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A COMPUTER PROGRAM TO DETERMINE 

RADIATING, NONADIABATIC, INVISCID FLOW OVER A BLUNT BODY 

BY THE METHOD OF INTEGRAL RELATIONS 

By Frances W. Taylor 
Langley Research Center 

SUMMARY 

A computer program (Langley program D1250) has been developed in support of 
the study of the radiating, nonadiabatic, inviscid flow properties (pressure, temperature, 
density, velocity, and enthalpy) around a blunt body in equilibrium air by use of a modi- 
fied method of integral relations. This report describes the digital computer program 
including the methods used in the digital approximation, flow charts, D1250 program code, 
instructions for the user, and a test case with input and output listings. 

INTRODUCTION 

A modified approach to the first-order approximation in the method of integral 
relations for the numerical calculation of the inviscid, adiabatic, subsonic flow field about 
a blunt-nose body traveling at hypersonic speeds as described in references 1 and 2 has 
been extended to include the radiating nonadiabatic case (ref. 3). Langley computer pro- 
gram D1250 was developed to make the calculations for the radiating nonadiabatic flow of 
air in chemical equilibrium. Results obtained in reference 3 agree with results from 
inverse and time-dependent techniques. The agreement indicates that this relatively 
simple method of solution provides an aceurate description of the blunt-body flow field in 
the subsonic region. 

A description of the computer program is presented herein along with the methods 
used in the digital approximations, flow charts, program code, instructions for the user, 
and a test case with input and output listings. 

SYMBOLS 

coefficients in governing differential equations 

tangential velocity gradient 



, 

2 

coefficients in governing differential equations 

coefficients in governing differential equations 

coefficients in governing differential equations 

functions appearing in governing partial differential equations which are 
differentiated with respect to y 

u2 +v2 total enthalpy, h + 

static enthalpy 

functions appearing in governing partial differential equations which a re  
differentiated with respect to x 

pres sur e 

RB curvature of body, - 
Rb 

total radiation heat flux 

universal gas constant 

body radius of curvature at x = 0 

local body radius of curvature (see fig. 1) 

weighted heat flux 

radius measured from axis of symmetry of body (see fig. 1) 

normal distance from axis of symmetry to a point on body (see fig. 1) 

temperature 

free-stream velocity 

velocity components in x- and y-direction, respectively 



VR resultant velocity 

- 
WREF molecular weight of cold air, 28.96 g/mole 

X coordinate along body surface (see fig. 1) 

Y coordinate normal to body surface (see fig. 1) 

Z compressibility fact or 

Z axial coordinate (see fig. 1) 

6 shock displacement distance (see fig. 1) 

60 value of shock displacement distance at axis of symmetry 

r transformed y-coordinate, y/6 

*b body inclination angle (see fig. 1) 

P density 

w shock-wave angle (see fig. 1) 

Subscripts : 

j used (as first subscript) to denote a particular governing differential equation: 

1 shock-geometry equation 

2 c o i t  inuit y equation 

3 x-momentum equation 

4 y -momentum equation 

5 energy equation 

S shock-oriented properties 

stag stagnation condition 

3 



77 denotes location within shock layer: 

0 body surface 

1 at shock wave 

00 free -stream conditions 

When double subscripts are used, the first (j) denotes the governing equation num- 
ber and the second (q)  denotes location within shock layer. 

Primes denote dimensional quantities. 

Figure 1.- Flow-field coordinate system. 

PROBLEM DESCRIPTION 

The equations which govern inviscid, radiating, nonadiabatic steady flow of equi- 
librium air over a blunt body traveling at hypersonic speeds are a system of nonlinear 
partial differential equations derived from the laws of conservation of mass, momentum, 
and energy. The modified method of integral relations, as described in reference 3, is 
used to transform the governing equations into a set of ordinary differential equations 

4 



that are numerically integrated to yield the details of the thermodynamic and flow prop- 
erties within the shock layer. The equations appear in the form used in reference 1. A 
slightly different notation is used in reference 3. The ordinary differential equations 
which form the basis for Langley program D1250 are as follows: 

- d6 = -E1 = (1 + QG)tan(o - %) 
dx 

d o  -A5 d6 + B5 - 
& + ~ 5  J dI5 0 A= 

dx C 

The equations for the fluxes of mass, momentum (in the x-direction), and energy at the 
body surface a r e  

1 I2,o = po'o 

1 '3,O = + pOuO 

'5,O = POUOHO 

The quantities have been nondimensionalized as follows: 

x=- X' 

RB 

y = -  Y' 
Ri3 

u = -  U' 

ub, 
v = -  V' 

ub, 
r = -  r' 

Ri3 

P' 
2 P =  

P',(U',) 

where primes denote dimensional quantities. 
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The coefficients of the governing differential equations are developed in reference 1. 
The expressions for the coefficients are 

2S2Q cos % 36 cos l9b 
'b (I3,O + 213, 1) + rb 

S2Q cos % 
+ rb (POUO2 + 2P1U12) 

6 



where 

R 1 =  (1 + SQ) ( 1 + ' c:: 0b)Rql - 'R,O 

Provision has been made in the governing equations for coupled radiating flow-field 
analysis. The radiation program, RATRAP (ref. 4), is an independent program which 
was  incorporated into D1250 as subprograms. 

The governing differential equations are solved by a fourth-order Runge-Kutta inte- 
gration technique (see appendix A) to give shock-layer thickness, shock angle, and the 
fluxes of mass, momentum, and energy at the body surface. The numerical integration 
proceeds from the stagnation point (x = 0 ) ;  however, direct substitution of the initial V a l -  

ues into the governing differential equations at x = 0 results in indeterminate (O/O) 
expressions. 
values for the nonzero derivatives: 

(See ref. 3.) Application of L'Hospital's rule yields the proper starting 

7 



6,(3 + 26,)(l - PI)@) - (3 + 36, + 6:) 
(d12,0\ __. - - x=o 

where 

2 
- - Pstag“0, stag 

Pstag - P  

and p is the input value PEEP (ref. 3, eq. (36)). These equations contain 6,, the shock 
displacement distance at the axis of symmetry (x = 0). Since 6, is initially assumed, a 
correct value has to be established for the flow-field solution. The regularity conditions 

at the sonic point, that is, a sonic velocity uo and a zero mass flux derivative (“ZO = 0). 
provide the convergence criteria for the proper 6,. 

A Newton-Raphson iteration technique (ref. 5) is used to obtain the set of properties 
on the body which are consistent with the integrated fluxes. Rankine-Hugoniot relations 
and the shock angle are used to compute the properties immediately behind the shock. 
The fluxes pu, puv, and puH and the resultant velocity are assumed to vary linearly 
across the shock layer. Thus, the post-shock and the body properties along with this 
assumption of linear variation within the shock layer are sufficient to generate consistent 
velocity components and enthalpies across the entire shock layer. These quantities are 
computed by the following relations: 
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The pressure distribution is then calculated from the quadratic expression 

The remaining state properties are computed from the equilibrium-air correlations of 
reference 1. 

