General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



-l

N i d

NASA CR-132696

(NASA-CR-132696) MANUAL FOR IMPROVED SCURCE N75-29360

FLCW CHARARCTERISTICS IRCGRAM (Rdvanced

Technology Labs., Inc., Westbury, N.Y.)

84 p HC $4.75 CsCL 20D Unclas
G3/34 3239¢€

Advanced Technology Laboratories inc.



bryiag!

NASA CR-132696

MAY 1975

ATL TH 183
MANUAL FOR IMPROVED SOURCE FLOW
CHARACTERISTICS PROGRAM
By
Paul D. Del Guidice

PREPARED FOR

NATIONAL AERONAUTICS AKD SPACE ADMINISTRATION
LANGLEY RESEARCH CEMTER
HAMPTON, VIRGINIA 23665

UNDER
CONTRACT NO. NAS1-13303

BY

ADVANCED TECHNOLOGY LABORATORIES, INC.
Merrick and Stewart Avenues
Westbury, New York 11530



SECTION |

SECTION it

SECTION 111

SECTION 1V

SECTION V
SECTION VI

APPENDIX

TH 183

TABLE OF CONTENTS

INTRODUCTION

DESCRIPTION OF INPUT

A, Input Format
B. Figures for Input

DESCRIPTION OF QUTPUT

A. - Qutput Format
B. Identification of Output Variables

SUBROUTINES AND FUNCTIONS

A. Subroutines
B. Functions

MACHINE CONTROL CONS!DERATIONS
SAMPLE INPUT FOR SOURCE FLOW

PROGRAM LISTING

Page

Lo N

10

10
10

12

12
13

15

16

17



Al

el

AR et

™ 183
SECTION |
INTRODUCT I ON

The FBRTRAN |V program described herein analyzes the nozzle for a hypersonic
scramjet by a two dimensional second order characteristic procedure described
in ATL TR 213, "A Source Flow Characteristic Technique for the Analysis of

'Scramjet Exhaust Flow Fields", Reference (1}.

The program starts from the initial profile and marches along down-running
characteristics until the final X station is reached. This process can be
interrupted by ''Change of Origin Profiles' in source flow cases. Thi= is
done by interpolating the characteristic data at the required axial station
and setting up 'F arrays'" i.e., XF, YF, ... . Then the program continues on
down~running characteristics using the '"F arrays'’ as an initial profile. These
YF arrays'' are computed for all flows at an X station that coincides with the
cowl tip if there is a cowl in the flow fieid. If the flow {s overexpanded
at the cowl the program wiil invert the problem as described in Reference (i}.
When the shock reflects off the lTower wall '"F arrays' are again calculated
and the computation continues with the probiem inverted until the final axial

(X) station is attained.
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SECTION
DESCRIPTION O
A. Input Format
Card
Number Columns Format
1 1-5 I5
6-10 15
11-15 15
16-20 15
21-25 15
26-30 15
31-35 15
36-40 15
=5 15
6~10 15

b g ATy

Desgeiption

J1, type of flow (0-two dimensional,
1-axisymmetric

J2, coordinate exponent for line
source system (0-two dimensional or
axisymmetric, 1-1ine source)

NPTS, number of data points on initial
profile

IEQ, chemistry indicator {0-frozen
hydrogen-air chemistry, 1-equilibrium
chemistry)

ICPWL, external data indicator (1-
overexpansion or underexpansion inter-
action calculations is required, O-
internal flow only}.

IBVER, overexpansion indicator (0-
flow definitely underexpanded, 1-flow
overexpanded or marginal)

MM, number of points in Prandtl-Meyer
fan (MM=3, maximum)

IDEAL, indicator for ideal gas calcula-
tion, 1-for calculation, O-non ideal
gas

KSIDE-sidewall force and moment indicator,
0-no sidewall calculation, 1-for calcula-
tion

IVIS-viscous calculation indicator, 0-
no cal:ulation, 1-viscous forces and
local heat transfer calculated
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Card

Number Columns

2 11-15

11-20

21-30

31-40

41-50

51-60

6-170

TH 183

Format

I5

E10.0

E10.0

E10.0

E10.0

E10.0

E10.0

E10.0

E10.0

E10.0

£10.0
E10.0

£10.0

Description

|TW-adiabatic wall indicator, O-wall
temperature must be specified if
¥:i4=1, (sex card 17) 1-adiabatic wall
cztculation

“XBP, ratio of axial coordinate of
cowl at initial station to throat
height '

XB@AD, ratio of axial coordinate of
Tower wall at initial station to
throat height

XCOWL, ratio of axial coordinate of
cowl trailing edge to throat height

RTH, throat height {ft.), scaling
parameter L¥

TEST, maximum aliowable axial step
size, used for computing upper bound-

‘ary - typical value = .1

KFINAL, ratio of final axial coordinate
of run to throat height

XTJ1, ratio of axial coordinate of be-
ginning of Cartesian region to throat
height :

XSHFT, ratio of axial coordinate of
moment axis to throat height

' YSHFT, ratio of radial coordinate of

moment axis to throat height
XTHX, initial thrust (1bs/RTH?)
YLFT, initial 1ift (ibs/RTH)

YM@M, initial pitching moment
(Ft-1bs/RTH3)

%{A11 length variables are non-dimensionalized by RTH.)



One of the following cards
two~dimensional flow, card

Card
Number Columns
5 1-10
11-20
21-30
31-40
41-50
51~-60
6 1-5
7
7a 1-10
11-20
21-30
31-40
7b -5
11~20
21-30
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Format

E10.0
ET0.0C

E10.0

E10.0
E10.0

£10.0

E10.0

E10.0

E10.0

£E10.0

Description

XTHS, initial sidewall thrust (]bs/RTHZ)

XLFTS, initial sidewall 1ift (ibs/RTHZ)

XMEMS, initial sidewall moment
(ft-1bs/RTH)
XVTHX, inftial viscous thrust (Ibs/RTHz)

XVLET, initial viscous 1ift (ibs/RTH)

SVMPM, initjal viscous moment
(ft-1bs /RTH3)

NXXJ1, number of locations in source
flow where a new initial profile is
desired, maximum is 4, minimum is 1
(i.e., changes of origin, cowl sta-
tion, ...)

is necessary for each NXXJ1. |If
7a may be blank.

XXJ1, ratio of axial coordinate of new
initial profile to throat height

AXX, cecefficients of polynomial de-

scribing a segment of lateral extent
of the nozzle

BXX, for the equation (ZL = AXX(X-¥.)
+ BXX !

XBR, ratio of axial coordinate of line
source origin
IFENCE, fence indicator (0-no fence;

1-supersonic fence exists)

AFENCE, coefficients of fence for the
equation

BFENCE, Y=AFENCE (X-XBP) + BFENCE

"
———




Card

Number

7b

9a

10

10a

11

Columns

31-40

1~-5

6-10
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Format

E10.0

15

Description

XFENCE, ratio of axial coordinate of
fence on lower surface to throat
radius

NUWSEG, number of polynomial segments
describing the cowl {maximum is 5}

NLWSEG, number of polynomial segments
describing the lower wall (maximum is

5)

Ghe of the following cards is necessary for each cowl segment.

1-10

11~-20

21-30

31-40

E10.0

E10.¢

E10.0

E10.0

XXU(L), ratio of axial coordinate of
beginning of "LtM! segment of cowl
to throat height

A, coefficients of the “Lth” segment

B, of polynomial describing cowl for
the equation

C, Y=AX>+BC+C; Y=Y/RTH & X=X/RTH

One of the following cards is necessary for each lower wall

segment.

1-10

11-20

21-30

E10.0

E10.0

E10.0

£10.0

E10.0

XXi.{L), ratio of axisl coordinate of
beginning of the np th segment of
lower wall to throat height

A, coefficients of the “Lth” segment

B, of polynomial describing lower
wall for the eguation

C, Y=AX2+BX+C: Y=Y/RTH & %=X/RTH

EMINF, free stream of reference Mach
number



Card

Numsber

[

12

13

13a
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Columns Format Description
11-20 ET0.0 TiN, free stream or reference tem-

perature (°K)

21-30 E10.0 WINF, free stream or reference molec-
ular weight (lbs/lb-mole)

31-40 £E10.0 PINF, free stream or reference pres-
sure {1bs/ft2)

Read this card if {DEAL = 1.

1-10 E10.0 GAMEY, tdeal gas ratio of specific
heats (y)
11-20 E10.0 XMWT, molecular welight

Initial Profile - One of the following cards are required for
each data point as described below, The program reads data
points beginning at the lower wall {point #1) and proceeds to
the cowl (point #NPTS).

1-10 E10.0 X(1), ratio of axial coordinate of
data point to throat height

11-20 E10.0 Y(1}, ratio of radial coordinute of
data point to throat height

21-30 E10.0 P(1), ratio of pressure at data point
to free stream pressure

31-40 E10.0 Q{1), ratio of velocity at data point
to free stream velocity

41-50 E10.0 T(1}, ratio of temperature at data
point to free stream temperature

51-60 E10.0 TH(1), flow inclination at data point
(in radians)

61-70 E10.,0 W(1), fuel to air equivalence ratio
(only necessary if 1EQ=1)

-G~
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o Card
jﬁ Number Columns Format Description
i 14 Initial Méss Fractions - Same as card 13 above exnept for
3; mass fractions at each data point. These cards are
necessary only if [EQ=0.
g‘
® 14a 1-10 E10.0 mass fraction of H
aj 11-20 E10.0 mass fraction of 0
21-30 E10.0 mass fraction of H20
30
5E 31-40 E10.0 mass fraction of H,
%F 41-50 E10.0 mass fraction of 0,
ik ,
v 51-60 £10.0 mass fraction of OH
%E 61-70 E10.0 mass fraction of N2
15 This card Is ncessary only if ICBWL =1.
- 153 1-10 E10.0 *XM, axial location of cowl end
1' 11-20 E10.0 YM, vertical location of cowl end
i 21-30 E10.0 PM, ratio of pressure external to
| the cowl to free stream or refer-
ence pressure
{_ 31-40 £10.0 QM, ratioc of velocity external to
the cowl to free stream or refer-
{ ence velocity
g h1-50 E10.0 TM, ratio of temperature equal the
cowl to free stream or reference
f temperature
51-60 E10.0 THM, flow inclination external to
f the cowl (in radians)
61-70 E10.0 WM, external flow molecular weight

assumed the same WINF

kg

*(A11 Tength variables are non-dimensionalized by RTH.)

A |
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Card
Number Columns
16
16a 1-10
11-20
21-30
31-40
41-50
17
17a,b,c 1-10
11-20
21-30

Format

TH 183

Description

This card necessary bniy if IVIS = 1.

E10.0
E10.0

E10.0

E10.0

E10.0

XSTR, boundary layer virtual origin
Pr, Prandtl number

Rec, boundary layer recovery factor
(turbulent flow)

REIN, free stream Reynolds number
per foot

SH, constant for turbulent Reynolds
analogy (ST = SHeC./2)

Wall temperature distributions-necessary only.

If ITW =0, L =1 Cowl surface; L =2

Vehicle surface; L = 3 sidewall

E10.0
E10.0

E10.0

AH(L) coefficients in equations

BH(L) = AH(L) - (X-XBP) 2 + BH(L)e

TwaLL
CH(L) (X-XBP) + CH(L)

S
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B. Figures for Input

L4
~ E&TERNAL FLOW

KL (1)
XBOD

VEHICLE

j7~7ﬁ7ﬁjf7777“XXL(23 |
Y BODL

UNDERSURFACE jrj?‘7j7‘7~i§§;tz;;’

PH, QM, TH, &M

FENCE (OPTION)

goou

T

XXL (&)

€ XFINAL
FIGURE #1. Definition of Physical Input Varlables
¥
XX51(3) XF INAL
- .
XOR(3) xoa(z) XOR(1)
.FIGURE #2., Definitlon of Change of Origin Varlables
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SECTION 171

DESCRIFTION OF QUTPUT

A. Output Format - The heading page contains program constants, line source

coordinates and origin changes, upper and lower wall coordinates, free stream
data at the cowl and infinity conditions. The program then prints the ''initial
profile,' the data at selected points along down-running characteristics in the
fiow field and the running 1ift, thrust and pitching mement. The process con-

tinues until the input value for the final axial location is reached.

The above flow can be interrupted by ''change of origin profiles' and a profile

at the trailing edge of the cowl. If the flow is over-expanded at the cowl the
output will switch to up-running characteristics from the lower wall to the con-
tact surface and additional output covering the shock angle and external Mach
number will be printed. When the shock reflects off the lower wall another pro-
file will be printed and the run will proceed to the final axial location through

down-running characteristics.

B. identification of Qutput Variables

X - axial distance/throat height

¥ - radial distance/throat height

0 - velocity/free stream velocity

T - temperature/free siream temperature
P - pressure/free stream pressure

TH - flow angle (radians)

EM ~ Mach number

ALP{1) = mass fraction of H
ALP(2) = mass fraction of O
ALP(3) = mass fraction of H20

ALP(L) = mass fraction of H

2
ALP(5) = mass fraction of 02
ALP(6) = mass fraction of OH

ALP(7) = mass fraction of Nz

..10..
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Frozen flow extra output is:

a

ﬂ CPX - specific heat/frec stream specific heat

? W - molecular weight of mixture/free stream molecular weight
48

Equilibrium flow extra output is:

GAM ~ equilibrium isentropic exponent

PHI - fuel to air ratio

4
t
]

i

¢
©

Vehicle Forces (thrust, 1ift, pitching moment):

A st

Vehicle force data are given at every output

Station and ave delineated as follows

'3

i {a) Cowl and undersurface forces
(b) Sidewall forces

i {¢) Viscous forces

i

!

1

k

Imﬁm

i




A‘

Name

1.

iz2.

13.

14,

15.
16.
17.
8.
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SECTION iV

SUBROUTINES AND FUNCTIONS

Subroutines

INDATA
COEFF

ERROR

BODL
BODU

COWL

COWLO

DP@INT

SHOCK

SHOCPT

PRM
DRTEST

ALL

THERMO

XMASSS
FM
PMI

GEM

Description

reads and prints initial data and computes infinity conditions
sets thermodynamic coefficients as functions of temperature

prints program statement number nearest selected errors and
terminates ccmputer run

locates axial and radial coordinates along lower vehicle surface
focates axial and radial coordinates along upper cowl surface

calculates shock jump relations and Prandtl-Meyer fan at cowli
trailing edge for under-expanded flow

computes contact points, shock paints and shock angle at cowl
trailing edge for over-expanded flow

computes location and properties of streamline intersection with
characteristic (C+)

——

calculates shock jump conditions

computes shock angle by matching pressure from shock jump relations

and pressure from characteristic relation on downstream side of shock

computes isentropic ideal gas expansion
tests for dropping data points on free str=am side of shock

calculates density, ratio of specific heats, Mach number, Mach
angle, frozen flow specific heat, molecular weight and gas constant

computes frozen flow specific heat, derivative of specific heat
and enthalpy of each species from polynomial fits in temperature

computes mass flow correction factor
computes mass function
computes flow properties for given Prandti-Meyer turning

computes intersection of two straight lines

_]22-

e s

|

. sy
i i
[ | )

—— T



Name

19. SL
20. INT
21. ERR
22,  FUZzY
23, WuZzy
24, LTHM
25. VIS

26.  SNARF

27. GNURE
28. BHDL,
29, B#DU
B. Functions
Name

1. FT

2. FH

3. FGAM
b, RHEQ
5. X1
6. xM2
7- XM3

™ 183

Description

computes streamline properties of newly calculated data point
interpolation routine

finds roots of a given function

detects crossing of down-running characteristics

detects crossing of up-running characteristics

computes incremental 1ift, thrust, pitching moment and side
force

computes viscosity coefficient

computes surface area unit normal and area centroid for ele-
mental surface quadrilaterals

computes flat plate skin friction and heat transfer co-
efficients :

calculates body height and slope for vehicle surface given
the axial location

calculates body height and slope for cowl surface given the
axial location

Description
calculates temperature at any data point in flow field
computes static enthalpy at any point in flow field |

makes isentropic exponent and associated thermodynamic data
at any point in flow field

computes equilibrium density
calculates tan (8+u) along up-running characteristic
calculates tan (9+u) along down-running characteristic

catculates tan (8) along streamline

_13_
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Name Description

8. Fi %A or B, coefficient along up-running and down-running j
characteristics respectively -

9. F2 %A, or B, coefficient along up-running and down-running :J
ch@racteFistics respectively ‘

*Note: p - O relationship along up~running characteristic:
A1(pc-pA) + ec-eA+A2(xc-xA) =0

p - 0 relationship along down-running characteristic:
B(pc-pB) - §,.+0_+B_{X ~X_ ) =0

¢ B 2VC "B :ﬁ
]

-1h-
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SECTICON V

MACHINE CONTROL CONSIDERATIONS

Machine - program designed for CDC 6600.

Estimates for run.

a.

a o0

4

Field length:

(1) compile - 65,000 octal locations
(2) 1load - 120,000 octal locations
(3) run - 100,000 ectal locations
CP time: variable depending on number of points in
initial profile and type of flow

10: Tess than 100 octal seconds

Tapus or disks used:
‘(1) Tape 5 - card input

(2) Tape 6 - printed output

(3) no other tapes or disk files used

Printed output: as in CP time it is variadble depending
on case submitted.

i
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SECTION VI

0 -4 1 I 9 0 3
1 0 .
Ve Ue e le el cls CC e
oh 15 0! 0. 00
U 0 U U 0. s
: 2
0, «UBT7S l, -/ 2
3. «087% i, -7,
'é -, 59 L0864 18,
U, «1314 U le »
) . « 1051 « 979
U, ", 5565 U, 0. )
'u 00 '.4452 .08905 :I
8, 20I0T9 w, 6082 W 741 —
i0 232,3 28,96 23,09 . .
U 13 36,65 2929 LEPS 0% e -r
03 305 36.65 .929 10.1 0| 1' .
U, sl 36,65 + 329 1U,1 U 1le -
0 15 36,65 « 929 10,1 0 1. -1
U. |d jblﬁb -‘JE‘? TU.I Ul 1! D
0, «25 36,65 «929 10.1 0. 1.
U P 36,65 e 929 1051 Vs T _
0. 35 36,65 929 10.¢ 0. i, ;f
0 PY. 36,65 <929 10,1 0 g
0. .QS 36.65 '929 1001' 0. ll -
0y Py ) 36,65 « 929 1078 0% I af
LI «55 36,65 «929 10,1 0. 1. )
% MY 36,55 T 99 1051 (13 4 -
0, W65 316,65 .929 10,1 0, fe ‘L
0 o7 3665 929 0.1 0% 3 e
0. 75 36,65 2929 10,1 0, t.
U, -] 36565 V929 0.1 0% ) 3" T
0. «85 36,65 729 10,14 0. i
(1 379 P 36,55 P 1051 [V 1~
0, <95 36,65 «929 10,1 O 1.
Uy ) 306,60 -’9&9"“*_1'0'-1 Uy ) : l_
3, 11,3943 . 1. 1. 0. 0.

