO 360 

330 FUN4(J'=CNX*SNALP*Y2JP 
FUN4(J,=FUN4(J)*tl.+(1.-2.*SNO**Z,*{R(J./Y2IJ.,.*2' 
Y2PRMlJ.=Y2JP 
FUN5(J)=CNX*SNALP*Y2JDP 
GO TO 360 

340 YlfJ)=CAAl*(XWeJ)-XW(JW2'. 
If (J.EQ.JW1) Yl(J)=Y2(JJ 
IF CYl(J •• lE.R(J.' GO TO 320 
AKBAR=Y1(JI/Y2(J) 
ANUMl~[1.-AKBAR)/ll •• AK8AR) 
FUN2( J)=. 8S*FACO*FUNO(J )*ANUM1 
~OY2E2='R(J)/Y2(J))**2 
ROY1E2=(ReJ)/Y1CJ))·*Z 
AKPR~=1./(1.-ROY2E2'*Y2(J)I.((1.+ROYIE2)*CAA1-Cl.-ROVlE2J*Cl.tROY 

12E2)*Yl(J)*fUNOJ/C(1.-ROYlE2'.Yl(J)). 
FUN (J j=. 1225.' FUN (J) *A.NUMI-. S.GAMPI. (FUNOJ*FACOI C 1.-+AKBAR J ).*2*AKP 
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1 RM) 
FUNOCJI=.85·FUNOCJI·SQ~TCA8SeANUM1') 
IF (J.EQ.JW3) GO TO 350 
FUNO(J.=FUNOeJ)-.425*FUNOJ.Cl.-ROY2E41*AKP~M/SQRTCC1.-AKBAR).'l •• A 

1 K8AR)**3) 
350 FUN4( J)=O. 

FUN 5( J )=0. 
IF «(WING.EQ.O) Y2PRM(J'=CNNAO*AX*CNN4 
IF CIWING~NE.O) Y2PRMeJ,=Y2JP 

360 IF (IVOR.EQ.O.OR.J.GT.JWIO) GO TO 370 
RBP=. 5*P I'R*'SPR' ME ( J" R (J' 
CHEKK=(YZCJ)-ReJ"'C'Y2PRMeJt-R8P'·OX' 
IF (CHEKK.LT •• l) GO TO 400 

310 ETA::O. 
KJ= (j 

380 ETA=ET~+DELETA 
KJ=KJ+l 
RAD=ETA/(B-A*ETA)+RCOM 
IF (RAD.GT.Y2(JI) GO TO 390 
GO "fa 380 

3 1}0 IFUN(JI=KJ-l 
IF ([FUN(J •• fQ.O) IFUNCJ'=l 
IGUN(J)=IOIR+IFUNCJ) 
GO to 410 

400 (FUN(JI=O 
IGUNeJl=lotR 
FUN4( J,=O. 
FUN5 (J) =0. 
FUN6( JI=O. 
FUN7' J)=O. 
YlPRM(J)=O. 
FUNeJI=O. 
FUNOlJI=O. 
I JW=J+l 
FUN2(JI=.0 
FUN3( J)=R (J '.*2 
JW10=J+ 1 

410 CONTI NUE 
FtlN AD (2)= 1. 
J~CK=J\ilo-l 
J WI OM2=JW 10-2 
JW3Pl-=JW3+1 
J ~lOMl=Jw 10-1 
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C 
C 
C 

420 
430 

440 

450 
4bO 

JW3Ml=JWl-l 
IF CIJW.EQ.JW3Pl) GO TO 430 
DO 420 J=IJW,JW3 
fUN3(J.=FUN3CJ-l) •• S*OX*(FUN2(J)+FUN2(J-ltl 
00 440 J=JW3Pl,J5 
FUNAC J)= 1. 
FUN8(J'=O. 
FUN 5( J'=O. 
FUN6( J)=O. 
FUN7, J)=O. 
FUN2(J)=0. 
FUN3(JI=FUN3(JW3t 
FUN4(J)=0. 
(GUN(J)=IGUN(JW3) 
Y2PRM{J'=0. 
Y2(J)=Y2(JW3' 
IFU~CJ)~IFUN(JW31 
FUNO(J'=O. 
FUN( J'=O. 
DO 450 J::.., J2 
If (Xw(J'.LT.-l.' GO TO 450 
JXN=J 
GO to 460 
CONT[ NUE 
OLTPH=O. 
IF (IVING.LT.O) CALL MACH 

PAR T 4 VORTEX OVER WING 

(F (IVOR.EQ.O) GO TO 120 
IF (IVO~.Ne.2) JCHCK=JW3 
JHKMl=JeHCK-l 
JAM=128 
AJAM=JAM 
AJAMR=l.1 AJ AM 
AOX2.:DX*AJAMR 
V2P=Y 2PRM (JW 10) 
RBP=.5.PIR*SPRIM~(JWIO"R(JWI0) 
TOT=(1.-CYZeJWIO)-ReJWIO»)/(OX.'Y2P-RBP)).*AJAM+1. 
NlOT= TOT 
JT= JAM-NIOT 
AJT=JT 
RB=R(JWIO.-RBP*AJl*AOX2 
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Y2B=V2(JW1U'-V2P*AJT*AOX2 
RATIO=FUNACJWIO)-FUNB(JW10'*AJT*AOX2 
RAT IDP::;fUNBlJ. 
ANUMO=SNAlP/(Y2P-RBPb*RATIO 
YA=-.00451+.56114*ANUMO-.1215Z*ANUMO**2 
YVT=RB+(Y28-RB)*(.99031-.98407*VA+2.?9481*YA**Z-1.18322*YA**3. 
Z VT=(YZ B-RB» *YA 
H B= Y2B+RB ** 2/Y2B 
HBP=(1.-lRB/Y2B.*·Z'*YZP+2.*RB/V2S*RBP 
Af 1=( Y2B-RtH IRB 
AfZ= (VVT-RB) IRB 
Af3=IVT IRB 
ANUM1=AF2**Z-AF1**Z-Af3**2 
ETA = 1 • +. 5 *A NUM 1 
X I=AFZ*,4f3 
ANUMZ=SQRT(ANUM1**2+4.*lETA*Xll**2) 
SlAM=.1011067S*SQRrlANUM1+ANUM2' 
BTAU=ETA*X I/BLAM 
JSTAT=JWIO-l 
If lNTOT.lE.O. GO TO 470 
JJ2=JAM 
JJ1=NTOT+ 1 
GO TO 480 

4'10 JJ2=JT 
JJ1=1 

480 DO 650 J=JSiAT,JW3 
JG=J-JWIO+3 
l=JG 
DO 640 JJ=JJ1,JJ2 
AJJ=JJ 
AOX3=ADX2 
10= 1 
RBG:=RB 
Y2BG=VZB 
RBPG=R8P 
Y lPG=Y2P 
HBG=HB 
HBPG=HBP 
BLAMG=BUHi 
BTAUG=BTAU 
RATIOG=Ri\TIO 
RAT IPG=RA T I OP 

490 AIQ=IQ 
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AIQR=l./AIQ 
00 640 1S=I, IQ 
AI 5=1 S 
A8Cl=AJAMR*(AJAM-AJJ+l.-CAIS-.5.*AIQR) 
A8C2=1.-A8C1 
A8C3=ASCl-.5*AJAMR*AIQR 
A8C1t= 1. -ASC3 
IIC=1 

500 ANUM1=1.+BlAM**Z-8TAU**Z 
,ANUM2=SQRTCANUM1·*2+4.*(BLAM*BTAU.**Z' 

ETA=.10110b7S*SQRTlANUM1+ANUMZ) 
XI=8LAM*BTAU/ETA 
CHCfK;:YZ S/RS-l. 
(F (CHeEK.LT •• Ol' GO TO 510 
ANUMIO=ETA**2+XI**2+4.*(RB/HB.**Z 
ANUMlO=SQRT(ABSIANUMI0**l-16.*(ETA*RB/HB'**Z,) 
ARG=ETA**2+.5*CANUMZD-ANUMIO) 
GO TO 520 

510 AF1=(Y28-RB)*.l 
AF2=BlAM**2-BTAU**Z 
AF3=1./RS*·2 
ANUMIO=.5*(AF1*AF3+AF2J 
ANUM20=AF 3* SQR TC Af 1* (AFl +2 .. *RS**Z*AFZ. +RS**4* C 8t. AM*.2+BTAU.*Z ••• 2. 
ARG=ANUM10+.5*ANUM20 

520 VVT=.5*HB*iETA+SQRTCABS(ARG." 
ZVT=X'*HB*VVT/C2.*VVT-ETA*HBI 
ANUM=RB·*2/(YVT**l+zvr*.zJ 
FNUM2=HB*(BlAM**2+STAU**Z) 
AV=(YVT*8LAM+ZVT*BTAut/FNUM2 
AZ=CVV'*STAU-ZVT*SlAM'/FNUM2 
BY=(YVT**2-ZVT**2.**2-4.*CVVT*ZVT'**2 
RZ=4.*VVT*ZVT*'YV'**Z-ZVT**2' 
ANUM3=Re**4/CBY**Z+BZ**2. 
8 YO=I.-ANUM3*B V 
AlO=-ANUM3*Bl 
(Y= AV*BYO-AZ* BlO 
Cl= AZ*BYO+AV*SZO 
OY= (AY**2-AZ*.2 .*SYO-2 .. *A~*AI.8l0 
DZ=l.*AV*AZ*BYO+( AV**2-AI:tt*Z .*BIO 
ANUM4=1./(YVT**Z+ZVT**Z) 
ANUM5=ANUM*ANUM4 
OVO=1.+3.*(YVT**2-ZVT**2'*ANUMS 
DlO=6.*YvY*zvr*ANUM5 
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ANUM6=1./lBYO.*2+BIO*.2' 
Ev= ANUM6* l BYO*OYO+8Z0*OZ O. 
El=ANUM6*CBYO*OlO-BlO*OYO) 
FY=ANUM4*(ZVr.CEY-OY)-YVT*COI-El" 
F l= ANU~4* (V VT* (OV-EV HZVT *' EZ-Ol)' 
IF IJ.GT.JCHCK. GO TO 530 
If (J.EQ.JCHCK.ANO.JJ.GE.2) GO TO 530 
GAN=.5*HB*(BlAM+BTAU.*2/BlAM, 
GAN=GAN*RAT 10 
GANSAV=GAN 
AHV:CVVT-V2B.*~B*RATIO *.5/GAN*Cl.-CBTAU/8lAH)**2t 
AMl:ZVT*HB*RATIO *.5/GAN*Cl.-C8TAU/BlAH.**Z' 
ANY=(YVT-Y2B'*HB*RATIO *STAU/CGAN*SlAM, 
ANZ=lVT*HB*~ATIO *BTAU/CGAN*BlAMt 
APY;CYYT-V2Bt/RATIO 
APZ=lVT IRAT 10 
AOV=(YVT-YlB./HB 
AOZ=Zvr/HB 
GO TO 540 

5:l0 GAN=GANSAV 
AMY=O. 
AHZ=O. 
ANY=O. 
ANZ =0. 
AOY=O. 
AOZ=O. 
APV=O. 
APZ=O. 

540 ANUM7=H8*8VO*ANUM4*ANUM6 
ANUH8=H8*810*ANUH4*ANUH6 
ANUH9=BlAM*YVT+BTAU*lVr 
ANUM10=BTAU*VVT-6lAM*lVT 
OY=ANUM1*ANUM9-ANU~8*ANUMIO 
Ol=ANUM1*ANUMIO+ANU~8*ANUM9 
GVO=(RS*ANUH4)**l*(YYT**2-ZVr**Z) 
GZO=-l.*VVT*Zvr*(RB*ANUM4'**2 
GY=ANUM4/((1.-GYO)**2+GZO**Z'*(VV'*Cl.-GYO)+ZVT*GIO) 
Gl= AHUMIt" U 1.-(;YO , **2 +GlO.*Z. *C\'VT*GZo-ZVT* C 1.-GYOt ) 
G8ARY=ANUM4*ANUM6*CVVT*8YO+lV'*SZO, 
GBARl=ANUM4*ANUH6*(YVT*SlO-ZVY*SYO. 
Hl1=OV*H8+AHY 
H12=-OZ*H8+ANV' 
H21=OZ*HB+AMl 
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H22=OY*HB+ANl 
Hl=-SNAlP*(Cl*RATI0-.5*GAN*(CZ/tBLAM*HB)-FY"+RB*(YVT*ANUM4+Z.*GY, 

1*R8P-(OY"'BlAH-OZ*STAU+AOY+HS*GBARY' *H8P-APY*RAT I OP 
H2=SNALP*'CY*RATIO-.S*GAN*'CV/CSlAM*H8'+fl"+RB*CZVT*ANUM~+l. 

1*GZ''''RBP-COZ*SLAM+OY*STAU+AOZ+HB*GBARZ,*H8P-APZ*RAT10P 
BNUMO=l./CHll*H2l-Hll*H2l' 
BNUM1=Hl*SNUMO 
SNUM2=H2*BNUMO 
8LAMP=BNUMl*H2l-BNUMZ*H12 
B TAUP="BNUMl*H ll-BNUMl*H21 
IF CllC.GT.l' GO TO 580 
IIC=2 
BLAMO=BlAM 
BTAUO=BTAU 
BLAMP!=8L AMP 
B TAU~ 1=8TAUP 
BLAM=BLAM+.5*AOX3*SLAMP 
8TAU=BTAU+.5*AOX3*STAUP 
If (JJ.NE.l.0R.l~.NE.l.0R.J.LT.JW10) GO TO 550 
VlAMp(JG'=BlAMP 

·VTAUpeJG)=B'fAUP 
'I've JG)=YVT 
ZVC iG)=ZVT 
If (J.EQ.JW3' GO TO 650 

550 IF (J.LT.JWIO) GO TO 560 
RB=ABC1*R(J)+AB~2*R(J+l) 
V2B=YZ(Jj*ABC1+YZeJ+l'*ABCZ 
RATIO=FUNACJ'*A8Cl+FUNA(J+l)*ABC2 
RATIOP=FUNB(Ji*ABCl+FUNB(J+l'*ABC2 
RBP=. s*p I R* C SPR (ME (J) IR (J) *A8Cl+SPR IME (J+ l' /R (J+ U*ABC2» 
VZP=Y2PRMeJ)*ABCl+Y2PRM(J+!'*ABC2 
GO TO 570 

560 RB=R(JWIO'-ABC1*OX*RBP 
YZB=YZCJWIO)-ABCl*OX*V2P 
RATlO=FUNA' JW 10) -ABC 1*OX*FUN8( JW 10) 
RATIOP=FUNB(JwlO' 

570 HB=Y2B+RB**Z/Y2B 
HBP=Y2P*(1.-(RB/VlB)··2)+2~·RB/YZ8*R8P 
GO TO 500 

580 IF (1IC.GT.21 GO TO 590 
!KC=3 
BLAH=Bl AMO+.5*AOX3*8lAMP 
BTAU= BT AUO+ .5*A[)X3 *ST AUP 
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BlAMP2= SlAMP 
STAUP 2= STAUP 
GO TO 500 

590 IF ((IC.GT.3' GO TO 630 
CHECKl=ABSe(BlAMPZ-BLAMP)/8LAMPZ. 
CHECKU=A8S(·(BTAUP2-BTAUP"BTAUP2. 
IF (CHECKL.LT •• Ol.0R.CHECKU.lT •• Ol' GO TO 600 
RB=RBG 
V28-=Y2BG 

. R8P=RBPG 
V2P=,V2PG 
H8=HBG 
H8P=HBP-(j - -' 
BLAM,=BI..AMG 
8TAU=BTAUG 
1 Q=Z*lQ 
ADX3= .. 5l81AOX3 
RAT lO=IUT lOG 
iUT l.DP=RATI PG 
GO fO 490 

600 IIC=4 
'BlAM=BLAMO+ADX3*8LAMP 
8TAU=81' AUO+ADX3*BTAUP 
8LA MP 3=8l AMP 
BTAUP3=BTAUP 
IF (J~LT.JWI0) GO TO 610 
R8=ABC]*RCJ)+ABC4*R(J+l' 
Y2B=AaC3*V2(J'+ABC4*V2(J*1' 
RATIO=FUNAeJ.*ABC3+FUNA(J+l)*ABC4 
RATIOP=FUNB(J'*ABC3+FUN8(J+l)*ABC4 
R BP=. 5*P I R* C ABC3*SPR IME (,j )/R (J hA8C4*SPftl ME (J+ 11 IRC J+l " 
V2P=ABC3*V2PRM(J)+ABC4*V2PRMCJ+l' 
GO TO 620 

610 RB=RlJw10'-ABC3*OX*RBP 
V28=V2(JWIO,-ABC3*OX*V2P 
RAT IO=FUNA(JWIO)-ABC3*OX*FUNB{JWtO) 
RATIOP=FUNB(;~lO) 

620 HB=Y28+RB**Z/Y28 
HBP=vip*(1.-(RB/Y2B'**Z'+2.*R6/V2S*R8P 
GO TO 500 

030 BlAM=BLAMO+ (8LAMPl +2. *( BlAMP2+8lAMP 3' +BLAMP I *ADX3/6. 
640 BrAU=8TAUO+(BTAUP1+2.*CBTAUP2+BTAUP3)+8TAUPI*ADX3/6. 

JAM=lo 
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AJAf/=JAM 
AJAMR-=l .. 1 AJAM 
AOX 2=OX*A JA MR 
JJ2=JAM 
JJl=l 
VlAM( JG+l J=BlAM 
VT AU( JG+ 1)= Bl AU 

650 CONTINUF, 
JG=JW2-JWIO+3 
If CJC~CK.LT$JWZ' GO TO 660 
OlTPH=2.*OX*SNAlP.(2~*(Y2(JWZ'+R(JW2)**Z/Y2(J~2')*(VlAM{JGI*VlAMPC 

IJG)+VTAU(JG'*VTAUPtJG"+'(1.-lReJW2'/V2(JWZ"**2,*Y2PRM(JW2)+PIR*S 
2PRIME(JW2)/Y2(JW2)*(VlAM(JG'**2+VT~U(JG)**2))/(1.-VTAU(JG) •• 2,*FU 
3NA(JW2)+Z.*OX*SNAlP*(Y2CJWZ.+R(JWZ'**Z/Y2(JWZ')*(VlAM(JG'**Z+VTAUt 
4JG'**Z)/ll.-VTAUlJG'*.Z'*FUNB(JWZ' 

GO TO 670 
660 JG1=JCHCK-JWIO+3 

GAN=.5*VZ(JCHCK'*'VlAM(JG1'+VTAU(JG1'.*ZIVLAM(JG1'. 
GAN=GAN*(l.+(R(JCHCK'/YZCJCHCK).**Z'*FUNA(JCHCK' 
OlTPH=2.*SNAlP*GAN.OX*C(Cl.-VTAUlJG"/lll.-VTAUtJGt,.*2+VLAMlJG' •• 
ll'+l~/{l.~VTAU(JG.)'*VlAMPlJG'+VLAM(JG)*ll./((l.-VTAU(JG,t.*Z+VLAM 
2(JG'·*2)-1~/(1.+VTAU(JG"··2'*YTAUP(JG" 

610 DO 100 J=JWIO.Jw3 
JG:::J-JWIO+3 
If lJ.LE~JCHCK' GO TO 680 
OGANDX=O. 
GO TO 690 . 

680 GAN=.5*«Y2(J'+R(J)**Z/Y2(J')*(VlAMCJG'+VTAU(JG'.*2/VlAMtJG.' 
OGANOX=.S*Y2PRM(Jb*Cl.-lR(J)/YZtJl ••• 2'*(YLAMlJG)+VTAUeJG'.*Z/VlAM 

ltJGt)+.5~(Y2(J)+R(J).*2/YZ(J'!$VlAMPlJG)*(1.-(VTAU(JGI/VlAMlJG" •• 
22)+(Y2(Jl+R'J)**2/Y2eJ)'*YTAU(JG~/VLAM'JG)*V1AUpeJG' 

DGANOX=OGANOX*FUN A( J) +GAN*fU NB!J ) 
GAN:;:GAN*fUNAlJ. 

690 CP(J'=GAN*VlAMlJG,*,VZ{J'+RCJ)**Z/Y2(J')*Z. 
700 CPO(J)=(OGANOX*VlAM1JG)+GAN*VlAMPlJG»*'YZ(J.+ReJ' •• ZIYZ(J,)4GAN. 

lVLAM(JGl*Y2PRM,J)*'1.-(RlJ'/Y2(J!.**ZJ,*Z. 
00 710 J=JWIO,JW3 
IF (J.EQ.JW10. OLFOP=OXR*(CPOlJWIO+l)-CPO(JWlO)) 
(f (J.EQ.JW3' OLFOP=OXR*(CPOCJW3)-CPOlJW3-1') 
IF (J.GT.JWIO.ANO.J.lT.JW3' OlFOP=oS*OXR*(CPO(J+l.-CPO(J-1JJ 
FUNeJ'=FUNeJ)+.5*GAMP1*'Z.*CPotJ)*PUNOlJ)+OLFOP*CFUN2tJ)+CPO(J.)I 
FUNO'J,=FUNO(J,+.5*OlFOP 
FUNZ'J'~FUN2eJ.+CPOCJ) 
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c 
c 
c 

710 FUN3(J.=FUN3(Jj+CP(J. 

PART 5 MORE WING GEOMETRV 

lZ0 00 150 J=1,J5 
FUN(J'=SIGMA*FUN(JI 
FUN1(J)=2.*SNALP*SNO*FUNO(J. 
FUNOIJ'=SIGMA*FUNO(J' 
FUN4IJ)=FUN4(J'-FUNO(J' 
If (IVOR.EQ.0.OR.J.lT.JWIO.OR.J~Gl.JW3' GO TO 140 

JG::J-JwlO+3 
If (J.GT.JCHCK) GO TO 730 
HB=Y2 (J '+IH J U*21Y2( J) 

HBP~(1.-(R(J)/Y2(J"**2'*YZPRM(J.+PIR*SPRI
ME(J)/R(J' 

FUN4 (J.=FUN4( J )+SNAl p*( HBP*' VLAM( JG)*·*2+VTAU( JG) **Z)+Z.*HS*( VLAM(J 

IG).YLAMPIJG)+V1AU(JG)*YTAUpeJG)))/(1.-VTAU(JG)'*FUNA(J'+SNALP*HB*, 

2VLAM'JG'**Z+VTAU(JG1**ZI/(1.-VTAU(JG".FUNB(J) 
FUNO{J)=fUNOtJ)-SNAlP*tHBP*(VLAMtJG'**Z+V1AU(JG)**Z'+l.*HS*(VLAM(J 

1 G I * VlAMP (JG '+VT AU (JGI *VT AUP( JG)' , / ( I.-VI AU' JG) **Z '*VTAU( JG) *F UNA (J 

Z)-SNALP*HS*IVlAM(JG'**2+VTAU(JG'**Z'/11.-VTAU(JG)**Z •• VTAU(JG,*FUN 

3S( J , 
GO TO 140 

730 A001=GAN*(11.-VTAU(JG.'*VLAMP(JG'+VlAM(JG.*VTAUPIJG)"(Cl.-VTAUIJG 

11'.*Z+VLAMIJG)**Z) 
FUN4eJ.=FUN4tJ)+SNAlP.AOOl 
AOOZ=l./Cl.+VTAUIJGI) 
FUNOeJ'=FUNO(J'-SNAlP*(AD01+GAN*ADOZ*(VLAMP(JG)-VlAMIJG,*AOOZ*VTAU 

IPeJGH' 
140 fUNYIJ)::.Z5*CS20*FUNIJ' 

FUN8IJ)=FUNZ(J.*FUN3(JP*Zo*AMINF**2 
FUN9( J'=O. 
FUN10(J)=0. 
IF (Y2(J •• lT.l.E-06) GO TO 150 
FUN9(J)=FUN2IJ)/Y2(J)**4$Z.*AMINF**Z 
FUNIO(J,=fUN9(J)*V2tJ&*PIR 
FUN9(J)=-FUN9IJ) 

150 FUNX(J)=FUNY(J)-.5*SIGMA$FUN2(JJ 
CNNC=.125*SIGMA*CSZO*OXR 
JWIOP1=JWIO+1 
JW3Ml=JW3-1 
fUN6lJWIO'=2.*CNNC*(fUN«JWI0Pl)-FUNeJW10,)-fUNO(JWlO' 

DO 160 J=JWIOPl,JW3Ml 
760 FUN6(J)=CNNC*IFUNeJ+l)-F~N(J-l).-FUNO(J. 
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c 
c 
c 

c 
C 
C 

FUN6fJW3'=2.*CNNC*(FUN(JW3'-fUNCJW3Ml,)-FUNOCJW3) 
FUN1CJWIO,=OXR*(FUN6(JWIOP1,-fUN6CJWI0', 
DO 110 J=JWIOPl,JW3Ml 

110 FUNICJ'=.5*OXR$CFUN6(J+l'-FUN6(J-l'. 
FUN7(JW3,=OXP*(FUN6(JW3)-FUN6CJW3Ml)' 

PA~l 6 FAR-fIELD MACH LINES 

(F (AMINF.lE.l •• GO TO 850 
XWM=XWCM) 
XWMSQR=1./XWM*.2 
BET A=5QR T( - BET ASQ» 
J2P 1=J2+ 1 
DO 810 J=J2Pl. J5 
KUPAC J,= 1 
DO 180 K=l.KF 
Z=XWCJ,-BElA*RWCK) 
IF CZ.lT.XWlJ2,. GO TO 790 

780 KUPAC J)=K 
790 KUPAeJ'=KUPAeJ)-l 

IF eJ.lT.M. GO TO 810 
KLO At J,:: 1 
DO 800 K= 1 • K F 
z=XWeJ.-BETA*RWCK' 
IF eZ.LT.xW(M)' GO TO 810 

H()O KLOAeJt=K 
810 CON fINUE 

DO 820 J=J2Pl.J5 
I GUNP 1= I GUN (J) +1 
JWIX:i:J 
IF ClGUNPl.LE .KUPA( J}) GO TO 830 

620 CONT[ NUE 
830 00 840 J=M,J5 

I GUNP1= IGUNeJ. +1 
JW3 X=J 
IF CIGUNP1.lF.KLOA(J» GO TO 850 

840 CON Tt NUE 

PART 1 INITIALiZATION OF VELOCITY POTENTIAL 

850 DO 1000 J=1.J5 
IGUNJ=IGUN(J) 
IGUNPl=IGUNJ+1 
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DO 860 K= 1. IGUNJ 
860 PHI (:J ,K)=O. 