The integration continues until the pressure at the body diverges, either increasing 
or decreasing rapidly. This divergence indicates that the sonic point on the body, which 
is a singular point, has been reached. An-increasing divergence of the pressure indicates 
that the initial 6, was too large, and a decreasing divergence of the pressure indicates 
that 6, was too small. The program is stopped after a specified number of iterations 
on 6, or when a maximum value of x, which is an input, has been reached. 

PROGRAM ORGANIZATION 

D1250 Labeled COMMON 

The following list contains all the FORTRAN variables appearing in labeled 
COMMON, except those used by the radiation package, in the order and with the dimen- 
sional information used in program D1250: 

COMMON FORTRAN 
label variable Description - 

/REAI/ IREAD Set to 0 in EQURATS so that the NAMELIST input in 
MAIN will only be read the first time through MAIN 

AC 

A 0  

Coefficients used in the governing differential equa- 
tions, computed in COEF 

Program variable computed in MAIN 
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COMMON 
label 

FORTRAN 
variable 

/MAINP/ AOVERB 

A1 

BBl(6) 

CAPHO 

CAPHl 

CAPQ 

cc 

cc1 

CCI 

C CUVAFt( 8) 

CII 

CIMAX 

COSTB 

cow 

CWMTB 

Description 

Ratio of semiminor axis to semimajor axis of an 
ellipse 

Coefficients used in the governing differential equa- 
tions, computed in COEF 

HO 

H1 

Q 

Program variable computed in MAIN 

Coefficient used in the governing differential equa- 
tions, computed in COEF 

Initial computing interval used by INTl 

Double-precision array used by INTl to store values 
of independent and dependent variables at which 
derivatives will be evaluated in DERSUB 

Initial interval away from singular point of stagnation 
streamline 

Absolute value of maximum computing interval used 
by INTl 

cos l9b 

cos w 

cos(w - $) 
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COMMON FORTRAN 
label variable 

/ W N P /  DAF 

DDELDX 

DDER( 8) 

DD1 

DELL 

DELS 

DELTA 

DELTN 

DELU 

DIODX( 6) 

DI 1DW (6) 

DOSRB 

DPlDW 

DRBDX 

DROlDW 

DTBDX 

DUSDW 

DescriDtion 

6 cos eb 
computed in DERSUB, used in COEF 

rb 
d6 
dx 

Array in which derivatives are stored 

Coefficient used in governing differential equations, 
computed in COEF 

Lower limit for 6 

62 

6 

60 

Upper limit for 6 

6 computed in DERSUB, used in COEF 
‘b 

dp1 
d w  

drb - 
dx 

- Ql 
dw 

DUlDW 
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COMMON 
label 

FORTRAN 
variable 

DVSDW 

DVlDW 

DWDX 

EELE l(7) 

EELE2(7) 

EELT(3) 

EE l(6) 

EERVAL (8) 

EMUREF 

E01 

EPSR 

EPS21 

GGO(6) 

GGl(6) 

HONE 

ICOSW 

IE RR 

De scrbtion 

dw 
dx 
_. 

Relative e r ror  used by INTl 

Relative zeros, used by INTl 

Values for return to program from INTl 

Coefficients used in governing differential equations, 
computed in COEF 

Array used by INTl 

- 
WREF 

Coefficient appearing in the differential equations, 
computed in COEF 

Accuracy criterion for R1 iteration in MAIN 

Accuracy criterion for iteration on p 

Coefficients used in governing differential equations, 
computed in COEF 

H1 

Control to set COSW to exactly 0 when w = ' z: 
Integer value supplied by INTl as an error  code 

12 



COMMON FORTRAN 
label variable Description 

/MAINP/ IGEO Control in GEO for body shape: 

1 sphere 

2 ellipsoid 

3 hyperboloid 

ITEXT 

ITTEST 

KEKONT 

KETEST 

KKKK 

OPERA 

P 

PEEP 

PIN 

PO 

PSTAG 

P1 

&D 

Time history print option used by INTl , 

Iteration limit in PROPIT 

Counter for number of iterations for 6, 

Number of iterations desired on 6, 

Radiation option: 

0 do not compute radiation 

1 adiabatic radiation 

2 nonadiabatic radiation 

sin Ob 

rb 
computed in DERSUB, used in COEF 

P 

Coefficient in equation describing pressure variation 
in stagnation region (see ref. 3, eq. (36)) 

PO 

Stagnation pressure 

P1 

Q6 

13 



COMMON FORTRAN 
label variable 

/ W P /  R 

RB 

RBX 

RHOIN 

RHON 

RHO0 

RHO1 

R1 

SINTB 

SINSQW 

SINW 

SMALLB 

SMALRB 

STAENT 

SSPEC 

SWMTB 

T 

Descricttion 

Universal gas constant 

Body radius of curvature at axis of symmetry (x = 0) 

Body radius of curvature at any x-coordinate 

p a  

Initial guess for p 

p1  

Weighted heat f lux  

sin % 

2 sin w 

sin w 

Semimajor axis of an ellipse, nondimensionalized 
with RB 

rb 

Static enthalpy 

Print control used by INTl (if SSPEC = 0, control 
will be returned after every acceptable integration 
step; if SSPEC # 0, control will be returned at 
specified increment of independent variable) 

sin(w - %) 

T' 
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COMMON FORTRAN 
label variable 

/ W N P /  TCG 

TEAN 

THETAB 

TO 

T1 

UIN 

UINS 

uo 

us 

u1 

V 

vo 

vs 
b 

v1 

VVAR(8) 

W 

Description 

Accuracy criterion on. iteration for po in RANH 

Initial guess for T' 

uO 

US 

u1 

v 

vO 

vS 

v1 

Double-precision array used by INTl which contains 
independent variable followed by dependent variables 

w 

Coordinate along body surface 



COMMON 
label 

/QQQ/ 

FORTRAN 
variable Description 

xIl(6) Ij,1 

XMAX Maximum value of x allowed 

Curve-fit coefficients to radiation distribution 
around body, used for all but final 6, iteration 

QRY 1 Total radiation heat flux at shock 

QRYO Total radiation heat flux at body 

QSTAG Stagnation heat flux 

The following table is a cross-reference between labeled COMMON and D1250 sub- 
programs (where X denotes labeled COMMON appearing in each subprogram and the 
radiation labeled COMMON blocks are WON, RAD, AAA, CIONCL): 
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Subprogram 

EQURATS 
MAZN 
RANH 
GEO 
FIRST 
THEP 
THER 
CONT 
CHER 
PROPIT 
COEF 
CALD 
DERSUB 
CHSUB 
PROD 
FOFX 
RADFLUX 
LINE 
CONTM 
MU 
FEMP 
DEFIOJ 
ORDERI 
ORDERV 
INVERT 
EQUIL 
CHGBAL 
ZKV 
LTP 
HAFACE 
DTLNEQ 
HTP 
TRAP1 
FLUT 
INOCAL 
TRAP 
MASBAL 

~ 

REM 

X 
X 

MAINP 

X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

COMMON label 

QQQ 

X 

X 

WON 

X 

X 
X 
X 

RAD 

X 

X 

X 
X 
X 

X 

X 
X 

X 

X 

X 

AAA 

X 

X 

X 
X 
X 

X 

X 
X 

X 

X 

X 

CIONCL 

X 

X 

X 
X 
X 

X 

X 
X 

X 

X 

X 

17 



D1250 Subprogram Descriptions, Flow Charts, and Listings 

Langley program D1250 is one of a series of programs developed to analyze blunt- 
body flow-field data by the method of integral relations. Since many of the same com- 
putational methods were used in the various flow-field programs, each procedure was 
written as an independent subprogram to be called as needed. The radiation subprograms 
form an independent program (ref. 4) which has been added to D1250. 