“16-
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APPENDIX

PROGRAM LISTING

The following is a 1isting of the Fortran 1V program for Source Flow

Characteristic



PROGRAM NBZ BOD (INFUT,BUTPUT,PUNCH, TAPES=INPUT, TAPE6=DUTPUT,
! TAPE7=PUNCH2

COMMDN/COWL/ TCOWL, MM, XM 93, YM{97,P% (9),WM(9),RHM(9), THM(F) ,QM(9),

LRMC9) , TMC(I) p GM{9)  XMUM(G) JEMM( 3 ALPM(7,9) pCPXM(9)

COMMON/IPP/IPP

COMMON/SHAPE /AAL(5,2),AA2(5,2) s AAS(5,2) s XXU(5) » XXLLS), XINTU, XINTL
CUMMDN /L TM/XSHF T, YSHF T, XTHX, YLF T, XMOM, XTHS, YLF TS5, XMOMS , KSIDE
COMMON/HOT/AH(3) ,BH(3),CH{3) XSTR, PR, REC,REIN,RT,SH, ITW,IVIS
COMMON/VISF/XVTHX, YVLF T, XVMOM
COMMONZXXJ/NXXJL,XXJ1C6) ,AXX(6) ,BXX(6),XOR(6O)

COMMON/XF INAL/ZXFINAL

COMMON/IER/IEQ, PIN, RHOINF JUINF, PINF

COMMON/VAR/RHOC(200),

1EM(200) » XMUC200),CPX(200) ,W(200),R(200),GAM(200),XMASS(200),
2 XN(200),YN(200),QN(200), TN(200) ,PN(200), THN(200),RHON
3(200),EMNC200), XMUN(200) ,CPXN(200),#NC200) ,RNL200),GAMN(200),
4XMASSNC200) fALPN(10,200),SIC10),HI(10),TEMP(20)

5, ALPDUM(10)

COMMON /SP/ NSP

COMMON/FVAR/

1RHOF (200) +CPXF(200) ,EMF (200) s XMUF (200) ,wF (200) »RF (200) , GAMF (200),
2XMASSF (200), HF (200),SF (200) ,ALPD(10)

ITHETA(20)

COMMON/X/ X(200),Y(200),P(200),8(200),T(200),TH(200),ALP(10,200)
COMMON /1/ I1QPUT

COMMON/A/ TIN,CPIN,RO

COMMON/B/ WTMOLE

COMMON/D/ GAMINF,EMINF,RINF,WINF

COMMON/F /A9, 89, 1BOD , XWF , NBOD, YEND

COMMON/ETX/XJ e XJ1,NPTS, 10, IREFL, ICHEM, IPUNCH, IDESGN, IR, NX%X, XBP,

1 YBP, THBP ,RAD, XBOD, YBUD, THBOD, RADB , XEND, THEND ,RTH, YEXIT, THST, TEST,

1IRFL,YQ,RADB2,RRAD(20), MSTAR, YNDZ,EIN, PEN,H16,H17
COMMON/ZXF/XF (200),YF(200),PF(200),QF (200),TF{200), THF (200} ,ALPF(
110,200)

COMMON/ XCOWL /XCORWL

COMMON/C1/ EMCE,TC1,QC1H

COMMON /IOVER/ IOVER

COMMON/XTJL/XTJ1
COMMON/FENCE/IFENCE, AFENCE ,BFENCE , XFENCE
COMMON/ICMPLT/ICMPLT

COMMON/ICU/EMC2

COMMON/PFF /PFINF

DIMENSION S§73(200)

DIMENSION WTMOLEC(10)

COMMUN/DD/ XD, YD, THD,PD,QD,RHD,RD, WD, EMD,GAMD, XMUD, TD
DIMENSION TYPE2(2) '
DIMENSION TYPE3(2)

DIMENSION TYPEQ(2),PHIPR(2)

DATA PHIPR/3H s 3HPHI/

DATA TYPE9/3HCPX,3HPHI/

DATA TYPE3/3H W ,3HGAM/

DATA TYPEZ2 /10H NOZZLE ,1GHCENTERBODY/
DATA XXP/1.,E+06/ ~

DATA ISHOC/=10000/

IDELG=0

WRITE(6,400)

400 FORMAT(1HI)




c J=0 TWD DIMENSIONAL
(W Jsi AXISYMMETRIC
C SPECIES 1 IS H
c SPECIFS 2 IS O
o € SPECIES 3 IS H20
ﬂ ¢ SPECIES 4 IS H2
= ¢ SPECIES 5 IS 02
c SPECIES & IS5 OH
c SPECIES 7 IS N2
c SPECIES 8 IS CO2
c SPECIES 9 IS CO
" c SPECIES 10 IS C3HB
Il IPTP=0
NXXJd=se
o IFLIP=0
i IHALT=0
& ICMPLT=0
NSTAR=0
ﬁ 10PYT=32
i TUNDR=(
IAA=1
2 CALL INDATA
It XCOWLH=XCOAL
. IEQS=IEQ+]
YNOZ=YBP
{ PEN= PIN
ol XxJ18vaXxJl
PFINF=PINF*2116,/PIN
ﬂ IFENC1=0
7211 IPP=y
LSTT=0
- WRITE(6,400)
| IFCIFENC1,EQ,1) WRITE(6,3100)

2100 FORMAT(30XXFENCE INITIAL PROFILE®)
IF(IFENC1.EG,1) GO TO 3101
g IF(IPTP.EQ,0 ) WRITE(6,9191) XOR(1)
Y 9191 FORMAT(20X*INITIAL PROFILExX
tx = ORIGIN OF SYSTEM =%E13,5)
IFCIFLIP.EQe0 AND, IPTP EQ,1,AND¢XF (1) (NEXCOWLH) WRITE(6,9192)
i XOR(NXXJ=1)
9192 FORMAT(16X*CHANGE OF ORIGIN PROFILE#
t* = OJRLGIN OF SYSTEM =#E13,5)
IF(IFLIP.EQs0 AND, IPTP EGsLs AND XF(1),EQ, XCOWLH) WRITE(6,3132)
1 XOR(NXXJw1)}
3132 FORMAT( BX*PROFILE FOR UNDEREXPANDED SHOCK AT COWL*
1% = ORIGIN OF SYSTEM =#E$3,5)
IFCIFLIP.EQe1) WRITEC6,600) XOR(NXXJw1)
600 FORMAT( BX*PROFILE FOR OVEREXPANDED SHOCK AT COWL%-
{* = ORIGIN OF SYSTEM =%E13,5)
IFCIFLIPEG.2) WRITE(6,621)  XOR(NXXJ=1)
621 FURMAT( 6X*PROFILE WHEN SHOCK REFLECTS OFF LOWER WALL#
{* = ORIGIN OF SYSTEM =%E13,5)
3101 CONTINUE
IEQI=IEQ+L
WRITE(6,6896) PHIPR(IEQL)

o}

=

== =2

Ixr*x*pllxr*Y*p11Xp*Q*p11X:*T*r11X kPx, 10Xr*TH*10!A3)

Ty | =3

6896 FORMAT( - F/5X e %PT ke 8

g e it . e



IF(ICHEM,EQ,0,AND,IER EQ,0) WRITE{6,7701)

7701 FORMAT(13A%ALP (1)=HAAXKALP(2)=0#%3X%ALP(3)Y2H2042X*ALP (4)=H2*
13X*ALP(S)=02*3X*ALP (&) =0HA3IX*ALP(T7)=Na%)
3160 CONTINUE

PO 3163 I=1,NPTS
C=PF(I)}/PIN
YFPR=YF (1)

THFPR=THF (1)

IF(IFLIPLEQ.1Y YFPR==YF(I)

IF(IFLIPLEQ,1) THFPR==THF(I)

IF({IEQ.EQ.1) GO TO 9806
WRITE(6,16) 1,XF(I} ,YFPR ,QF (I),TF (I).C r THFPR

WRITE(L,1602) (ALPF (J,I),J=1,NSP)
G0 TO 3163
9806 WRITE(H6,16) I,XF(I} ,YFPR ,QF (1),TF {1).C r THEPR,WF {1}
3163 CONTINUE
1800 FORMAT(* UNDERSURFACE AND COWL THRUST =#E13,5,7X*LIFT =*E13,5,7X*M
1OMENT =%E13,5)

IPTP=1
XJidv=XJi
WRITE(6,3130)

5130 FORMAT(/)

IF(KSIDE.EQ,Q0) GO TO 3104
WRITE(H,1800) XTHX,YLFT,XMOM
WRITE(6,3107)XTHS, YLFTS, XMOMB ‘

3107 FORMAT(SX*SIDEWALL THRUST=*E12,4,5X*SIDEWALL LIFT=*E12,4,5X%5IDEW
1ALL MOMENT=xE12,4//)

JFCIVIS,EQ, 1)WRITE(603153)XVTHX YVLF T, XVYMOM

3153 FDRMAT(SX*VISCUUS THRUST =*E12,4,5XxVISCOUS LIFT =%xEl2.4,5XxVISCOU
1S MOMENT swE12,4//7)
3104 CONTINUE

N=2
LMAX=1
KMAX=2x {Nw])=]

IFCIOVER.NE,2) GO TO 7423

N=3

IPpP=t
LMAX=2

KMAX=p

7423 NNi=im}i

DO 7424 I=1,NNY

II=NNiwi®i

DO 1500 J=1,NSP

ALP(J, I)=ALPF(J,I1)

1500 ALPDUM{J)=SALP(J, 1)

0=0,

CALL INTC(O. ,XFCII),YFCII),THF(II) PFLILI)QF (L1}, RHUF(IlJ RF(I1},
IWFCILI), GAMFCIL1) hEMFCIT) o XMUF(LIL),TFCIL),
1D,D,D,0,0,0,5,0,D0,0,0,D
LeX(1), Y(I)er(IJ P(I]rDCIJ RHOCI),RCIYW(1),GAM(I),
1CM(I]pXMU(l) T(I)rALPDUMrI 1EQ}

7424 CONTINKUE
500 CONTINUE
IF(KMAX.GE,.191) GD TO 9123
6060 IPP=IPP+1 :
6883 WRITE(6,7633) IPP
7633 FORMAT(SX,%xLINE NG, = %,14)

L




6885 FDRMAT(SX!*PT.*;BX;*X*;11xa*Y*rllx'*P*rIOXp*TH*rl1Xr*Q*rIIXI*T*l

7632
7637
1602

670

672

671

IF(IOVER.EQ.2,AND,KMAX ,GE,10) GO 70O 670

JIR1+KMAX/A LG
JJ1=KMAX=1
IF(10.EQ,1) JJd=1

WRITE (6,6B85)TYPEZ(IERS)» TYPEF(IERS)
16 FORMAT(3X,14,3%X,10E12,4)

130X, #EM% 10X ,A3 , 9X,A3)

DO 7637 I=1,JJ1,Jd
C=P(I)/PIN

YFPR=Y (1)

THFPR=TH (I)

DUPR=WC(I)

IF(IEQS EQ,2) DUPR=GAM(I}
CPR=CPX(1)
IF(IEG . EQ,1)CPR=W(T)
IFCIFLIPLEQ,1) YFPR==Y (I}
IFC(IFLIP,EQ,1) THFPR==TH (1)
WRITE(6,7632) I,%(I),YFPR,C
FORMAT(3X,14,3X,10E12.4)
CONTINUE
FORMAT(1C0X,10E12,4)
IF(IPP,EQ,1) GO TO 7759
I=KMAX

C=P(I)/PIN

YFPR=Y (1)

THFPR=TH (1)

DUPR=W(I)

IF(IERS,EQ,2} DUPR=GAM(I)
CPR=CPX(1)
IF(IEG.EQs1)CPR=W(I)
IFCIFLIPLEQ,1} YFPR=w=Y (1)
IF(IFLIP4EQ,1) THFPR==TH (I)
WRITE(H,7632) I,X(I),¥YFPR,C
GO 10 7759

JJel+KMAX/10

JJ2=1

ISH=ISHOC

JJ1zI8Hw]
WRITE(b6,68B5)TYPES(IEQS)

PD 671 I=dJa,JJd1,Jd
C=P{I)}/PIN

YFPR=Y (1)

THFPR=TH (1)

DUPR=W(I)

IF(IEQS,EQ,.2) DUPR=GAM(I)
CPR=CPX(1)
IF(IEQ,EQ.1}CPR=W{1)}
IF(IFLIP.EQ.1) YFPR==Y (I)
IF(IFLIP.EG.1) THFPR==TH (1)
WRITE(H,7632) T,X(I),YFPR,L
CONTINUE

isJJi+t

C=P(1)/PIN

YFPR=Y (I)

THFPR=TH (1)

DUPR=W({I)

y THFPR,Q@(1),T(I),EM(1},DUPR,CPR

, THFPR,G(I),TCI),EM(I),DUPR,CPR

s THFPR,QCI), TCI),EM(I),DUPR,CPR




IF({IEQ5,EQ.2) DUPR=GAM(I)

CPR=CPN(1]

IF(IEQ,EQ,1)CPR=W(I)

IF{IFLIPLEG,1) YFPR==Y (I)

IF(IFLIP.EQ,1} THFPR==TH (I) .
WRITE(6,7632) I,X{I};YFPR,C r THFPR,Q{I), TCIIsEM(IY,DUPR,LCPR

1IF(JJ1.,EQ,KMAX=1) GO TO 7759
JI2=18H+1
JJIzSKMAX=]

GD TD 672

7759 BETPR=BET

WRITE(6,1800) XTHX,YLFT,XxMOM

IF{KSIDE .EG,1)

INRITE(6,3107)XTHS,; YLFTS, ¥XMOMS
IF(IVIS,EQ.1)WRITES6,3153)XVTHX, YVLFT, XVYMOM
IF(IFLIP,EQ,1) BETPR==BET
IF(IOVER,EQ.2) WRITE(6,653) BETPR,EMC1

653 FORMAT({SX*SHOCK ANGLE =xE{2.4,5XxEXTERNAL MACH ND, =xE12,.,4)

IFCIUNDREQG,1IWRITE(&6,596)EMCY

596 FORMAT(SX* EXTERNAL MACH NGO, = xE12.,4)
WRITE(6,1603)

1603 FORMATC(C///)

6884 ICMP=ICMPLT+{

IF(IOVER,NE.2} GO TO 2658

ISHOC=1IS8HOC+

IF(NSTAR.,EQ,1) ISHOC=IS5HOC=2

2658 CONTINUE

IF(IBALT.ER.1} STOP

IF(IFLIP,EQ.2,AND N, GT,NPTS) STOP

60 70 (4300,4301,4302,4303),ICMP

4301 IF{ICOAL.EQ.Q) STOP

ICMPLT=2

IUNDR=1
CALL COwWL(=~t,)

IPM=1

4302 IPM=IPM+1{

IFCIPM,GT,MMaZYICMPLT=0

IFCIPM,GT MM=3)GC0 TO 8104

LMAX=KVMAX+1

DO 4306 J=1,NSP

ALPNC(J, 1)=ALPMJ, IPM)

4306 ALPDUM(J)=ALPM(J,IPM)

D=0,

CALL INTEO,,XM{IPM) ,YM(IPM), THM(IPY),PM(IPM)},QM(IPM),RHM(IPM),
IRMOIPM) yWMCIPMI ,GHMUIPM)L,EMMUIPM) , XMUMCIPM)Y ,, TM(IPM),
iDeD,0,0,0,0,0,0,0,D,0,0
TrXNLLY, YNCTI),THNC(L), PN(&J,QN(i).RHDN(lJ,RN(lJ,wN(IJ GAMNC(1),
TEMNCL) » XMUNC(L), TN{l) ALPDUM, 0, 1EQ)

GO 7O 8060

4303 ICMPLT=
STOP
4300 IF(X(1) EQXCOWLH,AND,IPP,EQGNPTS,AND,IDVER . NE.2) GO TO 430{

IF(N,GT,NPTS) GO TO 8104

LMAXSLMAX+2

L=1

Kai

b=0,

S sy iy 'nq
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DO 510 J=1,NSP
ALPNCJ, LIZALPF (J N}

510 ALPDUM(J}SALPF(J,N)

CALL INT 0., XF(N),YFCN),THF(N),PF{N)Y,QF (N),RHOF (N),RF(N),
IWFCN) ,GAMEIN) JEMF(NY , XMUFENY , TFINY, .
10:0,0,D,0:,D¢D0,0,0,D,D,D

1o XNCLY p YNCL) p THNCLY o PNCL) pONCL) ,RHONCL) fRNCLY , WNEL) ,GAMNEL)
TEMNCL) » XMUNCL) , TNCL) ,ALPDUM, 1, IEQY

IFENC1=1

IFCIFENCE,EQ,1,AND XNCL) EQ XCOWLH,AND N,EQ,NPTS) GO TD 2601
IFENC1=0

GO TO BO&D

8104 ASL=TANCTH(1))

694

061

9001

9000

9003

ACH=TANCTH(2)+XMUC2))

THSL=TH(1)

CALL GEM{X(2),Y(2),ACH, XC{13,Y(1),ASL,XN(1),YDUM)
DELTH=XN(1)=X({1}

IFC(DELTH/TEST)Y.6T.1.) GO TO 9061

iT=1%

IER=Q

IF(IUNDR,.GT,0)G0 TO 9060

CALL BODUCXC13,Y{1),THC1)XC2),Y(2),ACH, XN(1),YDUM ,THN(1))
THSL=THN{1)

IF(IOVER,NE,2) GO TO 694

YN(1)==YN(1)

THN{1)==THN{1)

CONTINUE

DELTH=ABS{THN{1)=TH(1)}

IF(DELTH.GT.THSTIGO TO 906!

DELTH=XN(1)=X(1)

IFCCDELTH/TEST)LT,1.) GO TD 9060

LMAX=KMAX+1

DD 9000 M1=2,KMAX

LEKMAXwM1+2

I=L+14

D=0 .

DO 9001 J=1,NSP

ALP(J, I)=ALP(J,L)

ALPDUMCJI=ALP(J,L)

CALL INT{O0¢eX(L),YCL),THCL) ,PCLY,QC(L),RHOCLI RCLY,WCL),GAM(L),
FTEMCL)Y , XMUCL), TCL)Y,
10:,0,D,0,D0,0,0,D4D,0,D,D
1o XCIY,YCL)pTHCI) ,PCI),RCI) RHDOCIJ,RCII,LWCIY, GAMLI),EM(CL),
IXMUCT), TCI),,ALPDUM, 0, 1EQR)

CONTINUE

ISHOC=ISHOC+!

KMAXSKVAX+1

RAT=,5

DO 9003 J=1,N8P

ALP(J,2)ZALP{J, 1)+RATRCALP(J,3)=ALP(J, 1))
ALPDUM(JI2ALPCJ,2)

CALL INTORAT, XC(1),YCL),THCL) ,PC1),QCL),RHDCL),ROL),W(L)BAM(L),

TEMCLY o XMUCE) p TCLY o X(3),Y{3),THI3) ,P(3),8(3},RHO(3),R(3) (3],

16AM{3),

EMC3) , XMUCZ),T(3),%(2),Y{2)sTH(2),P(2), Q(E);RHD(E);RCEJ:

IW(2),GAM{2) ,EM(2), XMUC2) . T(2) ALPDUM, 1, IEQ)

9060

GO TO 83504
LMAX=KVAX



A 1.

IFtISHGC EQs1) BETN=BET
BOOO CONYINUE

IT=4

IER=0 .