IF (KF.NE.KMJ PHI(J.KM)=O. 
IF lAMI NF.GT .1.» GO TO 900 
DO 690 K= IGUNP 1 ,KF 
IF (J.lT.JXN. GO TO 810 
IF (J.GT.J3) GO TO 870 
AX=l. 
GO TO B80 

810 AX=AB S( XW( J U 
880 XOCR=AX/SQRTCAX**2+8ETASQ*RWCK)**2) 
890 PHIlJ,KJ=RWR(KJ*CXOCR*FUN3(J,+.5*(1.-XOCR.*FUN3(JW3"+XOCR**Z*FUNX 

l(Jl 
KUP A( J) =K'" 
GO TO LOOO 

900 IF (J.GT.JW1X. GO TO 910 
K--.O=I GUNP 1 
GO TO 980 

910 IF (J.GT.JW3X. GO TO 920 
KUP;;!<'UPA (J) 

KLO=IGUNPl 
GO TO 940 

920 KUP==KlOAlJ. 
XIoIJ=XWC J) 
DO 930 K=IGUN~l,KUP 
BRSQ=(~ETA*RweK •• **2 
ANUM1=SQRTeXWJ**Z-BRSO. 
ANUM2=SQRTCABS«XWJ-XWM.**2-BRSQ., 

930 PHItJ.K)=RWRCK'.FUN3CM'.XWMSQR*CXWJ*ANUM1-(XWJ+XWM'*ANUM2+8RSQ*(Al 
10G(X~J-XWM+ANUM2)-ALOG(XWJ.ANUM1')' 

IF (KUP.EQ.KF) GO TO 1000 
KLO=-KUP+ 1 
K UP.::((UPA(.J) 

940 Z=XW(J'-BETA*RweKlO) 
JJ=-l 

950 JJ=JJ+l 
JX=J-JJ 
IF CZ.lT.XWIJX') GO TO 950 
DO 910 K=KlO,KUP 
8R=BETA*RWCK' 
l=xWeJ)-BR 
JJ=-l 

9.60 .JJ=JJ~L 

C1110 
C 1180 
C1190 
C 7200 
C7210 
C 1220 
C7230 
C 1240 
C7250 
C1260 
C7210 
C1280 
C1290 
C1300 
C1310 
C 1320 
C1330 
C7340 
C7350 
C13bO 
C1310 
C 1380 
C1390 
C1400 
C1410 
C1420 
C 1430 
C1440 
C7450 
C1460 
C7410 
C7480 
C1490 
C150.0 
C1510 
C 75~0 
C7530 
C 1540 
C7550 
C7560 
(;1510 
C1580 
C1590 



JX= JX-JJ 
IF (Z.LT.XWeJX) GO TO 960 
ZR= 1.ll 

970 PHI(J,K):RWR(K.*FUN3'JX)*(XW'Jl*Z~*.1.5.SQRT(XWCJ)+BR)+CBR*ZR).*2. 
1CALOG(BR)-ALOGeXWCJ'.SQRTCXWCJ'·*2-BR •• Z')')+FUNX(J) 

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

980 DO 990 K=KLO,KF 
990 PHI (J,K)=O .. 

1000 CONTINUE 
C 
C PART 8 TUNNEL WALL 
C 

IF (IWAlL.EQ.O.OR.ALPHAO.EQ.O.) GO TO 1090 
IF CIWALL.EQv2. GO TO 1010 -
C ARRV=O .. 
CARRV1=O. 
JWXZ=JW10 
DO 1060 J=l. J5 
IF (J.lE.JWIO) GO TO 1050 
IF (P.EQ.O.) GO TO 1030 
IF (A 1'41 NF.l E .1.) GO Tal 0 1 0 
IF CKUPA(J •• LT.KM) GO TO 1040 

1010 IF (J.Gt.JW3) GO TO 1020 
EXP1=Expe(XwtJWxlt-XWeJ)./(p*RW(KM)) 
EXP 2= EXP 1 *.*2 
E X P 2R = 1 • I E X P 2 
EXP4R=EXP 2R **2 
EXPIM=EXP((XWeJWXZ)-XWeJ-l»/CP*RweKM).) 
E XP 2Mc=EX P IM**2 
EXP2MR=1.IEXP2M 
C XP4MR=E XP2 MR •• 2 
CARRY=CARRY+.S*(EXPZR+EXP2MR)*CFUN3(J,*eXPl-FUN3(J-l)*EXPIM) 
CARRY1=CARRY1.2~.CEXP2R+EXP2MR'*'FUNY'J)-FUNY(J-1)-.5*CEXP~R+EXP~ 

1MR)*CFUN8eJh*EXP2-FUN8CJ-l)*eXPZMj/RWCKM'.*Z*SIGMA*CS20 
1020 FUNIICJ'=-EXPI/RW(KMl**Z*CARRY 

FU~12CJ'=-EXP2/RWCKM)**2*CARRYl 
GO TO 1060 

1030 FUNIICJ)=FUN3eJ)/RW(KMt**2 
FUN12(J)=FUN8'J)/RW'K").*~*SIGMA.CS20 
GO TO 1060 

1040 JWXZ=J 
1050 FUNll (J)=O .. 
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1060 

1010 

L080 
C 
C 
C 

L090 

HOO 
C 
C , 

LllO 

1l.W 

Ll30 

1140 

1150 

1160 

1170 
UBO 

C 

F UN L2 ( J J == o. 
CONTINUE 
GO TO l090 
ANUMO=Cl.-P*RWCKM.'/CC1.+P*RW(KM,.*RWCKM'**2' 
ANUMl=CZ.-P*RWCKM"/CRW(KM'.*4*CZ.+P*RWCKM)"*SIGMA.CS20 
ANUM2=PI( RW( KM) *C 2 .-P*RW (KM' .... 4. 
00 lOBO J=l,J5 
FUN12CJ,=ANUM1*FUNSCJ,-ANUM2*FUNYCJJ 
FUNl1(J'=FUN3(J'*ANUMO 

PART 9 INITIALIZATION OF VELOCITY POTENTIAL UNDER WING 

IF (1~.EQ.OJ GO TO 1110 
KU= IFUM ,(JW3» 
JGU=J~~-JW 10+4 
00 1l 00 J=I, ,IGU 
00 11 00 K= 1 , KU 
PHIU(J,K'=O. 

PAR r 10 INDEXING OF WING TRAILING EDGE 

IF eJW2.EQ.JW3) GO' TO 1160 
JGP=JW20-JW 10+2 
00 11 20 J = 1 , J G P 
IFUMeJ)=l 
JGP=JGPH 
JGU=J w3-J wi 0+3 
DO 1150 JJ=JGP, JGU 
J=J klO+JJ-3 
K=O 
K=K+l 
I FeR W ( K» • G T • Y 1C J J) GO TO H 40 
GO TO 1130 
I FUMe J"J=K 
IF (KQEQ.IFUN(JW3).AND~JJ.ll.JGU. IFUM(JJ)=K-! 
CONTINUE 
IF (I FUM( JGU) .GT.I FUN(J»» IFUMCJGU Is (FUN« J) 
GO Ta 11S0 
JGU=JW3-J W10+3 
00 1170 Joel,JGU 
I FUM( J)=l 
IFUM(JW3-JWI0+4)=IFUNeJW3';1 
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c 
C 

PAR T 11 P~I~TlNG 

P~( NT 1230, (K, RW e KJ ,RWR (K), AXOeR (K) "lBA:R(K) ,K=l, KF t 
PRI NT 1240, (K,eONl e K, ,CON2( K) ,CON] (K.~,qlN7« K) ,CON8 (I(), CON9l K, ,CON 

110(K"CONIIlK).K=1,KF) 
PRINT 1250, eJ,XW(J"R'J).SPRIME(J),Y2(Jj,~lCJ),FUN3(J),FUN2(J"FU 

1 NO , J) , J= 1 , J 5 ) 
PRINT 1260, (J,XWeJ),FUN'J),FUN4(J),fUNICJ"FUN5(J),FUN6(Jl,FUNleJ 

1) ,FUNX'J) ,J=1.J5. 
PRINT 1210, (J,XWeJ),FUNY'J),FUNMJ),FUt,t'tHJ),IFUN!CJ),iGUN'J),I(UPAC 

IJ),KLOA(J),J=l,JWIOMU \ 
DO 1190 J*JWIO,JW3Pl 
w\.\,,?;'I;.J-JWlO+3 

1190 PRINT 1290, J,XW'JJ,FUNYtJ),FUNAeJ),FUNB'J),(FUNeJ),(GUNeJ),KUPACJ 
l),KLOAlJ),IFUM(JGl 

JW1P2=JW3+2 
PRINT 128Q, tJ,XWlJ),FUNvtJ),FUNACJ),FUNBeJ),IFUN(J),IGUN(J',KUPAC 

1 J). KLOA' J), J=JW3P2, J5) 
IF (JWlO.EQ.JW3Pl' JWIO=Jl+l 
P~(NT 1300 
P~l NT l31 0, (J, XW' J, ,:fUN8( J, ,FUN9' J) ,FUNIO'J' ,FUNll CJ),fUNIZ( J, ,Y2 

1 P~M (J), J= 1, J 5) 
IF lIVDR.EQ.O) GO TO 1220 
PRINT 1320 
DO 1210 J=JWIO,JW3 
JG=J-JWI0+3 
IF (J.GT.JCHCK) GO TO 1200 
H8=V2(J'+R(J)·*2/Y2(J) 
HBP=(1.-(R(Jj/~l(J))*·2'·Y2PRH(J)+P1R·SPRIME(J'/Y2'J) 
GAN=.S*Ha*(VLAMeJG'+VTAUeJG'.*2/VlAMCJG.' 
DGANOX=.5*(HBP*(VlAMIJG'+VTAU(JG'.*2/VlAM(JG)'+H8*(1.-(VTAU'JG'/VL 

lAM(JG))**Zl*VLAMPCJG)j+HB*VTAU(JG'/VlAM(JG,*VTAUP(JG, 
DGANOX=DGANDX*FUNA(J'~GAN*FUNB(J. 
GAN=GAN*fUNA(J) 
GO TO 121 () 

1200 DGANDX=O. 
1210 PRINT 1330, J,XW(J),VLAMdJG"VTAU'JG),VlAMP(JG~,VTAUP'JG),GAN,OGAN 

IDX,YV(JG),lV(~G),R(J)tV2'J' 
1220 IF (IWING.GE.O) GO TO 1222 

PRI NT 1333 
00 1221 J=JW10,JW3 
JG=J-JW10+3 

1221 PRINT 1334, J,XW(Jt,FuNAnLJGhFUNBO(JG),UUOOCJG),UU900(JGJ 
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C 

IF (AMINF.GT.1.) GO TO 1222 
PRI NT 1331 
PRINT 1332, CNA,COEFCNA),NA=1,NAMXPl) 

1222 PRINT 1340, StGMA,DELTA,BETASQ,DXR,OXS~R,GAMP1,GPIDXR,KMMl,KfM1,KF 
I,DElETA,PIR,CON4,eON5,H,JT,JI 

PRINT 1350, JF,DX,JXN,SNO,CS20,SNAlP,IJW,JW10,JW20,JW1X,JW3X,BE'A, 
l JW3M1,OL TPH,JCHeK,IW,JW10M2 

PRINT 1360, JW3Pl,JW10Ml,M,XWM,XwMSQR 
RETURN 

1230 FORMAT (17H SUBROUTINE STARTIII144H ARRAYS AND PARAMETERS uSED [ 
IN COMPUTATION/48H J = AXIAL GRIO INDEX, K = RADIAL GRID INDeXI 
2113X,lHK,5X,5HRwCK),12X.6HRWRCK),9X,8HAxoeRCK.,9X,7HABARCK)lle(4,4 
3 E 16~.8 ) , 

1240 FORMAT '113X, lHK, 5X, lHCONl( K t ,lOX, 7HeON2 e K) ,9X, 7HeON) IK" lOX" 7HeON 
11tK),8X,7HCON8(K,,9X,7HCONgeK.,9X,8HeON10(K),9X,8HeONliCK.'I(I~,8E 

216.8» 
1250 FORMAT CI13X,lHJ,5X,5HXW(J),12X,4HR(J),9X,9HSPRIME(J),8X,5HY2(JI,1 

10X,5HV1CJ),11X,1HFUN3(J),9X,7HFUN2(Jl,9X,lHfUNOCJJllt14,8E16.81j 
1260 FORMAT (113X,lHJ,5X,5HXWCJ),12X,6HFUNCJ.,~X,lHfUN4(J),lDX,7HFUNICJ 

1),11X,1HFUN5(Jt,9X,7HfUN6(J.,9X,lHFUN1(J.,9X,7HFUNX(J)11(I4,8E16.8 
2 ) ) 

1210 FORMAT (1/3X,IHJ,5X,5HXWeJ),11X,7HfUNY'J),9X,lHfUNA'J),10X,lHFUNS' 
1J),9X,7HIFUN(J',2X,lHIGUNfJ),2X,7HKUPA'J.,2X,lHKLOAlJ),lX,8HIFUMCJ 
2 G.I /( 14, 4E 16 .8,.419)) 

1280 FORMAT (14,4FI6.8.4IQ' 
1290 FORMAT (I4,4F16.8,5l9) 
1300 FORMAT (113X,lHJ,5X,5HXWtJ),11X,7HfUN8(J),9X,lHFUN9CJ),9X,8HFUNIO' 

IJ),10X,8HFUN11(J),8X,8HFUNI2(JI.9X,8HY2PRMeJ)/' 
1310 FORMAT (t4,lE16.8. 
1320 FORMAT (113X,lHJ,4X.5HXWlJ,,5X.8HVlAMtJGI,3X.8HVTAUeJG),2X,9HVlAMP 

1eJG),2X.9HVTAUPtJG),5X,3HGAN,6X,6HDGANDX,5X,6HYVeJG),5X,6HZV(JG).6 
2 X ,4 HR ( J ) ,6 X, 5 HY 2 ( J ) I » 

1330 FORMAT (14,11611.3) 
1331 FORMATlI13X,ZHNA,4X,8HCOEf(NA'/) 
1332 FORMAT e 14, E16. 8' 
1333 FORMAT (113X,lHJ,5X,5HXW(J},9X,9HfUNAOeJG),7X,9HfUNSOCJGj,9X,8HUUO 

IDeJG),lX,9HUU90D(JGI/) 
1334 FORMAT eI4,5E16.8. 
1340 FORMAT (IISH SlGMA =,E16.8118H DELTA s,E16.8119H 8ETASQ =,E16.8117 

IH DXR = ,E16.811SH DXSQR =,E16.8118H GAMP1 =,E16.8119H GPIOXR =.E1 
26.8111H KMM1 =tl5117H KFMl =, IS/ISH Kt: ='(SI19H DELETA =,E16.8116H 
3 PIR =,E16.8118H eON4 = ,E16.8111H CONS =,E16.8114H H =,Elb.8115H 
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(8890 
C8900 
C 8910 
C8920 
C8930 
C8940 
C8950 
(896.0 
C8970 
C8980 
C899U 
(9000 
C9010 
C9020 
e90'30 
C9040 
C9050 
C9060 
(9070 
e9080 
(9090 
C9100 
(9110 
C9120 
C9130 
C9140 
C9141 
(9142 
e9143 
C9144 
(91lt5 
(9150 
C91bO 
C9170 
C9180 



4JT =,15115H JI =,15' 
1350 FORMAT (/9H JF =,15119H OX =,E16.8119H JXN =,[5119H SNO 

• 1 =,E16.8119H C520 =,E16.8119H SNAlP =,E16.8119H IJW a,I51 
2/9H JWIO =,ISI19H JW20 =,[SI19H JWIX =,15119H JW3X z,15119 
3H BETA =.E16.8119H JW3Ml :,15119H OlTPH =,E16.8119H JCHCK =,1 
45119H IW =.15119H JWIOM2 =,15' 

1360 FORMAT (/9H JW3Pl =,ISI19H JWIOMl =.15119H M =,15119H XWM 
1 =,E16.8119H XWMSQR =,E16.8' 
E~ 

C9190 
C9200 
C9210 
t9220 
t9230 
C9240 
C9250 
C9260 
t9270-

I 
~ 

I 



C 

c 
c 
c. 
c. 

SUBROUTINE MACH 

COMMON SIGMA,OElTA,I,BETASQ,OXR,OXSQR,GAMPI,GPIOXR,KMMl,KfM1,Kf,OE 

llET A, Pl R, CONtt, CONS, H, JT ,J r ,J F, DP HI MX, OX, JXN, SNO,C S20, SNAlP .. I J '" JWl 

20,JW20,JW1X,JW3X,BETA,JW3M1,OlTPH,JCHCK,IW,JWLOM2,JW3Pl,JWlOM1,M,X 

3wM, XWMSQR, PI, AK2, AXZ ,.AK 1, AX1, AX 10,e NX, NA/1 XP 1, AI, A2,lMACH, JfoI:C K 

COMMUN R(120J,SPRI~E(120.,FUN(120),XWI120),YlI120),Y2(120' .. FUNIl 12 

lOl,fUNOC120l,IFUN(lZ0',FUN2(120),FUNlI120),FUN4(120J,IGUN(120J,CPC 

2120),FUNXI120),SLAS(lZO,6),CPO(llO),Kl
OAC120),KUPAC12O),FU~5'120), 

3FUN6(120),FUN7C120),FUNYt120) ,CPl1120J,CP211201 
COMMON FUN8(120),FUN9C120l,FUNI0Lll0),FUNli(120),Y2PRM(1201,FUN1lC 

1120',FUNAC120.,fUN8(120) 
COMMON CON1CIOO),CONBIIOO),CON9(LOO),CONIOCIOO),CONll(100),CONl(10 

lO),CONZCIOO),CON3CIOO),OMEGACIOO),ABARClOO),B8ARCIOO),CBAR(lOO),OB 

2AR(lOO"PHIOCI0~),RWClOO),RWR(lOO),AXOCR(
lOO),ACHK(10O),PHiOLOllOO 

3) , BCHK(lOO) 
COMMON PHIUO(25),OMfGAU(25"ACHKU(Z5),BBARUI25.,C8ARU(25',OBARU(25 

1),BCHKU(25),PHIOUC25. 
COMMON IFU~(50.,VLAM(50"VTAUt50"YlAMP(50),VTAUP'50).YYC50),lY

(50 

l),FUNAO(50},FUN80(50',UUODC50"UU90DC50) 
COMMON PHIlI09,50),PHIU(50,25',COEFC21) 
COMMON INM~ISTI Jl,J2,J3,J~,J5,fAC,KM,RCOM,A.B,IWALl,P,OMEGAD,A

lPH 

lAO,HSPAN,A~INF,GAMMA,IR,RC.RMAXtRN,JS,RS
,JW1,JW2,JW3.JWO,IWING,81, 

2B2,DEL1,OEl,IVOR,lOI~,EPSl,SUB,SUP,IMA
X,SFACTOR 

DIMENSION ATHETAC19', ATAU(19), AXW(19., AY2Be19. 

DIME~SION ARAl19,19., ARB(21), BRA'19,1), IPIyOT(19) 

JXOC=JloIlO 
IMACH=BETASQ 
MM=JW3 . 
IF (AMINF.GE.l.) GO TO 210 

PAR T 1 LAWRENCE AND FLAX APPROXIMATION 
FOR SUBSONIC FREE-STREAM MACH NUM8ERS 

XOC=XW(JXOC) 
Y PCHK=V2PRM( JW 10) -OXR* (R (JW lO)-RI JW 10-1)' 
If CABSIVPCHK).GT.l.E-06) XOC=XOC-lY2CJ"10)-RIJWIO)"YPCHK 

X1C=XWeJWl) 
X 1M XO=XIC-XOC 
XIMXOR=l./X lMXO 
GPI=O. 
NAMAX=20 

M 0 
1'1 10 
M 20 
M 30 
.104 40 
M 50 
M 60 
M 10 
M 80 
M 90 
M 100 
M 110 
M 120 
M 130 
M 140 
M 150 
M IbO 
1'1 110 
.1'1 180 
M 190 
M 200 
M Z10 
M 220 
1'1 230 
M 231 
1'1 232 
1'1 240 
1'1 250 
1'1 260 
M 210 
1'1 280 
M 290 
M 300 
M 310 
M 320 
M 321 
M 322 
M 330 
M 350 
M 360 
H 310 
M 380 



MAMAX=19 
ANAMX=N~MAX 

AMAMX=MAMAX 
ANAMXR= 101 ANAMX 
AMAMXR=l./AMAMX 
NAMXMl=NAMAX-l $ MAMXM1=MAMAX-l $ NAMXP1=NAMAX+l 

ATHAMX=ACOslXIMXOR*'2.*XWlJXOe'-XOC-XlC). 
ATHAMX=ATHAMX*ANAMX/(ANAMX-l •• 
00 10 NA=l,NAMXMl 
ANA=NA 
ATHETACNA)=ATHAMX*ANA*ANAMXR 

10 AXWCNA)= .5*CXIC+XOC+XIMXO*COSCATHETA'NA") 
00 20 MA=l,MAMXMl 
AMA=/.1A 

20 ATAU<MA)=PI*AMA*AMAMXR 
DO 70 NA=l,NAMXMl 
AX=AXWtNA'-XW'JW1' 
BX= AK2* t AX-AX2) 
IF (BX.LT.-lOO.' BX=-100. 
IF cOX.Gr.100 •• BX=100. 
IFIABStBX).lT.1.E-06~ GO TO 30 
CX= EXP(-BX» 
XO=l./( I.-eX) 
AY2B(NA)=-B2*CAX-AX2'*XD 
GO TO 40 

30 AY2BCNA'=-B2/BX 
40 IF(lWING.EQ.-Z) GO TO 50 

AY2BINA,=A2+SZ*AX+AY2BINA) 
GO TO 70 

50 BX=AKl*fAX-AXU 
IF (BX.LT.-IOO.) BX=-LOO. S IF CBX.GT.IOO.' 6X=100. 

IF (ABS(BX)~lr.l.E-06' GO TO 60 
CX=ExPt-BX) $ XO=l./(l.-CX' 
AY2S(NA)=AY2B'NA'~'82-Bl)*'AX-AX1'·XO+Al+81

.AX 

GO m 70 
60 AY2B(NA)=AY2B'NA)+Al+Bl.AX.'~2-Bl)/8X 
70 CONTINUE 

J=JW3 
00 100NA=l,NAMXMl 

80 IF 'XW(J).lT.AXWINAl) GO T8 90 
J=J-l 
GO TO 80 

90 AR=R(J'+(RIJ+l)-RIJ).*OXR*«AXWCNA'-XwtJ'. 

H 390 
M 400 
M 410 
M 420 
H 430 
H 1t40 
M 441 
M 442 
M 450 
H 460 
M 470 
M 480 
H 490 
M 500 
M 510 
H 520 
H 530 
H540 
H 550 
M 560 
M 570 
M 580 
H 590 
H 6DO 
M 610 
'" 620 
M 630 
M 640 
M 650 
M 660 
H 680 
M 690 
H 100 
M 710 
H 720 
H 130 
M 140 
M 150 
H 160 
M 110 
M 180 
M 190 

'" 800 



100 AY2 B( NA):: AY 2B( NA )-AR**2I AY 2B (NA' 
BETA=SQRTCBETASQ. 
DO 110 NA=1.NAMXM1 
CST=COSCATHETA(NAI' 
BABR=2.*BETA*AY2BCNA'*XIMXOR 
BRACNA,1)=(SQRT(1.-CST'*.2+8ABR*.Z.-BABR)/Cl.-CST) 
ARA(NA,MAMAX'=(BA8R-SQRTCC~.+CST)*·Z+8ABR**ZI)/(I.+CST, 
DO 110 MA=l.MAMXMl 
CSTU=COS(tHAU(MAI I 
ACKl=CSTU-CST $ ACK2=.01.SA8R 
If (BABR.LT.1.E-OB. GO TO 102 
If (ABS(ACKl).l'f.ACK2)GO TO LOI 
AKA(NA.MA'=(SORT(ACKL**2+BABR**2,-SABR'/ACK1 
GO TO 110 

101 ARACNA,MA'=.5*ACK1/BAUR*(1.-.25*,ACKl/8ABRI.*Z. 
GO TO 110 

102 ARACNA,MA'=I. 
(f (ACK1.LT.0.) ARA(NA,MA'=-l. 

HO CONTINUE 
00 IbO NA=1,NAMXM1 
DO 130 LA=1.NAMXP1 
ALA=LA 
SUM=O. 
00 120 MA=l,MAMXMl 

120 SUM=SUM+COS(ATAU(MA.*(ALA-l.),*ARACNA,MA. 
130 ARB(LA'=Pl.AMAMXR.(.5*(BRA(NA,1)-(-1 •••• LA*ARA(NA.MAMAX"+SUM, 

ARB(IJ=2.*ATHETA(NA)+ARB(I'-3.*PI 
00 140 LA=2,NA~XPl 
ALA=LA 
AlAM1=AlA-l. 

140 ARB (L A.=2.* SIN( AlAM1*ATHET AC NA.'. C 1.1 ALAM 1 +P I.BET A*AY 2B( NA I*X 1MXOR 
1/SINCATHETA(NA.I'+ARB(lA. 

00 150 LA=l,NAMXMl 
150 ARA(NA,LA)=ARB(LA+2)-ARBClA' 
IbO BRAINA,I'=3.*GPI+2.*PI*AYZB(NAI**Z 

NL=NAMXMl 
NRHS= 1 
IFAC=O 
CALL SIMEQ (ARA,NL,BRA,NRHS,OETERM,IPIVOT,NAMXMl,lSCALE) 
IF (OETERM.NE.O.' GO TO 170 
STOP 201 

170 DO 180 NA=l,NAMXMl 
J.BO COEFINAJ=BRA(NA,l) 

1'1 810 
1'1 830 
1'1 SitO 
M 850 
1'1 860 
tot 810 
M 880 
1'1 890 
1'1 900 
M 910 
1'1911 
M 97.2 
M9l"3 
1'1 914 
M 915 
1'1 916 
1'1 917 
tot 918 
1'1 919 
M 920 
1'1 930 
1'1 9~0 
1'1 950 
1'1 960 
M 910 
1'1 980 
M 990 
1'11000 
1'11010 
MI020 
MIOlO 
MI040 
M 1060 
1'11070 
1'11080 
.. 1090 
1'11100 
MillO 

1'11130 
1'11140 
M1150 
M1160 



c 
c 
c 
c 

COE F (NAMAX) =0. 
COEFl NAMAX+la=O. 
00 191 J=JXOC, JW3 
Y2B=Y2(J)-RlJ)**2/Y2lJ) 
BTHETA=ACOSlXIMXOR*(2.*XWlJ.-XOC-X1CII 
C P 1 CJ )=GP 1+ 'f' I -BTHETA ,*t;OEF, 1 )-51 N( BTHElA '*COEFI 2' 
00 190 NA=3.NAMXPl 
!\lAM l;NA-l 
ANAM1=NAM 1 
51NT=SINeANAM1*8THETA) 

190 CP 1 (J )=CP l( J .... ( 'COEF C NA-2 '-COEFI NA U*SI NTIANAM 1 
FUNAlJ'=2.*PIR*CP1'J)/Y2S*.Z 
JG=J-JWlO+3 
FUNAOtJG)=FUNA(J' 

191 CP'J):2.*PIR.CPltJl/Y28 
CHKO=3."" FUNA( JW 10+1) -FU NA( JW 10+2' »+FUNA( J W 10+ 3' 
IF tFUNAeJWIO'.LT.CHKO' GO TO 192 
FUNAIJWlO '=CHKO 
F UNAD(3 )=CHKO 
CP(JWIO)=CY2tJWIO,-RIJW10) •• 2/Y2(JW10) •• CHKO 
CPleJW10'=CHKO*(YZ(J~10'-R(JW10'.*2/Yl(JW10J)··2·.5·PI 

t92 CPlCJXOC'=.S*OXR*(-3.*CPl(JXOC.+4.*CP1CJXOC+l'-CPleJXOC+2) 
CPllJW3'=QI. 
00 200 J= JXOC ,JW3 
JG=J-JW10+3 
FUNBtJ'=.S*OXR*tFUNA(J+l,-FUNA(J-l») 
YlB=V2(J)-ReJ'**2/Y2(J) 
F UN 80 , JG , = F ut~ B « J ) 
IF (J .NE .JXOC. ANO.J .NE.J W3 ~ CP 2( J ,=. S*OXp-* (C P l(J+ 1) -Cp 1 (J-U J 
Y2BOP=P[R*CP2(J'/Y2B 
uUOotJG)=Y2BOP*SNAlP 

200 UU90D(JGI=((1.-t~(J'/Y2tJ)'**l'.Y280P+2 •• PIR.SPRIME(J.IY2(J')/C1.+ 
1CRCJ)/Y2(J')·*2)*SNAlP 

FUNB'Jw10'=.S*OXR*(-3.*FUNA(JW10)+4.*FUNA(JW10+11-FUNA(JW10+2)j 
FUNB'JW3'=.S*OXR*13.*FUNAeJW3)-4.*fUNA(JW3-1'+FUNA(JW3-2.' 
FUN80(3.=fUNB(JW10' $ FUNBO(JW1-JW10+3,::FUNB(JW3' 
GO TO 390 

PART 2 CARAFOll APPROXIMATION 
FOR SUPERSONIC fREE-~,~EAM MACH NUMBERS 

210 BETA=SQRT(-BETASQt 
BBBP=BETA*S2 

M1110 
M1lS0 
M 1200 
M1210 
M1240 
M 1250 
1011270 
M1l80 
M1290 
M 1300 
MUlO 
M1330 
M1341 
M1342 
"1343 
M1344-
M1345 
M1346 
M 1347 
M134B 
M 1349 
M1350 
M13S1 
"1352 
"1353 
M1354 
M1355 
" 1356 
M1357 
M 1358 
M1359 
"1360 
M1361 
M1362 
1011363 
1011364 
M136S 
M1366 
~ 1310 
1011380 
M1390 
M 1400 
M1410 



If {BSBP.GT.1.' RETURN 
CHCK:.5*OXR*HSPAN*SETA 
IF eCHCK.GT.l.' GO TO 220 
JMCK=JW3 
GO TO 270 . 