This section of the report presents a brief description of the subprograms used, a 
statement of the function of each subprogram, individual flow charts, and subprogram 
listings. Listings of the radiation subprograms are also included. A list of each sub- 
program and its description is given as follows: 

Subprogram Description 

EQURATS Writes  program title and calls MAIN 

MAIN 

RANH 

GEO 

FIRST 

THEP 

THER 

CONT 

CHER 

PROPIT 

COEF 

Reads and writes NAMELIST input, EQRAD, initializes program 
variables, and computes stagnation-streamline solution 

Calculates post -shock conditions by use of Rankine-Hugoniot equations 

Computes body geometry 

Computes properties at first step off stagnation line 

Thermodynamics routine which solves correlation equation for 
equilibrium air 

Calculates partial derivatives of equilibrium -air properties 

Calls integration routine, performs iteration on 6, for sphere- 
pressure results, and writes output 

Performs an additional test on 6 ,  iteration 

Iteration subroutine for body properties 

Calculates coefficients of governing differential equations 

18 



Subprogram Description 

CALD Computes governing differential equations which are used in DERSUB 

DERSUB Called by Runge-Kutta integration routine INTl to evaluate the 
derivatives 

CHSUB Called by INTl to allow the user certain logical control 

FOFX A function subprogram called by ITRl for po (pstag) iteration 

PROD Reads and writes NAMELIST input for radiation subprograms, calls 
subprograms to compute radiation, and computes thermodynamic 
properties within shock layer 

A directed graph of the FORTRAN subprograms used in D1250 is given in the flow 
chart on the following page. 

19 
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C 
C 
C 
C 

C 
c 
1 

EQURATS 

EQURATS writes the program identification and calls MAIN. 

PROGRAM E Q U R A T S I I N P U T I O U T P U T I T A P ~ ~ = I Y P U T , T A P E ~ = O U T P U T , ~ U ~ C H )  

EQUILIBRIUM WITH RADIATION PROGRAMED BY FRANCES W ,  TAYLOR 

COMMON / R E A I /  IREAD 
WRITE ( 6 9 1 )  
IREAD=O 
CALL M A I N  
STOP 

FORMAT ( lH120XSBHEQUIL IBRIUM WITH R A D I A T I O N  PROGRAMED BY FRANCES 

E NO 
1 W .  TAYLOR/) 

A 1  
A 2  
A 3  
A 4  
A 5  
A 6  
A 7  

A 9  
A 10 
A 11’ 
A 12 
A 13 
A 14 
A 15- 

~a 

21 



MAIN 

The function of subprogram MAIN is to call the NAMELIST input, EQRAD, to ini- 
tialize the program, and to compute the stagnation-line solution. The stagnation-line 
solution is obtained by an iteration on p (in MAIN po = pstag) by using the library 
routine ITR1. The program is ended either after a specific number of iterations on 6,, 
which is controlled by the input KETEST, or  when a maximum value of x has been 
reached. The flow chart for subprogram MAIN is as follows: 

0 

22 



1 
Call RANE 

4 
Compute values 
needed f o r  
R1 i t e ra t ion  

Call ITRl  
(for PO) 

Compute values 
using new PO f o r  R1 i t e ra t ion  C a l l  PROD 
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SUBROUTINE M A I N  
DOUBLE P R E C I S I O N  VVARtCCUVAR 

C 
c 

CONMON / M A I N P /  A A l ( 6 )  vAC*AU,AOVEKBq A 1  9 B B l ( 6 )  9 CAPHUT C A P H l r C A P G 9 C C 9 C  
1 C 1 t CC f 9 CC UV AR t 9 1 9 C I 1, C I MAX COST R 7 C O S  A 9 C WWT 8 9 DA F 9 O D E  L D X 9 DD E R ( 8 1 9 UU 1 
2 , D E L L q O E t S  ,DELTA, UECTlVv O E L U I  D I U D X  ( 6  1 9  01 1DH I 6  v D L l S ? 3 r  DP1L)Wv DKYDXI D R  
3010W~OTBOX,UUSDW, DUl'lNtDVSDW9OV 1 3 W v  UdUX9 t E L E l ( 7  1 9  E E L E 2  ( 7 )  t E E L T (  3 1 9 

4 € E l ( 6 )  9 E R R V A L ( 7 ) r  EMUREF tfOl, EPSRI E P S 2 1  rGGO( 6 I r G G l ( 6 1  * H O N E ?  I C O S W ,  I E 
5 R R , I G E O , I T E X T t I T T E S T ~ K E K ~ ~ T , K E T E S T ~ ~ K K K * ~ P ~ R A r P , P E E ~ ~ P I N ~ P ~ ~ P S T A ~ ,  
6 P  1 9 QD q R , K B r  RBX, RHO I Np RHON 9 R H n O t  RH13 1 9  & 1 , S I Y T R  9 S I  NS Qd 9 S I NW v S MAL LR 9 S Y  
'IALRR 9 S TAENT I S  SPEC 9 S WYT 6 r T  9 TC Gv T E A N t  THETAS-, T O  p T 1.3 I ' V I  J I h S v  110 7 US 9 U 1 v  
t3V 9 VOIVS 9 V f  9 VVAR( 8 1 r W 9  X t  X I  il ( 6 r X  I 1  ( 6 M A X I  L O ,  2 1  

COMMON / I A A /  A (  6 i 6 )  ,A12 ( 1 6  r 1 2  1 t A 2 2 (  7 9 7  1 9  A L P  ( 6 )  9 A L P T (  1 S r  51, RMT( I h  9 

r K A T ( 6  1 ( K 3 0  l C ( 6 9  1 6 )  9 C H l 1 6 9 2  l 9 C P I 1 6 )  r U E G I  (61  r + l (  1 6 )  
2 E  ( 16 ) , R A ( 15 7 2 1 9 KBO ( 16 9 2 
3 1 6 9 2 )  , S O (  16) vTTR(3) r T U ( l 6 9 2  1 ,  T U 2 ( l S r Z I  r V N l 1 7 ) r V Q E (  16 ) ,VNT( 17) r V V U (  1 
46 t 6 9 HS 9 I G  9 I G;1 S 9 I GMS P 9 I GPI I 
50N9 I S I  I SP9 I SPNGP? I SPrJG2 -,Nc NGI rYP 7 PRESS 9 6279 RH3r 'rlMt SY I I r  I SPVG 