IF(B,EQ,0G) THN{1)=THSL -

B030 EMSL=XM3{(,5,,5,TH{1),THN({1))

EM1=XML CA,B, TH(2), XMUC2) , THNC1) o XMUNC1))

IF(ISHOC,EQ.1} EMI-.S*(TAN[BETJ+T&N(BETN))

CALL GEM{X(2),Y(2)EML, X(1),¥(1),EMBL,XN(1), YN(I)J

IF(IUNDR.GT,0)G0T O 8020

CALL BJDU(X(!):Y(i);TH(i);X(EJ,YCZJ;EM1 XNCL) pYNC1), THNCL))D

THSL=THN(1)

IF(INVER.NE.2) GO TD 658

YN(1)==YN(1)

THN{1)==THN{1)

698 CONTINUE
8020 AL=FLCA,B,XMUC2),GAM(2),P(2),XMUN(1),GAMNC1),PN(1))

XDUM2=X(2)=XOR(NXXJw=1)

XDUMN=XN(1)=XO0R(NXXJ=1)

AZSF2(A,BrlsrXdsXJd1, XDUMR,Y(2) s THL{2) ; XMU(2) ¢ XDUMN, YN(1 ) THNC1), XMU
INCL))

DUMI=AR2A(XN(1)=X(2))

IF(XJ1eGT¢0,) DUMI=A2XALDG{XDUMN/XDUNR)

DUM= (TH(2)=THN{1)=DUML) /AL

PNC(L)=P(2)*EXP(DUM)

IF(IUNDR.EQ,0)GD TO 1801

P2=PN(1}/P(1)

CALL PRM{P2,TH{1),EMC1,TH2T,EMC2,=1}

ERGRTH2T~THN(1)

IF{ABS(ERY) 4LT.1.,E=04)G0 TO 1801

CALL ERRCIER,IT,THN(1),ER4,1,01,THN],ER1)

IF(IER,EQ,0)GD TO 73

WRITE{(&,17)

17 FORMAT{1X,* TOO MANY ITERATIONS IN BODU CONTACT =)

STQP

73 I7T=17+1
GO 70 BO30
1801 CONTINJE
DO BOBO J=i,NSP
ALPN(J;I)zALP{Jrl)
8050 ALPDUM{J)I=ALPN(J,1)

CALL SL(P(1),8(12,RHOCLI)RCLII,WILI,GAMCTIY  EM(L) XMUCL),T(1),
IPN(C1), ONCL), RHONCLY,RNCL), WN(i)rGA“NtlJpEMNCIJ.XMuwtl)rTNtl)r
1ALPDUM, JEQG,A,B)

IF(B.EQ.D,.DR.IUNDR.EG.:)GU TO 1798

IF(XNC §1).GT.XCOwL=1,E=Q8) GO 7O 1798

IFCXNE $1)oGT . XXJI(NYXXJI)=1,E=04) GO TO 1798

£ *%xxxCOMPUTE COwWL AND SIDEWALL FOURCES  &kxxkkkkxax(

ZI2AXX CNXXI=1)%{X (1)=XBPY+BXX(NXXJ=11

Z2sAXX{NXXI=1 34 (XN(1)=XBPI+BXX{NXRJIm1)

CALL LTHMC( XCi),YC1)rZi XCE) Y1) pmZ , XNTLY YNCL) =22, XN(1),
IYNCLI),Z2,PCL), PULYPNCLY,PNCLIL0C1), u(l}pGNti:pGNtl),Rﬁociiy
2RHOC1L} . RHDN(1),RHUN(1),R(1) R(l},RN(1),RN(1) WCL), W(L) P WN(LD,

JWNCL), THti);THtlJ:THN(iJ»THN(!J ALPDUM, , 255 42512574257
AXTHX s YLF T2 XMOM, CF 8T 1)
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STU=ST

IF{RSIGE,EQ,3)G0 10 1798

ZH4=AXY (NXX =) % (X (23=XBPI+BXX(NXXJI=1)

DO 2¢3% J=1,NSP

2031 ALFDUM(JI=(ALP(J,13+ALP(I,2)) /2, '

CALL LTHMEXCL1)pYCL), 28 XNCEY YNCL) 22, XNCY),YNCL) 2 Z2,%X(2),Y (2],
1Z4,PC1)PNCLY,PNCL)Y,P(2)Y s RC1),ANCI),ONT{1),QC2),RHO(L) ,RHONCL)
2RHON(1) RHOC(2),RO1),RNCYI) yRN(L),R(2Y,WCTIY WNCL)pWN(L),W(2),
STHCL) pTHNCL) » THNCL ), TH(2) ,ALPDUM, ; 33333, ,33333,0,,.,33333,
YXTHS, YLFTS, XMOMS,CF,S5T,3)

STS({1)=s8T

1798 IF(B,6T7,04) GO TO 8049

Az=,5

B=,5

GO TO 800C

8049 IF(ISHIOC.NE.1) GO TO 2600

CALL SHOCPT(ISHOC,3,BET,BETN,A,B)

BETSTHN(2)={(BETN=THN(1))

I66=} '

2625 CALL SHOCK(BET,ON(2),THN(2),CAMN(2) ,EMN(2) ,RHON(2) ,PNL{2),WN(2),
TRN(2Y,ONCL) p THR2,GAMNCL) pEMNCL) yRHONCE) A PNCL) o WNCL) ,RNCED,TNCLD,
IXMUNCEdr=l¢)

ER4=THN(1}=TH2

IF(ABS(ERY) LT,1,E=04) GO TO 260§

I1GG=IGG+]

IF(IGG,BT,.15) GO TO 2627

IF(IGG,GT.2) GO TQ 2628

ER{=ERY4

BETP=BET

BET=RET+,02

GO TO 2625

2627 WNRITE(6,2629)

2622 FORMAT{* ERROR IN BETA LOOP IN MAINX)

STOP

2628 DUMM=BETP=ER1%x(BET=BETP)/(ER4=ER1)

ERi=ERY

BETP=SBET

BET=DUMM

GO TO 2625

2600 CONTINJE

IFCIFLIPEQ, 1 ANDSJXNI1)Y,GT,XFINAL) IHALT=1

IFCXNCL) JLEXCOWL=1 ,c=04 JAND XN(1) ,LEXXJLI(NXXJ) =1 ,E=~04) GOTO 8060

XNN=XCOwWL
IFCXNCL) o BT o XXJL(NXXJI3I =1 ,Em(d) XNN=XXJ1 (NXXJ)
RATS(XNN  «X(1))/(XN(1)=X(1))
DO 3519 J=1,NSP
ALPN(J,1)=ALP(J,1) ‘
3519 ALPDUM(J)=ALP(J,1)
CALL INTCRAT,X(1),Y(1),THC(I)»P(1),QCL),RHOCL) »RCE)},WCLDGAM(L),
I EMC1), XMUCL),TC(1),
IXNCL YNCE) , THNCL) o PNCL) ,ONCL) ,RHONCI) ,RNCL) WN(I) GAMN(L),
$EMNCL)Y , XMUNCLY, TNCL) o
IXNCE3, YNCLYp THNCE) pPNCLY  ONCL) ,RHONCEI RNCL) o WNCL) ,GAMNCL) ,
TEMNCLY XMUNCIY,TNCLY, ALPDUM,1,1ER)
XN{i)sXNN
XZ=XN(1I=XINTU
l.6=5




IFEXZL LT XXU(B) )L b=l

IF(AZ LT« XXULA)ILE=D

IF(XZ, LT« XXU(3))Le=P

IF(XZ LT XXUC2))LESY

YNCLISAALCLO, 1) AXZ*XZ+AA2(LO, 1 IXXZ+AAS(LE, L)

THNCIISATANCZ2 , xAAT (Lo, 1) AXZ+AA2(L6,1))

C *xxx%*COMPUTE COWL AND SIDEWALL FORCES *&axarakkax{

ZI=AXX(NXXI=5)* (X (1)3=XBP)4+BXXINXXJI=])

Z2=AXX (NXXJ=1) % (XN(1)=XBP)+BXX(NXXJ=1)

CALL LTHMCU XC1)oY(12,21,%XC1)y Yil)r'ZIuXNEIJ;YN(1);°ZErXN(1lr

1YNC1)Y,,Z22,.P(1), P(l)rPNCIJrPNCIJ R(1)Y,8¢1),QNC1),ONC1),RHOC(L],
BRHG(llpRHUN(1]rRHUN(13rR(i)rR(lJ;RN(I):RN(13:W(IJ;W(I]rwN(llt
IWNCE2, THCL) e THOL) , THNCL) s THNCL) ALPDUM, 255 425742574257
AXTHX p YLFTe XMOM,CF,S8T,1)

STU=ST

IF(KSIDE.EQ.,0)GD TD 260¢

ZA=AXKINXX I =1 )% (X(2)=XBP)+BXX(NXXJm1)

DO 2033 J=1,NSP

2033 ALPDUMCJ)=CALP(J,1)+ALP(J,2))/2,

CALL LTHMOXCL1),YCLY,Z o XNCEY o YNCL) pZ2,XNCL),YNCL) 22, X(2),Y(2),
1Z4,PC1),PN{1)},PNC1},P(2),QC1], GN([J:@NCIJrﬂ(EJrRHUCIJrRHUN(lJr
2RHUN(1]'RHDCE)rR(1]rRN(1) RNCII,RC2Y, WEL) h v NCL) WNCL) W (2D,
STH(iJ:THN(i)rTHN(1);TH(E},ALPDUM,,33333,.33333:0.fg33333t
UXTHS,YLFTS,XMOMS, CF,ST,3)

STS8(1)=5T

2601 CONTINUE

ICMPLT=1

IF{XNCL) dEQ . XCOWLIXCOWL=1,E406

IF(IDELG.EQ,1Y GO TO 2622

IF(XJ1,EQ,.04,AND,IOVER,ER.0) GO TO 8060

2b22 CONTINUE
IX=1
2655 IAA=TAA+L

D=0,

DO 3470 J=1,NSP

ALPDUM{J)=ALPN(J,IX]

3470 ALPF(J,IAAYSALPN(J,IX)

CALL INTCO rXNCIX),YNCIX), THNCIX) (PNCIX) BN{IX)RHONCIX],
IRNCIX) pWNCIX) GAMNCIX) ,EMMOIX)  XMUNCIX)pTNCIX),
10,0,0,0,040,0,0,0,0,D0:D ,
1XF(IAA)pYF[IAA)fTHF(IAA) PF(IAA),QF (IAA),RHOF(IAA),RF{IAA),
{HWF(IAAY,GAMTTARY, EMF(IAA)#XMUF(IﬁA];TF(IAA) ALPDUM, 0, IEQ)

IF(IX,EQ.1) GD TO 2656

IX=1

GO TO 2655

2656 IF(IFLIPEQ,l) 1AA=]AA=]

ICMPLT=Q

NSTAR=0

IF(XN(1)+,0001,GE.XTJ1) XJi=0,

IFCIFLIPWNE,! } NXXJ=NXXJI+1

IF(IFENC1 EQ,1) IFENCE=0

IF(NXXJToGT NXXJ1) NXXJ=NXXJi+1

IF(IFLIPGT,0) GO TO 2602

IF(ICOWLLEQ,0) GO TO 7593

RP=PM (MM)/PF{IAA)%PIN

IF(RP,BT«1,) GO TO 5989

[
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ety
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p oty

ooy

7593

5989

691
2602

8060

C *x%x
5520

683

687

NPTS=IAA

I0OVER=0

1AA=1

GD 1O 7211

CONTINUE
EMEXT=EMINF*QMI{MM) /SGRT (TM{MM))
CALL COWLOCIAA, THM(MM) ,EMEXT,BET,PM (MM)]
XINTU=SXINTL

PO 691 I13=1,5

XXUCI13)=XXL(113)
AAL(IL3,1)=AA8(113,2)
AA2(I13,1)=AA2(113,2)
AAZ(I13,1)=AA3(113,2)

CONTINUE

NPTS=I1AA+1

IFLIP=IFLIP+1{

IF(IFLIP.,GT 1) XXPSXFINAL

I1AA=1

LSTT=0

IOVER=2

CALL INDATA

BET=w=BET

ISHOC=1

GD 1O 7211

CONTINUE

LM={ MAX~]

IF{IDELG,EQ,} LAND, IAA,GT.i) LM=100Q0
IF(XJ1 e GT 404 AND,TAA,GT,1) LM=10Q0
IF(IOVER.EG, 2, AND,LSTT,EQ,1) LM=1000
LST=0

LTH=1

IF(NSTARZEQ.QILTH=0

L=y

M=0

IDPT=0

LWUZ=1000

XXP=XF INAL

IF{NSTAREQ41) M=2

IF({ICMPLT.EQ,.2) M=1

*%x%%x COMPUTE SIDEWALL FORCES *hhkhhhkhkhAkrkxhkrs (
IF(KSIDEEQ40.,0R,L,EG.1)G0O TO 5521

NM=Mwi

LTH=LTH+

IF(M,EQ,1)NM=1

ZIZAXX(NXXI=1) (X (NM)=XBP)+BXX{NXXJ=1)

Z2SAXX(NXXIm )X {XN(K )=XBP)+BXX(NXXJ=1)

Z3=AXXINXXI=1) % (XNC(L ) =XBP)+BXX(NXXJ=1)

Z4=AXX (NXXJ=1) % (X (M )uXBPYI+BXX{NXXJ=1)

XKi=,25 §XK2z,25 $XK3=,25 $XKd=,25

IF(M,6T,1)G0D TO 683

XK1=,33333 $XK2=,33333 B$XK3=,33333 3XKd=0,

CONTINUE

DD 687 J=1,NSP

ALPDUM(J) =XK1 %ALP (J,NM) +ALPN{J, KY X XK2+XKI*ALPN(J; L)+ XK4XALP (J, M)
CALL LTHMCXCNM) pYCNMY 212 XNCK) s YNCK) pZ2, XNCL)  YNCL) p Z3, X{M) Y (M),
124,PINM) s PNCK) pPNCLY ,P{M),QCNM) pGN(K)pANCL) s B (M) ,RHO(NM) , RHON(K) »
PRHONCL ) s RHOC(M) (RCNM) ,RNCK) JRNCLY (RCMY W INM) pNCK) , WNCL) WM,




STHCNMY , THNCKY p THNCL) , THIM)Y , ALPDUM, XKI;XKE-XFS.XKﬂa
UXTHS, YLF TS, XMOMS,CF,57,:3)
STS(LTH)=8T
IF(L.EQ.,LMAX)GO TD 265
5521 L=L+1
IF(L.GT,LM) GO TO 6520
K:L-l
678 MaM+i
A=,
B=o,
CALL FUZZYC(K,L, M, N,LMAX,KMAX, NPTS,IPP,IFZ)
IFC(IFZ.GT.0)60 TD 265
250 CONTINUE
IF(L,EQ,ISHOC+1) CALL SHUCPT(1SHOC,M,BET,BETN,A,B)}
IF (L NE ISHOC+1 4OR B ,EU,0,+0R,IFLIP,NE,1) GO TO 2603
IPL=3
2684 POLYC==AAZ(IPL,1)=YNCL)+TANCBETN) X (XN(L)=XINTU)
POLYB==AA2(IPL,1)=TAN(BETN)
POLYA==AAL(IPL,1)
IF(POLYANELD.)
1XXP =(=POLYB=SQRT(POLYB#+POLYB=4,%xPOLYAXPOLYC)}/(2,%xPOLYA]
IF(POLYA,EN,0,) XxP ==POLYC/POLYRB
XXP =2XXP +XINTU
IF(XXP (GEXXU{IPLY) 60 T0O 2603
IPL=IPL=1 |
GO TO 2684 !
2603 CONTINUE -
IF(L.,ER,ISHOC+$) GO TO 3003 .
EMi=XM1 (A, B, TH(MJ,XMU(M),THN(L3.XMUN(LJ)
EMI=EM]
IF(L,EQ,ISHOC) EMI=TAN(BET)
IF(L.EG.ISHGC.AND.M.GT.1)EM1=TAN(BET+THN(L-1)+XMUN(L-1)-TH(M-1)
fuXMU(M=1))
EM2=XMP2{A,B, THN(K) , XMUN(CK)  THNCL) , XMUN(L) )
XNCLYSCYNCKI Y (MIFEMIAX (MY=EM2*XN(K) )/ (EMI=EM2)
YN(LISY(M)+EMI X (XN(LI=X(M)})
IF(B,GT.0e)} G0 TO 681
IDROP=0
BETT=BET -
IF(M,GTe 1 AND,IOVER,,EQ,2)BETI=BET+THN(L=1) +XMUN(Lm])=TH(Mm=]}=XMU(M |
i=1)
IF(L,EQ,ISHOC=1) CALL DRTESTC(XN(L),YN{L),EML1,BETT,IDROP,+1,M)
IF{L,EQ,ISHDC+2) CALL DRTEST(XN(L);YNEL),EMl,BETN IDROP,y=1,14)
IF(IDRDP EQ.0) GO TO 681
LMAX=LMAX=1
LMz Mey
IF(L.,LT,ISHOC) ISHOC=ISHOC~1
GD TO 678
681 CONTINUE
IF(L,NEL.ISHOC)Y GO TO 601
YSHOC=Y (M)
XSHOC=X (M)
IF(L,GT,.2) GO TO 602
YOUMYNCLI=EMOX(XM{L)=X (M)}
XDUM=X (M)
RAT=(YDUM=Y (M) /7 CYNC 1))=Y (M))
D=0,



DO 644 J=1,NSP
T ALP(J, MISALP (I, MI+RATALALPN{I 1 =ALP (I M)
E 644 ALPDUM(J)ISALP(J,M)

CALL INT(RAT,D,D, THI(M),PIM) 0.8}, REO(M) ,REM) , WIM),GAMCM) ,
TEM(M) p XMU(M) , T(MY,D,D, THNC1) ,PN(L),QNC1),RHONCL) ,RNCL) »0INCL),
1GAMNCL) JEMNECLY p XMUNCL)Y p TNCL) 4 DsD, TH(MYI,P(M),Q(M),RHO(M) ,R(M),
IW(M), GAM{M) ;EM({M) , XMU(M) , T(M),ALPDUM, 1, 1ERQ)

60 70 601

602 CONTINUE

EMB=XM2( 5, Sy TH(Mm1 ) XMU(Me1Y, TH{M) , XMU(M))

YDUM=(EMO %Y (M)=ENBAYNCLI+EMBAEMOR (XN(LY=X(M)) )/ (EMO=EMB)

XDUMSXNIL)={YN{L)=YDUM} /EMY

RAT=(YDUM=sY (M)} /(Y (Mwml)mwY(M))

b=o,

PO 604 J=1,NSP

j%

Lot
)

T ALP (J, M)ZALP (J, M) +RAT# (ALP (J, Me1)mALP (J,4))
& 604 ALPDUM(J)=ALP(J,M)
CALL INTCRAT,D,D, TH(M),P(M),Q(M),RHO (M), R(M}, W(M),GAM(M),
B LEM(M) , XMUCM) , T(M) Dy Dy TH(M=1) (P(M=1),Q(M=1),RHO(M=1),R{M=1),
= IW{M~1) , GAM( M) ) EM( M=t} XMU(M=i ), T(Mwi},D,D, THIM),P(M),Q{M;,
LRHOCM) ,REM) p WMY, GAMIMY LEMEM) , XMUCM) , TCM) , ALPDUM, 1, 1EQ)
= 601 CONTINUE
i ALSFL1CA, B, XMUCM) ,GAMEM) , P (M), XMUNCL) , GAMNCL) , PNIL))
BLZFL(A,By XMUN(KY ,GAMNCK) ) PNCK) s XMUNCL) » GAMNCL) , PNEL))
- XDUMK=XN(K) =XOR(NXXJ=1)
e XDUMM=X (M) = XOR(NXX w1 )
e XDUML=XN{L)»XOR(NXXJ=1)
. A2ZF2(A,BrlerXJdsXJ1, XDUMM,Y (M), TH{M) , XMUCHM)Y , XDUML, YNCL) , THNCL) , XMU
T INCL))
£ B2ZF2(ArBrolyrXJd,XJ1,XDUMK, YNCK) , THNCK) p XMUNCK) , XDUML , YNCL) p THN (L)

1 XMUNCLY))

DUMI==(AR+B2) A XN(L)+A2xX (M) +B24XN(K)
IF(XJ1,6T404)DUMI== (A2%ALDG (XDUML/XDUMM)+B2XxALOG (XDUML ZXDUMK))
DUM  =(AIXALOG(P(M)I+B1*ALOG{PNC(K)I+TH(MI=THN(K)+DUML1)/{A1+B1)
PN{L)=EXR{oUM)

@ DUM=ALOG{P (M) /PN(L) ) %A1
& DUM2=XN (L) =X (M)
IF(XJ1.NEeO,) DUMR=ALOGCXDUML/XDUMM)
T THN(L) =DUM+TH(M) =A24DUM2
& 253 CONTINUE

CALL DPOINT(K,L,M,N,NPTS,A,B)
CALL SL(FD,QD,RHD,RD,WwD,GAMD,EMD, XMUD, TD,PN(L) AN(L) ,RHON(L),
TRNCL) yWNCL) s GAMNCLY JEMNCL Y XMUNCLY , TN(L) o ALPDUM, IEQ,A,B)
DO 1502 J=1,NSP
1502 ALPN(J,L)SALPDUM(J)
3003 CONTINUE
IF(IDPT.EQ.,0) GO 7O 8400
IF(B8,6T,0,) GO TD 8401

A
b
&

il A=,5
a B=,5
GO0 7O 253
m 8400 CONTINUE
E IF(B,GT.0,) GO TO7520

IF(L,NE,ISBHDC) GO TG 606
IF(L,GT.2) GO YO 650

RAT=(YNC 1)=YSHOC)/(YN{ 1)=Y(M))
Y(M)=YSHOC




X(M)=XsSHOC

b=g,

DO 655 J=1,NSP

ALP(J, MI=ALP(J, M)+RATA(ALPN{J,1)=ALP(J,M))