220 JMCK=JXOC+l 
JXOCP 2=JXOC+2 
DO 230 J=JXOCP2,JW3 
IF (Y2PRMeJ).LT.YZPRMeJ+l.' GO TO 230 
CHCK=Y2PRM( J) I B2 
IF tCHCK.LT •• 9991 GO TO 240 

230 JMCK=J 
240 AX20=XWeJWll+AX2 

00 250 J=JXOC ,Jw3 
IF (XWtJ'.GT.AX20' GO TO 260 

250 MM=J 
260 JMP1=MM'+l 

HSPNB=HSPAN-RtJMP1)*.2/HSPAN 
270 NAMAX=20 

ANAMX=NAMAX 
ANAMXR=l./ANAMX 
PHIOlNAMAX+1'=O. 
NAMXPl=NAMAX+ 1 
DO 271 NA=1,NAMAX 
ANA=NA 

211 PHIOINA)=SQRT(1.-e(ANA-1.)*ANAMXR)*.2. 
5UM=0. 
DO 272 NA=1,NAMAX 

212 SUM=SUM+2.*PIR*ANAMXR*CPHIO(NA'+PHIOCNA+1)) 
DO 280 J= JWlO,JMC K 
ARGO=BETA*Y2PRM(J. I 

IF (ARGO~Lr.1 •• ARG=l.-SQRT(I.-ARGO.*Z) 
IF (ARGO.GE.1.) ARG=l. 
ANUM3=O. $ IF (ARG.GT.l.E-06) ANUM3=ARG*ALOGURG) 
EC=1.+.4630151*ARG+.101781Z*ARG**2-(.2452127+.04124C;6*ARG'*ANUM3 
FUNA(J'=1./EC 
JG= J-JW 10+3 
FUNAOCJG.=SUM/EC 
fUNBO(JG)=OXR*(FUNAOeJG)-FUNAOCJG-l,t 
fUNA( J) =1.IEC 

280 FUN8(J)=DXR*eFUNAlJ.-FUNA(J-l)' 
FUN8(JWI0,=fUNB(JWIO+1. 
FUNBOI3t=FUN80e4. 

M1420 
M1430 
H1440 
M1450 
M1460 
M1410 
M1480 
Mlft90 
M1500 
H1510 
H1520 
H1530 
M1540 
141550 
141560 
'11570 
H1580 
H1590 
H1591 
M1592 
M1593 
M1594 
M1595 
M1596 
I0Il1591 
M1598 
M 1599 
M1600 
141601 
M1602 
M1603 
M1604 
M1610 
M 1620 
M1630 
M 1631 
M1632 
M1633 
IH634 
~1640 

M165:' 
M166 
M166· 



IF eJMCK. EQ.JW3) GO TO 390 
JMCKP1=JMCK+l 
HSPNBP=YZPRM(JMCKPl,.el.+(R(JMCKPl./YZ(JMCKP1)' •• 2)-PIR*SPRIMEeJMC 

1 K PI' I Y 2 ( J Me K PI» 
xwoO=XWeJMCKPll-eY2(JMCKPl'-RCJMCKPl' •• 2/YZCJMCKPl)/HSPNSP 
ANUMl=l./Cl.+BETA*HSPNBP) 
XUO=XWOO+(XW(JMCKPl)-XWOO'*ANUMl 
DO 290 J=JXOC.JMPI 
If (XUU.lT.XWeJ») GO TO 300 

290 JXUO=J 
300 00 380 J=JMCKP1,JW3 

YlB=Y2eJ)-R(Jt**Z/YZ(J) 
OYB =Y2B*ANAMXR 
YB=-OYB 
XUl=XWou+(xweJj-XwOO,*ANUMI 
IF (J.lE. MM. GO TO 310 
YU1=(XUI-XWOO'*HSPNBP 
If eYUl.lE.HSPNB. GO TO 310 
XUl=XW(J)-BETA*HSPNB 

310 If (XUl.GE.XWeJXuo+u, JXUO=JXUO+l 
IF (XUl.GE.XW(JXUO+l') GO TO 310 
JXUl=JXUO 
JXU2= JXUl 
XU2=XUl 
00 360 NA=l,NAMXPI 
YB=YB+OYB 
IF eNA.EQ.lj GO TO 320 
XUl=XU1+SETA*OYS*ANUMI 
IF (J.lE. MM, GO TO 320 
YUl=(XUI-XWOO'.HSPNB 
IF (YU1.LE.HSPN8) GO TO 320 
XUl=XUl+BETA*OYB*(I.-ANUM1) 

320 If eXUl.GE.Xw(JXUl+l" JXUl=JXUl+l 
IF (XUl.GE.XW(JXUl+l) GO TO 320 
IF (JXUl.lT.JWlO) GO TO 321 
ABC2=(XUl-XW(JXU1).*OXR 
ABC 1 = 1 • - ABC 2 
YUp=el.+CReJ)(Ul)/Y2(JXUl)J.*2'*Y2PH~'JXUl'-PIR*SPRIME'JXUl'/Y2CJXU 

11) 
YUPl=(I.+(R(JXUl+lJ/Y2(JXUl+1»)*.2 •• Y2PRMCJXUl.1'-PIR.SPRIMEeJXU1+ 

ll./YZCJXU1+1) 
AlAMIO=A8Cl*YUP+A8C2*YUPl 
AlAMl=A8Cl*Y2PRM(JXU1)+ABC2*YZPRM(~XU1+1t 

M1670 
M1690 
MI100 
MI101 
MIllO 
M1120 
M1130 
M1740 
M1750 
M1160 
MU10 
M1810 
M1820 
M1830 
M1840 
M1850 
M1860 
M1810 
M1880 
M1890 
M 1891 
M1900 
Ml9io 
M 1920 
M1930 
M1940 
M1941 
Ml950 
M1960 
M1910 
M1980 
M1990 
142000 
M2001 
M2002 
M2010 
M20ll 
"2012 ' 
M20l3 
M2014 
M2015 
M20l6 
M20l7 



YU8=YZ(JXU1'-R(JXUIJ**2/YZ(JXU1' 
YUB1=YZCJXU1+l'-RCJXUl+l)**Z/Y2(JXU1+1J 
YUC 1=ABC1*YUB+ABCZ*YUBl 

321 IF (JXU1.LT.JMCKP1) YUCl~(XU1-XWOO)*HSPN8P 
IF (JXUl.lT.JMCKP1) AlAMIO=HSPNBP 
IF (JXU1.lT.JMCKPl) AlAM1=Y2PkM(JMCKP1J 
A81=YUCl+(XW(J)-XUlJ*AlAMlO 
IF CNA.EQ.1' GO TO 330 
XU2=XUZ-BETA*OYB*ANUMl 
IF (J.lE. MM) GO TO 330 
YU2=(XUZ-XwOO'*HSPNBP 
IF (YU2.lE.HSPNB) GO TO 330 
XU2=XU2-BETA*DYB*(l.-ANUM1) 

330 IF (XUZ.lT.XW(JXU2). JXU2=JXU2-1 
If (XU2.LT.XWIJXU2') GO TO 330 
IF (JXU2.LT.JW10) GOT0331 
ABC2=(XU2-XWIJXU2»)*OXR 
ABC l=l.-A BCZ 
YUP=(1.+(R(JXU2'/Y2eJXU2)**2'*YZPR~(JXU2'-PIR.SPRI~ECJXU2J/Y2CJXU 

12. 
YUP1=el.+eR(JXUZ+l,/Y2(JXUZ+l.' •• Z)*Y2PRM(JXU2+1'-PIR*SPRIHEIJXU2+ 

11' IYZ (JXU2+ U 
AlAM20=ABC1*YUP+A8CZ-YUPl 
AlAM2=ABCl*V2PRH(JXUZ)tABC Z*Y2PRM(JXUZ+IJ 
YUB=YZIJXU2)-R(JXUZ)**Z/Y2(JXUZ' 
YUB1=V2(JXU2+1'-ReJXU2+1'**Z/VZCJXU2+1' 
YUC2=ABCL*VUB+ABCZ*YUB1 

331 IF (JXU2.lT.JMCKPIJ YU(2=lXUZ-XWOO'.HSPNBP 
IF (JXU2.lT.JMCKP1' ALAM20=HSPN8P 
IF IJXU2.LT.JMCKPl) ALAM2=Y2PRMCJMCKP1J 
AB2=YUC2+lXWlJ)-XUZ.*AlAM20 
IF lAlAM2.GT.l.E-06' GO TO 340 
CB1=ABl $ CB2=A~2 
GO TO 350 

340 DEL B=.5*' VUCl-4lAI ',0*XUI-YUC2+AlAMZO*XU2+CAlAMIO-AlAM20J*XW( J), 
CBl=ABI-DElB $ C62=AB2+DELB 

350 ANUM2=SQRT(2.*CBl/(CBl+CB2). 
ARGO=.S*BETA*(AlAM1+AlAM2) 
IF (ARGO.LT.l.) ARG=l.-SCRT(l.-ARGO •• l) 
IF (ARGO.Gf.l.' ARG=l. 
ANUM3:0. $ If (ARG.GT~1.E-06) ANUM3 2 ARG*AlOG(ARG) 
EC=1.+.4630151*ARG+.I07781Z*ARG**Z-(.2452121+.0412496*ARG1*ANUM3 
IF (NA.EC.NAMXPl) GO TO 361 

M2020 
M20Z1 
M20Z2 
M10Z3 
M2024 
MZ025 
Ml026 
M2021 
M2030 
M2040 
M2050 
M2060 
M2070 
M2080 
M2081 
M2082 
M2090 
M2091 
M2092 
M2093 
M2094 
,., 20'15 
M2096 
H2091 
M2100 
M2101 
M2102 
M2103 
M2104 
MZI05 
M2106 
M2110 
M2120 
M2130 
M2l40 
M2150 
M2160 
M2161 
M2162 
M2163 
MZ110 
M2180 
H2lSl 



c 
c 
c 

360 
361 

370 

380 

390 

4UO 
41.0 

420 

IF CNA. EQ.I) SAVC=ANUM2IEC.SQRT( AB I*AB2+4 •• R (J) .*2' 
IF (NA.EQ.I.AND.J.EQ.JMCKPl) SAVA=(XW(JMCK)-XWOO)*HSPNBP/EC 
IF (NA.EQ.l.AND.J.EQ.JMCKPl) SAVB=SQRTCSAVA*.2~4.*(R'JMCKI/EC •• *21 
PHI O( NA) =ANUM2/EC*SQR T( CABI-YB •• CA8Z+YB.) 
FUNA(J)=SQRT«AB1+AB2'/ABl*CBl/CCBl+CB2.)/EC 
SUM=O. 
00 370 NA= I ,NAMA X 
SUM=SUM+DYB*CPHlO(NA)+PHIOCNA+ll) 
JG=J-JWIO+3 
FUN AD (JGI=2.*SUMI (P I*Y 2B.*12) 
FUNBD(JG)=OXR*CFUNAOeJG)-FUNADeJG-l.) 
UUOO(JG)=OXR*(PHlOClj-SAVA)*SNAlP 
UU90DCJG)=DXR*CSAVC-$AV8).SNAlP 
SAVA=PHIOCl) S SAVB=SAVC 
FUNB(J)=DXR.CFUNA(J,-FUNAeJ-ll) 

PART 3 CORRECTION OF FUNCTIONS 

00 420 J=JWlO,JW3 
JG= J-JWIO+] 
IF (J.GT.JWIO) GO TO 400 
FUNBP=OXR*CFUNBO(4'-FUNBO(3" 
GO TO 410 
FUNBP=DXR*(FUNBO(JG)-FUN80CJG-I). 
FUNO(J)=FUNAO(JG,*FUNOeJ,+FUNBO(JG,*FUN2(JI+.5*FUNBP.fUN3CJI 
FUN2(J.=FUNAOIJG)·FUN2(J'+FUNBOCJG)*fUN3IJI 
FUN3(J'=FUNAOCJG)*FUN3CJ' 
FUN(J.=GAMP1·FUN2(J).FUNOCJI 
FUN4(J)=FUNAQ(JG.*fUN4(J'+CNX*FUHBO(JG'*Y2(J)*SNAlP 
RETURN 
END 

1'12182 
M2183 
M2184 
M2190 
M2191 
1'12200 
1'12210 
1'12220 
M2230 
M2231 
1042232 
M2233 
M2234 
... 2235 
M2240 
M2250 
M2260 
M2270 
M2280 
M2281 
M2290 
M2300 
1'12310 
M2320 
M2330 
M2340 
... 2350 
... 2360 
M2370 
M2380 
M2390 



SUBROUTINE SIMEQ(A,N,B,M,DETERM,IPlVOr,NMAX,ISCALE) 
.. *.*.*** DOCUMENT DATE 08-01-68 SUBROUTINE REVISED 08-01'-68 
C SOLUTION OF SIMULTANEOUS lIN~AR EQUATIONS 
C 

DIM~NSION IPIVOTCNa,ACNMAX,N),B(NMAX,M' 
EQU( VAL ENCE '[ ROW, JROW) , C I COlUH,JCOlUM', (AHAX, T, SWAP' 

C 
C I Nl n Al tZATlON 
C 

c 

5 I seAL £:=0 
6 In=: 10.0*.100 
7 R2=1 .. 0/Rl 

10 DETERM=I.0 
Il5 "0 20 J=I,N 
20 i P I va T( J) =0 
30 00 ~~50 1=1, N 

C SE'.RCH FOR PIVOT ELEMENT 
C, 

C 

40 A,MAX= O. 0 
45 CIO 105 J=I,N 
50 fF (IPIYOT(Jl~l) 60.105,60 
60 DO 100 K= 1, N 
10 IF (IP[YOTCK)-l) 80.100.740 
SO [F (ABS(AMAX)-ABS(ACJ,K))} 05,100,100 
85 I ROW=J 
90 I COlUH=K 
95 4MAX= A( J ,K' 

100 CONTINUE 
105 CONTINUE 

IF (A MA X) 1l 0, 106, 11 0 
106 DET ERH=O.O 

I SCALE=O 
GO TO 140 

110 [PIVOT(ICOlUM':IPIVOT(ICOLUM.+l 

C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL 
C 

130 IF 'IROW-ICOlUM) 140,260,140 
140 DETERM=-OETERM 
150 DO 200 L=l,N 
160 SWAP=ACIROW,L' 

fit. 1 

••• ••• ·*.F •• l 
Fit. 1 
FIt.l 
FIt.l 
FIt.l 
FIt.l 
Fit. 1 
FIt.l 
F4.l 
F4.1 
fit. 1 
FIt.l 
Fit. 1 
FIt.l 
flt.l 
Fit. 1 
FIt.i 
F.'~,. 1 
FIt.l 
fit. 1 
FIt.l 
Fit. 1 
FIt.l 
Fit. 1 
Fit. 1 
f4.1 
FIt.i 
FIt.l 
Fit. 1 
Fit. 1 
FIt.l 
F4.1 
FIt.l 
F4.l 
Fit. 1 
FIt.l 
FIt.l 
F4. 1 
FIt.l 
F4.l 
F4.1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Ii 
12 
13 
lit 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
38 
39 
40 
41 
1t2 



170 A(IROW,ll=A(ICOlUH,l. Fit. 1 1t3 
200 ACICOlUH,ll=SWAP FIt.l 44 
205 IF (M) 260,260,210 FIt.l 1t5 
210 00 250 l=l,M FIt.l 46 
220 SWAP=B( IROW,U Fit.} 41 
230 8(IROW,l,=8CtCOlUH,l) Fit. I! 48 
250 8 (I COLUM, U=SWAP Fit. 1 1t9 
260 PI VOT=A( I COLUM, ttOLUM) F4.1 50 

IF (PIVOT) 1000,106,1000 flt.l 51 
C Fit. 1 52 
C SCALE THE DETERMINANT flt.l 53 
C FIt.l .54 

1000 P IVOT!=Pl VOT Fit •• '55 
1005 (FlABS(OETERM,-R1'1030,lOlO,lOlO Fit. 1 56 
1010 DE TERM=DE TERM/Rl FIt .. t 51 

1 SC Al E= ISCALE+l Fit. i 58 
IF(ABSCOETERM)-R1)1060,1020,l020 FIt.i 59 

1020 DETERM;::;OETERM/R 1 Fit. 1 60 
I SCAlE= ISCALF+l FIt.l 61 
GO TO 1060 F4.1 62 

1030 IFl ASS{ OETERMI-R2[' 10ltO, 10ltO, 1060 Fit. I 63 
10ltO OETERM=DE TERM*R 1 FIt.1 61t 

1 SC AL E= I SCALE-l Fit. 1 "65 
IFCABS(OETERM.-R2.1050,1050,1060 Fit. 1 66 

1050 DET ERM= DETERM*R1 fit. 1 61 
I SC AL F=ISCALf-1 fit. 1 68 

1060 IfCABSCPIVOTI.-Rl' 1090,1070, 1010 fit. 1 69 
1070 P [VOTI=PI VOT I/Rl Fit. 1 70 

I SCALE=ISCALE+l fit. 1 11 
If(ABSIPIVOTl'-Rl'320.1080,l080 FIt.l 72 

1080 PI VOTl=PI VOTl/Rl flt.l 73 
1 SCALE= (SCALE+l flt.l 71t 
GO TO 320 FIt.l 15 

1090 If(ABS(PIVOTII-RZ'2000,2000,320 fit. 1 76 
2000 PI VOTl=PI VOTI*Rl Fit. 1 71 

(SCAl E= ISCALE-l Fit. 1 18 
IF(ABS(PIVOTI'-R2'2010v2010~320 Fit. 1 19' 

2010 PIVOTI=PIVOTl*R1 FIt.l 80 
( SC AlE= ISCALE-l flt.l 81 

320 DETERM=OETERM*PIVOTI FIt.l Sz 
C Fit. 1 83 
C OIVIDE PIVOT ROW 8Y PIVOT f.LEMENT flt.1 84 
C FIt.l 85 



1 
.1 
J 
.1 .. 

340 00 '351 l=l,N F4.1 86 I 341 IF ([ Pl \lOT( L)-11 350,351,140 F4.1 81 
350 A(ICOlUH,l)~A(ICOlUH,l"P(VOT FIt.l 88 ; 

I 

351 CONTINUE Fit. 1 89 j 

355 IF (M) 380,380,360 F4.l 90 ! 360 00 370 l=l, M FIt.l 91 
310 B(ICOLUM,l.=B(ICOlUM,l"PIVOT FIt.l 92 

C FIt.l 93 
C REDUCE NON-PIVOT ROWS Fit. 1 94 
C f4.l 95 

380 DO 550 Ll=l,N FIt.l 96 
390 IF (L 1-ICOlUM. 400,550,400 F4.1 91 
400 t=ACll,ICOlUMI F4.1 98 
430 00 451 l= 1 ,N F4.1 99 
431 IF C IPIVOT(L)-l' 450,451.740 F4.1 100 
450 A(ll,l,=A(l1,L)-ACICOlUM,l,*T F4.1 101 
451 CONTINUE f4.l 102 
455 IF eM) 550,550,460 F4.1 103 
460 DO 500 l=l,M F4.l 104 
500 B(ll,l)=B(ll,l)-B(ICOlUM,l'*' F4.1 105 
550 CONTINUE F4.l 106 
140 RETURN FIt.l 107 

END F4.l foa 



o VE RL AY C O[ CK, 1,2 ) 
PRO GR AM WORK 
COMMON SIGMA,DELTA,I,BETASC,OXR.OXSQR,GAMP1,GP10XR,KMMl,KFMl.KF,OE 
lLET~,PIR,CON4,CON5,H,JT,JI,JF.oPHIMX.OX,JXN,SNO,CS20,SNALP.IJW,JWl 
20,JW2C,JWIX,JW3X,BETA,JW3Ml,olTPH,JCHCK,IW,JWlOM2,JW3P1,JWICM1.M,X 
3WM.XWMSQR,PI,AK2,AX2,AKl,AXl,AXlO,CNX,NAMXPI,Al,A2,ZMACH,JMCK 

COMMON R(120',SPKIME(120),FUNC120),XW'120),YICI20),Y2'120),FUNIllZ 
lO),FUNOCIZO),IFUNCIZ0),FUN2CIZOI,FUN3C120),FUN4C120),IGUN(120),CPC 
2120),FUNX(120),SlASCI20,6),CPO(120),KlOA(120),KUPA(120),FUN5'120), 
3FUN6(120),FUN7(lZOI,FUNYC120l,CPIC120j,CP2(120) 

COMMON FUN8(1201,FUN9(120I,FUNIO(120),FUNIIC120j,Y2PRMlIZO'1FUNI2( 
l120),FUNA(120),FUNBC120) 

COMMON CON7 (l00) ,CONS U 00) ,CON9( 100) ,CON lOC 100) • C CNIl( 100) ,eOtu ( 10 
lO),CON2CI00),CON3CIOO),OMEGACIOOj,A8ARCIOO),BBAR'100),CBARCIOO),OB 
ZAR(100),PHIOCIOO),RW(100),RWR(100t,AXQCRIIOO),ACHK'lOO),PHIOLO(lOO 
3' ,BCHK( LOO, 

COMMON PHIUOCZ5),OMEGAU'25),ACHKUC25),BBARUC25),CeARU(Z5),oBARUCZ5 
1),BCHKU(25),PHIOU(25) 

COMMON [FUM (50., VlAM' 50', VTAU( 5eu ,VLAMPC 50) ,~TAUP (50), YV(50), ZV (50 
1),FUNAO(50),FUNBO(50),UUOOC50),UU900(50) 

COMMON PHI'109,50),PH[UC50,Z5)~COEF«21) 
COMMON INMllSTI Jl,J2,J3,J4,J5,FAC,KH,RCOM,A,B,IWAlL,P,CMEGAD,AlPH 
lAo,HSPAN,AMINF,GAMMA,[R,RC,~MAX,~N,JS,RS,JWl,JW2,JW3,JWO,(WING,S1, 
28Z,OEll,OEl,IVOR,IOIR,EPSI,SUB~SUP,IMAX,SFACTOR 

PRJ NT 810 
PRINT 820 
PRJ NT 830 
PRINT 840 
SUPP=l. 

10 1=1+1 
JIM l=J.I-l 
00 20 K=l,KF 
PHIOlOIK'=PHI'JIMl,K) 

20 ACHKCK)=BETASQ 
OPHIMX=O. 
DO 780 J=J I ,JF 
JP l=J+l 
JM1=J-l 
JM2=J-2 
JM3=J-3 
JG= J-Jwl 0+3 
IF IJ .• lT.Jl) GO TO Z90 

° 0 o 10 
o 20 
o 30 
o 40 
o 50 
° 60 ° 70 o 80 
° 90 o 100 
o 110 
o 120 
o 130 
o 140 
o 150 
o 160 
o 170 ° 180 
o 190 
° ZOO 
o 21'0 
o 220 
o 230 
o 240 ° 250 
o 260 
o Z10 
o zao 
o 290 
o 300 
o 310 
o 320 
o 330 ° 340 
o 350 ° 360 o 370 ° 380 o 390 
o 400 
o 410 



IF (J.GT.J4) GO TO 290 
C 
CP_R T 1 PRIMARY 8 AND 0 ARRAYS IN INNER REGI()N 

C 
I FUNJ=IFUN( J) 
IFNJP1=lfUNJ+l 
KGUN=lGUN(J» 
KGUNP l=KGUN+l 
KlO=l 
KUP=KGUN-l 
PHI M1 =P H 1 ( J Ml , 1 ) 
PHI MIO=PHIOLOt u 

30 DO 120 I<=I<LO, KUP 
IF (K.LE.IFUNJ' GO TO 40 
U=FUN2(J.*RWRtK.+FUN6CJ. 
t Wo=o 
IF tIW.EQ.l.ANO.K.LE.IFUNI~P1.) IWO=l 
GO TO 50 

40 U=F UNitt J, 
1"0=0 

50 AlAMB=BETASQ-.5*GPIOXR*(PHI(JP1,K,-PHIMIO'-GAMP1*U 
IF (IWO.EO.l) ALAHB=ALAMB+.25*GP10XR*CPHltJPl,I<,-PHIUCJG+1,K'. 

IF (AlAMB.LT.O.) GO TO 80 
OMEGACK'=SUB 
ACHECK=ACHI< (I<) 
ACHK' K'=ALAHB 
BCH~'K'=ACHK(K'-IMACH 
B8AR(K'=-2.*OXSQR*ALAMB ' 
08ARCK'=ALAMB*OXSQR*(PHICJP1,1<'.PHIM1. 
IF (1 WD.E Q. U oeAR (K' =OBAR (I< .+.5 *Al AMS*OX SQR* (PH IU( JG+ 1, I< .-PH I( JPl 

1, K) • 
IF (ACHECI<.GT.O.) GO TO UO 
IF (IGUN(JH2 •• lT.K) GO TO 60 
PHIM2=PHI (JH2.K) 
GO TO 70 

60 PHIMZ=PHl(JM2,K)-RWR(K,*fUN3(JM2.-FUNXCJM2' 

70 BBARe K' =BBAIH K )+ACHECK*OXSQR 
OBAR(K)=OBAR(K,+ACHECK*OXSQR*C-2.*PHIM1+PHIM2) 
BCHK(K.=BCHKCK'+ACHECK-lMACH 
OMEGACK)=l. 
GO TO 110 

80 OMEGACK'= 1. 
IF (tGUN(JMl).lT.K. GO TO 90 

D 420 
o 430 
D 440 
o 450 
[) 1t60 
o "'70 
[) 480 
o 490 
o 500 
o 510 
o 520 
o S30 
o 54Q 
o 550 
o 560 
o 570 
o 580 
o 590 
o bOO 
o 610 
o 620 
o 63Q 
o 61t0 
o 650 
o 660 
o 670 
o 680 
o 690 
o 100 
o 710 
o 120 
o 730 
o 740 
o 150 
o 760 
o 770 
o 780 
o 790 
o 780 
o 810 
o 820 
o 830 
o 840 



c 
c 
c 

90 
100 

110 

120 

130 

140 

150 

160 
161 

PHIM2=PHlCJM2,K' 
GO TO 100 
PHIM2=PH((JM2,K'-RWRCK'*FUN3(JMZ.-FUNXlJHl. 
SAVE", ALAM8 
ALAMB=8ETASQ-GP1DXR*CPHl(J,K,-PHIM101-GAHPI*U 
If (ALAHB.GT.O.' AlAMB=O. 
IF lACHKIK).GT.O •• OMEGACK,=SUPP 
ACHK( K)=SAVE 
BCHKeK'=AlAMB-ZMACH 
88AReK'=OXSQR*AlAMB 
08ARCK)=OXSQR*AlAMB*e-2.*PHIM1+PHIM2t 
PHIM1=PHleJM1,K+l' 
PHIM10=PHIOLO(K+lt 
IF (tGUNlJM1 •• GT.K' GO TO 120 
PHIM1=PHIM1-RWRCK+1'$FUN3(JM1'-FUNXCJM1' 
PHIM10=PHIMIO-RWR(K+1'*fUN3CJMl'-FUNXeJM1. 
CONTINUE 
IF (KlO.NE.1t GO TO 130 
KlO=KGUN 
KUP=KGUN 
GO TO 30 
IF (IW.EQ.O) GO TO 210 

PART 2 8 AND 0 ARRAYS BENEATH WING 

IF (J.lT.JW10.OR.J.GT.JW3) GO TO 190 
I FW~J= I FUM( JG. 
JGM 1: JG-l 
JGP1=JG+l 
JGM2::JG-Z 
IFNJP2=IFUNiJ+Z) 
IF (J.GT.JW10' GO TO 150 
00 litO f(= I FtJMJ ,IFNJP2 
PHtU(1,K,=PHltJW10M2,f(' 
PHIUl2,K)=PHltJWlOMl,K) 
GO TO 161 
IFN01=lfUNlJM1'+l 
I FN02=1 FUN( JPU 
00 160 K= IFNOl ,IFN02 
PHIU(JGMl,K.=PHIIJMl,K. 
U=-FUN4(J)-2.*FUNOCJ) 
00 180 K=lFUMJ,IFUNJ 
AlAM6U=8ETASQ-.5*GPIDXR~(PHIU(JGP1,K)-PHIUOCK))-GAMP1.U 

o 850 
o 860 
o 870 
o 880 
o 890 
o 900 
o 910 
o 920 
o 930 
o 940 
o 950 
o 960 
o 910 
o 980 
o 990 
01000 
D1010 
010Z0 
01030 
DI040 
01050 
01060 
01070 
01080 
01090 
01100 
01110 
011Z0 
01130 
0111t0 
01150 
01160 
01170 
OllBO 
01190 
01200 
01Z10 
012Z0 
012Z1 
01Z2Z 
01223 
01230 
01Z40 



c 
C 
C 

170 

180 
190 

200 

210 

IF CALAMBU.lT.O.) GO TO 110 
OMEGAU( K) =SUB 
ACHECK=ACHKU(K. 
ACHKlJ( K. =AlAMBU 
BCHKU (1<,= ALAMBU-lMACH 
B8ARU(K)=-2.*OXSQR*AlAM8U 
08ARUlK'=AlAMBU*OXSQR*(PHIU(JGP1,K)+PHIU(JGM1.K •• 

IF (ACHECK.GT.O •• GO TO 180 
BBARUlK)=BBARU(K,+ACHECK*OXSQR 
OBARU(K'=OBARUlK.+ACHFCK*OXSQR*(-Z.*PHIU(JGM1.K)+PHIUCJGM2.K)' 

BCHKUtK)=AlAMBU+ACHECK-2.*ZMACH 
OMEGAUl K' =1. 
GO TO 180 
OMEGAUtlO=l. 
SAVE=ALAMBU 
AlAMBU= B ETA'SQ-GPI OXR*( PH IU( JG .K.-PHIUOC K) .-GAMPl*U 

IF (ALAMBU.GT.O •• AlAMBU=O. 
IF (ACHKU(Kl.GT.O •• OMEGAU(K.=SUPP 
ACHKU( K. =SAVE 
BCHKU(K)=ALAMBU-lMACH 
BBARU(K)=OXSQR*ALAMBU 
OBARU(K'=OXSQR*ALAMBU*~-2.*PHIU(JGM1.K'+PH

IUCJGM2,K). 