J A T (  1615) 9 J P H I  16 
1 R C ( i 6 t 2 i I) ( 1 5 9 2 9 Rt) 1 ( 16 9 2 I 9 RE ( 1 h ,2 1 7 k E 1 

9 W2 6(. 6 1 9 W 3  ( 16 1 t Y ( 16 ) t R F ( 167 2 9 RE 1 I 16.2 

CONMOM 
COYMDN /RAD/  XNN{ 7, 106) 
COMMON /RAD/ N I H V C , F ~ V C ( 5 0 ) 1 A H V ( 5 ~ ) , A H V L ( Z ~ )  
CGMMOIV / K 4 D /  C l r C 3 , C 4 t f L G , C 5 r F L G l  
COM%ON /RAD/ Y DELTI D E L T D t f  L 1  9 f L2  
COMMON /RAD/ G E F l 8 )  r E P S ( 8  

/RAD/  Y Y  ( L O O  I 9 TEE1 13'2 ) 9 FHV ( 23  9 N H V t  NY 9C2 9 I Y 

,NU( 2 C )  *NO( 791 9FF( 70)  r G A Y P (  7 0 )  t d O L (  2 G )  t F 
1 HVM ( 2 0  1 , FHVP ( 2'3 ) 

COMMON / C I O N C L /  F ( l c l O *  10) 9 f 2 (  1(3i)r13) r H V L (  713) rEPvKZ9Kl t f F C t  IYCONI I O  
l l r W M I 9 5 I J (  130rl.3) * G M I q (  1 3 G 9 1 O ) r G P L U ( l Q 3 , 1 3 )  9 I A t D  

COYMON / R E A I /  I R E A U  

DIYENSIUN A N S ( 4 )  
EXTERNAL FOFX 

C CY MON / 3 QQ / Q I 1 9 Q I 2 9 90 1 9 0 0 2, OR Y 1 9 I ]  R Y 0 9 Q S T A G 

NAM E L  I ST /f QS AD/ ALTT 40VERH 9 CC I t C I 1 9  C I MAX 9 OELTX 9 DU 4 R T  I ?l r F  E L  E 1 9 E F L E  
~ ~ ~ E E L T ~ E I T R ~ ~ E I T K ~ ~ E Y U ~ E ~ T E P S R ~ E ~ S ~ ~ ~ I ~ L T ~ I G E O ~ I T F ~ ~ ~ I T T E S T ~ ~ ~ ~ F S ~  
2, KKKKV P E E P q P I N T  QI 1, Q12 r Q 3 l  9 3 0 2 r R 9 ~ 8 9 3 H ~ M 9 K H S I N t K l 9  SSPECvTEAX ,TCG,U 
3 I N v  XMAX 

A L T  A L T I T U D E  FO& A T 5 2  
AOVESB A BODY GEOMETRY PARAMETER 
C C I  I k I T I A L  COMPUTING I N T E R V A L  
G I M A X  ABSOLUTE VALUE OF MAXIMIJPI C'IYPUJIYG I V T E K V A L  CJSEO 3 Y  I N T l  
C I I  I N I T I A L  L I N E A R  I N T E G K A T I J N  STEP 14 F I R S T  
D E L T X  I N I T I A L  GIJESS USFD IN I T 2 1  

a 1  
6 2  
Q 3  
8 4  
a 5  
8 6  
8 7  
B Y  
B J  
B 10 
B 1 1  
H 1 2  
H 13 
3 1 4  
H 1 5  
3 16 
D 17 
B 18 
9 19 
B 23 

6 2 2  
H 2 3  
B 2 4  
B 2 5  
9 2 h  
6 27 
a Z Y  
H 2Y 
r3 3 2  
3 31 
3 3 2  
R 3 3  
17 3 4  

' 3  35  
B 35 
Y 37 
tc 3 8  
3 3 9  
n 49 
r3 41 
H 42 

a 2 1  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

1 

2 

3 

E E L E L  
E E L E 2  
E E L T  
E I T R l  
E I T 2 2  
EMUREF 
EPSR 
E P S 2 1  
I A L T  
IGfO 
I TEXT 
I T T E S T  
K E T E S T  
KKKK 

PEEP 
P I N  
R 
K B  
R H O I N  
PHON 
R 1  
SSPEC 
TCG 
T E A h  
U I N  
XMAX 

R E L A T I V E  ERROR USED 
R E L A T I V E  Z ERO USED 
VALUE FOR RETURY T O  PROGRAY USED 
R E L A T I V E  ERROR USED 
ABSOLUTE ERROR USED 
MOLECLJLAR WEIGHT O F  COLD A I i  USED I N  THE? 
ACCURACY FOR K 1  I T E R A T I D N  1% Y A I N  
ACCtJRACY FOR KHS I T E R A T I 3 N  I N  PROP I T  
=1 C A L L  A T 6 2  
A T E S T  IN GEO FOR SPHERE,ELLIPSOID OK H Y P E K H u L b r D  

1 

T I M E  H I S T O R Y  P R I N T  O P T I 3 N  =O NU P R I N T O U T  
I T E R A T I O b i  L I M I T  USED I N  P K S P I T  
THE NUMBER OF PASSES THROUGH H A I N  

I F  2 N O N A D I A B A T I C  R A D I A T I O N  I S  C i l y P U T E D  
PRESSURE VARIATIOrV C O E F F I C I E N T  
FREF STREAM PRESSURE 
GAS CONSTANT 
ROOY RAD 1 US 
FREE STREAM DEPISITY 
I N I T I A L  VALUE OF RHO 
I N I T I A L  GUESS FOR W t I G H T E U  A E A T  F L U X  
P R I N T  CONTROL 
ACCURACY O N  I T E R A T I O N  FOR D E N S I T Y  I N  RAYY 
I N I T I A L  VALUE OF T 
FREE STREArvI V E L O C I T Y  
WhEN X=XMAX THE PRf lGKAh I S  STOPPED 

I F  0 N i l  R A O I A T I O Y I I F  1 A D I A B A T I C  K A i l I A T I 3 N  

BY I N T l  B 43 
B Y  I l V T l  D 44 
B Y  I N T l  B 4 5  
I N  I T 2 1  Y 46 
I N  If31 B 47 

s 48 
B 49 
3 5 ;  
B 5 2  
a 5 2  

XLAST=X 
I R E A D = I R E A D + l  
I F  ( I R E A D - 1 )  1 9 1 ~ 3  
READ 
I F  ( E O f r 5 )  1 0 9 2  
W R I T E  1 6 9  EQRAD) 
I I I = O  
KEKONT=G 
I F  ( IREAD.EQ.1) IPROD=O 
I REAd= I R E A D + l  
R 2 = R l  
KtKONT=KEKONT +1 
I F  (KEKONT.GT.KETEST) GO T O  1 