655 ALPDUM(J)=ALP(J,M)

CALL INTCRAT,D,D,TH(M),P(M),R(M),RHO(M) ,R{M),WIM) ,GAM(M),
FEM{MY , XMUCM) , T(M),D,Dp THN(1) ,PNC1),QN(1),RHONC1) ,RNCTI,wN(1),
IGAMNCL) pEMNCLY ) XMUNCIY,TNCL) ,DsDp THIMY,P(M),Q(M),RHO(M) ,R(M),
TWIM)  GAM(M)Y b EM(M) , XMUCM)Y , T(M) , ALPDUM,1,1EQ)

GO TO 606

650 CONTINWUE

RAT=(Y{(M=1)=YSHOC) /(Y (Mal)=Y{M)}

Y({M)=YSHOC

X(M)=X840C

P=o,

DO 605 J=1,NSP

ALP(J MISALP (I, M)+RATH (ALP(J M=1)=ALP(J,M))

605 ALPDUMCJI=ALP(J,M)

CALL INTC(RAT,D,D,TH{M),P(M),B(M),RHD(M) ,R(M),W{M),CAM(M),
TEM(M), XMU(M) , TC(M) D, D TH(M=1) ,P{Mm1},Q(M=1),RHO(M=1),R(M=1),
1W({Mm] ), GAM(Mm )}, EM(Mad ) XMU(M@l) , T(Mw1},D,0, TH{MI,PEM),Q(M),
tRHO(M) ,R{M) , WM pGAM{MY ,EM(M) , XMU(M), T(M),ALPDUM, 1, 1EQ)

606 CONTINUE

A=,5

B=,5

G0 70 250

7520 CONTINUE

IF(IFENCE«+EQ.0.0R, XN(1)  NE.XCOWLH) GO 7O 3108

XXP={YN(L)=BFENCE) /AFENCE+XBP

IF(XNCL) SLTLXXPY GO TO 520

DUM=(YN{L)=YNEKYI)IZ(XNCLY=XN{K))

XXP=(AFENCEx*XBP=BFENCE«DUMAXN(K)+YN(K)Y )/ (AFENCE=DUM)

3108 CONTINUE
IF{IDELG,EQ,1) GO YO 2623
IF{XJ1,ERe0¢ AND,IOVER,EQ,0) GO TO 520
2623 CONTINUE

IFOXNCL) LT o XXJL (NXXJ) JANDXNE(LY LT .XXP)} G0 TD 520

IF(LST,6T.0) GO TO 520

LST=1

XNN=XXP

IFCXNCLY oGE# XXJTCNXXJI)Y XNN=XXJL(NXXJ)

RAT= (XAN=XN{K)I/(XNC(L)=XN{K))

IAA=TAA+]

IF(IPP,GT.NPTS,0R,1AA,LT,IPP)GO TO 3999

WRITE(5,3998)

3998 FORMAT(* INDEXING IN CHANGE 0OF ORIGIN OVERLAPS INITIAL DATA IAA EQ
1UALS IPPX)

STOP

3999 XN(L )=XNN

YNCL  ISYN(K)+RAT®(YNCL)=YN(K))

THNCL  JISTHN(KI+RAT®{THNC(L)=THN(K})

DUMYL=ALOG(PNIK))

DUMZ2=ALOG(PN(L))

DUM=DUMI+RAT*{DUMZ2=DUML )

PN(L JX=EXP(DUM)

IDPT=1

A=1,

by

SN

=

ficmimnng




8401

9805

9804

8402

{ 519

5363

521

520

B=o0,

GO 7O 53

IDPT=0

IFCIFENCEL,EQ,0,O0R XN(1) NE,XCOWLH) B8O TO 9804
IFCIAALT.3,0R,XF(1),.,EQ,XFENCE) GO TO 9804

WRITE{(6,9805)

FORMAT (% FENCE MAY NOT BE ENTIRELY SUPERSONIC = CHECK FLOW FIELD#*)
STOP ‘

CONTINUE

DO 8402 J=1,NSP

ALPDUM{J)=ALPN{JI, L)

ALPF(J, TAAYSALPN(J,L)

D=0,

CALL INTCO, XNCL),YNCL), THNCLY,PNCL) AN{LY,RHON(LY ,RNCL),
TWNLE) s BAMNLL ) JEMNLLY o XMUNCLY , TNCL),

i0,b,0,0,0,0,0,0,0,0,0,0D

1, XFCIAA) »YFCIAAY, THF CIAAY,PF(IAA),QF (IAA),RHOF(IAA),RF(IAA),
LAFCIAA)Y  GAMF(IAA) ,EMF(IAA) ,XMUF(IAA),TF(TAAY,ALPDUM,0,1IER)
IF(IAA,EQ,.2,AND,LSTTEG,0) 6O TO 520

di € xkxkxx COMPUTE SIDEWALL FORCES — ®%kkwkkaxkks C

IF(KSIDE.EQ,0)G0 TO S5&ei

LT6sLTHE2

Miz=M

I=M+d

IF{I,GTJKMAXIGO TO 521

Z1=AXX(NXXJ=1)%({X (MI)}wXBP)4BXX(NXXJw1)

Z2=AXX(NXXJ=i )% (XN(L )=XBP)+BXX(NXXJ=1)

ZISAXXCNXXI=1)2(X (I )=XBP)+BXX(NXXJm1)

Z4=23

PO 5363 J=1,NSP

ALPDUMCJI=CALP (I, MI)+ALPNCI,LY+ALPLI, 1)) /3,

CALL LTHMOXCMI) ,Y(MI)pZ8 o XNCLY P YNCLY 22, XC1) YCI) ¢ Z3,XC12Y(1),
124, P(MI)PNCL),PCI),PLI),0(MIY},ANCLY,QC1),QC1),RHO(M]I),RHONLL),
2RHOCI),RHOCIY,R(MIY,RN(L)Y yREII,RCI), WIMI), WNLL),WCI), (1),
STH(MI), THNCLY, THCTIY, TH(I),ALPDUM, 433333, ,33333,,33333,0,4,
GXTHS, YLFTS,XMOMS,CF,5T,3)

STS(LT6)=8T

IF(I.EQ . KMAXIGO TO 521

I=sI+}

LT6=LT6+1

MI=MI+]

GO TO 519

LMAX=0

LWwUZ=LMvAX

IF{KSIDE.EQ,0)CG0 TO 265

GO TO 5520

CONTINUE

IFOXNCL) e LT XXJLCNXXJ) JAND XNCL) ,LTLXXP)} 60 TO 5520

IF(LSTT.EQ,0Q0) 60O 70 5520

LMAX=L

LWUZ=LVAX

GD TO 265

CONTINQE

Az,

B=0.

L=LMAX

KK=KMAX




5011

6390

631

1821

1503

C x%xx

1596

"K=LMAX=Y

CONTINJE

IF(BEQeQ4) THNL{LY=TH(KK)

IB=1

IER=0

CONTINUE

EMBLEXMY3{ .5y ,.5, TH{(KK)Y, THN{L))

EM2=XM2 (A, B, THN{K) y XMUN(K), THN(L) , XMUNCL))

IF(IDESGN EQ40,AND, IFLIP NE,1)

1CALL BODLCXCKKY, YCRK)p THCKK) pXNCKY, YNCK) JEM2, XN{L)Y, YNCLY, THN{L))
IF(IFLIPL,NE.1) GO TO 631

CALL GEM{X(KK),Y(KK),EMSL, XN{K)} ,YNCK) JEM2,XNCL),YN(L))

CONTINUE

BIzFL(A,By XMUNCKY, GAMNCKY ,PN(K) , XMUNCL) ,GAMNEL) ,PN(L))
XDUMK=XN(K)=XOR(NXXJm1)

XDUMLEXN(L)*XOR(NXXJ=1)

B2zF2(A,Bym1 .y XJpXJ1, XDUMK, YNCKY p THNCK) p XMUN (KD o XDUML , YN (L) » THN(L)
1 XMUNCLY )

DUMLI=B2x (XN(LI=XN(K))

IF(XJ1,GT.0,)0UMI=B24ALCG(XDUML/XDUMK)

DuM= (THN(LY=~THN(K}=DUM])/B1
PNLLIZPN(KI*EXP(DUM)
CONTINUE

PO 1503 J=1,NSP

ALPN{J L)=ALP(J,KK)}

ALPDUM(J)=ALPN(JI,L)

CALL SL{P(KK),,Q(KK),RHO(KK)R{KK),

1 WEKK) p GAM(KK) sEM(KK) p XMU(KK) , T(KK},
IPNCL) pONCL) A RHONCL) yRNCLY s WNCL) p GAMNCL) JEMNCL Y XMUNCL) s TNCL)
1ALPDUM, IEQ,A,B)

IF(B,EQ,0,,0RIFLIP,EQ,1)GO TO 1%23

Li=LMAX

IFOXNCLL) eGT  XXJ1(NXXJ)=1,E=04) GO TO 1523
xxk% COVMPUTE FORCES ON LOWER SURFACE AND SIDEWALL *%x#&%xx%(

ZESAUXINXXT=1) 2 (X (KK)=XBPY4BXX(NXXJ=1]

Z2SAXX(NXXJ=1) 2 (XN(L )=XBPI+BXX(NXXJ=1)

Z3zeZ?

Zid=mZ]

CALL LTHMOXCKKY pYC(KKY Z1pXNCLY ,YNCLY ,Z2, XNCL) »YNCL) 23, X (KK}, Y (KK)
1pZ8,P(KK) sPN(L), PNCL) ,P{KK) ,Q(KK) ;ONEL) ,ONC(L) ,Q(KK) ,RHO(KK),
2RAONCL) pRHONC(L) yRHOCKK) s RCKK) fRNCL)Y yRNCLY pRIKK) p WIKK) y WNLL] e wN(L) 5
TW{KK) p THOKK) p THNCLY ) THNCL) s TH(KK) JALPDUM, ;257 42590 2257 ¢ 25, XTHX, YLFT
By XMOM, CF,8T,2)

STL=ST

IF(KSIDE .EQ.0)G0 TO 1523

LTH=LTH+1

D0 1596 J=S1,NSP

ALPDUM(JISCALP(J KRI+ALPN{J,K)) /2,

ZISAXXCNXXI=1I% (X (RKK)=XBPY}+BXX(NXXJI=1)

Z22AXK{NXXI@ LI {XN(K )=XBPY+BXX(NXXJ~1}

ZISAXX{NXXI=L) R (XN(L )=XBP)+BXX(NXXJI=1)

Z4=Z3

CALLLTHAMOXCKK) )Y CRKY pZ1 p XNCK) pYNCKY 2 Z2 XNCL) p YNCL) p Z3, XNCLY p YNCLD »
§Z4,P(KK) pPNCKYPNCL)  PNCLY pREKK) s ANCK ], ON(L) ,ANCL) yRHO(KK) ; RHON(K)
2RHONCL) yRHONCLY yRCKK) pRN(K) yRNCLY ,RNCL)Y yWIKK) ,WN(K) ,wN{L) pWN(L)
BTH{KKY , THNCK) ) THNCL ) » THNCL) yALPDUM, , 33333, ,33%3333,,33333,0,,

UXTHS YLF TS, XMOMS,CF,5T,3)

PR A

Coo T



¢ e

633
635

166
632

1265

3109
1802
3110

2605
2606

STS(LTH)=S8T

IF(IFLIP,NE,i} GO TO 632

P2=PN(L]I/P (KK}

CALL PRM(P2,TH(KK),EMC1 ,TH2V,EMC2,+1)
ER4=TH2T~THN(L)

IF(ABS(ER4) LT.1.E=04) GO TO 632

CALL ERRCIER,IB,THN(L) ER4,1,01,THNL,ER1)
IF(IER,EQ.0)GD TO 166

WRITE(6,635)

FORMAT (% ERROR IN PM LOOP AT CONTACT IN MAIN%X)
STOP

IBsIB+§

GO 70 630

CONTINUE

IF(B,GT.0,) GO TO1265

A=,5

B=,5

GO TO 5011

IAAS=IAA
IF(IFLIP,EQ 2 AND XN{L),GE,XFINAL) [HALT=!
IF(IHALT.EQ.)) GO TO 1802
IF(XN(L),GE.XFINAL) GO TO 1802
IF(IDELG,EQ,.1) GO TO 3109
IF(XJYEQ.0,,AND,IOVER,ER,0) GO TO 265
IF{IFENCE.EQ,0,0R XN(1) NE,XCOWLH)Y GD TO 3109
IFCXNCLY ({LTXFENCE) GD TO 265

XNN=XFENCE

GO 7O 310

CONTINUE

IFCXNCLY oL T4 XXJL(NXXJ)) GO TO 265

CONTINUE

XNNsXXJL(NXXJT)

CONTINUE

RAT=(XNNeX (KK))/(XN(L)=X(KK))

IAA=]

LSTT=1

LWUZ=LYAX

XFCIAA)=XNN

IF(IFLIP.EQ,1) GO TO 2605

XCH=XNN =XINTL

LK=5

IF(XCH LT« XXL(S))LK=d
IF(XCH LT« XXL(4))LK=3

IF(XCH LT+ XXL(3)) LK=2

IF(XCH,LT«XXL(2)) LK=1

YF(IAA}SAAL (LK, 2) % XCH*XCH+BAZ (LK, 2)xXCH+AAZ(LK,2)
THF(ITAA)=ATAN(2,*xAA1 (LK, 2)*¥XCH+AAZ2(LK,2))
GO TO 2606

YF(IAA)SY{KK)+RATX (YN(L)=Y{KK))
THFCIAAY=ATANCTANCTHC(KK))+RATH (TANCTHNCL) ) =TAN(TH(KK})))
CONTINUE )
YNC(L)=YF(IAA)

THNC(L)=THF (IAK)

XN(LI=XF(IAA)
PHNCLISP(RKI+RAT*(PN{L)=P(KK]))
ANCL)=B(KK) +RAT* (AN (L) =G (KK))
TNIL)IST(KK)+RAT* (TN(L)=T{KK))



3841

G *&x

1597

264
265

271
1504

DO 3841 J=1.,NSP

ALPF (J, IAA)YRALP LI, KK)

ALPN{J,L)SALP(J,KK)

ALPDUMCJ)=ALPN({J,L)

CONTINUE

CALL SLIP(KR) ,B{KK),RHO(KK)} R(KK),

WEKK) p GAMIKK) EMIKK) s XMUCKK) , T(KK)
1PN(L),QN[L) RHONCL) fyRNCL) yWNIL) ,GAMNC(L) , EMN(L)rXMUN(LJrTN(L)r
1ALPDUM, IEQy ¢575)

D=0,

CALL INT(O s XNCLY ,YNCL),THNCL) o PNCLY, ANLL)  RHONCL) ,RN(L),
TWNCL) ,GAMNCL) ,EMNLL) , XMUNCLY , THNC(L) .
tD:0,D0;0+0,D,0,0,0,D;D,D
1,DUM3 P DUM] fDUM2 yPFCIAAY,,BF(IAAY,RHRDF{IAA),RF(IAA),
IWF{IAA) ,GAMF(TAA) ,EMF?IAA) ,XMUF(IAA),TF(1AA),ALPDUM,0,IEQ)
kx%x% CUMPUTE FORCES ON LOWER SURFACE AND SIDEWALL #®x%xx*xx#(

Z1SAXXINXXT=1)%{X (KK)=XBP)+BXX(NXXJ=1)

ZR=AXX (NXXJ=1) X (XN(L )=XBPI+BXX(NXXJI=1)

Z3zmZ?

284=mZ]

CALL LTHMOXOKK) pYCKKY  Z1 o XNCLY pYNCL) pZ2 XMEL) pYN(LY 23 X (KK, Y(KK)
1,24,P(KK) PNCL),PNCL),P(KK) ,Q(KK),AN(L),AN(L),Q(KK),RHU{(KK],
2RHONCL Y p RHONLL)Y ;RHOCKKY ;RIKK) sRMCL) ,RNC(L) pRIKK) s W{KKY , WNCL) pWN{L) ¢
IWCKK) p THCKK) p THNCL) p THN (L) « THEKK) y ALPDUM, 425, 425, , 25,425, XTHX, YLFT
4, XMOM,CF+8T:2)

STL=ST

IF(KSIDELEQ.0)GO TO 264

LTH=LTH+1

00 1597 J=1,NSP

ALPDUMCJII=(ALP(J,KKI+ALPN(J,K)) /2,

ZISAXX(NXXJI=1)* (X (KK)mXBP)+BXX{NXXJI»1)

Z2=AXX (NXXJ=i YR (XN(K )=XBP)+BYX(NXXJ=1)

Z3=AXNXINXXI=1) % (XNCL )}=XBP)+BXX(NXXJw])

Z4=73

CALLLTHMOX (KK) »YCKKY 28 o XNCK) 2 YNCK)Y p Z2o XNCL) p YNCLY »Z3, XNCL) p YNCLD S
124,P(KKY e PN(K),PNCLYyPNCL) pRLKKI,ONCK)Y,BN(L) ,GN(L) »RHOCKK ] » RHON(K)
ZrRHONCL) »RHONCL)Y JRCKK) pRN(KY ,RMCL) pRNCL) pWKK) pWNCKY pWN{LY pWN(L),
STHOKK) , THNCK) p THNEL) » THNCL) ALPDUM, , 33333, 433333, ,33333,04¢
UXTHS, YLFTS,; XMOMS,CF,5T,3)

STS(LTH)=S5T

IAA=IAAS

CONTINUE

IF(PNCLMAX) JLE,PEN,AND,IDESGN,ER,1) GO TO 7634

CALL WUZZYI{N,NPTS,KMAX,LMAX,IPP,IFZ,LWUZ)

KMAX=LMAX

BET=BETN

EMCi=EMC2

DO 270 K=1,KMAX

DO 271 J=1,NSP

ALP{J,KISALPN({J,K)

DO 1504 J=1,NSP

ALPDUMCJ)=ALP(J,K)

CALL INTCO, pXNCK), YNCK) THNCK) ,PNCK) yGN(K) ,RHONCR) ,RNLK) ,WN{K),
IGAMNCK) yEMNIKI » XMUNCK)Y , TNC(K)
10sD,D¢D#0040,0,D,0,D,D
1 e X(KY YCKD 2 THCRY JPCK) ,QCK) RHOCK) yR{K) ¢ WLK) ( GAM(K]),

[
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270 CONTINUE
LMAX=KVAX
7266 IF(NeNPTS) 7201,7202,500
7201 N=N+1
GO 7O 500
7202 CONTINUE

NSTAR=1
N=N+§

GO0 TO 500

9123 KTEST=KMAX/2

KTESTi=({KMAX~1)/2
KT3=KMAX=]

IF{KTEST,EQ.KTEST1) KT3=KMAX

I=0

DO 6412 L=1,KT3,2

I=1+1

0=0.