CONTINUE 
IF (J.NE.JWI0Ml) GO TO 210 
KUO=IFUN(JWIOtt. 
DO 200 K= 1 ~j(I)O 
ACHKU (K, ~A.CHK« K' 
BCHKU(K.=8CHK(K) 
PH~UUlK}=PHI(JW10M1,K) 

PAR'f 3 BAND 0 ARRAYS :~ outER REGION 

IF lIGUNlJPlt.LT.KGUNP1' GO TO 220 
PHIP1=PHI(JP1,KGUNPIJ+RWR(KGUNP!)*FUN3IJP1.+FUNXeJP1) 

GO TO 230 
220 PHIP1=PHllJPl,KGUNP1' 
230 00 260 K=KGUNP1.KMM1' 

AlAMS=8ETASQ-.S*GP10XR*'PHIP1-PHIOlOCK)' 
IF (ALAMB.LT.D.) GO TO 240 
OMEGA(K'=SU8 
ACHECK=ACHK( K) 

ACHK( K'=AlAMB 
B8AR(K)=-2.*OXSQR*AlAMB 

01250 
01260 
01210 
01280 
01.290 
01300 
01310 
01320 
01330 
01340 
01350 
01360 
01370 
01380 
01390 
OUOO 
01410 
01420 
01430 
01440 
01450 
01460 
01410 
01480 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01680 



c 
c 
c 

240 

250 

260 

210 

280 

08AR(K)=AlAMB.OXSQ~*lPHIP1+PHI(JM!.K)' 
Jf (ACHECK.GT.O.' GO TO 250 
88ARCK'=88AR(K.+ACHECK*OXSQR 
OHARCK)=OBARlK,+ACHECK*OXSQR*e-2.*PHI(JMl.KI+PHleJM2.KI' 
O'''EGA(K)=l. 
GO TO 250 
OMEGA(K)=l. 
SAVE=~LAM8 
ALAM8=BETASQ-Gp1DXR*(PHllJ,K)-PHIOlDeK,. 
If (AlAMB.Gl.O.) ALAMB=O. 
IF lACHK(K •• GT.O.' OMfGA(K)=SUPP 
ACHK( K) =SAVE 
BBARIK)=OXSQR*ALAMB 
DBARCK)=OXSQR*AlAMB*(-2.*PHleJM1,K'+PH1(JM2,K)' 
PHIP1=PHI(JP1,K+1' 
If ([GUN(JP1).lE.K) GO TO 260 
PHIP1=PHIP1+RWRCK+1'*fUN3(JP1'+FUNX(JP1' 
CONTINUE 

PART 4 B ANO 0 ARRAVS AT OUTER WALL 

If (IWAll.EQ.O) GO TO 280 
AlAMB=BETASQ-.5*GPlOXR*lPHIPl-PHIOlOCKM)' 
IF (ALAMB.ll.O •• GO TO 270 
OMEGA(KM,=SUB 
ACHECK::ACHKJ KM) 
ACHK( KM'=Al,.AMB 
BBAR(KM)=~Z •• OXSOR.AlAMB 
OBAR(KM)~ilA~B*OXSQR*(PHIP1+PHI(JMl,KM)' 
If lACHECK.GT.O.) GO TO 280 
B BAR( KM. =8BAR (KM t +ACHECK *OXSQR 
OBAR(KM)=OBAR(KM)+AC~F.CK*OXSQR*(-2 •• PHI(JM1,KM)+PHI(JM2,KMI' 
OMEGA (KM)=l. 
GO TO 280 
OMEGA(KM):l. 
SAVE=AlAMB 
AlAMB=BETASQ-GP10XR*(PHl(J,~M'-PHIOlO(KM.' 
IF (AlAM8.GT.D.l AlAMB=O. 
IF (ACHK(KM'.GT.O.t OMEGA(KM'=SUPP 
ACHK( KM)= SAVE 
BBAR(KM)=DXSQR*AlAMB 
OBAR(KM)=OXSQR.AlAM8*'-2 •• PHI(JM1,K~)+PHleJ"2,KM.t 
OX23==2.*OX 

016ClO 
01700 
01710 
01720 
01740 
01750 
01760 
01770 
01780 
01790 
01800 
01810 
018]0 
01840 
01850 
01860 
01870 
01880 
01890 
01900 
o 191Q 
01920 
01930 
01940 
01950 
01960 
01970 
01990 
02000 
02010 
02020 
02030 
02050 
02060 
02070 
02080 
02090 
02100 
02110 
02120 
02140 
02150 
02160 



c 
c 
C 

C 
C 

290 

300 

310 

320 

330 

0)(12=2.*OX 
0)(2=OX 
GO TO 340 

PART 5 BAND D ARRAYS IN X-STRETCHED REGION 

OX2=)(~tJ)-XW(JM1) 

IF lJ.EQ.J5) GO TO 300 
OX3=X~lJP1)-XWlJi 
OXZ3=0)(2+0X3 
00023R=1./eOX2*DX3*OX23. 
U23=D0023R*GAMP1 
IF eJ.EQ.2' GO TO 310 
OX1=XweJM1.-XW(JM2. 
OX12=OX1+0X2 
00012R=1./(DX1*OX2*OX12. 
012=0001ZR*GAMP1 
DO 330 K=l,Kf 
AlAMB=BETASQ-023*(OX2**2*PHleJP1,KJ+(OX3-0X2.*OX2l*PHI(J,K.-DX3.*2 

i*PH 10LD( K J) 

ACHECK=ACHKeK' 
ACH K( K'=AlAMB 
BCHK(K'=AlAMB-ZMACH 
IF lALAMB.lT.O •• ANO.J.NE.2' GO TO 320 
OMEGAlIO=5UB 
BBAR(K'=-2.*OXZ3*OD023R*AlAMB 
DBAR(K'=2.*000Z3R*AlAMB*(OXZ*PHIlJP1,K'+OX3·PHI(JM1,K', 
IF eACHECK.GT.O •• OR.JcEQ.2' GO TO 330 
BBAR(K'=BBARCK'+2.*000llR*OX1*ACHECK 
DBARlK)=OBAR(K'+2.*00012R*'-DX1Z*PHI(JM1,K'+OXl*PHICJM2,K •• *ACHECK 
BCHK(K)=BCHKlKJ+ACHECK-lMACH 
OMEGA(K)=l. 
GO TO 330 
OMEGA(K'=1. 
AlAMB~BETASQ-Oll*OX1*OX12*lPHI(J,KJ-PHIOlD(K) 
If (AlAMB.Gl.O.' ALAMB=O. 
If (ACHECK.GT.O.) OMEGACK,=SUPP 
BCHK(K)=AlAMB-lMAC~ 

BBAReK'=2.*00012R*OX1*AlAMB 
OBAR(K.=2.*000IZR*(-OX12*PHIlJMl,K'+OXZ*PHI(JH2,K,,*AlAMB 
CONTI NUE 

PART 6 C ARRAY, FI NAl PREPARATION OF 8 ARRAY 

02170 
02180 
02190 
02200 
02210 
02220 
02230 
02240 
02250 
022&0 
02210 
02280 
02290 
02300 
02310 
02320 
02330 
02340 
02350 
02360 
023&1 
02370 
02380 
02390 
02400 
02410 
02420 
02421 
02422 
02423 
02424 
0242~ 
02430 
02440 
02441 
02442 
02443 
o Zit 44 
02450 
02451 
02470 
021t80 
02490 



c 

c 
c 
C 

c 
c 
c 
c 

C 
C 
C 
C 

340 00 350 K= 1 ,KF 
BBARlK'=-2.+CON2(K)*BBARCK' 

350 CBARIK)=l.+CONICK) 

PART 1 FINAL PREPARATION OF PRIMARY 0 ARRAY IN INNER REGION 

KGUN=IGUN (J. 
00 370 K= 1, KGUN 
IF (K.LE.IFUN(Jll GO TO 360 
D8AR( K) =-BCHKC K' *( CON3( K, *RW« K' *FUN1 (J,+CON2 (K ,*FUNl C J, )-CON2 (K' *0 

IBARCK)+CON7lK'*FUN8CJ'+4.*CON3(K)*FUNYtJI 
GO TO 370 

360 DBAR(K'=-CONZ(KJ*(BCHKIK'*FUN5IJ'+DBARIK')+CON8CK.*FUN9(J'+CON9CKI 
l*FUNLOIJ. 

370 CONTINUE 
IF (IW.NE.O.OR.AlPHAD.EQ.O.~ GO TO 390 
IF (J.LT.JW10) GO TO 390 
IF (IWAll.EQ.O.OR.KUPA(J).LT.KM) GO TO 390 
00 380 K=IFNJP1,KGUN 

380 0 BAR (K)=DBAR( K' -CON 10 (K' *FUN 11 (J) 
39008AR(lt=DBAR(1'+CON4*SPRIME(JJ 

KGUNP1=KGUN+l 
DBAR(KGUN,=oBAR(KGUN)+CBAR(KGUN.*(RWRCKGUNP1J*FUN3CJ!+FUNX(JIJ 

PART 8 C ARRAY BENEATH WING, FINAL PREPARATION OF 8 AND 0 ARRAYS 
BENEATH WING 

IF II~.EO.O) GO TO 420 
(F (J.LT.JW10.OR.J.GT.JW3) GO TO 420 
00 400 K=IFUMJ,IFUNJ 
bBARUIKI=-2.+CON2(K)*BBARU(KI 
CBARU(K)=CBAR(KI 

400 OBARU(K)=CON2(K).CBCHKUCK)*FUN5(J)-DBARUCK"+CON8(K).FUN9(J)+CON9( 
1 r. ,*FUNIO (J) 

IF (IFUMJ.GT.l' GO TO 410 
OBARU(1.=OBARU(L'+CON4*SPRiME{J) 
GO TO 420 

410 OBARU(IFUMJ!=oBARU([FUMJ)-A8ARC!FUMJ)*PHIU(JG,IFUMJ-l' 

PART 9 FINAL PREPARATION Or- 0 ARRAY IN OUTER REGiON FOR SUBSONIC 
FREE STREAM MACH rJUMBERS 

02500 
02510 
02520 
02530 
02540 
02550 
02560 
02570 
02580 
02590 
02600 
02610 
02620 
02630 
02640 
02650 
02660 
02610 
02680 
02690 
02100 
02110 
02720 
02730 
02740 
02750 
02760 
02170 
02780 
02190 
02800 
02810 
D2820 
02830 
D2840 
02850 
02860 
02870 
02880 
02890 
02900 
02910 
02920 



C 
C 
C 
C 

420 If (AMINf.GT.l •• GO TO 480 
AX= ASSe xw (J, I 
IF (J.GE.JXN.ANO.J.LE.J3. GO TO 440 
00 430 K=KGUNPl.Kf 
XOCR=AX/SQRT(AX**Z+BETASQ·RW(KI··21 

430 DBAR( K' =CON3 (K. * e RWR( 10 * (XOCR*fUN3 (J) +.5*' l.-XOCR )*fUN3 (JW3J )+4. *X 
LOCR **2*fU NY (J' )-CON2 eK l*08AR e K. +CON1( K )*fUN8 (JJ 

GO Tn 410 
440 DO 450 K=KGUNPl,Kf 

XOC R=AXOCR (K' 
45a OBAR(K'=CON3eK.*eRWR(K)*(XOCR*FUN3!J'+.5*'1.-XOCR)*FUN3(JW3"+4 •• X 

lOCR**2.FUNY(J»-CON2(K)*OBAR~KJ+CON1(K'*fUN8CJJ 
If (ALPHAO.EQ.O.' GO TO 410 
If eJ.LT.JWIOJ GO TO 410 
IF (IWAll.EQ.O. GO TO 470 
00 460 K=KGUNP1,KF 

460 DBAR(K'=OBAR(K)-CONI0eK)*fUNIIIJ)-CONIIIK)*FUN12(J' 
410 OBAR(KGUNPl)=OBAR(KGUNP1)-ABAR(KGUNPl,*eRWR(KGUN'*FUN3(J,+fUNXCJ,) 

GO TO 620 

PART 10 FINAL PREPARATION Of 0 ARRAY IN OUTER REGtON FOR 
SUPERSONIC FREE STREAM MACH NUMBERS 

480 IF (J.GT.JWIX) GO TO 490 
KlO=KGUNP 1 
GO TO 590 

490 If (J.GT.JW3X) GO TO 500 
KUP=KUPA( J) 
KlO=KGUNPl 
GO TO 520 

500 K UP =K L J A' J • 
XWJ=XW(J, 
00 510 K=KGUNPl,KUP 
BRSQ= (8ETA*RweK) ••.• 2 
ANUM1=SQRTeXWJ*.2-BRSQ) 
ANUM2=SQRTC ASS ( ()(WJ-XWM» **2-6RSQii 

510 OBAR(K)=-CON2(K'*OBAR(K)+CON3CK)*RWReK)*~UN3(M •• XWMSQR*(XWJ*ANUM1-
lCXWJ+XWM,*ANUM2+8RSQ*'AlOGeXWJ-XWM+ANUM2,-ALOGCXWJ+ANUMl". 

IF (KUP.EQ.Kf' GO TO 610 
'·(lO=KUP+1 . 
KUP:KUPAIJ' 

520 l:XW(J'-BETA*RW(KLO, 
JJ=-l 

02930 
02940 
[)2950 
02960 
02eHO 
02980 
02990 
03000 
03010 
03020 
03030 
03040 
03050 
03060 
03070 
03080 
03090 
03100 
0:3110 
03120 
03130 
03140 
0315"0 
03160 
03110 
03180 
03190 
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03220 
03230 
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03260 
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03280 
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03300 
03310 
03320 
03330 
03340 
03350 



C 
C 
C 

C 
C 
C 

530 JJ=JJ+l 
JX=J-JJ 
IF (l.LT.XWtJX" GO TO 530 
XWJ=XW(J) 
DO 550 K=KlO,KUP 
BR= 8ETA*R we K) 
Z=XWJ-BR 
lR= l.ll 
JJ=-1 

540 JJ=JJ+1 
JX=JX-JJ 
IF (l.LT.XWCJX» GO TO 540 

550 08AR(K'=CON3lK)*lRWR(K.*fUN3tJX'*IXWJ*ZR**1.5*SQRTCXWJ+8R'+18R*ZR, 
1**Z*(ALOG(BR)-ALOG(XWJ+SQRTeXWJ**Z-8R**2,),,+4.*fUNyeJ)-CON2IK)*0 
Z BARtK )+CON7 (K .*FUN8( J) _ 

IF (ALPHAO.EQ.O.' GO TO 510 
IF CJ.LT.JW10) GO TO 510 
IF (KUP.lT.KM) GO TO 580 
IF (IWALl~EQ.O) GO TO 510 
po 560 K=KlO,KUP 

560 OBAR{K)=DBARCK)-CON10(K'*FUN11IJ.-CCHI1IK.*FUN12CJ' 
510 IF (KUP.EQ.KFt GO TO 610 
5 80 KlO~KUP + 1 
SqO 00 600 K=KlO,KF 
600 08ARlK)=-CON2(K.*OBAR(K) 
610 OBAR(KGUNPl)=DBARIKGUNPl)-A8ARlKGUNPl,*eRWRlKGUN)*FUN3CJ.+fUNXeJ •• 

PART 11 FINAL PREPARATION OF a AND 0 ARRAYS AT WALL 

620 IF elwAlL.EQ.O. GO TO 640 
IF (IWAll.EQ.2. GO TO 630 
BBAR(KM)=BBARCKH.+CBARCKM)-H/OX2 
OBAR(KM)=DBARCKM)-H/OXZ*PHltJMl,KM' 
IF (OMEGA(KM'.GT.1.) OMEGA(KM'=l. 
GO TO 640 

630 BBARtKM)=BBAR(KM)+CBARdKM)-H 

PART 12 FIRST SWEEP OF THOMAS ALGORITHM(A80VE AND BENEATH WING. 

640 IF (IW.EQ.Ol GO TO 670 
IF (tFUNJ.EQ.l' GO TO 660 
IF (J.lT.JW10.0R.J.GT.JW3) GO TO 670 
00 650 K=2,IFUNJ 

03360 
03370 
03380 
03390 
03400 
03410 
03420 
03430 
03440 
03450 
03460 
03470 
03480 
03490 
03500 
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03540 
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03570 
03580 
03590 
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C 
C 
C 

C 
C 
C 

650 
660 

670 

680 

690 

100 

KM1~K-l 

BBAR(Kl~ABAR(K)*CBAR(KMIJ-BBARCK.*BBARCKMl. 
CBAR(Kt=-CBARCKj*BBAR(KMIJ 
OBARCK)=ABAR(K.*OBARCKMl.-OBARCK.*BBARCKMl. 
IF (K.LE~IFUMJ) GO TO 650 
BBARU{K)~ABAR(K)*CBARUtKMl.-88ARUCK'*B8ARUCKMl) 
C8ARUCK)=-CBARU(Kt*88ARUCKMl' 
OBARU(K.=ABARCK)*08ARUCKMl'-08ARUCK)*S8ARUCKMl) 
CONTINUE 
K= I FNJPl 
KMl=K-l 
B8ARCK.=.S*ABAR(K'*(B8ARUtKMl'*C8ARCKMlJ+88ARCKMl'*CBARUCKMl.'-88A 

lRCK'*BBARUCKMl.*88ARCKMl. 
CBARCK.=-C8ARCK'*SBARU(KM1'*8BAR(KMIJ 
OBARCKJ=.5*ABARCK.*(B8ARUCKMl'*08ARCKMl'+88AR(KMl.*08ARU(KMl)'-DBA 

lRtK)*B8ARUCKMl,*BBARCKMl' 

PART 13 FIRST SWEEP OF THOMAS AlGORITHMCGENERAl CASE. 

K8=K+l 
KT=KF-IFNJPl 
GO TO 680 
KB=2" 
K T=KFMl 
00 690 K=KB,KF 
KMl=K-l 
B8ARCK)=ABARCK.*CBAR(KMl)-B8AR(K)*8BARCKMl. 
C8AR(K)=-CBARCK'*B8AR(KMl) 
DBAR(K)=A8AR(K)*DBARCKMl)-OBARtK)*SBARCKMl. 

PART 14 SECOND SWEEP OF THOMAS ALGORITHM 

PHIO(KF)=DBAR(KF)/BBARCKF) 
00 100 KK=I,KT 
K=KF-KK 
KPl=K+l 
PHIO(K)=C08AR(K.-CBAR(K»~PHIOIKPl.J/B8ARCK) 

IF CIW.EQ.O' GO TO 120 
IF (J.LT.JWIO.OR.J.GT.JW3j GO TO 120 
PHIDU(IFUNJ+l)=PHIOCIFUNJ+l. 
00 lID KK=l,IFUNJ 
K=IFNJPI-KK 
KPl=K"l 

03790 
03800 
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03830 
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03880 
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c 
c 
c 

c 
c 
c 

PHI0(K)='OBARCKI-CBAReK).PHloeKP1)./BBAR(K) 
110 PHIOU(K)=e08ARU(KI-C8ARUCK).PHIOUeKPl»)/B8ARUCK. 

PART 15 NEW VALUES OF VELOCITY POTENTIAL, MAXIMUM OPHI 

120 DO 130 K=l,KF 
PHIOLO(K)=PHI(J,K) 
OPHI=OMEGA(K).'PHIOCK.-PHJ'J,K» 
IF (ABSCOPHl).lE.ABS(DPHIMX) GO TO 130 
OPM IMX=OPH I 
JMARK=J 
KMARK=K 

730 PHleJ,K)=PHl(J,K'+OPHI 
IF Clw.EQ.O) GO TO 180 
IF (J.lT.JWIO.OR.J.GT.JW3Pl) GO TO 180 
IF (J.LE.JW2.0R.IFUM(JGf.EQ.l' GO TO 150 
(FUMM1=lFUM(JGI-l 
[FMJM1=IFUM(JG-IJ 
00 740 K=IFMJM1.lfUMM1 

140 PHIUlJG,K.=PHleJ,K)+PHIUeJG-leK)-PHleJ-l,K.+OlTPH 
If (IFUMM1.EQ.IFUNJ. GO TO 180 . 

150 IfNJP1=IFUN(J+l' 
DO 160 K=l, I FNJPl 

7bO PHIUDeK)=PHIUeJG,K) 
DO 170 K=lfUMJ,IFUNJ 
DPHI=OMEGAU(K)*ePHIOUeKJ-PHIU(JG,K.' 
If (ABSCOPHI).LE.OPHIMX) GO TO 110 
o PH I MX=OPH I 
JMARK=-J 
KMARK=-K 

770 PHIU(JG,KJ=PHIU(JG,K)+OPHI 
IdO CONTI NUE 

(F (AMINf.lE.l.t GO TO 800 
DO 790 K=l,KF 

PAR T 1& PRINT MAXIMUM OPHl, CHECK CONVERGENCE 

190 PHI (J5,K)=Z •• PHUJ5-1,K)-PHI(J5-2,K) 
800 PRINT a5o, I,JMARK,KMARK,DPPIMX 

IF (I.GT.l) SUPP=SUP 
If (I.EQ.IMAX' RETURN 
If (ABSe DPHIM)() .GE .EPSl) GO TO 10 
RETURN 

04220 
04230 
04240 
04250 
04260 
04210 
04280 
04290 
04300 
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04320 
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04340 
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c 
810 fORMAT tl6H SUBROUlTlNE WORK/II) 
820 FORMAT C52H LJCATION AND VALUE Of GREATEST CHANGE IN VELOCITY' 
830 FORMAT (48H POTENTIAL' NEGATIVE LOCATION INDICES ARE FOR) 
840 FORMAT '22H POINTS UNDER WING )11) 
850 FORMAT (3H 1=15,2X,6HJMARKzI5,2Xf6HKMA~K=I5t2X,lHOPHIMX=E16.8' 

END 

O't6S0 
O't660 
D't610 
O't680 
O't690 
D't100 
O't710-



c 
c 
c 

o V E Rl AV (C I CK, 1, 3 ) 
PROGRAM RESUl T 
COMMON SIGMA, DEL T A, I ,BE TASQ, DXR, DXSQR,GAMP 1, GPIDXR, KMMI ,KFM}., KF I OE 
lLETA,PIR,CON4,CON5,~,JT,JI,JF,DPHIMX,DX,JXN,SNOICS20,SNAlP,r.J~,JWl 
20,JW20,JWIX,JW3X,BETA,J~3Ml,DlTPH9JCHCK,IW,JWlCM2,JW3Pl,JWAOMl,M,X 
3WM,XWMSQR.PI,AK2,AX2,AKl,AXl,AXlO,CNX,NAMXPl,Al,A2,ZHACH,J~CK 

COMMON RC120.,SPRIME(120),FUN(120J,XWl120),Yl(120),Y2l120),FUNll12 
lOj.f~NO(120),IFUN(120),FUN2(120.,FUN3C120),FUN4(120),IGUNl120.,CPC 
l. 1 2 0 ) , F UN X ( 12 0) ,S LAS ( 120 , 6) , C PO (l 20 ) , K lOA l 120 ) ,K U P A ( 120 ) ,F U N 5 ( 120', 
3FUN6(120),FUN7(120),FUNYC120),CPIC120),CP2C120) 

COMMON FUN8(120),F~N9Il20.,FUNIO'lZO"FUNll(120),V2PRH(120),FUNIZ( 
llZO),FUNAC120),FUNB(120' 

COMMON GON1(100'~CON8.100"CON9(100),CONIOCIOO.,CON11CI00',CONl110 
10),CON2CLOO),CON3(100'f~·~EGAC100',ABAR(100"BBAR(lOO',CBARCIOO.,DB 
2AR(100),PHIOCI00),RW'·~Jt,RWRCIOO"AXOCRCI00).ACHK(100I,PHIOLOCIOO 
3J ,BCHK( 100) 

COMMON PH1UO(25J,OMEGAU(25J,ACHKUCZ5',BBARUC25J,CBARU(Z5),DBARU(25 
I} ,SCHKU(25) ,PHIOU( 25) 

COMMON IfUM(50),VLAH(50),VTAU(50J,VlAHP{50),~TAUP(50J,YV(SC).lVCSO 
1',FUNAO(SO.,FUNBO(50),UUOD(50),UU900(SOJ 

COMMON PHICI09,50),PH1U(50,25),COEF(21. 
COMMON INMllSTI Jl,J2,J3,J4,J5,FAC,KM,RCOM,A,B,IWAlL,P,OMEGAD,AlPH 

lAO,HSPAN,AMINF,GAMMA.IR,RC,RMAX.RN,JS,RS,JWl,JW2,JW3,JWD,IWING,Bl, 
2B2,OELl.DEl,IVOR,IDIR,FPS(,SUB,SUP,IHAX,SFACTOR 

o [fI4ENSION NAM( 2. 
DATA NAM/7HBBAR(K),6HFUN(J)1 

PAR T 1 SHOCK-wMVE AND SONI CLINE LOCATl ONS 

PR [NT 1070 
IF tAMINF.GT.l.J Jl=Jl+l 
IF (AMINF.GT.l.) J4=J4-2 
DO 250 J=Jl,J4 
KK= 1 
KK2=1 
JPl=J+l 
JMl=J-l 
JM2=J-2 
00 110 K= 1, KF 
IF (RWCK).lT.RCJ)) GO TO 160 
IF (K.LE.IGUNfJMl'.AND.K.GT.IFUN(JJ) GO TO 10 
PHIML=PHIC"'Ml,K) 

E 0 
E 10 
E 20 
E 30 
E 40 
E 50 
E 60 
E 10 
F 80 
E 90 
E 100 
E 110 
f 120 
E 130 
F 140 
E 150 
E 160 
E 110 
E 180 
E 190 
E 200 
E ZfO 
E 220 
E 230 
E 240 
F 250 
E 260 
E 210 
E 280 
E 290 
E 300 
E 310 
E 320 
f 330 
E 340 
E 350 
E 360 
E 310 
E 380 
E 390 
E 400 
E 410 



IF (K.lE.IGUNtJP1'.AND.K.GT.IFUN(J') GO TO 20 
PHIPl=PHI (JPl,K' 
GO TO 30 

10 PHIMl=PHleJM1,K'+RWRCK'*FUN3eJM1'+FUNxtJM1) 
20 PHIP1=PHleJP1.K.+RWRCKt*FUN3CJPlt.FUNXlJP1. 
30 U=.5*DXR*(PHIPI-PHIMl) 

IF (K.LE.IFUN{J') U=U+FUN4CJ' 
AlAM8=BETASQ-GAMPl*U 
IF eK.LE.IGUN(JM2 •• AND.K.GT.IFUN(J" GO TO 40 
PHI M2=PHJ( JM2.K» 
IF CK.lF.IGUNtJ).ANO.K.Gf.lfUNeJJ' GO TO 50 
pHIMO=PHleJ,K) 
IF lK.lE.IGUN(J+2'.ANO.K.GT.IFUNeJ)) GO TO 60 
F IP2=PH.I e J+2, K) 
GO TO 70 

40 PHIM2=PHI(JM2.K)+RWRCK'*FUN3CJ~2'+FUNXeJM2J 
50 PHIMO=PHl(J,KJ+RWRlK'*fUN3(J)+FUNXeJ' 
60 FIP2=PHleJ+2,K'+RWR(K.*FUN3(J+2J+FUNXCJ+2J 
70 FIP1=PHIP1 

F 1 MO=PHIMO 
FIMl=PHIMl 
f 1M2:: PH I M2 
If (.ALAMB.GT.O •• GO TO 80 
U=.5*DXR*l3$*PHIMO-4.*PHIMl+PHIM2' 
IF CK.LE.lfUNlJ') U=U+FUN4(J' 
ALAMB=8ETASQ-GAMPl*U 
IF CALAMB.Lr.O •• GO TO 80 
U=BETASQ/GAMP 1 

80 IF' K • F Q. U GO TO 130 
IF (K.EQ.KFt GO TO 140 
KM1=K-l 
KPl=K+l 
DR1=RW(K)-RW(KMl~ 
DR2=RW(KP1)-RW(K) 
DDl=DR1/(DR2*COR1+DR2)' 
002=lDR2-0Rlt/eORl*OR2' 
D03=-DK2/(DRl*(ORl.DR~J) 
IF CKPl.lE .. IGUNlJ).ANO.K.GT.IFUNCJ)) GO TO 90 
PHIP1:::PHJeJ,KPl) 
IF (K~LE.IGUN(J).ANO.K.GT.IFUN(J)! GO TO 100 
PHI MD=PHI (J ,KJ 
IF (KMl.LE.IGUN(J).ANO.K.GT.IFUN(J') GO TO 110 
PHI Ml=PH I( J, KM1) 

E 420 
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E 4't0 
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E ft60 
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E bl0 
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E 64"0 
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E 100 
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E 800 
E 810 
E 820 
E 830 
E 840 



GO TO 120 
90 PHIP1=PHt(J,KP1)+RWRCKPl.*FUN3tJ,+FUNX(J. 