( 5 9 EQRAO 1 

IF IKKKK.NE.21 RL=O 
I F  ( I I I . N E . 0 )  GO T O  4 

USEU B Y  I N T l  8 5 3  

r3 5 5  
I S  Cill\lPUTED -3 5 6  

K 57 
3 5 8  
P, 59 
F! 6 2  
5 61 
R 6 2  
B h 3  
8 bC 

d bo 
I3 1-7 
3 b8 
3 t c i  
Y 7 0  
8 7 2  
4 72 
B 73  
H 7 4  
3 75 
Y 7 5  
s 7 7  
B 7 8  
s 7 9  
3 R i  
3 P I  
B 4 2  
F3 E 3  
R t.4 
H 8 5  

a 54 

usio a y  INTI 5 6 5  
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I F  ( I A L T . N E . 1 1  GO TO 4 
C A L L  AT62  ( A L T v A N S )  
P I N = A N S ( 2 ) * 4 7 8 . 8 0 2 5 8  
RHOIN=ANS(  1 I *  , 5 1 5 3 7 9  
WRITE I 6 ~ 1 1 )  RHOINIP IN  

4 X =!I 
W=3 * 141 5 9 2 7 / 2  e 
T H E T A B x 3  o 1 4 1 5 9 2 7 /  2. 

C 
C ICDSbJ IS 0 WHEN COS(WI=G ICOSW=l  C O S f W )  IS COMPUTED 
C 

I COSW=O 
U I N S = U I  N**2 
DRB OX= 1 
D T B D X = - l e  
S MA L R  B= 0 
R B X = l  e 
CAPQ=1 e 

T=TEAN 
C A L L  RANH 

R 0 7  8=DUMBTIM/RHOl  
I f  ( I I L o N E * G )  GO TO 5 

D E L U = l -  1*RD78 
DELL=. 8 * R 0 7 8  

5 I I I = I I  i+l 
D E L T N = ( D E L L + D E L U ) / Z .  
DELTA= D E L T N  
QD= CAP Q*DELTA 
N R I T E  ( 6 9  12)  D E L T N ,  XLAST 
TWOOEL=2 *DELTA 
THR DEL=3  *DELTA 
DELS=OELTA+*Z 
A C = ( 3 o + T H R D E L + D E L S ) / V l  
B C = O E l T A +  ( 3 m+TWODEL ) 
CC=DELTA* 13 o+DELT&)  
uo= 0 
vo=o 
S I N T B = l *  
D I M = 2  *DE L T  A*S I NT B/ DRBDX 

6 P O = P l +  e 5*RH01*V l * *2  
R l = R 2  
C A L L  I T R l  I P O , D E L T X ~ F O F X I E I T R ~ ~ E ~ T R ~ , ~ ~ ~ ~ I C O D E )  
I F  ( ICODE*GT.O)  WRITE 1 6 r 1 3 )  ICODE 

B 86 

B 88 
D 89 
B 90 
3 91 
R 92 
D 9 3  
9 94  
R 95 
B 96 
B 97 
5 98 
R 99 
B 1co 
B 101 
B 102 
B 1 0 3  
B 104 
B 1 C 5  
B 106 
B 1 C 7  

B 109 
B 113 
B 111 
3 112  
B 1 1 3  
B 114 
i3 1 1 5  
B 116 
B 117 
R 118 
H 119 

3 121 
B 1 2 2  
B 1 2 3  
B 124  
B 1 2 5  
B 1 2 6  
B 127 
B 1 2 8  

a 8 7  

B i m  

a 123 
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C 
C 
C 
C 

9 

10 
C 
C 
11 
12 
13 
14 

P 1 M PO= P 1- PO B 129 
RHOO=-(AC**28PlMPO~*Z)/(PEEP+CC**Z+PO) B 1 3 0  
CAPHO=CAPH1-~3o*Rl)/(AC*PlMPO) B 131  

B 132 RHOOAO=(AC+PlMPO)/CC 
DWDX=AC*(PO-Pl+Vl)/(BC*(l.-RHOl)) U 133 
A l =  I DWDX* ( 1 *-RHO1 )+1* 1 t R H O l  I3 134 
AO=RHOOAO/ RHO0 B 1 3 5  

U S J  AR=O B 137 

1 9  DELTD t DELTA U 139 
I PROD= I PROD+l  B 143 

ti 141 
I F  KKKKxf f  THE R A D I A T I O N  IS NUT COMPUTED, K K K K = 1  A D I A B A T I C  R 142 
R A D I A T I O N  I S  COMPUTED, KKKK=2 FClR NONADIABAJ  I C R A D I A T  I O N  B 1 4 3  

B 144 
C A L L  PROD (USTAR, I P R O D T A D I A ~ T Q K Y O ~ Q R Y ~  1 B 1 4 5  

8 146 

A B R = A B S ( ( R l P - R l ) / R l P )  13 148 
I F  (ABR-EPSR1 8 7 8 7 7  H 149 
R Z = R l P  B 1 5 0  
GO TO 6 B 1 5 1  

Y 152  
KEKONT COUNTS THE NUMBER UF PASSES THRU M A I N  B 153 

€3 1 5 4  
B 1 5 5  

TEST FOR NEXT TO LAST T I M E  B 1 5 6  
B 1 5 7  

I F  ( (KETfST-KEKONT) ,NE, l )  GO TO 9 H 1 5 8  
Q ST AG= 1 E-? +Q R Y  O* RHO I N  *U I N S +U I N B 1 5 9  
DELTA= f DELU+DELL 1 /2. B 163 

C A L L  F I R S T  B 1 6 2  
STOP U 1 6 3  

A 164 
R 1 6 5  

FORMAT (1HC6X4HAT626X5HRHDINEl5.8~6X3HPINEl5.81 U 166 
FORMAT ( lH06X5HDELTNE15o8r6X1HXE15 .8 )  t3 157 
FORMAT ( l H O 6 X 6 H I C O D E = I 4 , l O X 2 7 H  I T E R A T I O N  OIL) NOT CJNVERGE) B 168 

DEL TD= DEL T A*R 5 a 136 

I F  (KEKONT-EQoKEJESJ)  WRITE (68143 U ~ ~ R H O O T A O , R H ~ O A O , C A P H U ~ P O ~ D W ~ X  I3 1 3 8  

I F  (KKKKoNE.2)  GO TO 9 
R 1  P= ( 1 +DELTA 1 *+2 *QRY 1-QRY 0 a 147 

P ST AG= P 0 a 161 

FORMAT ( l H 1 5 X 2 7 H S T A G N A T I U N  P O I N T  C O N D I T I D N S 6 X Z H U 3 E 1 5 . 8 r 4 X 4 H R H O O E 1 5  8 169 
1 ~ 8 ~ 6 X 2 H A O E l 5 o 8 / 3 5 X 6 ~ R H O ~ A O E l 5 o 8 ~ 6 X 2 H ~ D E l 5 ~ 8 ~ 6 X 2 H P O E l 5 ~ ~ ~ 4 X 4 ~ D ~ ~ X E l  R 172 
2 5 * 8 / 6 X 2 4 H S H O C K  STAND-OFF D I S T A N C E 5 X 5 H D E L T D E 1 5 . 8 1 1 X 8 H D E L T A I R H E 1 5 . 8 /  B 171  
3 )  B 172 