D0 6414 J=1,NSP

ALPDUMC(J)=ALP(J,/L)

6414 ALP({J,IX=ALP(J,L)

CALL INTCO./XCL),YCL),THILY,PCL),BCL),RHOCLY,RCL) yW (L) ,GAMIL),
TEMCLY  XMUCL)Y T(L),
1D,0,0,0,0,0,0,0,D0,0,D0,D
1oXCE), YCIdp THCE)»PCI),QCI),RHOCI)RCTI)yW(I),GAMLI)EM(]),
IXMUCTI), TCI) ALPDUM, 0, IEQ)

6412 CONTINUE

IF(KTEST,EQ,KTEST1) GO TO 6413

I=1+1

LESKMAX

D'-'O'

DD 6415 J=1,NSP

ALPDUM{J)=ALP(J L)

6415 ALP(J,I)=ALP{J, L)

CALL INTCO.oXCLY,YEL) A THRCLI »PCLY,QCLY,RROCL) JR(LY,WCL) GAM(L),
TEMELY  XMUCLY,T(L),
iD;Ds0D,0¢H4D,0,0,0,0,0,D
1 XL, Y LI THEI),PCIX,QCI) RHOCI) yRCIY W (1), GAMCI) , EM(I),
1XMUCTI), T(1),ALPDUM,0Q,IEQ)

6413 KMAXSKMAX/2+

LMAX=KMAX

GO0 TO 60690

END

e e T ——



5100
6895

SUBROUTINE INDATA
COMMON/HOTZAR{3)BHE3Y ,CH{3)r XSTRyPRsREC,REIW RT, 8, 110, IVIS
COMMDN/VISF/XVTHR, YVLF T, XVMOM

COMMON/ZCOWL/ TCOWL, MM, XM(G) , YM(9),PVM(9), WM({9)  RHM(9), TH¥ (T3], GM(T),
IRMCD) , TM(9) yGM(Q), XMUM(Q) yEMM(9) , ALPM(T7,9) ,CPXM(T)
COMMON/SHAPEZA1(5,2) rAR(5,:2),A3(5,2) p XXUCS)  XXL{5) XINTU,XINTL
COMMON/ZLTM/XSHF T, YSHF T, XTHX, YLF T, XMOM, X THS, YLF TS, XMOMS3,KS1IDE
COMMON/ZXXJI/NXXJTL, XXJ1{6) AXX(6) BXX(L),X0R(6)
COMMON/XFINAL/XFINAL

COMMON /SP/ WNSP

COMMONZA/ TIN,CPIN,RD

COMMON/B/ wTMAOLE

COMMON/D/ GAMINF,EMINF,RINF,WINF
COMMON/F/A9,B89, 180D, XwF ,NBOD, YEND

COMMONZETX/XJ, XJ1,NPTS, 10, IREFL, ICHEM, IPUNCH, IDESGN, IR, NXX, X8P,
1YBP;THBP;RAD!XBUD:YBDD:THBUD;RADB;XEND:THEND:RTHIYEXIT:THST;TEST:
1IRFL,Y0,RADB2,RRAD(20), NSTAR,YNOZ,EIN, PEN,H16,H17
CUOMMON/XF/XF(200),YF(200) PF{200),0F(200),TF(200),THF(200),ALPF(
110,200)

COMMON/ZX/Z X(200),Y(200),P(200),08(200),T(200),TH(200),ALP(10,200)
COMMON/ZXTOwWL /ZXCOwWL

COMMON/FVAR/

LRHDF (200),CPXF(200),EMF(200), XMUF (200) ,WF (2003 ,RF(200),GAMF (2003,
2XMASSF (2003, HF (200),SF(200),ALPOC(10J,

3THETA(20)

COMMON/VAR/RHD{200),

1EM{200), XMUL200),LPX(200),W(200),R(200),GAM{200),%XMASS(200),
2 XNE200),YNC200),GNC200), TNC200),PN(200),THN(200),RHON
3L200),EMNC200), XMUN(200) ,CPXN{200),WNC200) RN{200),GAMN(200],
4XMASSNC200) ,ALPNC10,200),SIC(10),HIC10),TEMP(20)
SeALPDUVC10)

COMMON/JER/IEQ,PIN,RHOINF ,UINF,PINF
COMMON/IDEAL/IDEAL ,GAMEY , XMWT ,CPI1

COMMON /IOVER/ IOVER

COMMON/ZXTJII/Z XTI

COMMON/FENCE/IFENCE, AFENCE,BFENCE, XFENCE

DIMENSION WTIMOLEC10), TYPE(H)  TYPEL(Y), TYPE2(2),TYPES(4), TYPEL4(H)
DATA TYPEZ2 /10H NOZZLE ,10HCEMTERBODY/

DATA TYPL1/10HHYDRDGEN A, 10HHYDROCARBO,2HIR,5HN AIR/

DATA TYPE/10HTWO DIMENS,10HAXISYMMETR,10HLINE SOURC,5HIONAL,5HIC
1 5HE / o

DATA TYPES/I10HF L 0O W r10H DES (9HF 1 E L D,9HI R N /
DATA TYPE4/1OHFROZEN f LOHEGUILIBRIV,1H ,1HM/

DATA XXU/S5x1,E+06/,XXL/5%1,E+06/,END/L1,E+006/

DATA I0VER/Q/

THST=,0¢2

IF(IOVER,EQ,.2) 60 TO 916

I10=0

IREFL=0

IPUNCH=9(

IDESEN=D

ICHEM=(0

READ(5,6895)J1,J2,MPTS,IEQ, ICOWL,I0OVER, MM, IDEAL
READ(S,6B95)}KSIDE,IVIS,ITHW

N3P=7

READ(5,63) XBP,XBOD,XCOWL,RTH, TEST,XFINAL,XTJ!

FORMAT(L16IS)
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READ(5,63) XSHFT,YSHFT,XTHX,YLFT,XVOM
READ(S,63)XTHS; YLF TS, XMOMS, XVTHX, YVYLF 1, X VMO
READ(S5,6895) NXXJ1
DD 9393 I=1,NXXJ
9393 READ(5,9463) XXJ1(I),AXX(I),BXX(Y),XOR(1)"
9463 FORMAT(4E10,0) |
READ(S,4) IFENCE,AFENCE,BFENCE,XFENCE
4 FORMAT(CIS,SX3E10,0)
XXJLONXXTL+1)=XFINAL
AXXINXXJLI+1I=AXYINXXJTL)
BXX(NXXJL4+1)=BXX(NXXJ1)
XOR (NXXJi+1)=XOR (NXXJ1)
IF(IFENCEL.EQ,0) GU TO 32%
XXJL(NXXJI+2)=XFINAL
AXX (NXXJ1+2)=2AXX (NXXJ1)
BXX (NXXJ1+2)=BXX (NXXJ1)
XOR (NXXJ1+R2)=XOR (NXXJ1)
321 CONTINUE
XINTU=XBP
XINTL=XBOD
READ(5,6895) NUWSEG,NLWSEG
READ(5,6363) {xXU(L),A1{L,1),A2¢L,1),A3CL,1),L=1,NUNSEG)
READ(5,6363) (XXL(LY,AL(L,2),A2(L,2),A3(L,2),L=1,NLWSEG)
636% FORMAT(UEL0,0)
3531 WRITE(6,7329) TYPES(IDESGN+1),TYPES(IDESGN+3)
7329 FUORMAT( UiXxN 0 Z Z L E = CENTERDBODY #//50XA10,A9)
JPIzJi+142%J2

JP2=JP1+3
WRITE(6,7330) TYPE(JPL 3}, TYPE(JP2 ),TYPEL(ICHEM+1)
1y TYPELCICHEM+3) ,NPTS,RTH

7350 FORMAT( /37TX,%F D R NONUNIFIORM G A S FLOW
ax/// 10X,*TYPE OF FLOW IS *,A10,A5,% FOR %,

3A10,AS5/10%, *NUMBER OF POINTS ON INITIAL DATA LINE IS x,13/10%,
4xTHROAT RADIUS {(RTH) = %,E13,5)
WRITE(6,5001) TYPEZ(IEQ+1), TYPE4(IEQ+3)
5001 FURMAT(
110X*CHEMISTRY IS *A10,A1)
WRITE(6,7500) XCOWL,XFINAL
7500 FORMAT(10X*%COWL TRAILING EDGE IS »*E13,5/10X*xAXIAL COORDINATE OF EN
1D OF RUN IS %E1ZX,5)
IF(J2.,EQR,0) GD TO 751¢
WRITE(6,7501) XTJ!
7501 FORMATC(10X*AXIAl, CODRDINATE OF START OF CARTESIAN SYSTEM IS %xE13,S
1)
WRITE(6,7502)
7502 FORMAT(//25X%INE SODURCE COORDINATESx)
WRITE(6,7505)
DO 7503 I=1,N%XJ1
7503 WRITE(6,7504) XXJI (XY, XXJLCI+ 1}, AXXCTIY,BXX(I),,XOR(TI)
7504 FORMAT{IO0X,4E11,3.5X,E11,.3)
7505 FORMAT(ISX*xX#4dX*xTUX4XAX*x {1 X*COORDINATES*{2X*0RIGIN X*)
7510 CONTINUE
WRITE(6,2020)
2020 FORMAT(//725X%xUPPER WALL CODORDINATES%)
WRITE(6,2071)
2071 FORMAT(ISXAX44XxTO#YX*xX*x{SX*COORDINATES*)
2042 FORMAT(L1OX,S5E11.3)



DO 2050 1I=1,NJWSEG
1F(1.EW.5360 {0 2051
WRITE(H,2042) XXUCI) XXUCI+1),A8CI,1),A2C1,13, AE(I:!J
GO TO 2050
2051 WRITE(5,2042) XXU(I),END PATCI 1), 820 08),83(1,1) !
2050 CONTINJE s
WRITE(6,2010)
2010 FORMAT(//25X+LOWER WALL COORDINATES*)
WRITE(6,2071)
DO 2040 I=1,NLWSEG
IF(1.EQ.5)60 TO 2041 :
WRITE(6,2042) XXL{IY s XXLCI+1),A1(1,2),A2(1,2),A3(1I,2) |
GO TO 2040 }
2041 WRITE(bs2042) XXL{I),END sAL(T42),82(1,2),A301,2) _
2040 CONTINUE t
DO 7373 L=1,NUWSEG !
7373 XXUCL)=XXUCL)=XINTU
DO 7374 L=1,NLWSEG
7374 XXLCL)=XXL{L)=XINTL .
READ(5,63) EMINF,TIN,WINF,PINF
IFCIDEAL EQ 1 )READ(S,63)GAMEY , XMW T
IFCIDEAL.EQ,1)IEQ=1 !
DO 5002 I=1(NPTS *
DO 5002 J=i,NSP
5002 ALPF(J,I)=0,. N
READ(S,6364) (XFCI),YFC(I),PFLI),QFCI), TFCI), THF{I),WF (1), I=1,NPTS) |
1IF(1EQ,EQ,0)
IREAD(5,6364) ((ALPFCJ, 1) J=1,NSP),1=1,NPTS) .
6364 FORMATC(7E$0,0) ‘
IFCICONL,EQ,0)GD TO 7511
READ (S, 6364) XM{MM) , YM{MM) , PM(MM) , QU(MM) , TM(MM) , THM(MM) ) WM (MM)
DO 6186 J=1,NSP
6186 ALPM(J,MM)=0,
7511 CONTINUE
IF(ICOALJEQ, 1IWRITECH,5005) MM, PM(MM) , QM {MM) , TM{MM) , THM(MM) , WM (MM)
5005 FURMAT(//20X*DATA AT COWL*/i10X*NUMBER OF POINTS IN PRANDTL=MEYER F
1AN IS %12/10X4%PRESSURE =%xE13,5/10X*VELOCITY =xE
113.5/10X*TEMPERATURE ©%E13,5/10%%FLOW INCLINATION =xE13,5/ ‘
L110X*xFUEL TOD AIR RATIO =#&13,5) R
IF(IVIS.EQ,0)G0 70O 832 :
READ(S5,63)XSTR,PR,REC,REIN,SH
IF(ITW.GT,0)G0 TO 832
DO 831 L=1,3
831 READ{5,63)AH(L),BHILY,CH(L)
832 CONTINUE ]
IF(IREFL.EQ.,0) GO TO 4000 i
916 CONTINUE
DO 4005 I=],NPTS :
IISNPTS=I+1 }
X(II)=XFCI)
Y(II)=eYF(I) .
QCII)=QF(I) al
TCIII=TF(I) b
P(II)=PF(I)
THCII)==THF (1) 51
R(II)=RF(I) ;
WCIT)SWF (D)



4007
40086

4000

DO 4910 J=1,M8P

ALP(J,I1)I=ALPY(J, 1)

CONTINUE

DO 4006 I=1,NPTS

XELIy=X(1)

YF(I)=Y(1)

AF(I¥=a(I)

TF(I}=T(1)

PF{I)=P(1)

THF(I}=TH(I)

RF (1)=R(1I)

WF(I)=a¢1)

DO 4007 J=1,NSP

ALPF(J,L)=ALP(J, 1)

CONTINUE

DUMz==YBP

YBP=«YB(OD

YBUL=DUM

DUM==THBP

THBP==THBOD

THBOD=DUM

YEND==YEND

THEND==THEND

IF(IOVER,EQ,2) RETURN

CONTINUE

Xd=Ji

XJdi=Jde

WTMOLE(1)=1,008

WTIMOLE(2)=16,

WTHMOLE(3)=18,016

WNIMOLE(d)=2,016

WTMOLE(5)=32,0

WTIMOLE(6)=17,008

WTMOLE(7)=28,014

WTMOLE(B)=44,011

WIMOLE{(9)=28,011

WTMOLE(103=44,1

RO=1,987

CALL COEFF(5,TIN,AZ,BZ,CZyDZ,EZ,FZ,y06Z)
CPINS(AZ+BZ*TIN®CZXTIN® *2+DZ*TINKk*3+EZ.xTINK *d)ARD/WIMOLE(S)
CALL COEFF(7,TIN,AZ,BZ,CZ,DZ,E2,FZ,G2)
CPIY=(AZ+BZATINFCZATINA*24DZATIN# % 34EZ*xTINKk*4)*RO/WTMOLE(7)
RINF=RJO/WINF

CPIN=,232*CPIN+,768%xCPII

GAMINF =i,/ (1,=RINF/CPIN)

GAMINF=1,4

EIN= (GAMINFw],) * EMINF&x2
PINz={,/GAMINF/EMINF*x%2
IF(IDEAL.EQ.1)CPI=49712,52%GAMEY/ (GAMEY= 1,)/XMWT
WRITE(&,06899) EMINF,TIN,WINF,PINF

6899 FORMAT(// SO0X,*INFINITY CONDITIONS*/50X,tm=mrumsnmnmnaanennnk/

1/780X, %YACH mouasrenesunvnersmoneesx,E13,5/40X, xTEMPERATURE (DEGREES

2 K} weo ,E13,5/40X, *xMOLECULAR NEIGHT wewwweamwwx,F13,5/40X
1 APRESSURE (PSF) wemmwrnewwanwexE]13,5)

WRITE{&,6723)

6723 FORMAT(///40X,*DUTPUT VARIABLES ARE#/40X,*NONDIMENSIONALIZED*/

140X, #AS FOLLOWS ~%//40X,*X BY RTH&x/40%,*Y BY RTHx/40X,*Q BY FREE §



5003

6897

63

83

4321

717

]

2TREAM VELOLITYX/d40X,*T BY FREE STREAM TEMPERATURE*/40X,*P BY FREE
3STREAM PRESSUREx) o L .
IF{IER,ERQ.0) WRITE(6,5003) 1
FORMAT ( 780X, *ALP{J) IS MASS FRACTION OF SPECIES Jx) o
DO 6897 I=1,NPTS . )
PF(I)=PF{I)*PIN i
CONTINUE -
IFCICOAL JEQ 1 IPMIMMISPM{MM) %P IN

VINFE17164%TIN%] ,B/PIN o]
RHOINF= PINF/TIN/1,8/1716,

H16=GAVMINF/WINF/2,%EMINF *EMINF

Hi7=1,/Hlé i
FORMAT(8E10,0) |
PINF=PINF/2116, - o
DO 4321 I=1,NPTS

DO 83 J=1i,NSP )
ALPDUM(J)=ALPF(J, 1) -
CALL ALL (RF(I),QFCI),RHOFCI),RF(I),WF(I),GAMF(L),EMF(I),

$XMUFCL), TF(I), ALPDUM, TEQ, 1) =}
CONTINUE )
IFCICOAL.ER,0)RETURN

IDEALS=0 ' )
IEQS=IEQ ‘}
CPISSCPIN

GAMES=GAMINF .
XMwS=WINF !
IFCIDEAL LNEL1)GOTO 717 |
I{DEALS=IDEAL _
GAMES=GAMEY .
CPIS=CP] . ‘ i
XMWE=XMAT
CPI=CPIN*25,02006%1 ,E403
GAMEY=GAMINF

IDEAL =]

1EQ=1 .
XMWT=WINF ;(
DO 84 J=1,NSP - : -
ALPDUM(J)=ALPM(J;MM)

CALL ALL (PM(MM),QM(MM), RHV(MM) , RM(MM) , WM(MM) , GM(MM)  EMM(MM), 5}
IXMUM(MM) p TM(MM) , ALPDUM, IEQ, 1) !
IEQ=IEQRS

IDEAL=IDEALS , -
GAMEY=GAMES .
CPI=CPIS .
XMATEXYNS
RETURN
END

R
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11

12

13

i4

15

i6

i7

QO TMMOoOODEROMMOO T

SUBROUTINE COEFF(I,T,A

IF(T=1000)10,:10,20

GO TO (15,16,13,11,12,17,14,18,19),1

A

@HMMmMaC >

o

I‘III nNHaoHnon

2.8460849E 00

4.1932116E=03
wQ,6119332E=06
5 9,5122662E~09
Zn3,3093421E=12
==3,6725372E 02
=m] ,4117850E 00

T0 40

= 3,7189946E 00
=m2 ,5167288E=03
B,5B37353E=06
Ewd,2998716E=09
2,7082180t~=12
==1,0576706E 03
= 3,9080704E 00

0 70 40

4.1565016E 00
=1 7244334E=03
5,6982316E=06
=ml 5930044E=09
1.4233654E=12
==3,0288770E 04
==5,8616246E=01

"N

TO 40

= 3,6916148E 00
=e],3332552E~03
= 2.6503100E=06
== ,7688341E=10
=3 ,9772234E~14
--1 0628336E 03
2.cB874980E 00
40

2.5000000& 00
0.0

0
0
0
2.5470497E 04
4,6001096E~0D1
40
3

2

3
-

VMo oo

.0218894E 00
«1737249Ew03
. 7542203E=06
. 9947200E09
9,0777547E=13
2,9137190E 04
2.,6460076E 00
40

3,8234708E 00
-1,1187229E=03
1,2U66819E=06
“2,1035896E=10
.5, 2546551Ew14
3,5852787E 03

nanugon

Ry NoKa

" it



18

19

29
21

22

23

24

25

G = 5.,8253029E~01

GO 7O 40
A=2,1701
B=1,0378115E=02
2m1,0733938E~05
D26,3459175E=09
Euw] 62B070]E=~{2
Fzwi,8352602E+04
651.0664388E401
GO TO 40
A53,7871332
==2,1709526E=03
C=5,0757337E=06
D==3,4737726Em09
E=7.7216841E=13
Zmi,4363508E+04
6=2,6335459
GO TO 49
GO TO
A = 3,0436B97E 00
B = £,1187110E=04
£ =e7,3993551E~09
D =w=2.0331907E~11
E = 2,4593791E=15
F  ==B,5491002F 02
6 =~1,6481339E 00
GO TO 40
A = 3,5976129E 00
B = 7,8145603E=04
C == 2,2386670E=07
D = 4,2490159E=11
E:  =ze3,3460204E~15
F =wi,1927918E 03
6 = 3,7492659E 00
G0 TO 40
5 2,6707532E 00

3,0317115E~03
=B 5351570E=07
1,1790853E=10
Swb,1973568E=15
=»2,9888994E Q4
= 5,8838391E 00

0 T0 40

2,8545761E 00
1D976316E=03
mh o 2506254E=07
1,1315849E=10
==7,6897070E~15
»8,9017445E402
6,3902879E Q0
40

2+5000000E 00
0.0

0.0

0a0

0.0
245470437E 04

HMuun

N Nnownn

(25,26,23,21,22,27,24428,29),1
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iy
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i

26

27

28

29

40

S«4,6001096E~01

T0 4¢

= 2,5372567E 00
zw8,8017921E=09
5, 9643621Em12
=w5,5703608E=16
2,9230007E 04
= 4,9467942E 00

0 T0 40

2.8895544E 00
9.,9835061E=04
2w 1BT990ULE=(T

1.,9802785E~11
=3,.8452940E=16
-3,8811792E 03
5.5597016E 00

nun

iwnunn

0 70 40
=4,4129266
B=3,1922896E=03
Zm] ,297823%E~06
D=2, 414T446E10
E=wl,6742986E~14
Femt ,86944043E+04
G==7,2875769E~01
60 10O 40
A=2,9511519
B=1,55255767TE=03
Cowh,1911411E=07
D=1 ,135033%36E=«10
E=m7,78B2732E=15
Fuw]  U4231827E=04
6=6,531445
RETURN

END
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20

69

40

45

102
105

SUBROUTINE ALL(P,Q,RH,R,W,GAM,EM, X4, T, ALPDU“ IEQ;IbbJ

COMMONATEGATER,PIN, RHPINF JINF, PINF
COMMON/A/ TIN,CPIN,RD

COMMON/D/ GAMINF, EMINF,RINF,WINF
COMMON/B/ WTMULE

COMMON /7SP/ NSP

COMMON /ENTH/ HX

DIMENSION H1({i0),CP1C10),ALPDUM(LI0) WTMOLE(IQ)
CPX=0,

IF(IEQ.EQ,1)G0 TO 69

WX=9,

CPX=(,

HX=0,

DO 10 J=1,NSP

WXZWX+ALPOUMCJI) /WTMOLE (J)