100 PHIMO=PHI(J,K)+RWR(K •• FUN3(J)+FUNXeJ) 
110 PHIM1=PHI(J.KMl.+RWRCKMl'*FUN3(J'+FUNXeJ. 
120 V=OOl*PH IP 1+002.PHIMO+003*PHIM 1 

GO TO 150 
130 V=.5*OXR*(R'JPl'-RCJMlJ1-SNAlP*SNO 

GO TO 150 
140 KMl=K-l 

V=( PH (( J, K, -PH I( J, KMU BI (RW CK '-RW (KMl U 
150 CSO=SQRT(A8SCl.-SNO.*Z)) 

SN2 0=2. *5 No.eso 
w=(SNALP*CSO/RWCK'*fUN3CJ'-.5.FUN'J,*SN20,/RWCK. 
IF (K.LE.IFUN'J») V=V-SNAlP.SNO 
IF (K.LE.lfUNeJ •• W=O. 
USQ='1.+U,··2+V**2+W**Z 
OMEGA(K3=AMINF*SQRTlABSIUSQI'I.+.5.'GAMMA-1.'.AMINF •• 2*(l.-USO'l.) 
PHIOLOCK);CFIPI-FIM2-3.*tF1MO-FIMl')·OXR*.3 . 
PHIOCK.=(FIP2-FIMl-3.*CFIPl-FtMO)'.OXR.·3 
88AR(K'=DXR·.2*(FIP1+FIMl-2 •• FIMO! 
GO TO 170 

160 KK=KK+l 
110 CONTINUE 

KKPl=KK+l 
K TT=K F+KKP 1 
IIC=O 
KKP 10=KKP 1 
00 180 I 1::;:1.~ 

180 SlAS(J,Il.t=O. 
DO 240 I ~= 1,6 
DO 220 KL=KKP1,KF 
K2=KTT-K'. 
K2M 1=1<.2-1 
IF (OMEGA'K2'.GT.l •• A~Q40MEGA(K2Ml).GT.l •• GO TO 1qO 
IF (OMEGA(K2).LT.l.~AN~.OMEGA(K2Ml).lT.l.1 GO TO 220 
SLA SC J.I I ) =RW (K2) -c RW f KZ)-RW (K2Ml )) * C OMEGA( 1<2 )-1. II (OMEGA( 1<2 I-OMEG 

1 A(K2MU) 
GO TO 230 

190 IF (PHIOlD(K2 •• GT.O •• OR.PHI0(K2J.LT.0.) GO TO 220 
IF (BBARCK2 •• GT.0.) GO TO 220 
IF (K2.EQ.KF.DR.K2.tQuKKPI01 GO TO 220 
IF (PH(iJLOCK2MU.GT.0 ... ANO .. PHIOLDCK2+U.GT .• 0.) GO TO 220 
IF (PHlOLOCK2Ml •• GT.Oe. GO TO 200 
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IF (PH[OLO( K2+1' .GT .0. j GO TO 210 
GO TO 220 

200 SLAS(J.llj=RW(K2)+'R~CK2-1'-RW'K21'.PHIOLDCK2'/C~HIOLD(K2'-PHIOLDC 
1K2-11 ) 

GO TO 230 
210 SLAS(J,[()=RwtK2)+eRW'K2+1'-RW(KZ".PHIOLDCK21/CPHIOlDCK2.-PHIOLDC 

1K2+11 , 
GO TO 230 

220 CONT I NUE 
GO TO 7.50 

230 KKP 1=K1+1 
IF (KKP1.GT.KF' GO TO 250 

240 CONTINUE 
250 PRINT 1080. J,XWeJ),CSlASCJ,III,II-l,6' 

C 
C PART 2 PRESSURE COEFFICIENTS AT GRID POINTS 
C 

PRINT 1090 
.1 F (I W.EO.O) GO TO 290 
I FN J W 3= I F UN ( J W 3 ) 
PHIU(JW3-JWIO+3,IFNJW3+1,=PHICJW3.IFNJW3+1) 
DO 280 K= 1, IFNJW3 
I MK=O 
00 280 J=.JW2"JW3PI 
JG=J-JWIO+3 
IF (IMK.EO.ll GO TO 260 
IF (IMK.EQ.2) GO TO 270 

. IF (lFUMCJG+lJ.LE.K) GO TO 280 
I MK=l 
CGNN=PHIU(JG,K,-PHICJ,K) 
GO TO 280 

260 IMK=2 
GO TO 280 

270 PHIUeJG,K)=PHleJ,K)+CONN 
2 so CON TI NUE 
190 I F II VOR. EQ.O' GO TO 300 

IF (JCHCK.EQ.JW3) GO TO 300 
JG= JCHCK-J W 10+3 
GANO=.5*VZ(JCHCK •• eVLAMeJG.+VTAUCJG).·2/VlAMCJGII 
GANO=GANO.FUNAIJCHCK'.(1.+(ReJCHCK'/Y2(JCHCK" •• 2' 

300 00 530 K=l,Kf 
AlAME\=l. -
DO 520 J=Jl, J4 
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JP1:J+l 
JMl =J-l 
JM2=J-2 
.ACHKK=AlAHB 
JG=J-Jwl0+] 
IF (K.GT.IFUNCJ,. GO TO 310 
PHI Ml=PHI (JMl t K) 
PHI MO=PHI (J ,K. 
PHIP1=PHl(JPl,K. 
GO TO 350 

310 IF (K.LE.IGUN(JMl)' GO TO 320 
PHIM1=PHl(JMl,K) 
If (K.LE.IGUN(J) GO TO 330 
PHIMO=PHl(J,K' 
IF CK.LE.IGUN(JPl.) GO TO 340 
PHI Pl=PH I (J PI ,K) 
GO TO 350 

320 PHIMl=PHl(JMl,K)+RWR(K,*fUN3CJMl.+fUNX(JMll 
330 PHIMO=PHI(J,K)+RWR(K)*FUN3CJ)+FUNXCJ) 
340 PHIPl=PHICJPl,K)+RWRCK).FUN3(JP11+FUNX(JPl' 

IF (K.LE.IFUNCJPl)) PHIP1=PHtcJPl,K. 
IF CIW.EQ.0.OR.K.GT.IFUN(JPl).OR.J.GT.JW3' GO TO 350 
PHIPl=PH[Pl+.5*CPHIUeJG+l,K)-PHleJPl,K») 

350 U=.S*OXR*{PHIPI-PHIM1) 
IF (K.LE.lfUN(J) U=U+FUN4(JD 
AlAMB=BETASQ-GAMPI*U 
IF CAlAMB.GT.O •• OR.ACHKK.GT.O.1 GO TO 360 
SAVE=U 
U=OXR*CPHIMO-PHIMI. 
IF (K.LE.lfLlN( J'» U=U+FUrJ4eJi 
CHECK=BETASQ-GAMPl·U 
IF (CHECK.Gl.O.' U=SAVE 
ALAMB=BETASQ-GAMPl*U 

360 IF (ACHKK.lT.O •• ANO.ALARB.GT.O •• U=OXR*CPHIMO-PHIMI. 
IF (ACHKK.LT.O •• AND.AlAMB.GT.O •• AND.K.lE.IFUNCJ) U=U+FUN4(J. 
IF (IW.EQ.O.OR.K.GT.IFUNeJ •• OR.J.GT.JW3' GO TO 380 
UO=.5*OXR*CPHIUeJG+l,K)-PHIU(JG-I.K •• -FUN4(J. 
UU=DXR*(PHIU(JG,K.-PHIU(JG-1,K •• -FUN4(J) 
UO=UQ-2.*FUNOCJ) 
UU=UU-2.*FUNO(J. 
AlAM80=BETASQ-GAMP1*UO 
IF CAlAMBO.LT.O •• GO TO 370 
ALA~BU=BETASQ-GAMPI*UU 
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IF (AlAMBU.lT.O.) UO=UU 
GO TO 380 

310 UO=UU 
380 I F ( K. E Q. 1. GO r 0 440 

IF (K.EQ.KF) GO TO 450 
KMl=K-L 
KPl=K+L 
oRl=RW(Kt-RW(KMl) 
O~2=RW(KPl'-RW(K) 
OOl=ORl/IOR2*(ORl+DR2» 
D02=(ORZ-ORl)/IORl*DR2) 
OD3=-DR2/C oRl. (ORhDR2) ) 
IF (K.GT.IFUNIJtJ GO TO 390 
V=OOl*PHI(J,KPl)+002*PHleJ,K)+003*PHIIJ,KMl' 
W=O. 
IF eIW.EQ.0.OR.J.GT.JW3) GO TO 470 
VO=OOl*PHIUIJG,KPl)+OOZ*PHIUeJG,K)+D03*PHIU(JG,KMl) 
GO TO 410 

390 IF (KPl.LE.iGUN(Jt) GO TO 400 
PHI Pl=PHI (J ,"PI) 
IF (K.LE.IGUN(Jl) GO TO 410 
PHI MO=PHI (J, K t 
IF (KMl.LE.IGUN(JI) GO TO ~20 
PH I HI =PH ( (J, KMl' 
GO TO 43() 

400 PHIP1=PHI(J,KPl)+RWR(KPL'*fUN3(J'+fUNXeJ) 
410 PHIMO=PH(CJ,K)+RWR(K)*FUN3(J)+FUNXeJ' 
420 PHIM1=PHICJ,KML'+RWRIKMl'*FUNJeJ'+FUNXeJ) 
430 V=OD1*PHIPl+OD2*PHIMO+DD3*PHIMl 

GO TO 460 
440 V=CPYl(J,lJ-PHIIJ,L'J/(flW(2j-RWel') 

IF (K.GT.IFUN(J» GO TO 460 
W=O. 
IF IIW.EQ.O.OR.J.GT.JW3) GO TO 410 
VO=(PHIUeJG,2)-PHIUeJG,1)'/(RWeZ,-RW(I" 
GO 10 410 

450 KMl=K-l 
V=CPHI(J,KD-PHltJ,KMI))/(R"(Kj-RW(KMltJ 

460 CSO=SQRT(ABS(l.-SNO.*Z'. 
SNlO=2.*SNO*CSO 
W=(SNALP*CSO/RW(K'*fUN3eJt-.5*FUNl~t*SN20)/Rh(Kt 

410 CpiJ)=-2.*U-V**l-W**Z 
IF (IW.EQ.O.OR.J.lT.JWIO.OR.J.GT.JW3.0R.K~GT.lfUN'JW3») GO TO 520 
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IF (K.GT.IFUNeJ) GO TO 510 
CPOeJ'=-2.*UO-VO**2 
IF (Y2CJ).lT.RWeK" GO TO 510 
IF eRWCK,.lT.RMAX' GO TO 520 
HB=V2CJ'+ReJ)**2/V2(J' 
HBP=V2PRMCJ.*(1.-CRCJ)/Y2(J)·*Z.+PIR/Y2lJ)*SPRIMECJ' 
FNUM1=O. 
ARG1=HS·*2-(RW(K'+ReJ.**2/RWCK"*·2 
{F(ARG1.GT.l.E-06. FNllMl=I./SQRT(ARGU 
JG=J-JwlO+3 
FNUM1=FNUMl*FUNAOeJG. 
DUX=SNALP*lHS*H6P-(l.+(RCJ./RW(K,t*.2)*SPRIMECJ)*PIR'.FNUMl-FUN4(J 

U 
DUX=OUX+$QRT(HB*.Z-CRWlK,+ReJ)**2/RW(K.) •• 2'.SNAlP*FUNSOeJGt 
U3=U+DUX-fUNOe J) 
U4=UO-OUX+FUNO(J. 
OVX=-SNAlP*FNUMl*el.-CReJ)/RW(KJ'.*2'.CRW(K.+R(JI •• 2/RW(K" 
V3=V+OVX 
V4= \/O-DVX 
IF «(VOR.EQ.OJ GU TO 500 
I F e J • GT • JC HC K' GOT a 480 
OUY=SNAlP~(HBP*(VlAM(JG)**2+VTAUeJG'**2)+2 •• H8.'VlAM'JG).VlAMPeJG' 

1 + VT AU LJtj! *VT AUP (JG 1 » 
OUY=DUY*FUNAeJ'+SNAlP*HS*eVlAM(JG) •• Z+VTAUeJG'**2,.FUNBCJJ 
U=U3-DUV*VTAUlJGt/ll.-VTAUeJG'·*2. 
UD=U4-DUY.VTAU(JG'/{l.-VTAU(JG.·*2' 
BNUMl=.5*eVlAM(JG'+VTAU(Jb'··2IVlAMCJG" 
GAN=t3NiJMl*HB 
OGANDX=BNUM1*HBP+HS*'.S*(1.-CVTAUCJG)/VlAMCJG".$2'*VlAMPeJG'+VTAU 

leJG.!VLAM(JGJ*VTAUPIJG') 
OGANOX=0GANDX*FUNAIJ'+GAN*FUNBCJ' 
GAN=GANl~FUNA( J. 
GO TO 490 

480 GAN=GANO 
OGANOX=O. 
OUY=SNAlP*GAN*CI'1.-VTAU(JG),/(1.-VTAU(JG".*2+VLAMeJG' •• 2'+1./(l 

1.+VTAU(JG,),.VLAMPeJG)+VlAM'JG'.Cl./C(1.-VTAUiJG •• **Z+VLAM(JG' •• Z, 
2-1./Cl.+VTAU(JG»)*·Z,*VTAUpeJG') 

U=U3-DUV 
UO=U4-DUY 

490 V=V3 
"10='1/4 
Y2N=( RW C K ,+f(( J '**2IPv(!. l ) IH8 
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c 
C 
C 

500 

510 

520 

.530 

BNUM2=SQRTCl.-Y2N**2) 
CNUM3=BNUM2-YT AU C JG) 
CNUM4=8NUM2+VTAUeJG. 
BNUM3=V2N**2/(BNUMZ*HB)*VLAMlJG. 
BNUM4=VlAMeJGI/(BNUM2*HB*RweK)'*Y2N*PIR 
DNUM3=CNUM3**2+VlAMeJG~**2 
ONUM4=CNUM4**2+VLAM(JG'.*2 
ENUM3=CNUM3**Z-VlAMCJG)**2 
ENU~4=CNUM4.*2-VLAM(JG)**2 
ARG3=2.*VI~AMe JG,,*CNUM3 
ARG4=2.*VlAMeJGJ*CNUM4 J 

THETA3=ATAN2(ARG3,ENUM3) 
THETA4=-AT AN.2 e ARG~, FNUM4 J 
U3=U+SNAlP*eTHETA3*oGANDX+2.*GAN/DNUM3*CCNUM3*VlAMPCJG)-BNUM3*H8P+ 

lVLAMeJG'*VTAUP(JG'+8NUM4*SPRlMEeJ») 
U4=UO-SNALP*eTHETA4*DGANOX+2.*GAN/ONUM4*(CNUM4*VLAMP(JG)-8NUM3*H8P 

1-YLAMeJG).VTAUpeJG)+BNUM4*SPR1MElJ»)' 
8NUM4=1.-eR(J'/RW(K)~**2 
V3=V+Z.*SNAlP*V2N*VLAMeJG)*GAN*BNUM4/eBNUM2*DNUM3' 
V4=VO-2.*SNAlP.Y2N*VLAM(JG)*GAN*~NUM4/eBNUM2*ONUM3J 
W3=-SNAt.,P 
W4=-SNALP 
CPl(J)=-2.*(U3+SNALP*W3)-Y3**2-Wl**2 
CP2(J.=-2.*eU4+SNAlP*W4)-Y4**2-w4**2 
GO TO 520 c: 

C PO « J ) = CP ( J ) 
CPl(J).::O. 
CP2(J)=0. 
CONTlNUf 
PRINT 1110. K,J1, J4,(CP(J),J=Jl,J4) 
IF (lW.EQ.0.OR.K.GT.IFUNeJW3» GO TO 530 
PRINT 1100, K,JWIO f JW3,CCPO«J.,J=JW10,JW3' 
If eRweK'.lT.kMAX) GO TO 530 
PRINT 1100, K,JWIO,JW3,{CP1'J),J=JWIO,JW3) 
PRINT 1100, K,JWIO,JW3,CCP2(J •• J=JWIO,JW3) 
CONTI NUE 

PART 3 PERTURBATION VELOCITY POTENTIAL AT GRIO POINTS 

PRINT 1120 
JOl=l 
JPU=JW3-JWIO"4 
00 540 K=l,KF 
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P R ( N r 111 0 t K , J 1, J 4, ( PHI( J , K ) , J= J 1 , J 4 , 
IF (lw.EQ.0.OR.K.GT.IFUN(JW3') GO TO 540 
PRINT 1100, K,JOl,JPU,(PHIU(J,K',J=I,JPU' 

540 CONTINUE 
C 
C PART 4 AXIAL LIfT DISTRIBUTION - LifT AND MOMENT 
C 

If (AlPHAD.fQ.O •• OR.HSPAN.EQ.O •• GO TO 150 
PRJ NT 1130 
J G= JW3-JW 10+3 
AINT=O. 
IF (IW.EQ.O) GO TO 570 
K=l 
1\ IN T= -2 • * , PHI ( J W 3, U -p H IU C JG , I. , *R W ( 11 

550 K=K+l 
IF 'K.GT.(FUNtJW3.' GO TO 560 
A I N T=-( PHI ( JW3, KJ +PH I (JW3, K-l , -PHlU CJG,K '-PHIU( JG, K- 11.*' RId K J-RWI 

1 K-l , ) +At NT 
GO TO 550 

560 A IN f=AI NT- (PHI (Jw 3, K-l)-."HIU( JG,K-IU.'YZ t JW3 )-RW (K-l)) 
570 AINT=-AINT 

AlA=SNALP/PIR*«(VZ(Jw3b-R(JW3).*Z/Y2(JW3"**Z*FUNAO(JW3-JwIO+3J+R( 
1 J~3.**Z)+A(NT 

IF (IVOR.EQ.OJ GO TO 590 
(F (JCHCK.LT.JW3) GO TO 580 
ALS=ALA+SNAlP/PIR*Z.*(VLAMCJG •• *Z+VTAUCJG'**Z.*eY2eJW3)+ReJW3,**ZI 

lY2(JW3»)**2*FUNA(J) 
GO TO 600 

580 AlS=AlAtSNALP/PIR*4.*GANO*VLAMeJG,*eY2(JW3.+RCJW3.**21Y2(JW3) 
GO Tn 600 

590 ALS=AlA 
bOO ALANS=AlA-AINT 

ALSNS=ALS-AINT 
A (NTO=A1NT 
SMA=ALS.,..ALA 
CP(J2)=0 .. \ 
CPOeJl)=O. 
CPl(JZ)=O. 
CP2 (JZ'=O. 
J "10M1=JWIO-l 
J2P l;::Jl+l 
IF (JWIOM1.lE.J2) GO ~o 620 
00 610 J=J2Pl,JWlOMl 
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CP(J)=SNAlP*SPRIME(J) 
CP1(J.=CP(J) 
CPZ(J,=CP(J) 

610 C PC' ( J ) = C P ( J ) 
620 DO (00 J=JWIO.JW3 

AINT:O. 
JG=J-JWIO+3 
IF (IW.EQ.O) GO TO 650 
IF l1FUN(J).EQ.(») GO TO 660 
K=l 
AINT=-(PHI(J+l,l)-PHlfJ-l,l)-PHIU(JG+l,l)+PHIU(JG-l,l')*OXR*RWtl) 

630 K=K+l 
IF tK.GT.IFUNIJ» GO TO 640 
A I NT= A INT-. 5*OXR*' PHI( J+1, K)-PH I (J-l, K. +PH I LJ+ 1, K-l '-PHI( J-l, K-l)­

IPHIUlJG+l,KJ+PHIU(JG-l,K'-PHIU(JG+I,K-lJ+PHiUtJG-I,K-1')*IRWIK'-RW 
2 (K-l) J 

GO TO 630 
640 A IN T= AI NT-. 5*DXR* (PH I ( J+ it K-l) -PHI (J-l, K-l)-PH IU (JG+l, K- U +PH lUI JG 

1-1,K-l»)*(V2(J)-RW(K-1IJ 
650 AINT=-AINT 
660 Y2P=Y2PRM(J) 

JG= J-JW 10+3 
CP'J'=SNALP*(Z.*«(1.-(RlJ'/VZIJ')**4'*Y2(J,*V1P/PIR-Z.*'l.-lR'J)/Y 

lZ(J"**2)*SPRIME(J')*FUNAO'JG'+(YZCJ)-RlJ'**2/VZ(Jtt**Z/PIR*FUNBO( 
2JG)+SPRIME(J») . 

IF (J.GE.JW20t CP(J)=.85*CP(J).SQRT(ABsltYZeJ'-Yl(J,.,eYZIJ)+Y1(J) 
UH 

C P' J) =C P ( J' +A ( NT 
HB=V2lJ)+R(J)**2/V2(J. 
HBP=V2P*(1.-(R(J)/Y2(Jl).~Zj+PfR/Y2iJ)~SPRIME'J' 
IF (IVOR.EQ.O) GO TO 6ao 
IF (J.GT.·JCHCK) GO TO 610 
CPO(J)=CP(J)+4./PIR*SNAlP*HS*(HS*(VLAMCJG)*VLAHP{JG)+VTAU(JG'*VTAU 

1P(JG).+HBP*(VLAM(JGj.*Z+VTAU(JG.**2j)*FUNA(J'+2./PIR*SNAlP*HS*.Z*( 
2VLAM(JG'**Z+VTAU(JG)**2,*fUNB(J. 

GO TO 690 
610 CPOlJ)=CP(Ja+4./PIR*SNALP.GANO*(HB*VlAMP(JG,+VLAMIJG).HBPI 

GO TO 690 
6 80 r, PO ( J , =C P « J ) 
690 CPl(J'=CP(J)-AINT 

CP2lJ'=CPO(J)-AINT 
DCP=CPO(JI-CP«J. 

700 PRINT lObO, J.CPlJ',CPO(J),CP1(J),CP2(J'.AINT,OCP 
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AMA=O. 
AMS=O. 
AMANS=O. 
A MSNS=O. 
DO 710 J=J2P1,JW3 
AMA=AMA+.5*lCP(J)+CPlJ-l)'*(XWlJJ-.5*DX.*DX 
AMANS=AMANS+.5*tCPl(J.+CPleJ-l)'*lXWlJ)-.5*DX'*DX 
AMSNS=AMSNS+.5*(CP2(J)+CPZ(J-l))*eXW(J.-.5*DX)*OX 

710 AMS=AMS+.S*CCpotJ)+CPOeJ-l)*(XW(J'-.5*OX)*OX 
IF (JW2.EQ.JW3) GO TO 730 
DlO=SNAlP/PIR*CCYZeJW20'-ReJW20) •• Z/Y2CJW20)'**2+ReJW20).*2-(YZCJW 
~3)-ReJW3'**2/Y2(JW3))*·2-R(JW3) •• Zt 
00 720 J=JW20, JW3 Mi 

720DlO=OlO+.S*OX*(CPllJJ+CPUJ+1J. 
AlA=ALA+DlO 
AlS=ALS+OlO 
AlANS=ALANS+OlO 
AlSNS=Al SNS+OL lJ 

730 XBARA=AMA/AlA 
XBARS=AMS/AlS 
XBARAN=AMANS/ALANS 
XBARSN=AMSNS/AlSNS 
AREA=O. 
JWIP1=JW1+l 
DO 740 J=JWIP1,JW3 
ARE A= AR EA+.5*OX*( Y 2( J )+'(2 e J-U-R( J )-R(J- U' 
[F (J.LE.JW20) GO TO 7~O 

AREA= AREA- ~ 5*0)(* (YlC J )+Y U J- 11 J 
740 C ONTlNUE 

AREA=2.*AREA 
IF fHSPAN.U:.Rr-1AX) AREA=RMAX**21PIR 
ARR=2.1 AR EA 
ClA=ALA*ARR 
CLS=ALS*ARR '-
ClANS=Al ANS*ARR 
C L SNS=Al SNS*ARR 
CAl NTO=A I NTO*ARR 
CSMA=SMA* ARR 
CMA=AMA*ARR 
C MS=AHS*ARR 
CMANS=AMANS*ARR 
CMSNS=AMS NS *ARR 
PRINT 1140, AlA,ALS,AMA 
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c 
c 
c 

PRINT 1150, AMS,XBARA,XBARS,AlANS,AlSNS,AMANS,AMSNS,XBARAN.XBARSN, 
1 A INTJ 

PRINT 1160, S~A,ClA,ClS,ClANS.ClSNS,CAINTO,CSMA.CMA.CMS.CMANS 
PRINT 1170, CMSNS,AREA 

PAR r 5 BODY SURFACE PFESSURE COEFFICIENTS 

PRJ NT 1180 
IF (ABS(SNALP •• lT.1.E-06. GO TO 770 
IF (ABS(OMFGAD •• GT.1.E-06' GO TO 160 
PRINT 1190 ' 
IF (IVOR.EQ.O) GO TO 750 
PRINT 1200 
GO TO 780 

150 PRINT 1210 
GO TO 180 

160 CHK-=SNO-l. 
IF (ABS(CHK •• lT.1.E-06) PRINT 1220 
CHK=1.+SNO 
IF CABS(CHK).LT.1.E-06) PRINT .1230 
IF (IVOR.EQ.O) GO TO 770 
PRJ NT 1240 
PRINT 1250 
GO TO 180 

110 PRINT 1260 
180 J2P1=J2+1 

J3Ml=J3--1 
AlAMB=l. 
1<.=1 
00 1030 J=J2Pl,J3Ml 
JP1=JH 
JM1=J-l 
JM2=J-2 
JM3=J-3 
JG=J-JwlO+3 
ACHI<K=ALAMB 
AlAMB=BETASQ-.5*GPIDXR*(PHI(JP1,KJ-PHltJM1,K.1-GAMPl*FUN4(J' 
IF (AlAMB.l~.O) GO TO 790 
AA=.5*PIR*AlOG(R(J./RW(K.' 
PHIM1=PHI'JMl,K'+AA*SPRIME(JM1' 
IF (J.EQ.JS.AND.ABS(R(J)-RCJ-l)'~lT.l.E-06' PHIMlzPHI(JM1.K. 
PH}PL=PHleJP1,K'+AA$SPRIMEeJPlJ 
U=. 5*OXR*' P HIPI-Plil Ml) 
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IF (ACHKK.GE.O •• GO TO 800 

PHIMO=PHl(J,ll+AA*SPRIMECJ. 
U=DXR*(PHIMO-PHIMl) 
GO TO 800 

790 ALAMB=BETASQ-GPIDXR*'PHltJ,K)-PHltJMl,K»)-GAMPl*FUN4CJ' 

AA=.5*P[R*ALOG(R(J)/RkCK») 
PHIMO=PHIlJ,K)+AA*SPRIME(J. 
PHIM1=PHI(JM1,K)+AA*SPRIME(JMl) 
PHIM2=PHI(JM2,K'+AA*SPRIME(JM2' 
U=.5*UXR*(3.*PHIMO-4.*PHIM1+PHIM2' 
IF (J .NE. JS .OI~ '. ABS( R (J ~ -R (JMl U .GE. t..E-06i GO TO 800 

PHI Ml=PHI (JMl ,K' 
U=OXR*IPHIMO-PHIMlt 

800 V=.5*OXR*(RCJPl,-R(JMlJ' 
If (IW.EO.O' GO fO 850 
IF (J.LT.JWIO.OR.J~Gf.JW3) GO TO 850 
IF (J.GT.JWIO. GO TO 810 
ACH KK= ALAMB 
GO TO 820 

810 ACHKK=ALAMBlI 
820 JGMl~ JG-l 

JGP l=JGH 
JGM2=JG-2 
ALAMBU=BETASQ-.5*GPIDXR*'PHIUeJGPl,K)-PHIU(JGMl,K)'+GAMP1*fUN4CJ' 

PHIM~=PHIU(JGMl,K'.AA*SPRlMEeJMl. 

IF (ALAMBU.LE.O.) GO TO 840 
[f (ACHKK.lT.O.) GO TO 830 
PHIP1=PHIU(JGPl,K)+AA*SPR!MEeJPl. 
UO=.5*DXR*(PH1Pl-PHIM1) 
GO TO 860 

830 PHIMO=PHIUeJG,K)+AA*SPRIMEeJ. 
UO=DXR*(PH(MO-PHIMIJ 
GO TO 860 

840 ALAMBU=BET ASQ-. 5*GPIOXR$( PHIU( JG ,I(. J-N1IUC JGMZ, Kt t-GAMPl*FUN4e J, 
PHIMO=PHIUeJG,K)+AA*SPRIME'Ji 
PHIM2=PHIU(JGM2,K'+AA*SPRIME(JMZ. 