END E3 173- 
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RANK computes the post-shock conditions (properties, fluxes, and partial deriva- 
tives with respect to w )  yith the use of the Rankine-Hugoniot equations. It is called by 
MAIN for the stagnation-line solution and then by DERSUB in each integration step. The 
,flow chart for subprogram M N H  is as follows: 

Increase 
+ i t e r a t i o n  

count by 1 
no 

Calcula te  
a, V l  and fluxes 
XIl(2) - XIl(5) 

p'" 
Write 

" I te ra t ion  l i m i t  
reached i n  FW!JH I program stopped I' 

Compute 
p a r t i a l  

der iva t ives  
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SUBROUTINE RANH 
DOUBLE P R E C I S I O N  VVAReCCUVAR 

C 
C 

C 
C 
C 

1 

2 

3 

4 

R A N K I N E  HUGONIOT RELATIONS FOR E a U I L I B K I U M  C n M P O S f T I D N  

I RHO=O 
DTBDH=O 
S I N W = S I N ( W )  
I F  ( I C O S W I  1,112 
cosw=o 
SWMTB=O 
GO TO 3 
cosw=cos~ id) 

. SMMTB=SIN(W-THETAB) 
CWMTB=COS(W-THETAB) 
SWS=SINU**2 
us=cosid 
RHOl=RHON 
VS=-S I N W / R H O l  

HONE=CAPHl  
C A P H I = -  5 + 3 ~ 5 * P f N / I R H O I N * U I N S l  

STAENT=CAPHZ-tUS**2+VS**Z)  /2a 
C A L L  T H  El' f RI Pl q RHO 1 9  T 1 9 Z 1 v S TA ENT v EY URE F P I Y 9 RHO1 h l v  U I N S 9 KE Z f 
R H O l P = ( P I N / ( R H O X N * U I N S )  +SWS-Pl ) fVS*+Z 
F R H O l =  RHO 1-RH 01 P 

RHO 1 D= R HO 1 +DE L R O l  
VP=-SINW/RHOlD 

D E L R O l = a l  

STAP=CAPHL-(US**Z+VP**2 112 
C A L L  THEP ~ R I P O I R H O ~ D I T X I Z X I S T A P I E M U R E F , P I N I R H O I N , U I N S I K E Z ~  
R H O l D P = t P I N / (  R H O I N + U I N S ) + S W S - P D ) / V P + s 2  

G 1  
c 2  
c 3  
c 4  
c 5  
C 6  
c 7  
C 8  
c 9  
C 10 
c 11 
c 12 
c 13 
C 14 
C 15 
C 16 
G 17 
C 18 
C 19 
c 20 
c 2 1  
c 22 
C 23 
C 24 
C 25 
C 26 
C 27 
c 28 
C 29 
c 33 
C 3 1  
C 32 
c 33 
c 34 
c 35 
C 36 
c 37 
c 38 
c 39 
c 40 
C 41 
C 42 
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F P R H O l = (  RHOlD-RHDlDP-FRHO1 ) / D E L R O l  c 4 3  
AFMFP=ABS 4 F R H O l / F P R H O l )  c 44 
I F  (AFMFP-TCG) 69615 c 45 

IF ( I R H O o G T o i T T E S T )  GO TO 7 t 47 

GO TO 4 c 49 
6 Ul=US*C %M TB-V S*SW MTB c 50 

5 RHO l= R HD 1 -FRHO 1 /F PRHO 1 C 46 

IRHO= I R H O + l  C 48 

C 5 1  V l = U S * S  WMTB+VS*CWMT B 
C 52 X I  f ( 2 1 = RHO1 *U 1 

X I  1 ( 3 1 = P 1 +RHO 1 *U1**2 c 53 
X I 1  ( 4 1  = R H O l * U l * V l  c 5 4  
X I  1 ( 5 1 =RHOl*U 1*CAPH 1 c 55 
X I  1 11) =o C 56 

~ D T C Z D )  c 58 
C A L L  THER ~ R ~ P ~ T R H O ~ ~ T ~ ~ Z ~ ~ S T A € N T ~ E ~ ~ R E F ~ P I N T R H O I N T U I N S ~ C ~ P T C ~ P ~ ~ ~  G 57 

D R O l D W r  SI NW+COSW* I C l D *  ( 1.-1 - / R H 0 1 * * 2  1-2 o* [ 1 0 - 1  /RHO1 1 1 / ( ( S W S / R H O l *  59 C 
I*21*(lo-ClD/RHfll)-C2D) C 60 
D S H 1 D H ~ S I N M + C O S W * ~ 1 ~ ~ l o / R H ~ l * * 2 ~ + S W S / R H O l ~ ~ 3 * D R O l D W  C 6 1  
D P 1  DW= C 1 D*DSH 1 DW +C2 D*DROlD W C 62 
OUSDWZ-SI NW C 63 
D V S DW=- 1 * / RHO 1* i U S + V S / R HO I * DR 0 1 D W 1 C 64 

l o w )  C 66 

1DW 1 C 68 
D I 1 DWI 2 1 =RHO1 *DU1 DW+Ul *DRD 1 DW . C 6 9  
01 1 DW 4 3 1 =DP 10 W+2 s *RHO 1 * U l * D U l  DM+U1**2 *DROl DW c 70 

c 71 DI1DWI4~=RHO1*Vl*DUlDW+RHOl~Ul*DVlDW+Ul*Vl*DROlDW 
D I l D W ( 5 ) = C A P H l * D I l D W ~ Z ~  C 72 
RETURN c 73 

7 W R I T E  ( 6 9 8 )  c 74 
STOP c 75 

C c 77 
8 FORMAT ( l H 0 6 X 3 9 H I T E R A T I O N  L I M I T  I N  RANH PROGRAM S T J P P E O )  c 78 

D U l D W = D U S D U * C W M T B - D V S D W * S ~ ~ T 6 ~ ~ S ~ S ~ M T ~ * ~ l * ~ O ~ B D W ~ ~ V S ~ C W ~ T B * ~ l ~ ~ D T B  C 6 5  

D V l  OW=DUSDW*SWNTB+DVSDW*CMMTB+US*CWMT B*f 1 .-DTBDW ) - V S *  SWMTE* ( 1 o - D T B  C 67 

C t 76 

E NO c 79- 
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GEO 

Subprogram GEO computes the body geometry. The user has a choice of three 
body shapes which are controlled by an input IGEO. IGEO = 1 computes sphere geometry, 
IGEO = 2 computes ellipsoid georietry, and IGEO = 3 computes hyperboloid geometry. 
GEO is called by FIRST for the stagnation-line solution and by  DERSUB for each integra- 
tion step. The flow chart for subprogram GEO is as follows: 

ge ome t r y g e orne t r y  

I = ’  
e l l ipso id  
geometry  

Q = U R B X  
QD = Q*6 

I ’  