Wi /WX

IF(I66,EQ, 1)JRHEPAWXEMINF A% 2KGAMINF /RO/T/WINF
IF(I66,E0,0)
{ TPk *EMINF*%2%xGAMINF /RO/RH/WINF
CALL THERMOD(T,H1,CPi,DUM)

DO 20 J=1,NSP
CPX=CPX+ALPDUM{JI)*CP1{J)
HX=HX+ALPDUM{J)xHL (J)

CONTINUE

IF(I66,EQ¢1)R= HK+Q*@/2.
IF{I66,EG,0)

1E=S@RT(E.*(R-HX))
GAMSCPX/(CPX~RO/W/CPIN)
A=GAM4P/RH

ASSART(A)

EM=Q/A

XMUSASINCL o 7EM)

RETURN

CONTINUE

1IER=0

I7=]

IF(166,EQ,0)GQ TO 40
HX=FH(P, W, T)

REHX+Q*xG/2 4

RH’-‘RHE@(HX' PpWr T)

GO TO 4S5

HX=R=Rx%x2/2,

RHT2RHEGLHX P, W, T)
ER=(RH=RHT)/RH
IF(ABS(ER),LT,1.E=03)GO TO 45
CALL ERR(CIER,IT,Q,ER,1,01,81,ERL)
IFCIER,EQ.1)GD TQ 102

IT=IT+1

B0 70 40

GAMSFGAM{T P, W)

ASSORT(GAMXP/RH)

EM=Q/A

XMU=ASIN(L,/EM)

RETURN

WRITE(6,105)

FORMAT (% TOO MANY ITERATIONS IN ALL *)
sST0P

RS,
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SUBROUTINE BODL(XI,YI,THI XL,YL,EM2,XN,YN,THN)

COMMON/SHAPE FALL5,2) 120520 e A305,:2), ¥XU(BI o xY LS NINTLU, XINTL

XI=XI=XINTL

XL=XbwXINTL

ICK=1

1ER=D

L=5

ASL=TAN{THI)
XNs(YI=yYl+XL*xEM2mXTI*ASL)/ (EM2=ASL)
CONTINUE

IF(UN.LTXXL[B))Y L=y
IF{XN LT «XXL(H4Y) L=3
IFOXN,LT«XXL(3)) L=2
IFCXNLLT o XXL(2)) =i

YN=AL (L e2) A XNEXN+AR (L, 2) 2 XH+A3(L,2)
YTeYL+ (XN=XL)*EM2

ER={YN=YT)

IF(ABS(ER) LT 1,E=04) G0 7O 10

CALL ERRCIER,ICK,XN,ER,1,01,XNL1,ER]]
IF{(IER,EQ,0)B0 TO 350

WRITE{6,3512)

FORMAT(* TOD MANY ITERATIONS IN BODL*)
STOR

L=5

ICKsICK+1

GO TO 5
THN=ATAN(Z2 . *AL (L, 2)xXN+A2(L,2))
XIsXI+XINTL

ALeXL+XINTL

KNSXNEXINTL

RETURN

END



SUBRDUTINE BUDU(XI;“I!THIrXLrVLrﬁmi:XIYITH}

 COMMON/SHAPEFAL(5;23 8205223 pA315,2) o XXU(STXXL{5), XINTU, XINTL

3512
350

10

XI=XI=XINTU
XLaXl=XINTY

X=X XINTU

1CK=1

IER=0

L=5

IF (X LT, XXU{5))
IF(X, LT Xxudd))
IF (X LT XXU(3))
IFIX. LT XXU(2)) L=t

YSAL (L J)*XaX+A2(L, 1)RX+A3(L,1)

L=d
L=3
L=2

YToYL+ (X=XLIXEM]

ERS(Y=~YT)

IF(ABS(ER) 4LT.1.,E=04)GD TO 10

CALL ERR(IER,ICK,X,ER,1.,01,XN1,ER1}
IF(IER,EQ.0)GD TO 350

WRITE(6,3512)

FORMAT{LX, * TOO MANY ITERATIONS IN BODU %)
sTop

CONTINUE

ICK=ICK+]1

68 10 S
THSATAN(2 AL (L, 1) 2X+A2(L, 1))
XI=XI+XINTU

XLaXL+XINTU

X=X+XINTUY

RETURN

END

it 10
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.
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717

SUBROUTINE COWLCOPT)
COMMUN!EUHL!ICUWL,MM,XM(Q};YMEQJ,PM{QE,NM(QJ;RHM(QJrTHME93rHMtha
IRMEG), TM(9),GM{9) , XMUM(Q) ,EMM{T) ,ALPM(T,9),CPXM(T)
COMMON/IEQ/IEQ,PIN,RHOINF,UINF,PINF

COMMON/YAR/RHO(200),

{EMC200) , XMULR00)Y,CPXC200),W(200),R(200),GAM(200),XMASS(200),
2 XNC200),YNC200),ANC200),TN(200),PN(200),THN(200) ,RHON
3(200].EMN(EOO);XMUN(EOO)rCPXN(EOOJ;NN(ZOO).RN(EOO),GAMN[BOO),
4XMASSN(200) ,ALPN(10,200),51(10),HICI0),TEMP(20)
SeALPDUMCID)

COMMON /SP/ NSP

COMMON/X/ X(200),Y(200),P(200),R(200),T(200),TH(200),ALP(10,200)
COMMON/ZA/ TIN,LPIN,RD

COMMON/D/ GAMINF pEMINF,RINF, WINF

COMMON/CY/ EMC1,7C1,0QC1

COMMON/IDEAL/IDEAL ,GAMEY , XMWT ,CPI

COMMON/ZICU/EMC?

DO 4385 J=1,NSP

ALPDUMCJISALPM(J , MM)

IER=0

ITT=%

BET=(THM(MA) =OPTAXMUM(MMI+TH(1) ) %1 %

IFAN=SMM=3

CONTINUE

IDEALS=0

IEGS=1EN

CPIS=CPIN

GAMES=GAMINF

XMWS=WINF

IF(IDEAL NE1)GOTD 717

IDEALS=IDEAL

GAMES=GAMEY

CPIS=CP]

XMAS=XMAT

CPI=CPIN*25,02006%1,E+03

GAMFEY=GAMINF

IDEAL=Y

IEQ=1

XMWT=WINF

II=MM=1} '

CALL SHOCK(BET, GM{MM}, THM{MM) ,GM{MM) , EMM(MM) , RHM(MM) , PM(MM) ,
IRMOMMY p AM{MM) , TM(MM) p XMUM({MM]),

2OM(TII), THM{TI) ,GM(IT),EMM(IT)  RHM(IT),PMCIT),RMCIT) o WM(IL),
ATMCTII) o XMUMCTII) pALPDUM, Y ,,1EQ)

XM{IT)=XM({MM)

YMIT)=YM(MM)

EMC2=EMM(II)

EMCi{=EMM{ITI)

D0 4386 J=1,NSP

4386 ALPM(J,II1)=ALPDUM(J)

KK=1]w]

D=0,

CALL INTCO, s XMCTI),YM(ITI),THM(II),PMCII), QMCTI)RHMCIT),RM(IL),
fAMCII) GMCIT),EMMCTII) ,XMUMCIIY  TM(IL),

10:,D0,0,D0,D4D,0,0,0,D0,0,0
erM(KK):YM(KK):THM(KK),PM[KK),QM(KK),RHM(KK),RM(KK},WW(KKJ,
1GM(KK),EMM(KK);XMUM(KK),TM(KK);ALPDUM,O;IEQ)



4387

4388

ie

102
203

15
85

86

IER=IEQS

IDEAL=IDEALS

GAMEY=GAMES

CPI=CPIS

XMWT=XMAS

DP=(P(1)~PM(II))/FLOAT(IFAN~1)

1i=1

DO 4387 J=1,NSP

ALPM(J,11)=ALP(J,1)

ALPDUM(J)=ALP(J,1)

D=0,

CALL INT(O.rXCL) ¥ (1), THCL) PC1),QCL),RHOCL),RO1), (1Y, BAM(L),
LEMCL)Y  XMUCL),TC(1),
1DerDfDrD'DrDrDrD;D;D!D
Lo XMCII) s YMCII), THIMCTITY,PM(IT),GMCIT), RHMCIT) ,RM{ITI) WM (LD,
1 GM(II), EMMCII),XMUM(II),TMCII),ALPDUM,0,1EQ)

DD 12 LL=2,IFAN

N=LL,

KK=N=1

XM{N)=XM({KK)

YM(N)=YM(KK)

PM(N)=PM(KK}=DP

DO 4388 J=1,NSP

ALPM(J,N)=ALPDUM(J)

A=1,

B=0,

CALL SL{PM{KK) s GM(KK), RHM{KK) y RM(KK) y WM(KK), GM(KK) ;EMM{KK ],
1 XMUMCKK) p TMCKKY p PVONY , GMEND , RHM(N) ,RM{N) ,WM{N) ,GM(N) ,EMM{N),
L XMUMCNY , TMIN) , ALPDUM, TEG, A, B)

Al=,5% (GM{N) /SINCXMUM(N) ) /COSCXMUM(N) }+GM(KK) /SIN(XMUM{KK))/CO8
1 (XMUM(KK)))

ALNR=ALOG(PM(N)Y/PM{KK)})

THM{N)STHM(KK)+0PTxALNR/ AL

CONTINUE

ERG=THM(IFAN) «THM({IFAN+1)

IF (ABS{ER4),LT,1,E~04) GO T0 15

CALL ERRCIER,ITT,BET,ER4,1,05,BET1,ER41)

IF(IER,EQ.1)6G0 TO 102

ITT=17T7+1

GO 70 3%

WRITE(6,203)

FORMAT(~ ERROR IN BETA LOOP IN COWL#*)

STOP

CONTINUE

WRITE(5,85)BET

FORMAT(LIX,EL13,5)

WRITE(H,86) (K,PM(K),GM(K), TM(K), THM(KY s RHM(K) , XMUM(K) , K=1, MM)

FORMAT(1X,I5,6E13,9)

RETURN

END

PR [N, Loy .‘,
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SUBROUTINE COWLO(YI, THM,EM,BET.PMM)

COMMON/FVAR/

1RHOF (200) CPXF (200),EMF (2003, XMUF {200),WF(200),RF(200),GAMF(200),
2XMASSF (200) » HF (2G2: SF(200),ALPD(10),

3THETA(20)

COMMON/XF/XFC200),YF(200),PF(200),QF (200),TF(200),THF (2003, ALPF(
110,200)

COMMON/D/ GAMINF ,EMINF,RINF,WINF
COMMON/CY/ EMC1,TCL,QCH
COMMON /S5P/ NBSP
DIMENSION ALPDUM(10)
RESE S|
BET=THF(T)=XMUF {1}
BET=BET» (1%xABS(BET)
iTT=1
DD 4§ JJ=1,N3P
4 ALPDUM({JJ) =ALPF(JJ,I)
IER=D
3 CONTINUE
CALL SHOCK(BET,QF(I1),THF(I),GAMF(I),EMF(I},RHOF(I),PF(1),RF (1},
CLWFCIY S TFCL) o XMUF (1), OF CJ) » THF (J) p GAME (J) ,EMF (J}yRHOF (J2,PF(J) s
2RECI) yAFCI) s TF(J) p XMUF (J) s ALPDUM, =1, , TEQ)
PRz=PF{JYXGAMINFxEMINF*EMINF
P2=P2/PMM
TH2=THF (J)
CALL PRM(PE; THM: EM,THET,EMB:"l)
ERY=TH2T=TH2
IF(ABS(ERY4) LT.1.E=04) GO TO 15
CALL. ERR(IER,ITT,BET,ER4,1,05,BET1,ER41)
IF(IER.EQ:1)GD TO 102
ITI=ITT+!4
GO TO 3
102 WRITE(6,203)
203 FORMAT(* ERRDR IN BETA LOOP IN COWLO2%)
STOP
15 CONTINUJUE.
PO 300 JJ=1,NSP
300 ALPF(JJI,J)=ALPF(JJ,1)
XF{J)y=XF(1}
YF(JI=YF(L)
EMC1=EM3
DUML=1,+{GAMINFw1,) /2, *EMINF*EMINF
DUMR=] ,+(GAMINFw1,) /2, *EM3I%EM3
TC1=DUML/DuUM2
QCL1=EMI/EMINFxSQRT(TCL)
RETURN
END




10

12

100
200

46

9

- SUBRQUTINE SHOCK(BET,Q1,TH1,GLl,EMI,RH1,Pi{,H1,PHI1,T1,XMUL,
IQZ}THEJG?pS%:IRHE’?E!HE’PHEEITEIXMUEIALPDUM’FSH’IEQ) :
COMMONZA/Z TINSCPIN,RO

COMMDNZD/ GAMINF,EMINF,RINF,WINF

DIMENSION ALPDUM(1Q)

IT=1"

IER=0

Viz=@1x01

HSi=sHi-Vi/2,.

VT=Q§*COS(BET=TH1)

Ul=ABS(QI*SIN(BET«TH1)})

GM1=GI'1-

GP1=G1+1.

XMI=EML#SIN(BET~TH])

XMSSRHI*U}
IFCIT.EQelUMSUL R (GMLAXMI*XM142,3/6GP1 /%ML /XM]
sH2sXMS8 /UM

P2=XMS*x (Ul =UM)+P1

VasvTxyTHUM*UM

H2=H{

HS2=H2=Ve2/2,

PH12=PHI}

IF[IEG.EG.U)GD TO 10
RHR2T=RHEQC(HSZ,P2,PHIRZ, T2)

ER={RH2«RH2T)/RH}

60 TOQ 12

T2=P2%PHIZ2*GAMINF*EMINF **2/R0O/RH2/WINF

CALL THERMD(T2,HS827,DUM,DUM)
ER=(HS2T~HS82)/HS81

CONTINUE

IF{ABS(ER),LT,1,E=03)GD TO 9

EALL ERR{IER,IT,UM,ER, ,99,UM!,ER1)
IF(IER,EG.1)GD TO 100

IT=IT+4

G0 70 7

WRITE(&,200)

FURMAT(* ERROR IN HUGONIOT LOOP IN SHOCK*)
WRITE(6,46)IEQ,FSH,BET,TH!,P!,01,G1,EML,RHL,HL,PHIL1,T:,
1P2, UM, Ui, VT,RH2,T2,HS2,ER
FORMAT(IX,I12,9E13,5/3%X,10E13,5)

STOP

IF(FSH,GT.04s) TH2=BET=ATAN{UM/VT)
IF(FSH,LT0,) TH2=ATANCUM/VT)I4BET

@2=8QRT{V2)

CALL ALL{P2,Q2,RH2,PHI2,HZ2,G2,EM2,XMU2,T2,ALPDUM,IEQ,1)
RETURN

END
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1YBP, THBF,RAD, XBOD, YBUD, THBUD, RADB, XEND, THEND,RTH, YEXIT, THST, TEST,

1

75
3

SUBROUTINE SHOCPT(IS,M,BET,BETN,A,B)
COMMONZVAR/RHO(200),
EM{200) XMUC200),CPX(200),W(200),R(200),GAM(200),XMASS(200),

XN(200),YN(200),0N(200),TN(200),PN{200), THMN{200) ,RHON

{200) ;EMNC200), XMUN(200) ,CPXN(200},'¢N{200) RN(200),GAMK(200),
XMASSN(200) ,ALPN(10,200),SI(10),HI(10),TEMP(20)
P ALPDUMCL0)

COMMON/X/ X(200),Y(200),P(200),0(¢200),T7(200),TH{(200),ALP(10,200)

COMMONZETX/XJs XJ1(NPTS, 10, IREFL, ICHEM, IPUNCH, IDESGN, IR, NXX,XBP,

IRFL,Y0O,RADBZ2,RRAD(20]), NSTAR,YNDOZ,EIN, PEN,H16,H17
COMMON/IER/IEQ,PIN,RHOINF , UINF,PINF

IF(B,EQe0s) BETNZBET+(THN{IS~1)+XMUN(IS~ 1) =TH(M=1)=XMU(M=i))
I=15

J=IS5+1]

=15

ITT=1

IER=(

pe 75 JJ=1,7

ALPDUM{JJ)=ALPNIJI,T)

CALL SHOCK(BETN,ON(I),THRCI), GAMNCI),EMNCL),RHONCLI),PN(1),

1RNCI) (ANCID, TMCI) , XMUNCIYyONCI) p THNCJ) ,GAMNCI) L EMNCIY  RHONCI D,
2PNCJIY RNCI) pANCI) p TNCI Y o XMUNCJ) L ALPDUM, 1, IEQ)

EMIZXME (oeSr eSp THN(J) r XMUNCJI) p THIM) , XMU(M))

EM2SXM2( oSy 95 THIM) , XMULM) , TH(M+1) , XMU(M+1))

YDUMS (EMLIXY (M) =EM2RYNCLY+EMI*EMZ. (XN(L)=X(M)) )/ (EMI=EM2)
RATS(YDUM=Y (M}) /(Y (Ms1)=Y(M))

IF(IS,EQs2,AND ,M,ER,2) RAT=D,

CALL INTCRAT,X{M),Y(M), TH(M} P(M},@(M),RHO(M),R(M), W(M), BAM(M],

TEMEMY , XMUCM)Y , TEM), XIM+1) Y (Me1) THIMEL) ,PIM+LY, B(ME1 )
2RHO(M+1) frRICMFL) pW{M+1) , CAMIMEL) JEM(ME1) , XMUCM+L), T(MEL)
3IX2,Y2,TH2,P2,02,RH2,R2,W2,GAM2,EM2,xMU2,T2,ALPDUM,1,1EQ)

122
203

i5

300

AL=F1 (A, By XMU2,GAMR, P2, XMUN(J) ,GAMN(J),PN{J))
A2ZF2(A,BrlerXdrXJl X2, Y2, THZ, XMU2, XN(J) yYNCI) » THN(I) , XMUN(J )]
DUML=AZR (XN{J)=X2)
DUMa(TH2=THN(J)=DUML) /AL

PTEST=PZ#EXP(DUM)

ERU=(PTEST=-PNLJ))Y/P{M)
IF(ABS(ER4),LT,!,E=04) GO TO 15

CALL ERRCIER,ITT,BETN,ER4,1,05,BETNI,ER4L)
IF(IER,EQ,1)G0 70 102

ITT=ITT+)

GO TO 3

ARITE(5,203)

FORMAT(* ERROR IN BETA LOOP IN SHOCPT%)
STOP

CONTINUE

AN(JI=ENLI)

YN{J)=YN(I)

DO 300 JJd=1.7

ALPN(II ,J)=ALPNCIJS, 1)

RETURN

END



SUBROUTINE PRM(P,TH1,XM1,TH2,XM2,18)
COMMONSD/ GAMINF,EMINF ,RINF,WINF
G=GAMINF

GMI=G“1:

GPi=G+1,

PUM=1,+GML/2 kXML xXM1

P=Pxx (GM1/G)
XMR={DUM/P=1,)*2,/6M1

XM2=80QRT {XM2)

GX=SQRT(GPi/GML1)
DUMI=SART(XMixXMimi,)
DUM2=SART(XM2AXMa=1 )

DTH= GX* (ATAN(DUM2/BX)IwATAN{DUMI /GX3)+ATAN(DUML)«ATAN(DUMZ)

TH2=THL1+FLUAT(IS)*DTH
RETURN
END

i
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SUBROUTINE PRM{P,TH1,XM]1,TH2,XM2,185)
COMMON£D/ SAMINF EMINF,RINF, WINF
G=GAMIVF

GMI=G“3:

GP1=G+1,

DUM=1, $GM1/2, XXM % XM]

P=Px%x {GM1/G)

IM2=(bUM/Pm] ) %2, /GM]

XM2=SQRT(XM2)

GX=3QRT{GPI/GM])
DUME=SGRT(XMI*xXMi=l,)

DUM2=SART (XM2%XM2=1, )