UO=. 5*OXR*C 3. * PHI ~~O-/t .. *PHUU "PHI M2. 
GO TO 860 

850 UO=U 
ALAMBU=ALAMB 

860 IF ([VOR.EQ.O.OR.J.lTaJW10~OR.J.GT.JW2. GO TO 880 

IF (J.GT.JCHCK) GO TO 810 
HB=V2eJhR( J)**21Y2(J) 
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HBP=tl.-tK(J'/YZlJ"**Z'*Y2PRM(J,.PIR*SPRIME(J./Yl(JJ 
FUNOlJ)=FUNO(J)+SNALP*'H8P.CVLAMeJG'*.Z+VTAUeJG) •• l'+2.*HS*'VLAMCJ 
IG'*VLA~P(JG'+VTAU'JG).VTAUP(JG)"/'1.-VTAUeJG)**2'*VTAUlJG'~fUNACJ 
2'+SNALP*HS*CVLAM'JG)**l+VTAU(JG).*2'/(1.-VTAUeJG).*Z)*VTAU(JGJ*FUN 
3B (J , 

GO TO !l80 
870 FUNO(J.=FUNOeJ)+SNALP.GAN*C(ll.-VTAUlJG»)"ll.-VTAUeJG))*.2+VLAM(J 

IG)**2'+1.'( 1.+VTAU(JG')'*VLAMP(JG)~VLAM(JG'*(1.'((1.-VTAUlJ~)' •• 2+ 
. 2VLAMlJG,·*Z)-1.'(1.+YTAUlJG'.·*2'*VTAUPCJG) 

880 UO=lJO-FUNO(JI 
U=U-FUNO( J) 
ORDX=.5*OXR*(RlJPl)-RlJMlJ , 
ROY 2J=1. 
IF eY2(J).GT.R(JI.ANO.J.NE.J2) ROY2J=RlJI/Y2(J' 
UU=SNALP*(2.*ROY2J*OROX+(1.-ROYlJ**2'*Y2PRMeJ" 
IF eJ.GT.JW2.AND.J.lE.JW3' UU= 2.*SNAlP*ROY2J*OROX 
Y2J O=R( J) 
IF (Y2(J,.GT.ReJ'. Y2JO=Y2eJ) 
UU=UU*FUNAlJ.+SNALP*Y2JO*el.+ROY2J**2'*FUN8CJJ 
If (( WING .. t T • o. AND.J. GT • JMCK .AND.J .LE .JW3) UU=UU900C JG ,*SQP.T( 1.+OR 

IDX*.2*4 •• 
Ul=U+UU 
U2=UO- UU 
V 1= V-SNAlP 
V 2= V+SNAl P 
IF (J.LT.JWIO) GO TO 890 
UU=SNAlP*l-2.*ROY2J*DRDX+ll.+ROYlJ**l'*Y2PRMeJ») 
If (J.GT.JWZ.AND.J.lE.JW3' UU=-2.*SNAlP*ROY2J*OROX 
UU:UU*FUNA(J)+SNAlP*V2JO*(1.-ROY2J**ll*FUN84J) 
IF (IWING.LT.J.ANO.J.GT.JMCK.ANO.J.lE.JW3' Uu=UUOOeJGJ 
U3=U+UU 
U4=UO-UU 
W3=-SNAlP 
W4=-SNAlP 
GO TO 900 

890 U3=U 
U4=UO 
W3=SNALP 
W4=SNALP 

900 V3='t/ 
V4= \I 
IF (A8S(SNALPj.lT.1~E-06) GO TO 990 
IHG=O 

E5540 
E5550 
E5560 
E5510 
E5580 
E5590 
E5t.OO 
E5t.lO 
E5620 
E5630 
E5640 
E5650 
E5660 
E5610 
E5680 
E5681 
E5690 
E5100 
E5110 
E5111 
E5712 
E5120 
E51~O 
E5140 
E5150 
E5760 
E5110 
E5111 
f51g0 
E5781 
E5790 
E5800 
E58l0 
E58l0 
E5850 
E5860 
E5810 
E5880 
e. 5890 
E5920 
E5930 
E59ltO 
E5950 



IF (ABS(OMEGAO).GT.l.E-06) GO TO 950 
CP'J'=-l.*CU3+SNALP*W3)-V3**l-W3**l 
CPO(J'=-l •• CU4+S~ALP.W4)-V4.*2-W4**2 
CPICJ'=-2.*(Ul+SNAlP*Vla-Vl*.l 
CP2(J)=-l.*(Ul-SNAlP*Vl)-Vl •• l 
IF (J.Gf.JWIO.ANO.J.lE.JW2. GO TO 910 
PRINT 1060, J,CPIJ.,CPOIJ"CPIIJI.CP2IJ) 
GO TO 1030 

910 IF (IVOR.EQ.O) GO TO 1010 
'CPX=CP(JI 
CPOX=CPO( J» 
CPIX=CP1(J) 
CP2X=CP21 J) 

920 He=V2(J)+~(J)**l/Vl(J) 
H8P=V2PR~(J)*(l.-(R(J./V2(J»)**2)+PIR/Y2CJ)*SPRIMECJ. 
L=JG 
BNUMl=.5*CVlAMCL)+VTAU(L'**l/VlAM(l') 
(F (J • G T • JC HC K I GOT 0 930 
GAN=ANUM I*H8 
OGANDX=BNU~!*HBP+HB*(.5*(1.-CYTAU(L)'YlAMIl"**2)*VLAMPClI+VTAU«l) 

l'V~AM(L'*VfAUP(L'1 
DGANDX=OGANDX*FUNACJ.+GAN*FUN8IJI 
GAN=GAN*FUNA( J J 
GO TO 9411 

930 GAN=GANO 
OGANO)(=O. 

940 Y2N=2.*R(J'/HB 
CNUM1=1.-VT AU (L» 
C NUM2=1. +YT AU (L) 
BNUM2=SURTC 1.-V2N.*l) 
CNUM3=BNUMl-VT AU (L) 
C NUM4=BNUM2+VTAU,:": 
BNUM3=YlN**l/(BNUMl*HBi*VlAMCl) 
BNUM4=2.*YLAM(l)/(3NU~2*HB**2'·P(R 
ONU Ml=CNlJMl **2 +Vl AM (l. **2 
ONUM2=CNUM2**Z+VLAM(L'·*Z 
ONUM~=CNUM3**2.VLAM(lJ**2 
DNU M't=CNUM4**Z+VL AMC L) **z 
ENUM1=CNUMl**Z-VLAM(L'**2 
ENU~2=CNUM2**Z-VLAM(L'*·2 
ENUM3=CNUM3**2-VLAMClI.*2 
ENUM~=CNUM4**2-VLAM(l)**2 
ARGl=2.*VlAMIL)*CNUMl 
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ARG2=2.*VLAM(L)*CNUM2 
ARG3=2.*VlAMClJ*CNUM3 
ARG4=2.*VLAM(l)*CNUM4 
THETAL=ATAN2lARGl,ENUMl) 
THETA1=-ATAN2(ARG2,ENUM2. 
THETA3=ATAN1(AkG3,ENUM3) 
THETA4=-ATAN2CARG4,ENUM4) 
U l=Ul +SNALP*( THETAl*OGANOX+2 .*GAN/O~UMl*( CNUMl*VlAMP (l» +VlAIH L )*VT 

1 AUP (L)) • 
U2=U2-SNAlP*( TKET AZ*OGANOX +2 .*GANI ONUMZ*( CNUM1*VlAMP( l.-VtA.,.. U*VT 

1 AUP (LI ) , 
U]:UH·SNAlP*( THET A3*DGANOX +2 .*GANI DNUM3*C CNUM.3*VLAMPC ll-BNUM3*HBP+ 
IVlA~(l)*VTAUP(l)+BNUM4*SPRIME(J») 

U4=U4-SNALfl*C THET A4*OGANOX+2.*GAN/ONUM4*C CNUM4*VlAMP( U -BNUM3*HBP-
IVlAM(L)*VTAUPllI+BNUM4*SPR1ME(J)') 

IF CABSlOMEGAOJ.GT.l.E-06) GO TO 950 
CP(J)=-2.*(U3+S~ALP*W3)-V3**2-W3**1 
CPO(Jj=-2.*(U4+SNALP*W4'-V4**Z-W4**2 
CPl(J)=-2.*'Ul+SNAlP*Vl.-Vl**Z 
CP2(J)=-2.*(U2-SNALP*V2'-V2**2 
PRINT lObO, J,CP(J),CPO(J'9CPICJ),CP2(J),CPX.CPOX,CPIX.CP2X 
GO TO 1030 

950 CHK=SNO+l. 
IF (ABS(CHK).GT.l.E-06' GO TO 970 
CP (J' =-2. * (U2- SNAL P*V 2~)-V2 *.2 
IF lJ.G~.JwlO.ANO.J.lE.JWlt GO TO 960 
GO TO 1000 

960 IF ((VOR.EQ.O) GO TO 1000 
IF (IFLG.EQ.l) GO TO 1020 
I fLG= 1 
CPX=CP( J) 
GO T'J 920 

970 CHK=SNO-l. 
IF (A~S(CHK).GT.l.E-06) GO TO 990 
CP(J)=-2.*(Ul+SNALP*VlJ-Vl*·2 
IF (J.GE.JWIO.ANO.J.LE.JW2' GO TO 980 
GO TO 1000 

980 IF (IVOR.EQ.OI GO TO 1000 
IF (IfLG.EQ.ll GO TO 1020 
IFlG=l 
CPX=CP( J) 

GO TO 920 
990 CPlJ)=-2.*U-V.*Z 
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c 
c 
c 

t 
C 
C 

c 
c 
c 

1 0 00 P R I til r 1 060. J , C P ( J » 
GO TO 1030 

1010 PRINT 1060, J,CpeJ,.cPOCJ),CPlfJt,CP2(J) 
GO TO 1030 

1020 PRINT 1060. J,CpeJ) ,CPX 
1030 CONTINUE 

IF (ABSeAMINF'.lT.l.E-Oe) AMINF=1.E-08 
CPS TAR-=2. *' l.-SQR T( ( (GAMMA-I. ) *AMI NF**2+2 •• ICGAMMA+l.)) I AMINf. 
PRINT 1210, CPSTAR 

PART b REMOTE TERMINAL OUTPUT 

8LK 3= 10HCP (J t 
WRITE (1.1280) BlK3,J2Pl,J3M1,1,(CPCJ.,J~J2Pl,J3Ml) 
BlK 4= 10HCPO' J» 
IF (IW.EQ.l) WRITE (1,1260) 8lK4.J2Pl.J1Ml,(,tCPOCJ),J=J2P1,J3Ml. 
WRITE (1,1290. OPHIMX 

PART 1 

DRAG-=O. 
JZP2:J2+Z 
J1M3=Jl-l 

WAVE DRAG 

00 1050 J=J2P2,J3M3 
JPl=J+l 
IF CIW.EQ.O) GO TO 1040 
ORAG=ORAG+.3926,90S*CCPCJ.+CpeJP1)+CPOeJ)+CPO(JP1))*(R(J)+ReJPlll* 

lCR(JPl)-R(J)) 
GO TO 1050 

1040 ORAG=ORAG+.18539816*(CP(J).CP(~Pl)'.(R(J).R(JP1)>>.(R(JPl)-R(J •• 
1050 CONTINUE 

IF (I ft. FQ.O f ORAG=DRAG+l.57079632. (CPC J2P U *R (JZP 2) **Z+CP( J1M 1. *CR 
1 C J 3 ) * * 2-R , J 3-2 ) * * 2) » 

IF (IW.fQ.l) ORAG=ORAG+~185398l6.((CPCJ2Pl)+CPO(J2Pl)I.R(J2P2i.*2+ 
1(CP(J3Nl)+CPO(J3Ml)'*(R«J3'**2-RCJ3-21*·2.) 

PRINT 1300. DRAG 

PART 8 PLOTTING INPUT 

~RITE (1) IWALL.Jl,J2fJ3,J4,J~lO.JW2ti.JW2,JW3,KM.CPSTAR,AMINF,RM~X 
1,HSPAN,$NAlP,SNO,SFACTOR 

WRITE (I. CPO,XW,RW,Vl,Y2.R,SlAS,CP,CP1,CP2 
RETURN 
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C 
1060 FORMAT U4,8E16.8. 
1010 FORMAT (lSH SUBROUTINE RESULTIII136H SHOCK WAVE ANO SONIC llNE lOC 

lATIONSII13X,lHJ,6X,5HXW(J.,9X,9HStAS(J.lt.1X,9HSLAS(J.2),lX.9HSlAS 
2(J,3),lX,9HSLAS(J,4j,7X,9HSlAS(J,5),lX,9HSLASCJ,6.') 

10S0 FORMAT (I4,7E16.8) 
1090 FORMAT (11138H PRESSURE COEFFICIENTS AT 

lAl PDINTS ( CO~PUTATIONAl APPROXIMATION 
2G ( COMPUTATIONAL APPROX[~ATION )/23H 
3 4 POINTS UNDER WING) 

1100 FORMAT (/315/(8E16.8) 
1110 FORMAT (11315/(SE16.8» 

GRID POINTS 151H 1 GENER 
,/54H 2 POINTS UNJER WIN 
3 POINTS ABOVE WING IZ2H 

1120 FOR~AT (11134H VELOCITY POtENTIAL AT GRID P01NTS/19H 
lOlNTS/22H 2 POINTS UNDER WING) 

1 GE~ERAl P 

1130 FORMAT (11124H AXIAL LIFT DISTRIBUTION/31H CP(J) = LIfT MINUS V 
lORTEX EFFECT 116H CPO(J' = LlFTl52H CPlCJ) = LIFT MINUS THICKN 
2ESS AND VORTEX EFfECTS 139H CP2(J) = LIfT MINUS THICKNESS EFFECT 
3/28H AINT = THICKNESS EFFECT/26H DCP = VORTEX EFFECT 113X 
4,lHJ.6X,5HCP(J),11X,6HCPOCJ •• IOX,6HCP1(J),10X,6HCP2(J),11X.4HAINT, 
513X,3HDCP/' 

1140 FORMAT (11116H LIFT ANO MOMENT/59H Al = LIFT~ AM = MOMENT, X 
t8AR = MOMENT ARM ABOUT NOSE/45H A = ATTACHED FLOW. S = SEPA 
2RATED FLaW/25H NS = NEGLECT SHOCK/~2H AINTO = SHOCK LIFT 
3, SMA = VORTEX LlfT/29H AREA = EXPOSED WING ARrA/46H 
4 OR MAXlMU~ CROSS-SECTIONAL AREAlllltH ALA =,E16.81111H 
5 ALS =,E16.8/111H AMA =,Elb.811' 

1150 FORMAT (llH AMS =,E16.81111H X8ARA 
1.E16.81111H AlANS =,E16.81111H ALSNS 
2,F16.81111H AMSNS =,EI6.81111H XBARAN 
3,E16.81111H AINTO =,Elb.8/1) 

1160 FORMAT (11H SMA =,EI6.8111lH 
1,E16.8flllH CLANS =,E16.SIIIIH 
2,E16.81111H CSMA ~,Elb.81Il1H 
3,E16.SllllH CMANS =,E16.811. 

CLA 
CLSNS 
CMA 

= • El6 .81111 H 
:::w;~l6.81111H 

= IE 16 • e 1111 H 

=,El6.81111H 
=,El6.BlIllH 
:. , El6. 81111 H 

1170 FORMAT (11H CMSNS =,E16.81111H AREA =,E16.8) 
1180 FORMAT .,1136H BODY SURFACE PRESSURE COEFFICIENTS. 

= XBARS 
AMANS = 
J(SARSN = 

= ClS 
CAINTO = 
eMS = 

1190 FORMAT (48H CP(J) - OMEGA = +0 DEGREES ( LEEWARD SIDE )/49H 
lCPO(J) - OMEGA = -0 DEGREES. WINDWARD SlOE J/3lH CP1(J) - O~EG 
2 A '= +90 DEGREES 132H CPZ (J' - Of"lEGA = -90 DEGREES J 

1200 FORMAT (53H CPXpC!'OX~CPIX AND CP2X - VORTEX EFFECTS ~lEGLECTeD /I 
1/3X,lHJ,7X,5HCP(J),lOX,6HCPO(J),9X,6HCPl(J),10X,6HCP2'J),13X,3HCPX 
2,13X,4HC?OX,l2X,4HCPIX,12X,4HCPZX/. 

1210 FORMAT (113X,lHJ,lX.5HCP(Jt,lOX,6HCPOeJ),9X,6HCPl(J),10X.6HCP Z(J)I 

E1240 
E1250 
E7260 
E1210 
E7280 
E7290 
E1300 
F7310 
E7320 
E1330 
E1340 
1:'(350 
E1360 
E1310 
E7380 
E7390 
f7400 
f 1410 
E1420 
E 1430 
f1440 
E 1450 
El't60 
E1410 
E1480 
E1490 
E1500 
E7510 
E 7520 
E1530 
E1540 
E15S0 
F 7560 
E1510 
E 1580 
E "15QO 
E7600 "I 

E 7610 
E767.0 
F. 1630 
E1640 
f 7650 
E7660 



it 
1220 FORMAT (32H CP(J) - OMEGA = +90 DEGREES) 
1230 FORMAT (32HCP(JJ - OMEGA = -90 OeGREFS • 
1240 FORMAT (34H CPX -VORTEX EFFECTS NEGLECTED J 
1250 FORMAT {113X,lHJ,7X,5HCP«J),10X,lHCPX/. 
1260 FOH MAT (/13 X, 1HJ, 7 X, 5HCP« J In 
1210 FORMAT (/8H CPSTAR=,E16.8) 
1280 FORMAT (lX1AlO.315/(7E16.8)' 
1290 FORMAT (8H DPHIMX=E16.8, 
1300 FORMAT (/6H ORAG~E16.8/. 

END 

/ 

E1670 
E7660 
E7690 
El700 
F71LO 
E7720 
E7130 
El140 
F1150 
E7160 
El770-



',.. 

c 
c 
c 

OVERLAY e DICK ,2,0' 
PROGR A... T WOO 
DI~~N9tON CPOeI20a, X~(120)~ RW(lOO), YI{ll0t, V2C120'. Rel2o" Sl 

lASC120,6', Cp(120), CP1(120), CP2(llO' 
DIMENSION TMPl(200j, TMP2(200), THP3(200' 
DIMENSION NAME(6', lBlEl(S), lBlE2lS. 
DATA NAME/3HM =,3HF =,3HH =,1HAlPHA =,lHOMEGA =,4HDEG.1 
COMMON ICALlPI NREAD,NCASES 
YTlC=-:l. 
X Tl C=-l. 
YDV=lO. 
XDV:::I0. 
NRE AD=NREAD+l 
I<lEW IND 1 
RAD=57.29577951 
READ (l' I WAll, Jl, J2, J3, J4 ,JW 10, JW20,JW2, JW3 ,I(M,CPSTAR ,AMINF. RMAX, 

IHSPAN,SNAlP,SNO.SFACTOR 
READ (1) CPO,X~,RW,Yl,V2,R,SLAS,CP.CPl,CP2 
F;::;.5/RMAX 
ALPHA= AS I N( SNAL P) 
A LPHA=Al,PH A*R AD 
JZP 1=J2+1 
J3Ml=J3-1 
IF (~BS(ALPHA).LT.l.E-OS) AlPHAzO. 
OMEGA;:AS I N( SNO) 
OMEGA=DMEGA*RAD 
CALL PS EUDO 
CAll LEROY 
CALL CAlPLT (2.,2.5,-3) 
YSHIFT=l.O 
IF (SNO.lT.-1.E-06. VSH1FT=1.5 
CAll CA l P L T (0. , Y S H ( FT , - J ) 
ENCODE (30.240,lSLEl(1) JNAME l l"AMINF,NAMe(2',f,NAME(3',HSPAN 
ENCODE (40.250,LBLE2(1) 'NAMF(4),ALPHA,NAME(6),NAME(5),OMEGA,~AME( 

16) 

FIGURE 1 - PLOT BODY 

NCDUNT=O 
00 10 J=J2.J3· 
NCDUNT=NC DUNT+l 
TMP1CNCOUNT)=XWCJ) 

F 0 
F 10 
F 20 
F 30 
F 40 
F 50 
F 60 
F 10 
F 80 
F 90 
F 100 
F 110 
F 120 
f 130 
F 140 
F 150 
F 160 
F 110 
F 180 
F 190 
F 200 
f ZtO 
F 220 
F 230 
F 240 
F 250 
F 260 
F 270 
F 280 
F 290 
F 300 
F 310 
F 320 
F 330 
F 340 
F 350 
F 360 
F 370 
F 380 
f 31)0 
f 400 
F 410 



c 

T~P2(NCOUNT)=RtJ' 
T MP 3( NCOUNT)::;:-R (J • 

10 CONTINUE 
TMP lt NCOUNT+11=TMPl n) 
T JlP2 (NCOUNT +1) =TMP1' NCOU NT +1 ) 
TMP3(NCOUNT+l,=TMPlCNCGUNT+l' 
TMPleNCOUNT+2)=SFACTOR 
T MP2 (NCOUNT+2) =TMP lC NCOUNT +2' 
TMP3(NCOUNT+2)=TMP1(NCDUNT+2) 
CALL LlNE( TMPl, T~P2., NCOUNl, 1 ,+0 ,3 ,.07. 
CALL LINE (TMPl,TMP3,NCQUNT,l,+0,),.C1) 
IF (HSPAN.lf.RMAX) GO TO 80 
IF (ABS(SNO).LT.l.E-06' GO TO 20 
GO TO 80 

C FIGURE 1 - PLOT Y2(J) VERSUS XWeJ) 
C 

c 

20 NCOUNT::O 
1)0 30 J=J WI. 0, JW3 
NCOUNT=NCOUNT+l 
TMPl( NCOUNT '=XWlJ) 
TMP2(NCOUNr'=Y2(J' 

30 CONTINUE 
TMP l( NCOUNf+l) =0. 
TMP2(NCOUNT+l)=TMPltNCOUNT+l. 
TMP3( NCOUNT+l '=TMPI (NCOUNT+l) 
T MP 1 (IIICOUNT +2) = SFAC TOR 
T MPl (NCOUNT +2 )=TMPt (NCOUNr'-2 » 
T MP 3{ NCOUNf+2 )=TMP U NCOUNT+2. 
CALL L1Nf (TMP1,TMP2,NCQUNT,l,+O,3,.Ol' 
DO 40 J=l,NCOUNT 

40 TMP2(J.=-TMP2{J) 
CALL LINE lTMPl,TMP2 I1 NCOUNT,l,+0,3,.01) 
IF (Jw3.GT.JW2) 'GO TO 50 

C DRAW LINE IF JW2=JW3 
C 

TMP1(1)=XW(JW31/SFACTOR 
TMPZt!l=Y Z( Jw3)/SFAC10P 
TMPIC2'=XWiJW3)/SFACTOk 
TMPZ(Zt=R(JW3)/SFAC10R 
CALL DRAW (T~PlfTMP2,2i 
HlP Z( U=-TMP2 ( 1 • 

F 420 
F 430 
F 440 
f 450 
f 460 
f 410 
F 480 
F 490 
F 500 
f 510 
f 520 
f 530 
F 540 
F 550 
f 560 
f 510 
f 580 
F 590 
f 600 
F 610 
F '620 
F 630 
F 61t0 
F 650 
f 660 
F 670 
F 680 
F 690 
f 100 
f 710 
F 120 
F 730 
F 140 
F 750 
F 760 
F 770 
F 180 
F 190 
F 800 
F 810 
F ii~O 
F f!30 
F 840 

.. 



.. 

C 

TMPZ(Z.=-TMP2(2) 
CALL DRAW (TMP1,TMP2,2) 
GO TO 80 

C PLOT YlCJ' VERSUS XWeJ' 
C 

C 

50 NCOUNT=O 
DO bO J=JW20,JW3 
NCOUNT=NCOUNT+1 
TMPl(NCOUNTt=XW'J. 
TMP2(NCOUNf'=Yl(J. 

60 CONTINUE 
TMPl(NCOUNT+l~=O • 
f~P2' NCOUNT+IJ=T,MPlCNCOUNT+l) 
T MP3' NCOUNT +IJ=TiMP l( NCOUNT-+l' 
TMPlC NCOUNT+2'= SFACTOP 
TMP2'NCOUNT+2.=TMPICNCOUNT+Z. 
TMP3{NCOUNT+2.=TMPl'NCOUNT+2) 
CALL LINE (TMPl.TMP2.NCOUNT,I.+0.3,.07) 
00 10 J=19NCQUNT 

10 TMPZ'JJ=-TMP2'J) 
CALL liNE (TMP1.TMP2,NCOUNT,I,-+O,3 •• 07. 

C FIGURE 1 - PLOT SLASeJjU VERSUS XWeJ. 
C 

80 DO 120 11=1.6 
NCOUNT=O 
00 90 J=Jl,J4 
IF (SLASeJ,II).LE.O.) GO TO 90 
If (SLAS(J,II).GT.YSHlfT.ANO.SNO.lT.-l.E-06. GO TO 90 
NCOUNT=NCOUNT+l 
TMPlC NCOUNT)=XW( J' 
TMP2(NCOUNTJ=SLASeJ,llb 

90 CONTI NUE 
TMPICNCOUNT+l.=O. 
T~PZ(NCOUNT+l)=TMP1(NCOUNT+lt 
TMP3(NCOUNr+l)=TMP1(NCDUNT-+l. 
rMPl(NCOUNt+2.=SFACTOR 
TMP2'NCOUNT+2.=TMPl(NCOUNT+2J 
TMP3(NCOUNT+2'=TMPICNCOUNT+2' 
If (SNO.GT.-l.E-06) GO TO 110 
00 100 J=l,NCOUNT 

100 TMPZ(J)=-TMP2(J) 

F 850 
F 860 
f 870 
F 880 
F 890 
F 900 
F 910 
f 920 
F 930 
F 940 
F 950 
F 9bO 
F 970 
F 980 
F 990 
F 1000 
FlOIO 
F1020 
F 1030 
F 1040 
FI050 
FI0bO 
FI070 
F1080 
F 1090 
F1l10 
FU20 
F1l30 
F1l40 
FU41 
FU50 
F 1160 
FIl70 
F 1190 
F1200 
Fl210 
f 1220 
F 1230 
F12.40 
f1250 
F 1260 
Fll70 
F1280 



c 

c 
C 

c 

lLO IF (NCOUNT.EQ.O) GO TO 130 
CAll LINE (TMP1_TMP2,NCOUNT,1,-1.4,.Ol. 

120 CONTINUE 

130 YSHFTN=-YSHIFT-l. 
VSHFT1=YSHFTN-.25 
YSHFT2=YSHFTN-.50 
~SHFT3=YSHFTN-.15 
CALL NOTATE CO., YSHFTl.,.14,25HSONIC LINE AND SHOCK WAVE,O.,2S. 
CAll NOTATE (O.,YSHFT2 •• 14,lBLEIC1),O.,30) 
GAll NOTATE (0.,VSHFT3,.14,lBlE2Cl),0.,40) 
IF (ABS(SNO).LT.l.E-06t GO TO 140 
TMP1(1)=XW(J~10)/SFACTOR 
TMPl(2)=XW{JW3./SFACTOR 
TMP2( 1)=0. 
TMP2( 2)=TMP2( 1. 
CAll DRAW (TMPl.TMP2,2. 

140 IF (IWAlL.EQ.O) GO TO 150 
TMPl(l)=-l./SFACTOR 
TMPl(2)=~2./SFACTOR 
TMP2(1)=RW(KM)/SFACTOR 
TMP2(Z.=TMP2(U 
IF (SNO.LT.-l.E-06) TMP2(1)=-RWCKM./SFACTOR 
TMP2(Z)=TMPZ(U 
CALL DRAW (TMP1,TMP2,Z) 

L50 CALL NFRAME 
CALL CALPLT (2 •• 2.5,-3. 