(RETURN) 
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C 

C 

c 
C 
C 
C 

C 
2 

I G E O = l  COMPUTE SPHERE GEOMETRY IGEO=2 CDNPUTE E L L I P S O I D  GEOMETR 
IGEO=3 COMPUTE HYPERBOLOID GEOMETRY 

S MALLB= AOV ERB 
I f  ( I G E O - 2 )  1,213 

SPHERE - CONE 

SMALRB=S I N (  X 1 

DRBDX=COS ( X  1 
T H E T A B = 3 , 1 4 1 5 9 2 6 5 / 2 * - X  

DTBDX=-1 e 

R B X = l e  
GO TO 4 
E L L  IPS100 
BSQ=SMAtLB**2 
RSQ=SMALRB**Z 
B SMKS-B SQ-RSd 
R AC E= R S Q ! BS MR S 
ZB=AOVERB*SMALLB-AOVERB+SQRT(BSMRS) 
AAA=AOVER B*SMALLB 
PTAN=( t S M A L L B / A A A ) * ( A A A - Z B )  ) / ( S Q R T ( Z . s A A A + Z B - L B * * Z ~  1 
THE TAB = AT AN’( PT A NI 
R B X = l ( l . + A O V E R B * * 2 * R A C E J * * ( 3 . / 2 . ) ) / ~ ~ O V E R B / S Q R T ( B S ~ R S ) ~ ( l * + R ~ ~ E ) )  
CAPQ=l./RBX 
DTBDXr-CAPQ 
GO TO 4 

F 1  
F 2  
F 3  
F 4  
f 5  
F 6  
F 7  
F 8  
F 9  
F 10 
F 11 
F 1 2  
F 13 
F 14 
F 15 
F 16 
F 17 
f 18 
F 19 
F 23 
F 21 
F 22 
F 23 
F 24 
F 25 
F 26 
F 27 
F 28 
F 29 
F 3c) 
F 31 
F 32 
F 3 3  
F 34 
F 35 
F 36 
F 37 
F 38 
F 39 
F 40 
F 41 
F 42 
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C HYP ERBOLO I D  
C 
3 BSQ=SM ALL 8**2 

R SQ=SWALRB**Z 
B S P R S= B S 8 +R SQ 
RACH=RSQ/ BSPRS 
AAA=AOVERB*SMALLB 
SQBSPRS=SQRT( BSPRS) 
ZB=-AAA+ADVERWSQBSPRS 
P TA N= S QB S PRS/ ( AOV ER B*S M A l R  E! 1 
THETAB=ATAN( PTAN) 
R B X = ( ( l , + A Q V E R B * + Z * R A C H ) * * ( 3 . / 2 . ) ) / ( ~ ~ V E R B / S ~ B S P R S ~ ( l . - R A C H ) )  

4 CAPQ=f. /RBX 
Q O= C A P Q * DE L T A 
RETURN 
E NO 

F 43 
F 44 
F 45 
F 46 
F 47 
F 48 
F .49 
F 5 0  
F 51 
F 5 2  
F 53 
F 54 
F 55 
F 56 
F 57 
F 58- 
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FIRST 

Subprogram FIRST is used to compute the properties at the first step off the stag- 
nation line. The integration cannot start at the stagnation point since it is a singular 
point. The flow chart for subprogram FIRST is as follows: 

Cal l  RANH Cal l  CONT RETURN 
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SUBROUTINE F I R S T  
DOUBLE P R E C I S I O N  VVARTCCUVAR 

C 
C 

COMMON / M A 1  NP/ A A l ( b )  9 ACI A 0  t AOV E R B t  A 1  r 881  ( 6 I t CAPHOr C A  P H 1  t CAPQ r CC r C 
1 C 1 9 CC I 9 CC UVAR ( 8 1 9 C I I 9 C I MAX COST 5, C O S H  9 CWMT R T  DA F 7 DDELD X r DDER { 8 1 r DD 1 
~ ~ D E L L ~ D E L S ~ D E L T A ~ D E L T N ~ D E L U ~ D I ~ D X ~ ~ ~ T D I ~ O W ~ ~ ~ ~ D R S R B ~ ~ P ~ D ~ T ~ R B D X T ~ R  
~ O ~ D W T D T B D X  rDUSDW7 DUlDWv DYSDWTOV lDW, DvJDX T EELEE f 7 + E E L E 2  ( 7 1  T E E L T (  3 1 9 

4 E E l ( 6  1 9  E R R V A L ( 7 ) r  EMUREFvEOl,  EPSRT E P S ~ L T G G O ~ ~ )  TGGl(6I r HONE, ICOSWr I E  
~ R R ~ I G E O ~ I T E X T ~ I ~ T E S T ~ K E K O N T ~ K E T E S T T K K K K ~ O P E R ~ T P T P E € P T P I N ~ P ~ ~ P S T A ~ T  
6 P 1 ~  QD, R T R B ~  RBX, RHOIN9 RHONr RHODT RHO 1 T R 1 t SI N T B t  S I  N s Q U  t s INW? SMALLBr  SM 
7ALR B T  STAE NT, s SPEC 9 s WMTB T T  9 TCGt  r EAN THETAB 7 T O T T  1 T U  1 N t u I NST U o  r us T u'19 
8 V 1  VOT vs  T v 1 T VVAR (8 t bdt x 9 X I  0 ( 6 ) 9 x 11 ( 6 T XNAXT 2 0  T z 1 

C 
x=c 1 I 
I co sw= 1 
UO=AO*C I I 
W=W+DWDX*CI I 

SMALRB=CI I 
C A L L  GED 

DELTA-DELTA-( (1 ,+QD)/CAPQ) * (W-THETAB) *DTBDX*C I1  
X I 0 ( 3 ~ = P O + R H O O * U O * * 2  
XI0(4)=RHOO*VO*UO 
X I 0  ( 5 1 =RHOO*UO*CAPHO 
X IO { 2 1 = R H O O W 0  

1 C A L L  RANH 
C A L L  CONT 
RETURN 
END 

C APHO=C AP HO +UO**2 / 2 

T H E T A B = 3 . 1 4 1 5 9 2 6 5 / 2  .+DTBDX*C I I 

L f  
L 2  
L 3  
L 4  
L 5  
L 6  
L 7  

L 9  
L 10 
L 11 
L 12 
L 13 
L 14 
L 1 5  
L 16 
L 17 
L 18 
L 19 
L 20 
L 2 1  
F 22 
L 23 
L 24 
L 25 
L 26 
L 27 
L 28 
L 29 
L 30 
L 31- 

~a 
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THEP 

THEP is the thermodynamics routine that solves the correlation equations for equi- 
librium air (ref. 1). THEP is called by RAW, PROPIT, and FOFX. It has a calling 
sequence in which R, EMUREF, and the free-stream conditions PIN, RHOIN, and UINS 
are constants. The values of density RHODUM and static enthalpy STAENT are given at 
the particular point at which THEP is called. The corresponding pressure PDUM, tem- 
perature TDUM, and compressibility ZDUM are calculated. There is an indicator KEZ 
which is set to 1 if "RHO IS SMALLER THAN ALLOWED." This is only used in PROPIT. 
When KEZ = 1, PROPIT returns immediately to CHER. CHER then sets DELL = DELTN 
and calls MAIN. The program starts again with a new 6,. The flow chart for sub- 
program THEP is as follows: 