DTH= GK* (ATAN(DUM2/6X)»ATAN(DUMI/GX) ) +ATAN(DUML }~ATAN{DUMZ)
THe=TH{+FLOAT(IS)&DTH

RETURN

END

| !‘I}‘.‘mw] ,MW»I ,, e
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FUNCTION FT(R},F,HTY
COMMON/TPR/EIPP
COMMON /THE/ Ay, A2, 83, A4,A5,A6,5MM]
COMMON/IEQ/IEQ,PIN,RHOINF,,UINY  FINF
COMMON/ZAY TIN,LPIN,RO
COMMON/IDEAL/IDEAL,GAMEY , XMWT ,CPI
DATA 16370/
IFCIDEALLEQ,1)GO TO 6666
IFLAG=0
IH0OLD=0
P=Pi/PINXPINFx1,01325E+05
H=HS&UINF/10,7639/1 . E+06
F2=FxF
A10=ALJG(P)/2,3=5,
29=2,125%A10%A10 w, 275%A10
IT=1
IF(1I63,EQ.1) GO TO 1000
I63=1
T=1500,
T0=1500,
IF(F.GE,D.} GO 7D 120
T=600,
TO0=T

1000 CONTINUE
IF(F.LT.0s) GO YO 4060
GO TO 120

S0 E0=(H=Hi)/H

IF(ABS(EQG) 4 LT.1.E=04) GO TO 340

500 T =TU*191

502 Ii1=2
IF(F,LT,0¢) GO TO 400
GO 10 120

100 Ei=(H=H1)/H
IF{ABS(EL) .LT.1,E=04)y GO 70 340
IT=1T+1¢
IF(IT.LT.2%) GO 70 10
IF(ABS(T=2000,),,T.,10.) GO TO 830
IFCIHOLD,EQ, Q) 60 TO 800
WRITE(5,831) Pi,HS,T

831 FORMAT{* ERRDOR IN FTx/* Pl = *E13,5,5X,%H]1 = *xE13,5,5X,»T

1)
STOP

00 T=THOLD
T0=7
HSHHOLD
IT=1
IHOLD=1
IF(T.LEL,2000,) IHOLD==1
GO TO 1000

830 IF(IFLAG.EQ,1) GD TO 504
IFLAG=]
T0=22000,
T=22000.
IF(F.LLT.0,) GO TO 400
GO TO 120

504 ARITEL6,11) EI

{1t FORMAT(* TEMPERATURE IN FT SET 7O 2000

ERROR

= *£13,5

kE13,5)



i0
505

120

190

290

370
400

450

460
350
3490

6666

GO TO 3490

TO=T0wEIR{T ~T0)/(E1=ED)

EO0=E1L

T0=TY

T=79

IF(F LT¢0e) GO TO 400

AS| E=Q7x(~,10424F2 +,8242%F+,987)
B2,001*%(,011674F2 +,1503%F+,938)
Com, 0284%F2 +,67314%F+, 4293
IF(F.LE.1+) GO TO 190

A=t Ew074(1,787%xF2 =5, 48xF+5,4)
B2, 0014 (= 1B67%F2 +1.11%F+ °76)
Com ,0933%F2 +3,975%xF=2,808
IF(T,.E.2000,,AND,IHOLD NE,1) GO TO 290
A=,000001%(1,792%F2 +,3983%F+,31)
B2, 001x(=9,05%xF2 =, 07917*F+,24%)
C=10,.86*%F2 =, 1183%F+,97
IF(FLEgls) GO TO 290
Az=,000001*(4,B81%xF2 «13,9%xF+11,59)
B=,001%(=23,08%xF2 +66,82%F=52,61)
C=27,05*%F2 =73,73%xF+58,39
Hi=zAxTxT+B8%xT+(

1IF(T,LE.2000, AND,IHOLD,NE, 1) GO TO 370
HisHLI* (1,4 (1, +F)*(7/72000,=1,)%Z9)
CONTINUE

GO0 70 350

TesTxT

TI3=T2xT

T4=T3%T

To=T4%T

IF(F LT,=13) GO TO 450
XMMi=16,043

Al=4 2497678

Alzmty ,9126562E=03
A3=3,14021348E=05

Adem? G715432E=08
AS=9,5103580E=12
Abzw} , 01B6632E+04

GO 10 46l

CONTINUE

Al=1,1202436

A2z1,3905716E=02

Adz2,.656837UE=(06
Adzwti , 15602T72E=08
AS=5,238692% =12

A6=5,33288B96E+03

XMM1=28,054

HISAL X T+AR2RT2/2,4A3%TT/3,+AUxT4/4 ,+AB2T5+A6
HizHIx8314,/XMME /1 E+D6
IF(IT,EQ.,1) GO TO 50

GO TO 100

TO0=7

FiI=T/TIN

THOLD=T

HHOLD=H

RETURN

H=HS% UINF

i S G |
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FI=H*5, /9 /CPIZTIN
RETURN
END




120

191

190

192

290

370

400

340
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FUNGTIION FH(P1,F,T1)

COMMON JTHE, AL ,A2,A3, 84,405,486, XMM]
COMMON/IEQ/IEQ,PIN,RHOINF ,UINF,PINF
comMMmonsa/ TIN,CPIN,RO
COMMON/IDEAL/IDEAL ,GAMEY , XMWT ,CPI1
TsTLxTIN

IJE(IDEAL 4EQ.1)GO TO 6666
P=P{/PINAPINF*{,01325E4+05

Fe=FxF

IF(F,LT.,04) GO TO 400
IF(T,GT,2000,) G0 TO 190
IF(F.GT,1,} GO TO 191

Azf E=07*(w,1042%xF2 +,8242*F+,987)
B=,001%x{,01167%xF2 +,1503%F+,938)

S= 0284xF2 +,6731%xF+,4293

G0 1O 290

Az EmQT7*(1,787%F2 «5,48*%F«5,4)
BR,001%x(~,18b67%F2 +1,11%F+,176)

Sw 0933%kF2 +3,9754F=«2,808
50 YO 290

IF(F.6T.,1.) GO 70O 192

A= _000001*{1,792%F2 +,3983+F+,31)
B=,0014(=~9,05%F2 =,07917%F+,245)
C=10,86%F2 =,11B83%xF+,97

GO TO 290

A= 000001 %x(4,814F2 =13,94%F+11,59)
B=,001%(~23,08%F2 +66,82*F=52,61)
LZ27,05%F2 =73,73%xF+58,39
Hi=AxTxT4+8xT+C

IF(T,LE,2000,) GO YO 370
A1O=ALOG(P)Y/2,3=5,

Z9=,125%xA10%A10 w, 275+A10
HizHI*(1,+(1,+F)*(T/2000,=1,3%29)
Hi=Hix] ,E+06

GO 7O 340

T2=T*T

T3=7247

T4=T3%T

TS=T4*7%

HIZAI*T+A2AT2/2,+A3XT3 /3, +AUXTU/ A, +ASxTS+A6

HisHi*B8314,/XMM}
CONTINUE
FHEHi*{0,7639/UINF
RETURN
FHICPIxT%9,/5,/UINF
RETURN

END
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FUNCTION FGAMITL,PL1;F)

COMMON /THE/Z AL,A2, 8%, 04,45, Ab, XMMY
COMMON/IEG/IEWQ,PIN,RHDINF ,UINF,PINF
COMMONZAZ TIN,CPIN,ROD
COMMON/IDEAL/IDEAL ,GAMEY , XMNT ,CPI
IF(IDEAL,EQ,1)G0 TO &666
T=TixTIN

TE2=T%T

P=PL/PINAPINF21,01325E405

XM=0,

IF(F,.LT,0.) GO 7O 550
IF(T,LE.1000,) GO 1O 4490

XM--E 15&-08*T2 te 000091*T-.069S
XNzl E=(09% 72 »,00002%T~,019
1F(F.LE,1.) GO TD 470
XN=.0339*SQRT(T)-'000391*T-nbsi
G=w=] BI3E=Q7%4T2 4,000075*%7+1,367
IF(T,LT,500.) GO TO 520
GEP . E=08*%T2 =, 000138xT+1,423
IF(T.LT,2000,) GO TO 520
B27,267E=Q8472 =~ ,000457%xT+1,85
GEG+XMA(ALOGIP) /243w, ) *XN*{F=1,3}
GO TG 530

T3=T2%T

TA=T3I*T
CP=AL+AZ*TH+ASKT2+AUXTI+ASKTY
G=CPx(CP~1,)

CONTINUE

FGAM=G

RETURN

FGAM=GAMEY

RETURN

END
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2260

2160

bbbb

FUNCTION RHEG(H,PI,F,T)
COMMONAIEDRZTER,PIN, RHOINF  UINF, PINF
COMMON/A/Z TIN,CPIN,RO
COMMOM/ IDEAL/IDEAL ,GAMEY , XMWT ,CPI
TI=FT(Pi,F,H)
T=TixTIN

IFCIDEAL,EQR.L)GO TO 6666
P=pPi{/PINXPINF*1,01325E+05
IF(F,LT,0,) GO T0O 2260
FNM=1 ,53*xF%xF =5 ,895%F+28,965
FNN=1,6%F*F=10,6%F+33,6
IF(T,G7,2000,) GO 7O 2030

XMzFNM

IF(F,LT4s1.) GO TO 2160

XM=FNN

GO 70 2160
FFaF&F

Zm2 3kFF+U4,01%F+i.736

RZB, 61 *FF=15 ,U2%Fwb,6b

WEwiH BBXFF+33,21%xF+14,58

KNza 4375%FF+,0625%F+2,08
D=AX(ALOG(P)Y/2,3)**1,5+B*x(ALOG(P)/2,3)+C
XM=FNM=Dk ( ( T=2000,)/1000,)%*XN
IF(F LTe1.) GO TO 2160

Az B22%FF+2,363%F+1.905
B=2,76%FF=7,56%F=8,6B

Czw3 6kFF+7,36%xF+27,15

ANZe 474FF+1,825%F+,35

DA% (ALOG(P)/2,3)%x1 ,5+B*x(ALOG(P)}/2,3)+C
XMzFNN«D*((T=2000,)/1000,)%%XN

GO TO 2160

KF=F=,5

IF(KF 4EQ,=1)%XM=16,043
IF(KFEQ =2} XM=28,054

RHEQ=Px XM/ T/8314,3%6,24P8E=02/32,174
T=7/TIN

RHEQsRHYEQ/RHOINF

RETURN
RHEQ=P1AXMWT x5, xUINF/T/9,/49712,52
T=T/TIN

RETURN

END




SUBRUOUTINE ERROR(IIII)
g WRITE(H,100) 3113
4 100 FORMAT(7H{ERROR=15)
CALL EXIT
- RETURN
d - EnD

R APy O -



FUNCTION XM1(ALPHA,BETA, TAsXA,TCsXC) | |
XME=ALPHAXTAN (TA+XA) R
IF(BETALGT,0,)XMIZXML+BETAXTANCTCH+XE) |
RETURN

END . :l

| Jre- oy ..n] ......... ,,f.[
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FUNCTION XM2CAL,B,TA, XA, TC,XL)
XM2=AL*XTAN(TA=XA)
IF(B.6T¢0.)XM2EXM24¢BxTAN(TC=XC)
RETURN

END
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FUNCTIDON XM3(4,8,7TD,TC)
KMIzA*TANT TR
IF(B,5T,0.0)XM3=AMI+BxTAN(TC)
RETUR!N

END

]
[ -]
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FUNCTION F1(A, B, XMUL, GAM1, Fi, XMu2,
1GAM2, P2}

F1=SIN(XMU12*COS(XMU1)/GAM]
IF(B,6T,0.,0)FI=(F1+SIN(XMU2}%
1COS{XMU2) /GAMZ 172,

RETURN

END



i5

10

?UNCTIGN F2CArB,OPT s XJsXJLaXs Y THp XMU, XNy YN, THN, XMUN)
F2i150, ' '
IF(XJ,EQ,0,) GO TO 15

F2i=A<SSINCTH)ASIN(XMU) /COS(TH+OPTX*XMU)/Y

IF(B,6GT.0,) FR1=F21+B*SINCTHNYASIN(XMUN) /COS{THN+OPT*XMUN) /YN
Fea=0, :

IF(XJ1,E0,0,) GO TO 10

F22=A4COS(THI*SIN{XMU) /COS(TH+OPTAXMU)

IF{B,6T,0.) FPR=F22+BACOSCTHN)*SIN{XMUN) /COSCTHN+OPTAXMUN]
F2=F21+F22

RETURN

END




SUBROUTINE DRTEST(XN,YN,EMI,BET,IDROP,L,M)
T COMMON/X/ K(200):YC(200),P(2003,G¢2001:TC200), TH(200),ALP(10,209)
Ji EM2=TAN(BET)

XNTECY (MIwY (MeLYmEMERX (M) $EM2AX (ML) )/ (EM2=EMYL)
YNTSY (CMIHEMIA(XNT =X (M))

B DISNOR=SORT({{XNwX{M))x a2+ (YN=Y[M))*%2)}

£ DISEX =SORTC(XNT=X(M))Ixx2+(YNT=Y(M))I%%2)
IF((DISEX=DISNDOR)}/DISEX,LT.+1) IDROP={

Fi RETURN
@ END
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0

197

171

170

SUBROUTINE XMASSS(RATHM,NPTS)
COMMON/FVARY/

{RHUF(200) ,CPXF(200),EMF (200, XMUF (2003 ,WF(200)., RF(EOO),&AMF(EODJ;
HF (200) ,SF(200),ALPD(10),

2XMASSF(200),
3THETA(2(0)

COMMON/XF/XF (2000, YF(200) (PF(Z00),QF (2003, TF (200}, THF (200 ,ALPF(

110,200)

DO {7¢ I=1,NPTS

CALL FY (FM1,EMFCI),GAMFC(L1))
FM2=FMI /RATM

ITM=1

IER=0

EMT=RATMXEMF (1)

CONTINUE

CALI. FM(FMT,EMT,GAMF(I))
ERM={FMe=FMT ) /FM2

[F(ABS{ERM) ,LT,1.E=03)G0 TO 171
DUMD=1,/RATM

CALL ERR{IER,ITM,EMY,ERM,DUMD,EMTL,ERM1)
IF(IER.EG,1)}G0 TO 2

ITM=I T+

GO TO 197

WRITE(6,3)

FORMAT(* ERROR IN ITERATION LOOP IN XMASSS%)
STOP

CONTINUE
DUM=SART((GAMF (I)+1 )/ (GAMF{I)=1,})
ETSO=SQART(EMTXEMT=1,)

ESQ=SART(EMF (I)*EMF{I)=1,)
XNUZ2=DUM*ATAN(ETSQ/DUM)=ATAN(ETSR)
XNUL=DUMXATANCESQ/DUM)=ATANCESR)
DNyUsXnNU2=XNU1

CALL PMIC(DNU,I)

CONTINUE

RETURN

END




SUBROUTINE GEM(XA,YA,SLA,XB,YBSLB,XC,YC)
XC=(YBwYA+SLA#XA=SLE2XB) /(SLA=SLE}
YCRYA+SLA®(XCmXA)

RETURN

END

3

o i §

(a-:::::.-l:}
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SUBRDUTINE THERMOC(TI,H,CP,DCP)
COMMON/ZIEQ/TEd,PIN; RHMINF sUINF PINF
COMMON /SP/ NSP

COMMON/ZAY TIN,LCPIN,RD
COMMON/B/ WTMOLE

DIMENSION ATMOLEC(10)

DIMENSION H(10),CP(10),DCP(10)
T=TIxTIN

C1=RO/CPIN

C2=Ci/TIN

€C3=C{xTIN

N=NSP

DD 10 J=1,N

H1=C2/ATMOLE(J)
He=C1/ATMOLE(J)
H3=C3/WTMOLE (J)

CALL COEFF{J,T,A,B,C,D,E,F,G)

HOJ)STR(A+TH(B/2. +T4#(C/3,#TA(D/U+E/5,%T))))+F
H{J)=H(J)*RO*4 ,506557%1 ,E+04/WTMOLE(J)/VUINF

CP(JII=A+T*(B+Tx(C+TH{(D+EXT)))
CP(J)Y=CP{J)xH2
PEP(J)=B+T*(2,%C+TH (3 ,xD+4 ,%E%T))
DCP(JI=DERP(JI%XH3

CONTINUE

RETURN

END

1
|
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SUBROUTINE SL(P1,01,RH1,R1,W1,GAMI EMI . XMUL,TI,

LP2, G2, RHC s REP W2 GAM2,EMZ  XMU2, 12, ALPDUM, IEQ,A,8)

RZ2=Rt

RH2=RA§ ~{P2/P1)*%x(1,/6AML1}

IF(IEQ.EQ. i Iw2=W1
IF(IEQ.EQ.1,AND,B,EQ,0,)02=01+{(P1+~P2)/RH1/01}

CALL ALLCP2,Q2,RH2,R2,W2,GAM2,EMZ,XMU2, T2, ALPDUM,IEQ,0)
RETURN

END



10

11

75

76

15
t4

100

io1

SUBROUTINE DPOINT(K,L M,N,NPTS,A,8)

COMMONZY./ X(200),Y(200),P(200)Q(R003,7€C2003,Tr(200),ALP{10,200)

COMMON/IEQ/TIEQ,PIN,RHOINF , UINF,FINF
CDMMDN/VAR/RHD(ZGOJ;
$EM(200) . XMU{200),CPX{200),W(200},R(200),GAM(200], XMASS(EOD):

e XN(EOD);YN(EOO);GN(EOOJ TNC200),PN(200), THNC200),RHDN

3(200);EMN(200);XMUN(EOO)pCPXN{EOOJ;WN(EOOJaRN(&OD);GAMN(EOOJp
4XMASSN(200) » ALPN(10,200),8I(10),H1(C10),TEMP(20)
SyALPDUM(LD)

COMMDN /SF/ NSP

COMMON/ZDD/ XD, YD, THD,PD,QD,RHD,RD, WD ,EMD,GAMD, XMUD, TD
i1TD=0

IF{M,EQ,1)G0 7D 195

XD=, 5% {X{M)+X({M=1))

SLO= Sx (TANCTHNCLY Y+, D* (TAN(TH(M))+TAN(TH(M=1))))
AD=Q(M=~1)

SLMs (Y (M) =Y (M=]))/(X{(M)=X(M=1))
S2ESARTI(X(M=E)mX (M) )&%+ (Y(Mxl)=Y(M))2%2)

CALL GEM{XNCL)Y,YN(L),SLD,X{M),Y{M),SLM,XD,YD)
SDaSERT((XD=X (M) IA*x2+(YD=Y (M)} )%x2)

IFCITD,GT.0)G0D TO 11

IF(SD,GT.52)G0O 10 100

RATD={,.,»8D/8S2

XT=XD

THD=TH(M=1)+RATOX(TH(M)wTH(M=1))

XDsX (M=1)+RATDR(X{M)=X%X{M=l]))
ERD=ABE((XT=XD)/(X{M)=X(M=1})]

IFCERD . LT,1<E=03)G0 TO 15
SLD=(TANCTHN(L))+TANCTHD))/2,

ITD=ITD+1{

IFCITD.LTL10)GD TO 190

WRITE(6,75)

FORMAT{(*TOO MANY ITERATIONS IN DPOINT=%)
WRITE(OGp7TOIKy XNCKY p YNCKY, THNC(K) XD, YD, RATD,THD ,ERD
WRITE(G,76)L, XNCL)Y,YNCL), THN(L)
WRITECO,76)MsX (MY, Y(M), TH(M)

IF(M,GT,1)JJ=Mmy

IF(M GT1)ARITE(6,T76)JJ,X(JJ) Y (JJ),TH(JJ)
FORMAT(1X,15,8E13,5)

ST0OP

DO 14 J=i,NSP
ALPDUM{J)=ALP(J Mol J+RATD*(ALP(J, MI=mALP{(J ,M=1)2
CALL INT(RATD,X(M=1),Y(Mel), TH(Mmi), P(M=1},Q(M=1),RHO(M=1),

IR{Mat ), W(Mwl),GAM(Mm]) ,EMIMw] ), XMU(Mw1), T{Mm])},X(M),Y{M),TH{M]},

2PL{MY, QM) ,REO(MI,RIMY, w(M), GAMIM) fEM(M) , XMUCM), T(M),
ID1,D2, THD,PD,QD,RHD,RD, WD, GAMD,EMD,XMUD,TD,ALPDUM,1,1EQ)
RETURN

CONTINUE

SLP=(YN(K)I=Y(M=1) )/ (XN(K)I=X{M=1))