XPG=5. 
VPG=8. 
TOP BND=-. 8 
B·OT BND=+ .. B 
SK I P=4", 
SCF=+.2 
VMO~E=SKIP-CPSTARISCG 
IF (ALPHA.EQ.O.) GO TO 200 
IF (ABS(SNO).GT.l.E-068 GO TO 200 

C FIGUR~ 3 - CP VERSUS X 
C 

NCOUNT=O 
DO L60 J=J2Pl,J3Ml 

F1290 
F1300 
F1310 
Fl320 
F1350 
F1360 
F13l0 
F 1380 
F1390 
F1400 
F1410 
FlitlO 
F Ilt30 
F1440 
F1450 
F1460 
F 1410 
F1480 
F1490 
F 1500 
F1510 
F J,520 
F 1.53"0 
F1540 
F1550 
F1560 
F1510 
F1580 
F1590 
F1600 
F1610 
F1620 
ft630 
f1640 
F 1650 
F1660 
f1610 
F1680 
f1690 
f 1100 
fl1l0 
F 1120 
F 1130 



C 

NCOlJNT=NCOUNT+l 
TMPl(NCOUNT'=XWlJ' 
TMP2(NCOUNT)=CPlJ) 
TMP3(NCOUNT)=CPOlJ) 
If (TMPZ(NCOUNT •• LT.TOPBND. TMPZ(NCOUNT)=TOP8ND 
IF (TMP3(NCQUNT).lT.TCPBND. TMP3(NCOUNT'=TOP8NO 
IF (TMP2(NCOUNT •• GT.BOTBND. TMPZCNCOUNT)=BOTBND 
IF (TMP3(NCOUNT).GT.BOTBND. T~P3(NCOUNTJ=80TBND 

160 CONTINUE 
TMP1(NCOUNT+l'=O. 
TMPl(NCOUNT+2)=SCf 
TMP2(NCOUNT+l)=BOTBNO 
T HPi3' NCOUNT+ U =TMPZ (NCOUNT +l) 
TM~2(NCOUNT+2'=-SCF 
TMP3lNCOUNT+2,=TMP2(NCOUNT+2' 
C ALL AX ES (0.0 •. 0.0, 0., XPG, TMPl( NCOUNH· U ,TMP l( NCOUNT+2 •• XTI C. XDV ,1 

IHX •• 14,-1. 
CALL AXES (-.5,0.,90 •• YPG,TMP2(NCOUNT+l.,TMPZ(NCOUNT+Z.,VTIC,VDV,2 

IHCP •• l't,+Z) 

C DRAW l[NE FOR CPS TAR 
C 

C 

CALL CAlPLT (-.5QO,VMOYE.-3) 
CALL CAlPlT (.5,0 •• 2) 
CALL CAlPLT (+.500.-YMOYE,-3. 
CALL LINE (TMP1,TMP2.NCOUNT,1,+1.3,.OB. 
CALL LINE (TMPl.TMP3,NCOUNT,1,+1.4,.01) 
IF (HSPAN.lT.RMAXJ GO TO 110 

C DRAW l (NES FOR JW 10 AND JW.3 
C 

TMPI(1)=XW(JW10J/SCf 
TMP It 2' =T MP 1(1) 
TMP2( 11=0. 
TMP1(2)=.5 
CALL DRAW (TMP1,TMP2.2. 
TMPl(1.=XW(JW3)/SCf 
TMP l( ZJ=TMPlC 1) 
CALL DRAW (TMPl,TMP2,2. 
IF (JW2.EQ.JW3) GO TO 170 
TMPI(1)=XW(JW20J/SCf 
TMP l( 2. =T MP 1 ( 1 ) 
CALL ORAW (TMPl,TMPZ,2) 

F ll,ltO 
F1750 
F1160 
Fl170 
f 1780 
fl190 
Flaoo 
Fl8l0 
f1820 
F 1830 
FIB40 
F1850 
F1860 
F1810 
F 1880 
F1890 
F 1900 
F1910 
F 1920 
flQ30 
F1940 
F1950 
F1960 
F1970 
F1980 
FIQ90 
F2000 
F20l0 
F2020 
F2030 
F2040 
F2050 
F2060 
F2070 
F2080 
F2090 
F2100 
FZUO 
F2120 
Fl130 
F21~O 
Fl150 
F2160 



C 
C 
C 

C 
C 
C 

c 
c 
c 

110 

180 

CONTINUE 
CAll NOTATE CO.,-1.25 •• 14,Z6HliOOY PRESSURE DISTRIBUTlON,O.,lo) 
CALL NOTATE (O •• -1.50,.14,13HIN WING PLANE,O.,l3) 
CALL NOTATE (O.,-1.75,.14,LBLEIC1),O.,30) 
CAll NOTAT~ (O.,-Z.OO,.14.lBLE2Cl'.O.,40. 
CALL NFRAME 
CALL CAlPlT e2.,2.5,-3) 

f IGUR E 2 CP VERSUS X 

NCOUN T= 0 
00 180 J=J2Pl,J3Ml 
NCOUNT=NCOUNT+l 
TMPl( NCOUNT)=XWeJ) 
TMP2(NCOUNT)~CPICJ) 

TMP3(NCOUNT'=CPZ(J, 
IF (TMP?(NCOUNT)~lT.TOPBND) TMPZtNCOUNT)=TOPBND 
IF (TMP3(NCOUNT)~lT.TOPBNO) TMP3(NCOUNT,=TOPBND 
IF (TMP2(NCOUNT'.GT.BOTBNO) TMP2(NCOUNT)=BOTBND 
IF (TMP3(NCOUNT).GT.BOTBND) TMP3eNCOUNT'=BOTBND 
CONTINUE 
TMP1(NCOUNT+l)=O. 
TMP1(NCOUNT+2)=SCF 
TMP2(NCOUNT+l)=BOrBNO 
T ~P3 ( NCOUNT+ 1)=TMP2« NCOU NT +1' 
TMP2(NCOUNT+2'=-SCF 
TMP3(NCQUNT+2.=TMP2«NCOUNT+2) 
CAll AXES (0.O,0.0,0.,XPG,TMP1(NCOUNT+l),TMPleNCOUNT+2),XTlC,XDV,1 

1HX,.14,-1) 
CAL L AXES (-.5,0.,90., YPG, TMP2 e NCOUNT+l), T MP2 (NCOUNT +2 )'YTl C, YDV, 2 

IHCP,.14,+Z) 

DRAW LINE FOR CPSTAR 

CALL CAlPLT (-.500,YMOVE,-3' 
CALL CAlPLT (.5,0.,2) 
CAll CAlPlT (+.500,-YMOVE,-3) 
CALL LINE (TMP1,TMP2,NCDUNT,l.+1.3,.OS) 
CAll LINE (TMP1,TMP3iNCOUNT,l,+l,~,.01) 
IF (HSPAN.lT.RMAX' GO TO 190 

ORAW LINES FOR JW!O AND JW3 

f2170 
F21eo 
F2190 
F2200 
F2210 
F2220 
f2230 
F2240 
F2250 
F2260 
F2210 
F2280 
F2290 
F2300 
F2310 
F2320 
F2330 
F2340 
F2350 
F2360 
F 2310 
f2380 
F2390 
F2400 
F2410 
F2420 
FZ430 
F21t40 
F21t50 
F 2' .. 60 
F2410 
f2480 
F2490 
F2500 
f2510 
FZ520 
F2530 
F2540 
f2550 
F2500 
F2570 
FZ580 
F2590 



• 

C 
C 
C 

.C 
C 

190 

200 

210 

TMP1(lt=XW(JWIOl/SCF 
T MP it 2) = T MPH 1 , 
TMP2( U=O. 
TMP2(2)=.5 
CAll DRAW (TMP1,TMP2,2) 
TMPlll)=XW(JW31/SCF 
TMP l( 2' =TMP It 1) 
CALL DRAW (TMP1,TMP2,Z) 
IF (J.Z.EQ.JW3) GO TO 190 
TMPl(1.=XW(JW20)/SCF 
TMP l( 2) =TMP l( 1 ) 
CAll DRAW (TMPl,TMP2,2' 
CONn NUF 
CALL NOTATE (0.,-1.25,.14,26HBOOY PRESSUR~ DISTRIBUTION,a.,lb. 
CALL NOTATE (O.,-1.50,.14,17HIN SYMMETRY PLANE,O.,17. 
CALL NOTATE (O.,-1.75,.14,LBlEl(1),0.,30' 
CAll NOTATE (O.,-2.00,.14,lBlEZ(1.,O.,40) 
CAll NFRAME 
CAll CAlPlT (2.,2.5,-3. 
GO TO 230 

F IGURF 4 CP VERSUS X 

NCOUNT=O 
DO 210 J=J2Pl,J3Ml 
NCOUNT= NCOUNT + 1 
TMP1(NCOUNTI=XW(J' 
TMP2(NCOUNT)=cpeJ) 
1 F (l MP2 (NCOUNTt .If. TOPBNO. r"P2 C NCCUNT)=TOP8ND 
IF (TMP2(NCOUNT •• GT.BOTBNO) TMP2(NCOUNT)=80TBNO 
CON TI NUE 
TMP1(NCOUNT+l'=0. 
TMP l( NCOUNT+2 )=SCF 
T MP 2( ,'«:OUNl+ U = 80 TBNO 
TMP3(NCOUNT+L'=TMP2(NCDUNT+l. 
TMP2(NCOUNT+2'=-SCF 
TMP3tNCOUNT+2,=TMP2(NCOUNT+2' 
CAll AXES (o.o,o.0,o.,XPG,T~Pl(NCOUNT+l"TMP1(NCOUNT+2.,XTIC&XOV,I 

IHX,.14,-1) 
CAll AXEj (-.5,O.,90.,VPG t TMP2(NCOUNT+1J,TMP2(NCOUNT+2),YTIC,YOV,2 

1 H CP ,. 14, + 2) 

ORA~ LINE FOR CPSTAR 

F2600 
F2610 
F2620 
F2630 
F2640 
F2650 
F2660 
F2b70 
F2680 
F2690 
F2700 
F2710 
F2120 
FZ730 
F2740 
FZ150 
FZ760 
F2170 
FZ780 
F2790 
F2aoo 
FZ8l0 
F28tO 
Fza30 
F2840 
F2850 
F2860 
F2870 
F2880 
F2890 
F2900 
F2910 
F2920 
F2930 
F2940 
F 2950 
Fl960 
F2970 
Fl,980 
F2990 
F3000 
F3010 
F3020 



C 

C 
C 
C 

220 

230 

CALL CALPLT (-.500,VMOVE,-3, 
CAll CAlPlT (.5,O.,Z) 
CALL CAlPLT I+.500,-YMOVE,-3. 
CALL LINE (TMP1.TMP2,NCOUNT,1,+1.3,.OS) 
IF (HSPAN.LT.RMAX} GO TO 220 

DRAW LINES FOR JWIO AND JWl 

TMP l( U =XW,( JWIO)/ SCF 
TMP l( 2) =TMP H U 
TMPl( U=O. 
TMP 2( 2)-=.5 
CALL O~AW (TMP1,TMPZ,Z) 
TMP1(1'=XW(JW3)/SCF 
TMP1(2)=TMPlll) 
CAll DRAW (TMPl,tMP2,2) 
IF (JW2.EQ.JW3~ GO TO 220 
TMP1(1)=XW(JW20)/SCF 
TMPl(2'=TMPllU 
CALL DRAW (TMPl t TMP2,2) 
CONTINUE 
C~lL NOTATE (O.,-1.25,.14,26HBODV PRESSURE OISTR 18UTlON"O.,26) 
CAll NOTATE (O.,-1.50~.14,lBlEl(1',O.,30) 
CALL NOTATE (O~,-1.15,.14,lBlf2(1"O.,40' 
CALL NfRAME 
IF (NREAD.EQ.NCASES) CALL CAlPlT (0.,0.,999) 
IF CAMINF.GT.l.) Jl=Jl-2 
If (AMINf.GT.l.) J4=J4+Z 
RETURN 

240 FOR~AT CA3,F5.3,2X,A31F6.J,ZX,A3,F5.3,lX). 
250 FORMAT (A7,f6.2,lX,A4,2~,Al,F6.2,lX,A4.2X) 

END 

F30l0 
FJ040 
F3050 
f3060 
FlOl0 
F3080 
F3090 
F3100 
FlllO 
F 3120 
F3130 
F3140 
F3150 
FJ160 
F3110 
Fll80 
Fl190 
F3200 
F1210 
F3220 
F3230 
f3240 
F3Z50 
F32t,O 
F3270 
F3280 
F3290 
F3300 
F3310 
F 3320 
F3330 
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 bo~ 

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 ~ = 40
, respectively. 

The computation is made in the wing plane. 
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SNAME 

Jl 

J2 

.13 

J4 

J!I 

FAC 

KM 

,. 

• 

18, 

30, 

80, 

92. 

109, 

O.IZE+Ol. 

50. 

RCOM :: 0.0, 

A 0.lE+01. 

B O.IE+Ol. 

1.11 All 

P 

DMEGAO 

AlPHAD 

HSPAN 

AfUNF 

GAMMA 

III 

Rt 

IU'A)( 

RN 

JS 

RS 

JWl 

JII2 

JII3 

JIIO 

IWING 

81 

82 

OELl 

oel 
IVOR 

10lR 

EPSI 

SUB 

SUP 

I "Ax. 

'" O. 

.. 0.0, 

0.0. 

O.3E+OO. 

O.98E+OO, 

O.I~E+Ol, 

O. 

O.ItE+Ol. 

0.5F-Ol. 

O •• 2E+Ol. 

.. 80, 

0.0, 

1t2. 

• 10. 

• 18. 

• 49. 

'" 2. 

O.2E+OO, 

0_8391E+OO, 

O.lE+OO. 

O.lE+OO, 

1, 

4, 

o .5F-05. 

O.13E+Ol, 

O.85E+OO, 

200. 

SFACTOR .. !').!lE+OO, • 

$ENO 



APPENDIX C 

SAMPLE OUTPUT 

In this appendix the output for the calculation described in 

appendix B is given. The printed output is given first, and then the 

plotted output is given in figures 7, 8, and 9. 
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SUBI'OUTl'iE STAU 

Ai<~AYS A'ID PARA"IFIERS USI';D IN COHPLITAnCN 
J = A~IAL GRID IND=X, ~ ~ RADIAL GRID INDEX 

R,HKI RoiRIKI 4XOCR IK I A8~RIIq 

1 2.04C81621r,~V2 O. 9.99991154;:-01 o. 
2 4.1b66b661E-02 o. 9.99?65621E-Ol 1.604166611:-01 
3 6. Jdl91q12 E-02 O. 9. '1991934:)£-01 8.4391l~31e-Ol 
4 8.6~56:Zue-O< O. 9.~98~031TE-Ol 8.e5a6956~e-Ol 
5 l.l11.l1111E-Ol O. 9.997550.5:-01. 9.1111 H UE-Ol 
I> 1.3,,31>3036;-01 O. <}. t)~b3l021J:-O 1 9.Z8030303E-Ol 
7 1.6279069BE-Ol o. 'I. "'i.150~ 1£-C1 9.401993'3I>E-Ol 
6 1.9047"190;-01 o. 9.99282,,06<'-01 9.4?4041 .. ZE-Ol 
9 2.1~5!21<',E-OI 0. 9. 99Ct. 1288E-0~ 9.51>6395bbE-Ol 

10 2. 500000CJ~-01 o. 9.9816~192E-(1l 9. b2500000E-Ol 
11 l. 82C5IZ82~-0 L O. 9.9d4ld564E-:O'l 9.6136~qb7E-Ol 
12 3.15789414E-Ol O. 9.98031314E-Ol '1.11491Zl8E-OI 
13 3.5U51>51"-01 O. 9.97;;64659':-01 9.15051915F.-Ol 
14 3.8Se8SSe9E-01 O. 'I. 970la939E-O 1 9.781H~03t;-01 
15 4.2 J511'.)i?E-01 11. .). 9~3~~9E5E-O I 9.ll0952381E-01 
It ',,10588235E-OI O. 9.95643855E-OI 9.8~455S62E-0l 
11 5.15151515E-OI O. 'I. 941865IlE-0 I 9. 8513S 150E-Ol 
18 S. ('l500000~-01 o. 9.'13793',.\1;:-01 ~.d7Jl41l22E-OI 
19 6. 129032ZbE-C)l O. 9.9H44090E-Ol 9.89a1324JE-OI 
20 b.t-!o066661~-OI O. 9.91 H448lc-01 9.916666HF:-Ol 
41 1.241379nE-OI O. 9.8917631IE-Ol 9.93"3ta$6E-01 
22 7.8571"286"-01 o. 9.8H9<>160i:-01 9.9512<;e'70E-01 
23 d. SU51 B,2E-OI o. 9. d 5')34520E-Ol 9.9b7793B8E-OI 
24 9. Z 3016923 E- H O. 9. 83 ~44219E-Ol 9.9839143tE-01 
25 I.OOCOOOoO">oo G. 9.80 16'1303E-0 I 1.00000000[, <00 
26 I.Oa~:3333F.+OO o. ?17S~23Z1e-Ol I.J01602560.o0 
21 1.1 n913or.F.+O~ i.l. 9.7318.2417f-01 L.003220tlf'+QO_ 
Z~ l.l7Z1Z721E+OO O. q.b9~9lt60E-Ol I. )0407i.l13e+OO 
29 1.31l095236E',J0 O. .9.6'02531 '1v!:-Ol I.OOb56~14E'OO 
30 1.50COUOOOE+00 '.1. '1.5el21~63E-OI 1.00833333e<00 
31 1.631578<;56.00 o. '1.51123465:-01 r.OlO18"1,,E+00 
3l 1.17711718"+00 O. 9.4214Jij6o'-OL I.v IZiSHeE+oo 
33 1.94111641E.00 O. 9.328214o3E-Ol 1.01426025E+OO 

,ORlGINAIJ PAGE 
3·. 2.12500uOOnOo O. 'l •. OtllnSH?E-OI 1.0 16S.t,412E +00 
35 2.333~3n"'<!lO o. 9.0699450ZE-Ol 1.019041oZE+00 
36 Z. 5 71 4 2 857~+OO o. 8.90219313:-01 I. uZ I 62 S40E '00 

0., PooR ,QtT~ 37 2. 64e153e5~+OO O. B. Til 130 103E-0 1 I. OZ4'1ltdOZ ~ +00 
3B 3.166666~7E+!)O o. a.4<o030955:-01 1.0ZB50877E+00 
39 3.54S',5t.S5!:+OU O. 8 .11l00~HF-O I hB263403E+00 
40 1,.00000uOOE+00 O. 7.02196930E-OI l.v3750,hlOE+OO . 
41 4.:i'555~5bE'QO O. 7. 4U018518f-0 I 1."4J36~43E .oe 
42 5.lS000000E+Oil O. 6. 'l1470S0]E-01 I. 050595Z4E tOO 
43 6.1428 5714E +00 O. 6.33178544E-Ol 1.05980066E+00 
44 7.33333333F+OO o. 3.65269540E-01 1.07l96910e+oo 
45 ~.OOO'JQOCOE >00 o. 4.8150'l156E-OI I.08aaI!8~9E.OO 
46 1.1500,)000F.+OI O. 4.00413440E-Ol 1.1l41304,'t~O 
47 1.566666670+01 O. 3. 05429309E-0 1 1.156028F e 100 
48 2.400uUOOOE+Ol O. Z.Olt~386ij1E-01 1.l195E3"'~!)·OQ 
49 4. 'ltJo,)eIlOOE +0 I O. 1.02019786E-OI 1.48919592f.oG' 

K CCNIIK) CON21KI CON31Kl CCN7tKI CON8tiO C;ON?IKI CONIOCKI C/)Nl1CKI 

b 0+ 
" 1 1.00000000EtOO 5.84305735£-04 1. t,0291807E+ 00 o. 1.I"MI.7810~09 !h80Z47l70E-0. Z.4335'hz;E-07 

2 2.39583323!:-01 4.70950JdJF.-04 2.1126736IF-01 O. 3.n85206IE-C9 '1.54844948E-08 O. 8.1161"~()J3.-01 
3 I.S5028369E-OI 5. 12:ZB577.E'-04 ',.25148202E-Ol D. I.OllllW756E-OB 1.59125950E-0·1 \ 0: 2.067#;045E-Ob 
4 1.14130435E-OI 5.583 52 n9~-04 7.38421550E-02 o. 2.0S4n5~bE-08 2.362543850-01 0·1 ".Z2,f94918E-06 

e.888d8BB'lF.-Qa 6.tJ96b3161E-04 4.93827160f-02 O. 3 •• 6Z"691l;f-08 3.2?bl222IE-C7 0., 7. 52:1.70569E-Ob 
~ 7.l969b9'IOE-OZ 6.b"OO53i.8~-04 3.58100b43e~02 0. 6.03'25310f-OO 4.4;:5B522Te-07 O. 1 •. J.:<U29910E- 05 
1 5. S SC06b 4 5"-tJl 7.31250517:-0, l.75~35144E-02 O. ~.42902"35t-06 5. N2483S3E-07 O. l ;</';7n73191;-oS 
8 5.0595UPlr-oZ 8. 034~I)'a6l'O/, 2.2144Z144F-,9., O. 1.418382UE-07 1.44650663 E-01 0.· , .2.91410)IJ9E-05 
9 4.3)bIl4336 r -Jl ~. a~ 7171>27 E-04 1 .u3u;)~1 12E-02 o. 2.0/1.39246£-01 9.45001001£-01 O. 4.26306434E-05 

10 3.7'OOOOOJE-u2 9.1bSbZ·SilOE-1l4 1. 5625000~F-02 O. Z.96994'172E-01 1.18197989E-06 O. 6.1\135 U;(>l>, -05 
11 3. 2634;)326,,-J2 I.OSOb4lJ5c-03 1.35d39l~1E-02 O. 4.)0318213"-01 1.483IZBllE-06 o. U.;'1'1I1U), ;:-o~ 
12 2.0508711'11'-02 1. I.,a 102,6"-03 1.20229301E-02 0. 5.01/94964E-07 1.041J50nE-0~ o. 1.1'15t>4B~t;-04 
13 2. ~94aoi49::-0l 1. 333fJ :J2lS-03 1. 08Q56~4If-07. O. 8. OLZ82035E- C7 2.2d05719~f~04 O. l.b~6101l4E-jh 

1" 2. 1 Bl53 9~ d~-Ol 1 .• 4a8~354:iE-OJ 9.84189'/1za-0.1 o. 1.0953~294~- C6 2.uI6S9613E-06 o. 2:2HiWI92E-04 
15 I.Q04161'10E-02 1.<659U?lE-Ol 9.0'/02941BE-03 O. 1.480'lo09It-0r.. 3.H424213E-06 O. 3_1J''1tJI.~5IE-O'' 

16 l'<>'441171¥"~u;; 1. d1'JTdb99"-03 8.447TT24'iE-03 O. 2.015930Z8E-Ob 4.283dSla5E-Ob o. 4, 14,;9 H,!8~' O~ 
11 1.4z~n496c~u2 .2 .ludUb622E-03 7.9435436SE-03 O. Z.72Z22018E-0" 5.284 'O'l'l4E- 06 O. 5.)944." '·31.-0-. 
18 1.215l1178E-az l.Jd41857Q'-03 7. 535l04461:'~ 03 O. 3.6707447;;E-06 ~.525Ibij44E-Ob u. 7 •. 543T1<a'~-04 
19 1.01Bb1572~-O~ 2. 1070H03E -03 1.206251511;-03 O. 4.9481~67a"-Ob ~.07335T38E-06 O. 1.ul"d"i\9E-03 
<0 ij. ~333~3;';\E-J) ).0 do/ol 07 5~-03 b. 944',4444E- 03 o. 6.6748'.991E-06 ].00122150E-05 o. L.3J\T4(j±>;'O) 
21 6. 5b8144'OF.~03 3.534b&lO~f-03 6.14010t ;;9<-03 o. 9.01902601 BE- 06 1.24".6457f-05 O. ~l'U~ '\(,9 1 ;SF-, 113 

22 4.e7C12987C-03 4.0<>731570E-O~ b.58nH15E-03 o. 1.22181116 E-05 1.55~04vO~~~OS 1). l. > lO';;-"f9~E-o~ 
13 3. Z20~ q 9?€-1l3 4.10'ol·1l06E~O~ 6 .• 4atJt320E-03 o. 1.6610HSle-05 1.9~?925b9E-OS 0. 3. 413b').lob~,-\l3 
24 1 .. b02S44t(H;-03 ~.4 70Hbate-ol 1>. 420~Z926E-03 o. a.l6825Z72E-05 2. 1,,127379E-05 O. 4.6014b',{,E J3 
25 2.HU 10Q4' -16 ".40000UO"'-0' 6.4JOOOOOOE-03 O. 3.U4Z1800E-CS 3.11421800E-.05 O. b~ .. uIJJu')OOJ:·u?-
l6 -1.60Z50~lOc-0~ "! 01 ~3S?'IJ .. ~a~-03 6.I,ZO~l92bE-03 Q. 1t.30316790F-05 3. 'In 15.498tf- .05 o. ~. a/.J ~991f.it-·,~O~ 
27 -3.22<1bll'/2!i-03 6. -133"4~4bE-Q3 o.4S17\,l20e-OJ o. 5.99058'146.-(;5 ~.1 \.>30'/412 E-05 O. l .. /J U2JlaE70~ 
2_ -4.E70129b7~-il3 1.i.l~7Zu~"~<-Ol bS6B3 791 5E-.Q! O. 8.41160165E-05 o.~O.927H2E-C5 O. \. 12bIOt~H-02 
29 -G. 56614"';0 :-03 l • .£.a 5-4 1'402£-04 :.14070,,59£-01 o. 1.1~2B;944E-C4 a.b319'.709E-OS o. l .. 't!.f;;.Jt~'tr1~ OZ 
30 ~S.;b333333.-03 1.5bZS';')OJ';-0? 6.94444444£'-03 O. 1.11069104<-01, I. 141)4·6069E-QI, 0._ l.St!olu lOcr. J2 
11 -I.vUl6H72E-02 1.9ta;.JI02-0Z 1.i06.2~1!>lc~03 o. Z.484n094E~04 t. 52J0099) ~ 04 0. 5.1061b990-vl 
32 -I. 2152 717il7-J~ A.} 8 14"672"~Ol 7.5.l$20448E-03 o. 3.{>o246912!:-c4 2.060) 3SadE-04 ;). 7. 5201 ,691>-;/' 
3, -1.~2~O~~9~E-02 ~. 99112'~l<lE-0< 1.94354~b5E~03 o· ,.4811370l'lE-()4 2.82134Z22(-04 .0. 1.1~79U77E-Ol 

3t. ~l.b54't1176~·1l2 ;.8146'112IE-02 8.44717H'IE-03 o. B.3d 19B 702E-C"4 J. 944./;44 BE-04 O. 1.7225T .. ,,3E-.Ol 
), -1.')OG76190"-02 4."J 3827 toilE-ilZ '1.<l71lZ9418.E-Ol O. 1.308<.7059E-03 ;;.60bo173'1ije- 04 O. l.<>~B6l,45~t-Ol 

3. -Z.lUZ!l39l:SE-v.: 6.5(j17v~12F-02 9.1141111?1~e-t13 o. 1.0?H~14?I;-C) o.!4H $:>UO E-U4 o. 4.303054JOE-OI 
31 -2.49'd~l49~Ol 6.1~31'l"'11.t-02 1.0aO$6241l!-02 0. 3.4'v~o442f-03 1, 212~55Q7E-t)3 0, 7.il~o6a~S~E-(j1 

~8 -2.85';'S77'19~~O a I.<!Q~"HEI:-Ol 1. Z02l~301E-C2 O. 5. 88lUi;J38 £;-03 l.65114633E-tl3 Il. I, Nij9\·110E._00 
39 ~J.Zb.4~l2Q"~Ol 1.10/533f.~~-OI 1.158Wl97f-Ol l). 1.044436761:-02 Z .. 9'5a4121~-Il~ O. ~.1.4"4!212E+OO 

40 -;.1~tlOOOOOF~Ql 2 ... 50n:JL~ JO')E-Ol ~. ~6'!>~ )OOE-c;'!' p. 1.9~"la625E-OZ 4.e;'59~Sb3E:-02 o. It. 0000 Joooe_oo 
41 -4";11>0·.3360-u2 ;j .41tJ~·J(f7b ':-01 1.aJo')bl1Z~-02 O. 3. B4.1!!dl~~E-Ol e. 44f;~941 ~'-O3 O. 7.9071~~l?f·i!0 

~.2 -5.V~952'al~-O( "'10:!H'b2E-0! 2.21A42744E-0? O. 8.10 5923 9lO-O~ 1.55~i~3bl~-02 O. 1.b8ZZg1.?E.ol 
43 ~;,.~~H·~O~ •. A5:1-oo:! ..1 .iJ41.z3..till;':+JO 2.75?)S(J.4E-n o. 1.9118b1l7E-Ol 3. tl234i9lE-02 O. ~ .'7L'70evltEtOI 
·~4 ~T.l"O:"6·~;OE-02 1. ")'?9 Qll'l.'-TtJl) 3 .• 5~ 10064.lE-02 o. 5.0h.2R5.529E-01 6.:sa:i ft;'1J3E-OZ 11. 1 ....... 3731·7?lr .. a2· 

45 -8.8BBSBEe'~-D~ ".J') )~)(lJJ, -00 4.938, ll~Ot-J" o. 1.;i7b~7iaoe.oo I. 7"11414),,~QI II. ~" • .;r4tHl'1,Jon~.H)a-
4<> -1.1413J4~!·OI , .. It:~.:.:. J';:'h}.) 1.3".2b'~"-O; O. {, .. ::",44 t';t;" r: .... OO s.. 4~'Tl·)149i::-Ol O. ! l!.:; .. :9!t+O'; 

~1 ~1.5·~Ol·~~~q~~Oi ;t ;;:!'-I;' :7-~:Lll ; of" 1',,17Ch 1.a. O. 3.f.e61E~ll'JO:+in ..: ... ;~Lt'D·t61l:+GO O • 1. ;>1~1t.,,'J2St03 
'1.Q"OOOooar+o~ 46 -2.~~5~3J~j~-O. 1 • .)~.:?~ .'J.I t'IJ.~ .) ,",11 f 6j1hl t- u 1 O. 4.JT936~01.'.OZ """·,{H!lE+OI O. 
t>.ClOZ~JJDOH06 

4~ -4.UJ1959!d2-0! 2.5 IlOOJIlUVt ." j I.OH';~Z82C.OO o. 2.nU79;dlE.O~ ~" f .. r,,~jI~J7'10r t' 02 o. 
~--.-.-.- .. ~----." -"-- . .",,""- ,' .... ..:..:.'-'.-......... --~ ..... - .. ---'""'.'" . 0.' -c l .';':'~~ffdi:..~ .. ~ 



4 .1(.,. .1 RfJt SPR (HEI JI Y2IJ) yllJI FlJ,;3( JI 1·1l'l.!lJ J h.l'IOIJ) 

1 "'Z·.3t;·::~tlFtvO O. O. o. 11111 O. o. O. 

2 -1.15i ••. ·.=.JJ O. O. O. ((III O. O. O. 

~ -\,6R:·_:!~~~UQ O. O. O. 11111 O. J. O. 

~ -1.4l;· i.,.:-.I: tJJ' Il. O. o. III II O. O. O. 

5 -1.2~c.~~~SF+OO O. p. O. 11111 o. n. o. 

6 -1.03:~:l~~~fJ~ O. O. O. 11111 O. O. O. 

7 -B.d3 •. ;H15-01 O. O. O. 1111l O. O. O. 

~ ~ 1 .• 59! ·:·· •• -0 1 O. O. O. lUll O. O. 1). 

9 -6~55q·~J~5~"'~1 O. O. O. 11111 O. Q. O. 

10 -5.bq(:~~'1:)~-Ol U. O. O. 11111 o. Q. O. 

II -4 .9~3: ';.'J" -,It O. O. O. 11111 O. O. O. 

H -4. 3d;; '" l.li:-~l O. o. O. 11111 O. O. O. 

13 - •• eaS;;.iOJ;hll O. 0. O. 11111 . il. O • O. 

14 - 3. 4/ " :~C"E-ill o. o. O. 11111 O. O. o. 

b -;. lU:.' 'OJ .-0 1 O. O. O. III II O. O. O. 

Ib -1.S4J::JOJP-01 o. o. O. 111 JI '0. O. O. 

17 -Z,bUJ,'.~.J-IlQE-Ol O. O. O. 11111 O. O. O. 

18 -2.400 • JJJF-ill O. O. O. lUll O. u. O. 

19 -Z.zoD~~Je1E-Ol O. o. o. 11111 O. O. O. 

20 -l.OOi): .'Jv~:-ul O. o. O. 11111 O. O. O. 

21 -1. aoc .' JOJE-J I O. D. o. 11111 o. O. o. 

22 -1.bO 1: 'NJ',-Ol O. u. O. 11111 O. Il. O. 

23 -1.40CIDOOU~-OI O. O. O. 11111 o. o. O. 

24 -1.~OOJ)JOQ6-01 O. O. O. III II O. O. O. 

25 -I.O~U .. JJO·-Ol U. C. O. 11111 O. O. O. 

26 -8.0V""JJU,t"(l~ O. o. O. III II O. O. O. 

17 -b.O<lO(l,;uJu~-Ol O. O. o. Jllil o. O. il. 

ZS -4.·0QC)"JOOE-02 O. O. O. 11111 il. O. O. 

29 -3.00~OJ!lQO~-J2 O. O. O. III II O. 'J. O. 

3U O. O. O. O. 11111 O. O. O. 

31 2.00Q);:OJOE-OZ 3.92 )'lQIl ;)OF-03 4. n897659E-03 o. 11LlI 1.536640001:-05 D. O. 

32 4. UGO) JI)<J.JJ< -Ill 7.6dDODJ·lJE-03 •• 87aa94~ZE-03 o. 11111 S. b·)d.>4000E-05 O. (). 

:!~ Q.I})'!)UD ;-)1;-12 1.12dJJ"OJ~~uZ 1.;:"7leB~:ll-02 O. 11111 1.2UJd400E-C4 O. O. 

34 U.OlJl1I.JU'J..JJ·--,J,! l.4(1t.0 JJJ" oJJ 1.~;3UOe,q·:·oz O. 1101 2.161:184.:lIlE-04 O. O. 

25 I.OOOO\)W,)~-JI l.tiOJuO'1Ju,-O~ 1. AOQ,,7l/f-02 D. III II J • .? 40llJ 1(;Oe-04 o. o. 

,6 l.ZOJOOO)J3<;-JI 2.112i), lJJe-ul <.0 lN5 .lldl:'· 02 O. 11111 4. ',I.H)5 i .. r,uOE-tl/• O. 0, 

H t.40u.V~ :)UJr-O L Z .. <t J8\.l(;t1QJ~ - UZ 2,( al0/eli -UZ O. 11111 5.79B4C400~~Oi, O. a. 
;,a 1.tHhh.')i)O,);:.-O 1 2.t ;dOli,nU' -01 ?.l?bq314q~-Ol O. !lll! 7.';15;'~400E~04 O. O. 

39 1.aJ')JJJ~O~-Jl l.'15l.HJ(Jo1'-~l l.,141.nH-02 u. III I! ';' n'd0400l-04 O. O. 

~O Z .00COO )..10<'-0 1 3.;:0)1,I)J);;-02 l. 41~14;1o~-01 O. 11111 1.Ol~)QJOOf-03 O. 0, 
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18 -2. 40~,10 lillt;-O 1 O. O. o. o. o. O. 
19 -2.20JOJJ<lJ'-0l O. O. o. O. o. O. 
20 -2.00COQCOO;;-Ol o. o. o. O. O. O. 
21 -l.uO~JOJOJ"-O 1 O. O. o. o. o. O. 
22 -1.bOOOaJJ0£-JI O. o. o. Q. O. O. " 23 -l.lf-J';'JutJOIl'" -0 l a. O· o. lJ. O. O. 
24 -I. 20CI)()0I10~-O I O. o. o. o. o. O. 
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32 4.00u(11·)UIlr.-02 o. o. O. D. O. O. 
3~ f.OOO)OuOJ"-02 O. O. O. o. o. O. 
3~ e4 CCHlt1()OCJ'-::-Oz O. O. O. o. O. O. 
3S 1.0)JOryOO,)r.-OI O. O. O. "0. o. O. 
36 1.lvCJ~JQO!·'1l O. O. o. o. o. O. 
37 t. ~01CvJO?':-0 1 O. O. o. O. tl. o. 
3<1 l.90000IlQO·~OI o. O. o. o. o. O. 
39 1. ~OOry010~r-o I o. O. o. O. o. O. 
40 2.000JLvu~~-01 O. o. o. o. o. O. 
41 2. J oQWOOt.l Ii-O 1 V. O. o. o. o. O. 
42 2 .1,QOOOuIlJ"-O 1 U. O. o. O. !l. O. 
43 2.bJU10l01E-OI O. O. o. o. O. O. 
44 2. dOOIlOOJJ" -0 1 0.30180141"-02 o. O. d. o. O. 
I.S J. 11001) nOJr-O 1 9. ?OJ979%E-Cl O. O. o. o. O. 
I,b 3.,2Cu )I.h)!').)"":)! i.3 7d9;3"'t:)"ft~-Ol O. 0 •. o. o. O. 
47 .>. 40C lOOtJ3"-O 1 I. 916,d~OOf-Ol O. 0 • O. O. O. 
"to 3.6 IlOU ,JUO ';-0 1 2. ft9dd"/.)'(7t::-l.lt O. O. o. o. O. 
49 3.~vOOJJul1F.-Ql 3: • .0 t!!t,ft 64tl.:: .... 01 O. II. o. o. O. 
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51 4.~OOQl)OUJ'::-Ol ) .qtj;' e4-Ij /')1; -01 o. O. o. o. O. 
5'< It. t,JC! 101)iJO F"'O l- 1 •• JaJdZl;8~-Ol O. o. c. o. O. 
S3 '-. b<J~ l< 00.)"-01 3.~cin6d44E-Ql o. o. u. O. O. 
54 '" 8JO~'l )l1lc-O 1 l.521'lH.\,r-Ol o. O. o. o. o. 
5:; 5. cnC,hhhJJ"':-Ol 2. ~nlO 11l"-Ol O. o. o. o. o. 
5(. ""'. ~ OOil.JuGOi -01 3. 5 '/<1~43,,4F-Ol O. O. O. O. p. 
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S8 ,.~tlOOIlQr.J':-O~ Ij.d 529/fJObF-Cl O. O. 0." o. o • 
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bt Q./tJO )OI)CJi:"'1,) 1 ·i.J:4al2V3E~Ol o. o. O. o. O. 
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/0 9. UOOOO'JOOf-O 1 O. O. O. o. o. O. 
11 J.2'lOOJooH-vl O. O. Y. O. O. O. 
/2 8.'.OCOOOOJ~-OI O. O. o. c. o. O. 
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80 I. oo.OOOOOO\' tOO O. O. O. o. o. O. 
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B; ).100) lQCvc tOO O. O. O. O. o. O. 
8e L.12Co)uOO-'QO O. D. O. "0. o. O. 
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90 t. 2 JCJO,)OJ'i tOJ O. O. o. o. o. O. 
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1 (t3 16 
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1.354243JUE-01 1.4<J~12J~ar-Ol 1.31(1.l0')1E-Ol 1 ...... 7ilbl14 E-OI 

2. la 92 
S.6772fS96=-OJ 6.6850010J"-O) 
2.45687561';-02 3.11023199E-.Ol 
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-L~11d95Jll!"'-U, -1.bqfj24ij5~,: ... J5 -1;.t:t:T.J53275i?-0:5 -1.b':'1~;521f-aS -l.blZ~uU'J~-fj~ "',1.~lHS7~ •. "fi..O~ ~t,::""QiJ7qln":,,u5 "~ .. Sl~915.13e-05 
-1.41gSU.9t-05 -!.,.~~I~S"J~f:-05 - 1.I.u6009')('-05 -1.lI;II'C'f91t-u~ -1.;:lC3r,.5~C-05 -1.Znjl~1."C~O,' -!.Z,,"6~~~3!;,-0~ -1.ZI74a20~E-05 
-1.1 eJ"13'D~-U5 -1.145214~t ~-O, -1.IIOa0466E-0;-I.017~4) )O~-(j:; -1.q4SS5204c-U5 -1.0 I~o 1l~2"-05 -'i.J I 5U266E-Qb ~Y. 60"~laJ4~-06 
-9. 361ISud1C~06 -'J. B70'3175E-06 -8.93006243E-C6 



47 18 92 
-1.17 ~49 364E-O'6 -1.264243402 -06 -1.367 52696E-06 -:1.48552691 E-06 -1.618:=8093E-06 -1.76617 506E-0 6 -1. S28931 8dE-06 -2.1065993 ZE-06 
-2.2~9039B9~-06-a.506~2095E-06 -Z.7Z72C5S7E-Ob -2.96214709E-06 -3.21027923E-06 -3.47091582f-06 -3.74324632E-06 -4.0263357CE-06 
~4.319125B9c-D6 -4.620~3919E-06 -4.92899382E-06 -5.243~6139E-06 -5.56207623E-06 -5.88~546b4E-06 -6.20611766E-06 -6.52807531E-05 
-6 .134 7662~3E-06 -7: 16309 462::~06 ~7 .~~ 7257 448E-06 -7. 7N31298E-D6 -8.06654753 E-06 - 8.3 4755983[;-06 -8. 61S69339E-06 -8.8693 7026E-06 

~. -9.1071 05 7lE-C6 -9 .32751711E-06 -9~52931559E.,...06 -9.71124649E-06 -<; .871922491:-06 -1.00096832E-05 -1.01230292E-05 -1.02112381E-05 
~ -L027H 7402-05 "::1.03119171':'-05 -1.03247179E-05 -1.03.1309562-C5 -1.02 779283F-05 -1.02204864£-05 -1.014239111::-05 -1.00454821E-05 
~ -9.'1 3161934E-Ob -~. 3024741 OE-Ob -<;.65941751 E-·Ob -9.50353882 E-06 -9. 335T7686E-06 --,~.151077 51 E-06 - 8. 968510 5SE-Ob ,..8. 77125784E-06 
~, '-8.506498 78E-Co. -8.355190611'.:-06 -8.14069779E-06 -7. 92280B57E-06 -7.703 70683E-06 -7.484930051=-06 -7.26 79B119E-06 -7.0543218 7E-06 
I -6.B4534102E-06 -6.64235135E-06 -6.44657746E-06 -6.25914850E-06 -6.0810909ZE-06 -5.91332Z17E-06 -5.75664522E-06 -5.t1174386E-06 
1-5.~791189BE-06 -5.3593856LE--,J6 -5.25267C85E-06 
(. 

t • 4d 10 92 
f ,... 5: 160T60,9E-07 -5. 56413558E-01 -6 • .J3098039E-07 -6.56219243E-C7 -7.15847141 E-01 -7.82029 790E-07 - 8. 541·82256E-07 -:g.,.~4J87703E-07 

-1. 0 F)8~n7t::-Cb -1.11208891-;:-06 -1 ~ 1l053d61 E-05 -1.31504225 E-G6 -1.42535'h6E-06 - 1. 5';'115943E-06 - 1. c6210983E-06 -1.7877866 8E-06 
-1.91772006!:-Oo -2 .C51386 74::-06 -2.18321267E-06 - 2.32757641::-06 -2.46881331 E,...06 -2.011.22 058E-06 -2.75406301 E-06 -2.8S657939E-06 
-3. J3 7939425 -06 -3.17 750 114E-06 -3. '31431 793 E-06 -3.4 ... 764 7l6E-06 -3.576 7082d E-06 - 3. 7 0074072E-06 -3.81901118E-06 -3.93082414E-06 
~:t • .) 3 35 4272 '=-06 -4,.13250'02 6E-06 -4.22119917E-06 -4. 30110324E-06 -4.3 7170B26 E-06 -4.43249737E-06 -4. 483J 2607E-D6 -4.523041671:-06 
-4. :; 5244749'7-06 -4.;:; 7123223;=-06 -4.;; 7946Q86E-06 -4.57729306 E-06 -4.5649'79311:-06 -4.5 't29t>600E-06 -4.311685501:-06 -4.41172877E-06 

,. -4.4lH0437!:-O;' -4.36822.663E';"06 -c4.30584028E-06 -4.23712121=-06 -4.16259828E-06 -4.08283000E-06 -3.99842493E-06 -3.90991822E-06 
r -3. 8laH 132E-Cc ~3. 723676201:-06 - 3 .027.23845E-0:' -3.52956573 E-06 -3~43136 911 E-06 -? 33334206E-06 -3.23615999E-06 -3.1404756<;E-06 

-3.0 're9 izOBE-05,-2 •. 9 5605803F-06 -2.56846472E-06 -2. 7846't222E-Ob -2.705056:>2 E-06 -2.630126<;3E-06 -2.56022:; 91E-Ob -2.495b6115E-06 
-Z.43672419t::-06 -Z.383bP935f-06 -2..3~c-48296E-0.6 

49 1 a 92 
-L26316928'':-07 -1.362347051:-07 -L47301765E-07 -1.6~890d59E-07 -1. 75569896E-07 -1.91850691E-07 -2.09'31731E-07 -2.2<;227004E-01 
-2~ 50::0't818E-07 -2. 72946 82:BE~07 -2. 91117088E-07 -3.22767283E-07 -3.4983611 7 2-01 - 3.782488 8lE-07 -4.0791 7213E-07 -4.3 8739070E-01 
-4.7 J593 '11 :o;-G7 -5. 033biH23S-0 7 ...,5 .36.905598S-0 7 -5.710 5B626E-C7 -6.0 5663911E-0 7 .,-6. r,0548819E-07 - 6. 75532799E-07 -7.10428951 E-07 
-7 .4504·5740~~07 -7. 791.6a310;:-07 -6. 1266Z84SE-07 -6.4527~569E-07 -3.76:l29696::-07 -9.07144920F-07 -9.36039827E~07 -9.633437551:-07 
-17. 838~o5';'1 ":-07 -1.01255ulJ~-u6 -1.J3416968::;.-06 ..,.1.05,3C3437S-06 -1.07C830258-06 -1.08567961:lt'-06 -1.09808689E-06 -1.10800554E-06 

i -1.1154v~8~E-Oo -1. 12D25142E-06 -1.12263885E-06 -1.1225033<;1':-06 -1.119S3967E-06 -1.1150024BE-06 -1.10778559E-06 -1.09339434E-06 
. -1. 0:l691~ 143E-06 -1. 07357H 7"--06 -l.u 5840 8 SOE-06 -1. 04159'r94~-06 -1. 02 ~28182E-06 -1.0:) 36 252l'C-06 -9.52 788522E-07 -9.6 0939152E-07 
-9.18Z4~S7QE-07 -9.14895491E-07 -8.91057221E-07 -8.6b90a222E-07 -B.42623481E-07 -8.18372923E-07 -7.94321406E-07 -7.70627571E-07 
- 7. it 74't2615E -07 -1.249o<i239 to -u.7 -1.031608041:-07 -6. 823204672-C7 -6.c 25J05802-07 -6.4380186 tE-07 -6.263131 03E-/) 7 -6.1 Oll05<;6E-07 
- 5.95257$ NE-07 -5.B 18054431:-07 -5.697906831:-07 



Ji.-r ... I )rr.;". 
llfl ;"'P.uS VJwTEX Ej::.F~CT 

Llrr 

A~ r;,l 1..1 t f 
CPIJI 
C!'CHJI 
CPIIJI 
CPZ(J J 

LIFT MI~US T~ICANESS 4ND veRTEX EfFECTS 
lIrT OJ: \:,..S Tl.l1Cr..t;E-S5 EFFCCT 

III NT 1.tlCK'I"SS EFFEO 
oep VIlP I EX EFFEC T 

J CPIJI ~POIJI CPU JI 
1 

43 I. S<;C75137E-n 2.0290;=3JE-03 t L.645a6993c-O~ 
44 l.t62 t6973E-03 2. 5Z14~OHE-Ol 1.11Z26511E-03 
45 I. BbO"4597E-03 3.134bZ525E-03 ;t.850;'ZlllE-03 
46 2.0S5223;:4E-03 3.76580=82;:-03 !2. 081,e~109E-01 
47 2.315321<153;:;-03 4.46054401:-03 l.38J03H7E-03 
46 2 .(..85't5377E ... O'; 5.148ea:;nf-Q3 t,.7543<7£1E-03 
49 .:1.11334100'-03 5.'15311>50.'-03 3.ll0SI;844E-()3 
50 3. BU7 Sb;;4F-O, 7.03·J64482E-0' 3. 64<67~1l E-03 
51 4.750122<;4;-0'3 a.400_Z:>14 e -03 4.81021275JE'-03 
52 b. 7 335 !42'.E-O;! 1.09866219::-J2 6. 8~~05;43E-03 
53 1.11331674"-02 1.6~79341 );;-02 1.lltJ7"'.::a3&~-02 
54 1.84;oq9L6E-O~ 2.5580085:;=-02 .1. a:: 41,;J5~F-Ol 
55 2.7)6'/')I57:;-J2 3.65,]u50a3:;-02 :2.84275909"-02 
56 3.65318"52<-02 4.7Ill4J.J;"-U2 ::;.0;478Z25l-02 
57 4.5005q;03~-il2 5.tAdOa9 1 ;~-O2 4.6d2,9oJ23"-02 
58 5.20!J 1 3~4E-0 Z 6.4v7491,hE-02 5.33!77024E-01. 
59 5.9JI4U4Hc-02 1.15426905.-02 5.9H21,l'lf-Ol 
bO 6. ~2n426n-P2 ·,.~lolH.·F-02 6.4624511 H-02 
61 b.99',03n5t;-J2 8.332o'l584£-J2 b.636d·lL06E-Pl 
62 7.350S1268E-07 8.72606'67"-02 7.0614150Jl-02 
63 7.5311>0A1,J"··0~ a.9'!667u.?q~"'02 7.12JOH792E-02 
64 7.59250418f-02 q. OC258C9;: -02 t.910&a808c-C2 
65 7. aJro39379"-02 9.243 LdJ£'.2.=-Ol c. 601422431'-02 
66 ~.2,1~391 1"-02 ~.6u912;9It-02 t.. 0(, ~4in4/tE-02 
6'7 6.2»4294',O"-oJ2 9.617.9029' - n ~.3395;·10F-02 
68 5.396lHl'9'=-O~ 6.773932; E- OZ '1. !i41:iH:!OE-Cl 
b9 I. do05."7 c -OZ J.22251Z,)J:-02 3.7'b07e17F-02 
70 1. 30Jt)();):-:~-o~ 2. 6SlZ42J2,,- 02 2.9'lS531CoE-02 
71 9.191565410:-"3 2.3l~33N;"-02. 1.1535997ut-02 
12 >J.018l49~BE-0; Z. 14 710H4£ -02 1.1 US8=dOE-02 
73 b.1 17q4JI9F-D) 1.95011 O'.J=-J2 7. B6866401 F-C3 
74 4. 289otl.l~2"-03 1.1759913tl~-02 ,. l'.b8~75"E-0' 
75 3.2.7b45~1~:-03 1..67366l"J'!-02 3.l~'!SOO6Jr-03 
76 b. 54 29 511 :7E-03 1.99H36h"-02 1.9l~14l73E-O! 
77 4.QI>2427Q3F-03 1. 9)?1It1l .. 3~-J2 9.588954'19E-04 
78 -1.4 76b0519~-0. 1.32J24831'-J2 O. 

l.IFt AND M~N=Nl 

CPZIJI AINT 

l • .la41518S E-Q;! -5 .Slill 5 ~S'JE- C;i 
2. 5715~t4tE-C3 -~. 009591~o t'" os 
;. 1327n~OE-03 I.B9.l3547lE-C6 
3. 16l41Q47E-03 3.39535429E-06 
4.4513S6b:5E-03 3.16516686E-C6 
5. 2171~b~uE-03 -6.90730347 E-O;; 
6.060I;S64'E-Oi -l.07521435E-O~ 
7 .O~5S5gc9f-Q3 -3.491!t869a€-05 
0.50692170F-03 -1.0~OJ45~4~-C4 
l.l14;!lt3IE-02 -1.5eS4118'~-Q4 
1.~4S363eO~-02 <!.57038601;;-C5. 
2.;bag5<;75E-02 -1.095Ll'1S9E-04 
).7553243IE-02 -1.<l526 15HF.-C, 
,.U9JB4277E-Ol -1.8l5S47JJE-O; 
5.8300fl43dE-C2 -1.a19Y52DIE-~3 
6.5S944164E-02 -1.819"&~03E-C3 
1.226139,4E-02 -7.ld6989d9F-C' 
7.75850604E-J2 5.7HH49H-04 
1J.172521~;F.-C2 1.6JI6dI9i)'-'13 
a.43b96580E-02 2.89097874E-03 
8. 51SI)~5"Lr-02 4.1illN7.3f-C3 
d0300t.1;"SE-OZ o.2Ia95301E-03 
d. 02 1'09l6F-O.2 1.2Z691135i:-C2 
7.455784?4E-02 2.21331. 1.,7 E-J. 
D.733130S-IF-02 l.'i44739 fJE- Ct 
:;.9245e 160~-02 8.49344986:-03 
5.IQ799679E-Ol -1. tid54d{' 60E- C2 
4.,49&7d5SF-Ol -1.t97~JQ.~J(-O, 
3.0'l9'611If-O~ -7.7444316lE-t3 
2.j!1109S4E-Ol -3.84J075q~t-O, 
2.135IS278E-02 -1.710123d3S-U; 
1.8617 L27~E-02 -B.572tlH;'t-04 
1.07.12674/\:-02 2.J9495434tE-C5-
1.5~5~6531E-02 4 .bZOZOS63 E-Cl 
1.434EEllgE-OZ 4.0J353243=-03 
l.o35035L1E-02 -1.4786d519E-04 

AL LIFT. AM = HQ~~NT •• BAR - MOHENT AR~ ABOUT NOSE 
A ATTACHED FLOW, S • S=?ARATEO FLa~ 
NS NEGLECT SliOC~ 
AINTO SHOCK lIFT, SMA = YORTIK LIFT 
Ao{EA EXPOSED WI'IG AilEA 

O~ MAXIMUI4 CRCSS-S;;CT 10NAL ARFA 

ALA 2.01012025E-OZ 

ALS 2.695642 S7.E-02 

AMA 1.3161110910-02 

AMS 1.79579237E-02 

X~ARA 6.54742466f-Ol 

XeARS 6 .66183315E-0 I 

ALANS 1.93366004E-02 

ALSNS 2.6191827be-02 

AMA'IS I. 2t.Z9 ~8'70E-02 

AMSNS 1.742t3~q8E-0~ 

XOARAN 6.5H441.2~~-01 

XilARSN 6.&5331258(;-01 

.AINTO 1.64602085<-04 

SMA 6.85522716f-0! 

CLA 2.6721 H59E-OI 

elS J.583454b3E-OI· 

CLANS 2.57051216E- 01. 

GLSNS 3.4818122110-01 

CA IIlr(J = I.01H24l5~-OZ 

CSIIA ·q .. ll~JOO .. ;E-02 

eHA l.1495 '~01E-OI 

CM5 2.3e7237b9i:-OL 

CMANS 1.6711~1493~-Ol 

CMsr;. 2. 316S7~53E-.Ol 

A~FA I. 5044 ~3~af-0 I 

DCP 

4.382819Z7t;-04 
8.5929J698E-04 
1.2741 N28"-02 
1.6d~38258E-03 
2.07T:lS4SE-03 
Z.463llB99E-il3 
2.839dI805E-0; 
3.21 Saoo56E-03 
:l •• 44.J020E-03 
... 2531076bE-03 
5.34617446E-03 
7 .1430688'1f;-0~ 
9.130/;;;lUIE-Q3 
1.{)5906052.E-0' 
1. 1~749415f-02 
I.Z05~7740E-02 

1.~~2ao52bE-Ol 
1.29~a5487E-02 
1 •. H':tSbSae-oz 
1.36955079E-02 
1,3~5~QI59f-oJ2 
1.410)7616E-02 
1.41318683E-OZ 
1.40nB680E-u" 
1.,9.S95ti9E-02 
1.::770212'1E-02 
1.3. 1 ~20S3E-OZ 
I. :;1)414'1E-02 
I. 3"~L d1HE-02 
1.34527b'14F-02 
1.346.ll638F-Ol 
ld47J230Uf.-OZ 
1.3460174IE-02 
1.3 430 ~ 1 20~- 0;: 
1.33d9~764E-Ol 
.1.~;"u3517E-02 



eDDY .U'~ACE P~~SS~.~ COEF~ltleNTS 
CPtJ) - ()~EGA" 'J De';QH5 ( LEEWARD SIDE I 
CI'("I.11 - ,~MI'Gh ~ -0 J'-"RC':$ 1 hl~DwAkO SIDE I 
CP11JI - QUEGA • +9Q OfG~eE~ 
CPZtJI - alifGh = -90 DEG~HS 
CPx.CPOX.CPIX AND CP2X - VORTEX EFFECTS NEGLECTED 

CPIJI CPO(JI CPIIJ 1 

31 2.2oo~~IS5E-OI Z.2600bI85"-01 1.92491016,-01 
3l 1.1.2~4456E-OI 1.75144456E-Ol 1.43361554E-OI 
33 1.4~l6I'1l9E-ul 1.40lul31'I1;-01 1 .• 1061712/.E-OI 
,,4 lo1·!2l9724F-OI 1.122')<)n4~-CI tl.47'1723!>9E-C2 
35 a.dl~459l3-'-J2 ~.<i1·14;;'!2r-Ol. b.)014Hlo"-Ol 
36 6.bd9ge.21E-Ol b •• d9~H~.IE-02 ~.3951618hE-C2 
37 4.76uI30e2~-02 4.1&0130b2~-Ol ?.68e54~9dE-02 
I~ 2.91Slfl03£-OI Z.985~77G3E-02 1.13691lI1e-D? 
3'J I.3J~l/3t4--J2 I. 3'>57130'.:;-02 -2..ag3115e9~-Oj 
40 -2.cq52Jl~1~-~3 -2.0~5231qlF-Oj -1.611447~dE-Ot 
,.) -1.6b$.97<)00-')2 -1.b6$ •• 9Jl~~-OZ -2.64 7NI 7".~-O~ 
42 -1.04910674E-Ol -3.04'74D'~r-02 -4.dQ51~~adt-02 
43 -9.b17Zd4~/~-Q2 -(.~JOl~JJl~-~4 -5.~06S94hl~-02 
44 -l.OTlnS~Jac-ot -2.J»5910~be-02 -6.7b9211~cE-O~ 
45 -1.175JjJbl"-dl -J.~o.117<5~-OI -O.O.'114Iql-U~ 
46 -1.26'i·gI6~-OI -~.a711.44J,-Ol -9.1937019j(-02 
47 -1.hQo'tt5or.-OI -'.D 1~J.5SJ"-u2 -1.0lb9bb!l4f-01 
4~ -1."n0I767~-OI -5.4t;3an9jF-02 -.1.ll17JdlH-OI 
I,') -1.~12q'I'=·()1 -l'''9t;~UI0~-02 ~1.Vol.6/;<o~-Ol 
50 -1.5~lq~:35E-Ol -7.~e~~2~2a~-OZ -1.J31314tOf-Ol 
::1 -1.!-213b"il9:-tlI -8.1162ZlI15~-Ol -1.4n3~1?1;$r-Ol 

;~ :~::t~~~:~~~:gi :~:~I:~~~1:~:~~ ::::~;~2~~~~:~1 
54 -1.609SjCI5~-~l -5.922c!J!IE-02 -1.~641110oL-Cl 
S5 -1.7JdI125a~-JI -1.~19J'lllr-al -1.te9Jld~.;-01 
56 -1.~511DI1.F-nl -d.ll~oJC~j~-aJ -1.8Uo3udd7C-OI 
~H -2.l')'rI~~";'-JI -';.114H3<o9"-03 -2.1l1IdJT'.'-UL 
60 -l.4~lC6619~-01 -l.~~50e~~~~-02 -2.3412b156l-0l 
,9 -l.b){d'lQ~1'-vl -2."J2JOJJ;t'-JZ -2.52'1''',',01°-01 
60 -2.777~20~7~-ot -3.J~6a~q)t·-02 ·2.t7Z!I!4~L-CI 
6t -.('.875·to?ul;.!'-Jl -"'.Z.c:!t/~lllr:-U2 -2. flJlJi)'J/c-tH 
b2 -~.935J,,~~j~-Ol -~.6l30~~q7~-Ol M2.e·blSb8~~-Dl 
~J ~2.q~~1'41\~-~l .S.~lo1b~Jl)~-0l -!.8~55~.,~~~-O' 
6 ft -2ftJi!b7'H~~r-')1 -';.·J"~1~7~ni)l -O~ ~i'.tHu04tl/:-f -01 
65 -l.9~44IZl1·-Jl -'.ti4&9'l714·-~1 -l.~18~~'/~~·OI 
66 -l.8lS4Q\ulf-Ol -2.2~~4Q34!~-Ol -1.1J~4j~~~·-OI 
bl "Z,.{l1jJlt~t·f";-ul 3.')\)J~/t7}.! ;-02 ... ~.;tf_1I)rILh.l'C"'ul 
6d -2.;"J:;!tbd95E-Jl ih rl.'J-';''1Jl1-:-01 -t!.~.z';:lZI551l"'Ol 
69 6.~46Jddll=-a3 J.~~3~~ol~~-Ol 1~26bll53l~-O} 
'/0 l .. 1)5~>J.2'~~::""'H t.Jc1,~:,.,'1~ '01 1 .. 1l t h)/IJ':' t-. Jl 
II 1.1~~~,uql°-Jl 1.;of:O;;,I/'-OI 1.20~O~"l'li"OI 
72 1.Ud'>o259F-Jl t.:I71il9Bf;-01 lol811U;I'-Cl 
73 1.12l ••• !~·-CI 1.ler"iQ~"-Jl l.ld/llOa·E·OI 
74 t.l9'!tlt)l.lE-Ol 1.1:; ... ~4-1),q!. .')L l.2,)Zbf+Ii:!t}~ 01 
75 1.314g;~16~-Ot 1.35.J,1~50~-01 1.36u;7lS0t-OI 
70 It'd.~l~n.-'if;-J;' 1.52Ql1JdZt-iJl 1.52'Jl1'tEll[-Ql 
77 1.7u21/t27R-OI 1.139d1dll'-01 1.11~d7&.IE-UI 
18 LO),l4Sl>If-'1l ·~.n'J:,64~1.-OI 2.0,!9S6;Zlf.-OI 
79 2. rt99"151t:)':-01 l.:'13'J74'1't~-Ol i..5139/t,(j~F··OJ 
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Figu're 7. - Outline of configuration and shock-wave and sonic-line locations 
in computational plane. 
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Fig\Jre 9.- Body pressure distribution in symmetry plane. 
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