SLD= ,Sx{TANCTHNC(L) )+, S*CTAN(THN(K))+TAN(TH(M-1JJJ)
X2 Sk (XN{K)+X(Mm]))

CALL GEM{XNCL)  YNCL)Y  SLD XNCKY,YN(K),SLP, XD, YD)
RATD=(XDwX{M=1{})/(XN{KIwX (Mm]})

XT=XD

THD=TH(M=1)+RATDR (THN(K)=TH(Mw])}

XD=X(M=])+RATDO* (EN(K)w=X (M=1))
ERD=ABS((XT=XD)/{XN(K)=X(M=1)))




IFCERD LT-1.E~03)60 TO 150

E SLO=(1ANCTANCL) D+ TANCTHDY) /2,
' ITD=ITO+1

IFCITD,LT«10)60 TO 104

WRITE(6,75)

STOP
150 DO 140 J=1,NSP
' 140 ALPDUM(J)ZALP(J,M=1)+RATDA(ALPN{J, K =ALP(J,M=1))
i CALL INTCRATD,X(Mw=1),Y(Mwi), TH(M=1), P(M=1),0(M=1),RHO(M=1),
IR(Mﬂler(M’IJrGAM(M“IJ:EM(M'IJIXMU(NuIJp TEM=13,
DXNCK) » YNCK) s THNCK) , PNCK) p ONCK)  RRON(K) (RN CK) ,WN(KY , GAMNCK) ,
SEMNCK) » XMUN(K) ; TN(K) ,D1,D2, THD¢PD, QD ,RHD ,RD, WD, GAMD, EMD, XMUD,

2 47D, ALPDUM, 1, IEQ)
RETURN
0 195 CONTINUE
5 QD= {M)
SLD=, 5% (TANCTHN(L) Y+, 5% (TANCTHNCKI )+ TAN(TH(M))))
- XDz 54 (XNCK) +X (M)
i 175=¢0

IF(ABS(XN{K)=X(M)},6T,1,E=06)175=1
IF(175.,EQ,1)GO TO 290

i XD=(XN(KY+X({M))/2,

oa 191 IF(I7S5.EQ.,1)GU TO 290
YD=YN(L)=SLD* (XN(L)=XD)

7t GO TO 291

290 SLP={YNCK)I=Y{M))/(XNCKI=X(M))
CALL GEMCXNCLY, YNCL) ,SLDXNCK),YNE(K),SLP,XD,YD)

. 291 RATDS(YD=Y{M))/(YNCK)=Y (M))

ot YT=YD

~* THDSTH(M)+RATDA (THN(K)I=TH(M))

YD=Y (M) +RATDX (YN{K) =Y (M)})

ERD=(YTeYD)/{YN{K)=Y(M))

i IF(ABSCERD) (LT,1,E=~03)G0 TO 197
SLD=(TANCTHO)+TANCTHN(L))) /2.

i ITD=ITD+1

$i IFCITD.LT,10)GD TO 191
WRITE(b,75)

. STOP 1§

i 197 DO 198 J=1,NSP

o 198 ALPDUM{J)=ALP(J,MI+RATD*(ALPN(J,K)=»ALP(J,M))

\ CALL INTCRATD, XC(M), Y (M), THIM) P(M),Q(M),RHO(M) ,R(M), w(M),GAM(M),

H TEMM) , XMUCM) p TOM) p XNCK)  YNCK) p THN(K) o PNCK) » GNCK)  RHONCK) 4 RNEK)

il 2HNC(KY , GAMNIK) JEMNCKY , XMUNCK) , TNCK),D1,D2, THD,PD,QD,RHD,RD,wD,GAMD,
TEMD, XMUD, TO, ALPDUM, 1, IER)

. RETURN

Li END




20

SUBROUTINE INT(RAT,X§,Y1,TH1,P1,Q1,RHL,R1,W1,GAM]L,EM], XMUL,TL,
1X2,Y2,THE, P2, 82, RE2, P2, W2,6AM2,0M2, XMU2, T2,
eX3,Y3,TH3,P3,03,RH3,R3,W3,GAME,EM3, XMU3Z,T3,ALPDUM, TALL,IEG)

DIMENSION ALPDUMCLG)

X 3aX 14RAT#(X 2=¥ 1)
Y =Y 1+RATH(Y 2=Y 13
T 327 $+RATH(T 2=T 1)
P 3P 1+RAT*(P R2=P 1)
R 3=R 1+RATX(R 2=R 1)
W 3=W  14RATx{W 2«W 1)
Q 3I=0 I1+RAT*(Q 2-8 1)
TH 3=TH (+RATA(TH 2«=TH )
GAMISGAMIHRAT* (GAM2=GAMY)

PRGI=P1/RHI**GAM]

PRG2=PRG

IF(RAT 4NE,04)PRG2SP2/RH2xXGAMZ
PRG3=PRGI+RAT*x (PRGZ=PRG1)
RH3={P3/PRG3)**(1,/GAM3)
IF{IALL,EQ.§)GO TO 20

EM 3=EM 14RATA(EM 2=EM 1)
XMUIXMUT+RAT* (XMUZ2=XMUL)
RETURN

CALL ALL(P3,Q3,RH3,R3 W3 ,GAM3,EM3, XMU3,T3,ALPOUM,IEQ,0)
RETURN

END

[ eIe

g



SUBRDUTINE ERR(I,IT,XsER,F,X1,ERY)

'Ij IF{IT LT418)60 TO 12
.;.h I=}
st RETURN
; 12 IF(IT.6T.2)GO TO 14
ﬁ ER1=ER
: X1=x

X=X *F
§7 IF(X EQaX1)X=X4,02
‘J RETURN

14 XD=Xi~ER1{*#{X=X1)/(ERwER1)

7 ER1=ER
i X1=X
=8 X=XD

RETURN

END
]
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SUBRNUTINE VIS(T,XMLUU)
COMMONIAZTInN, CPIN,RD
TC=198 %5, /TIN/O,

XMUUS {1 44TCI*(Tx*1,5)/7(T+7C)
RETURN

END

e o
JR———
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33
34

1500

SUBRUTINE WUZZY(N,MPTS,KMAX,LMAX,IPP,IFZ,LWLZ)
COMMLNZLDOWN /A DOWN
COMMONZICMPLT/ICMPLY
COMMON/ZVAR/RHO(200),
FEM(200) , XMUC200),CPX(200),n(200)},R(200),GAM(200),XMASS(200),
b XN{200),YN(200),BN(200),TNL200),PN(S00), THN(200),RHDN
3(200) ,EMNC200) , XMUNC200),CPXN(200),wN(200) RN(200),GAMN(Z200],
4XMASSN(200) ,ALPNCI0,200),SIC10),HICI0),,TEMP(20)
SeAlLPRUMC(1Q)
COMMON/X/ X(200),YC(200),P(200),Q(200),T7(200),TH(R0Q),ALP(10,200)
LS=2
L=2
K=1
ELP1=TAN(THN(K)+XMUN(K))
=3
IF(N,LE.NPTS)M=1
IF(ICMPLTLER,2)M=2
IF(K GT41)SLPI=(YN(KImY(M=1))/(XN(K)=X{M=1))
IF(IFZ,EQe1 yAND L ,EQ,LDOWNIRETURN
SLP2=s(YNIL)I=Y (M) I/ {XNCLI=X(M))
CONTINUE
IF(L,EQ,LWUZIRETURN
IF(ABS(SLP2=SLP1),LT.1.E=06)G0 TO 40
CALL GEMOXNCL)Y, YNEL)Y,SLP2,XNC(K) ,YN({K),SLP1,X5,YS)
IF{XS.LT«XN(L))GO TO 40
IFCCXSXNCLYY/Z {XNCL ) =X (M)) . 6T,2,5)60 TO 40
IPT=]IPP+1
BETA=,5%(SLP1+SLPE)
WRITE(G,10)IPT,L K, M, LS, N, NPTS,
1 XNCLY pXIM) p XNEK) X (Mef) , YNCLY , YEMY p YN(K) »
iY(M=1),8LP1,S5LP2,BETA,XS,YS
FORMATCI X, 715/71%X,8813,5/1X,BEL3,5)
WRITEC(6,33)
FORMATC & UP RUNNING SHDCK DETECTED % )
WRITE{6,34)1PT,LS:X5,YS,BETA

FORMAT(x LINE MO, = =%,I4,4X% POINT NO, = *,1I4 sUX%kXS = %,E13,5,
14X+ ¥YS = %x,E13,5,4%X» SHOCK ANGLE & %,E13,5])

LL=L :

LMz MAX=Y

IF(LEQ.LMAXILL=LM
DO 46 J=LL,LM
XNCJI=XN(I+1)
YNCII=YN(JI+L)
PN{J)=PN({J*1)
GNEJY=GN(J+1)
TNCJ)=TN(J+1)
WN(J)=aN{J+1)
RNCJY=RN(JI*1)
THN(J)=THN(J+1)
EMN{JI=EMN(J+1)
RHBONCJ)=RHONC(J+1)
XMUNC(J)=XMUNCT+Y)
B0 1500 JLL.=1,7
ALPNCJILpJIZALPNCIL, J+1 )

46 CONTINUE

LMAX=LYAX=]
L2t 3=



40

MzM+

K=K+l

Leb+d

M=M+

LS=LS5+!

IF(L LT LMAXIGD TO 43
IFIL,GT4LMAX)IRETURN
IF{IFZ,EQ.1AND,LEQ,LDOWN)RETURN
M=KMAX

Ksl=t
SLPI={YN{KI=Y(M)I/(XN(KI=X(M})
SLP2=TANC(THN(L)+XMUNCL))

GO TO 39

END




H
i
h

gusrzy o=y

d—y.|

85

1500

45

33
34

SUBROUTINE FUZZY (Kl My, LMAY  KMAX,NPTS,IPP,IFZ)
COMMON/LDCWNZLDOWN

COMMON/VAR/RHD(200),

$EM(200) ,XMUC200) ,LPX(200),%{2023,R(200),6AM(200),XMASS({200),
2 XN(200);YN(200),QN(200),TN(200),PN(200},THN{200),RHRON
3(200) ,EMNC200) : XMUNC200),CPXN{200),WN(200),RN(200),6AMNC200),
4XHASSN(200) ) ALPN(10,200),81(10),HI(10),TEMP(20)
SPALPDUM(10)

COMMON/Y/ X(200),Y(200),P(200),Q(206),T(200),TH(200),ALP(10,200)
COMMON/XCOWL /7 XCOWL

IFZ=0

DUMX=(XN(I)=X(1))*x2

DUMY=(YN{1) =Y (1)) *x2

TEST=SQRT{DUMX+DUMY)

IF{TEST,EQ,0,JRETURN

SLP=TANLTH(M)+XMU(M))

SLM=TANCTHN (K] =XMUN(K))

CALL GEM{XN(K),YN({K) rSLM, X (M), Y(M),SLP,XC,YC)

DX=2(XC=X(M)) 242

DY=(YC~Y (M) ) xx2

DC=SERT(DX+DY)

IFC(OC/TEST) .GT,0.,2)RETURN

LM=LMAX»1
LDOwN=Y,

I=L

J=M
XMUNCI)=XMU(J)
YN(CIY=Y(J)

X N(I)=X (J)
P N(I)=SP  (J)
@ N(IX=0 (J)
T N(IX=T (J}
W ONCI)=W  (J)
R N(I¥=R (J}

TH N(I)=TH (J)

EM N(I)SEM (J)

RHONC1)=RHO(J)

GAMN(I)=GAM(J)

PD 1500 JJd=1.7

ALBPN(JJ,1)=ALP(JJ,Jd)

I=1+1

JsJ+1

IF(I.GT.LMIGO TO 45

GO 70 85

CONTINUE

IPT=IPP+]

BETA=S* (TAN{TH({M)=XMU(MI)+SLM)
WRITE(&,s33) )
FORMAT(* DOWN RUNNING SHOCK DETECTED = )
WRITE(6,34)IPT,L,XC,YC,BETA

FORMAT(* LINE NO, = %,I14,4X%x POINT NI, = %,14 pUNKXS = %x,E13,5,
14Xk Y5 = %x,E13,5,4%X*% SHOCK ANGLE = #,E13,5)
LMAX=LMAX+]

IF(N,GT (NPTS)ILMAXSHMAX =]

IFZ=t

RETURN

END
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46
48

SUBROUTINE GNURE(RH,Q P, ToWsR,ALPDUM, X, X1, CF,5T,LJ
COMMON/HOT/ZAK3) ,BH{3), CHE) pXCTR, PR, REC,REIN,RT,8H, IT,iVIS
COMMDON/SP/NSP

COMMON/IEGR/IEQ,PIN,RHOINF, UINF,PINF

DIMENSION ALPDUM(L10),H1(10),CP1C102

HDEL=R=Q*Q/2,

HAw=1,+REC*Q*G/2,/HDEL

IF(IT SEQ.0)TW=AH(L)*#(X=X1)**x2¢BH(LI*(X=X13+CHI{L)
IF{IT LEQ.1J60 TO 46

IF(IEQ.EQ.0)G0 TO 13

HASFH(P, W, TW) /HDEL

GO TO 48

CALL THERMO(Tw,H1,CP1,DUM)

HWS0

DD 20 J=1,NSP

HW=HW+ALPOUM(J) ®H1 (J3

CONTINUE

HWz=HW/HDEL

60 TO 48

HusHAW

A=HAW'10

BaHW=1 s

CESART((A+B) #%2+4 ,%A)
FC=A/(ASIN{(A~B)/C)+ASIN((A+B)/C))*x%2

FRX=HAN® = (,772)/(FCx(HW)*x# (1 ,474))

CALL VIS(T,xMMu)

REX=RH4AQ* (X+XSTR}/XMMU

REXISFRX*REX*REIN%RT
CFI=,0B8%x(ALOGI0(REXI)»2,3686)/(ALOGIO(REXI)=»1,5)%x%3
CF=CFI/FC

ST=CF*3H/2.

RETURN

END
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SUBROUTINE SNARF(X1,Y1,Z1,%X2,Y2:22,X30Y3, 230 X4, YU, ZU,AVX,AVY,AVZ,
IANY  XNY  XNZ,; A8, XD, Y2, 200
DIMENSION XPAC4),YPACL),ZPA(UY X1(H4),,ETACH)
XPA(L)=X1

YPA(CL)=Y]

IPA(13¥=21

IPA(R)=Z2

YPA(2)=Y2

XPA(2)=x%2

XPA(3)=X3

YPA(3)=Y3

ZPA(3)=23

IPA(41=24

YPA(4)=YU

XPACY4)=X4

TiX=X3=X1

TlYsY3=Yi

T12=23=21

TeX=xXl4=X2

TeY=Yd4mY2

TRZ=Z24m22

XNX=T2Y&TiZ~TlY2T2Z
ANY=TIXATEZ=~T2X%T1Z
ANZ=T2X*xT1Y=TiX&xT2Y

VNZSORT (XNX&xx 2+ XNYxx2+XNZ k4 2)
XNX=XNX/VN

ANY=XNY /AVN

XNZ=XNZ/VN

DEXNX.kCAVX=XL)+XNY* (AVYwY1)#XNZ*(AVZIwZl)
PD=ABS(D)
TSSORT(TIXATIX+TIYATLY+TLIZ%xTL2Z)
TIX=TIX/T

TiYy=TLY/T

T$Z=TYZ/T

T2X=XNYATLZ=XNZATLY
T2Y=XNZATIX=XNX%xT1Z
TeZ=XNX.T1Y=XNY:TLX

DO 1000 J=1.,4

XPA(JI=APACIY +XNXED
YPACJ)sYPA(J)+XNY%D
IPACJI=ZPA(J)+XNZXD

D:uD

XDIF=XPA{J)=AVX

YDIFSYPA(J)=AVY

IDIF=ZPA(J)=AVZ
XICJY=TiX*XDIF+TiY*YDIF+TLIZ*ZDIF
ETA(JYIST2X*XDIF+T2YxYDIF+T2Z%Z01IF
XIO=(XICUIX(ETALL)=ETA(2))+X1(2)*%(ETACU)=ETACL)) )}/ (ETA(2)=ETA(H]Y)
1/3,

ETAD==ETA(1)/3,

PO {020 J=i,4

XI(J)=XI(J)=XID
ETACJISETA(J)=ETAD
XO=AVX+TIXRXIO+T2XXETAD
YO=AVY+TIYRXIO+T2YXETAD
Z0=AVZ+T1ZxX10+T72Z%ETAD
ASS(ETA(2)=ETA(EY) % (X1 (3)=X1(L)3/2,
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AS=ARSR({A
RETURN
END
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SUBRQUTINE LTHMIX$,Y1,71¢X2sY2rZ22X3,Y3,23,X8,Y4,24,P1,P2,P3,Pu,
11,82, NI 20, 0L RHZ , RH3, RHA,; RI,RE,RI;H4A, Wl w2enip N,
ZTHlpTHapTHS,THQ,ALPDUM,XK1;KK2;XK3,XK4,XXTHX,XYLFT;XXMDM:CF;ST,LH)

COMMOMNZLTM/ XSHF T, YSHF T, DUMA, DUMB,DUMC,0UM1,DUM2, DUM3, DUM4
- COMMON/ZETX/XJ e XJ1,NPTS, 10, 1REFL,ICHEM, IPUNCH, IDESGN, IR,NXX, XBP,
1 1YBP, THBP,RAD, XBOD,YBOD, THBUOD,,RADB, XEND, THEND ;RTH,YEXIT, THST,TEST,
r 1IRFL,Y0,RADB2,RRAD(20), NSTAR,YNDZ,EIN, PENyHI6,H17

COMMON/PFF/PFINF

COMMON/VISF/XVTHX, YVLF T XVMOM

COMMON/IEQ/IEQ,PIN,RHOINF,UINF,PINF

COMMONAHOT/AH(3),BH{3),CH(3) ,XSTR,PR,REC,REIN,RT,SH,IT,IVIS

DIMENSION ALPDUM{1{0}

PEXKI2PI+XK2*PZ2+XKIkPI+XKUXPS

AuXKI*QL+XRZ*F2+XKRI*QI3+XKA*Q4

- ReXK1*R1+XK2RkR2+XKI*RI+XKUxRY
5 WaXKI*NLEXK2AW2+XKIxWI+ XKUY
= RH=XK1*RH1+XK2*xRH2+XK3*RH3+XKUxRHY

THEXKI*THI+XK2%k TH2+ XK3*THI+XKOxTHY
AVXEXKI X1+ XK2AX2+XKIx NI+ XK4X XY
AVYSXKIXYL+XK2AY2+XKI*YI+XKAXYY
AVZEXK1*Z1+XK2RZ2+XKIXZ34XKAXZ4

'j'; CALL SNARF(X1,Y5,21,X2,Y2022:X3,Y3,Z3,X4,YU,Z24,AVX,AVYAVZ,XNX,
ih iéNYfXNZfASS' X0, Y0,20)

F=0,
— JFCIVIS.EQ,1ICALL GNURE(RH,Q,P,WeR, ALPDUM, X0, XBP,CF,5T,LH)
éé IF{IVIS,EQ,1)CALL GNURE(RH,R,P,T(R, X0, XBP,CF,S8T,LH)
4 RHR=RHxQxQ/2,

PAV=(P/PIN=] Y*PINF%x2116,
i DXTHX=«PAV*XNX*ASS
12 DYLFT=wPAVXXNY*ASS

ANZZ=1,
3 IF (LH,EQe3)XNZZ=XNZ
L DXTHXV==CF*PFINFXxXNZZ#COS(TH) *ASS*RHQ

DYLFTV=CF*PFINFXSIN(TH) *ASS#RHA
- XMS=X0wXSHF |
ag YMS=YOwYSHFT
. DMOMVZYMS*XDXTHXV=XMS&DYLFTV
XVTHX=XVTHX+DXTHXV
- YVLFT=YVLFT+DYLFTY
] XVMOM= X yMOV4DM0OMY
DXTHX=DXTHX+DXTHXV
3 DYLFT=DYLFT+DYLFTV
] DMOM2YMS*DXTHX=XMS*DYLFT
: XXTHX=XXTHX+DXTHX
XYLFT=XYLFT+DYLFT

| X XMOM= XXMM+ DMOM
3 RETURN

] END

|

]
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