Compute 
HUM, RHO 
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1 

2 '  

3 

4 

c 
5 

SUBROUTINE THEP ( R I P D U M 1 R H O D U M I T D U M 1 Z D U M * S ~ A E N T ? E M ~ R E f * P I N * R H O I N ~ U  K 1 
K 2  
K 3  
K 4  

K E Z  WAS ADDED YO PROGRAM 12-14-67 K 5  
I F  RHO I S  SMALLER THAN ALLOWED OR H H  IS 0 OR NEG, WHEN THEP I S  K 6  

CALLEO FROM P R O P I T  K E Z = 1  AND THE PROGRAM RETURNS TL3 CHER K 7  
IN GHER D E L L = D E L T N  M A I N  IS C A L L E D  K 8  

K 9  
K 10 

KEZ=O K 11 
HUM=EMUREf *UI NS*STAENT/R K 1 2  
R HO=RHO IN/ 1 e 29313E-3*RHODUM K 13  
I F  ( R H O o L E * . 0 0 0 0 3 )  GO TO 11 K 14 
IF (RHOoGE.30.) GO Tr3 1 3  K 1 5  
I F  (HUM*LE-Oe) GO T O  10 K 16 
I F  (HUM*GT.5800ml GO TO 1 K 17 
P = l  m 9 7 5 1 3 4 E - 3  )*HUM*RHU K 1 8  
Z=l.O K f 9  

K 20 GO TO 9 
I F  ( H U M * G T e 1 0 5 0 0 e )  GO TO 2 K 2 1  
P=, O0345*RHO* EXP ( e 8  5 4 %  ALUG ( HUM 1 1 K 22 
Z = l . O  K 23 
GO TO 9 K 24 
I F  (HUM.GE.35500.) GO TO 3 K 25 
RHOLOG=ALOGlO (RHO 1 K 2h  
XD= 5 t *ALOG 10( HUM 1 -200 K 27 
P L O G ~ ~ 9 5 5 + R H ~ L O G + ~ ~ l 5 4 5 + ~ @ 1 3 l ~ R H O L U G ~ * X D + ~ O l ~ * R H ~ L ~ G ~ X O * ~ 2 ~ 7 5 ~ X D ~  K 29 
P=EXP 2 * 3 0 2 5 8 5 + P L O G  1 K 29 
GO TO 5 Y 33 

K 3 1  0% 1 rn 5 6 5 + 1 *  0 3 6 * A L O G l O  (RHO) 
I F  ( H U M e G E * 1 7 8 0 0 0 e )  GO TO 4 K 32 
XD=5.*ALOG10( HUM)-24, Y 33 
PLQG=, 1 3 3 6 * X D + e 0 0 9 3 4 ~ X D * + 3 + D V  K 34  
P=E XP ( 2 e 3 0 2  5 85*PCOG 1 K 35 
GO TO 5 K 3 6  
I f  (HUMeGE*600000 .1  WRITE ( b r 1 7 1  K 37 
PLOG=a 9 5 * A L O G 1 0 I  HUM 1-4.58+DV K 3 8  
P=E XP # 2 -  3 G 2 5 8 5 * P l O G  1 K 39 
GO TO 5 K 4 C  
COMPUTE Z(H9RHO1 K 41 
X i = l . O - A L O G 1 0 ~ R H O ~  K 4 2  

1 I N S q K E Z  1 
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6 

7 

10 

11 
1 2  

1 3  

14 
1 5  
C 
C 
16 
i7 
1 8  
19 

X D = A L O G l O ( H U M ) - 4 o + ~ 0 5 2 ~ X I - ~ ~ ~ 4 ~ X I ~ * 2  
IF ( X D o G T e 0 . I  GO TO 6 
z = 1  .o 
GO TO 9 
I F  f X D a G T * 0 . 5 5 )  GO TO 7 
z=1 .o+ . 53 *XD*+2 
GO TO 9 
I F  (XDwGEe1.3 I  GO T O  8 
X I =  1 0  3-XD 
Z ~ 2 ~ 0 + X I + ~ ~ 1 ~ 7 8 + X I ~ ~ ~ 2 1 ~ X 1 * ~ 1 ~ 0 9 ~ , 4 4 6 * x I * X 1 ~ ~ ~  
GO TO 9 
I F  (XD,GE*Z- )  WRITE 1 6 9 1 7 )  
X I = 1 * 9 - X D  
Z=3 8 3  1 + X I *  (-50 O 1 9 + X I *  ( 3 0 4 1 +  * 2 4 * X  I 1 1 
T= ( 2 7 3  +P 1 / ( Z *RHO I 
ZDUM=Z 
TDUM=T 
P D U M = l o 0 f 3 2 5 E 6 * P /  ( R H O I N * U I N S  1 
GO TO 14  

GO TO 1 2  

K E Z = 1  
GO TO 1 4  
WRITE (5 *19 )  
GO TO 1 5  
RETURN 
STOP 

WRITE ( 6 9 1 6 )  

WRITE ( 6 , 1 8 1  

FORMAT 1 l O X 2 2 H H  IS ZERO OR NEGATIVE 1 
FORMAT (LOX25HH IS LARGER THAN ALLOHED 1 
FORMAT (10X28HRHO IS SMALLER THAN ALLOWED S 
FORMAT (10X27HRHO I S  LARGER THAN ALLOWED 1 
END 

K 4 3  
K 4 4  
K 4 5  
K 46 
K 4 7  
K 4 8  
K 49 
K 5 0  
K 5 1  
K 52 
K 5 3  
K 5 4  
K 55 
K 5 6  
K 5 7  
K 5 8  
K 59 
K 6 0  
K 6 1  
K 6 2  
K 6 3  
K 6 4  
K 6 5  
K 66 
K 6 7  
K 6 8  
K 69 
K 7 0  
K 7 1  
K 7 2  
K 7 3  
K 7 4  
K 75  
K 76 
K 7 7 -  
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THER 

Compute 
ClP, CZP 
C lD, C2D, T 

Subprogram THER is called by RANH to calculate the partial derivatives of 
equilibrium-air properties which a re  used in computing the derivatives at the shock 
wave. THER has a calling sequence in which R, EMUREF, and the free-stream condi- 
tions PIN, RHOIN, and UINS are  constants. PDUM (Pl), RHODUM (RHOl), and STAEXT 
a re  computed in RANH. The quantities C1P (ap/ah) and C2P (ap/ap) are calculated in 
THER. The flow chart for subprogram THER is as follows: 

RETURN 
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C 
C 
C 
C 

3 

4 

5 

6 

SUBROUTINE THER ~ R ~ P D U M ~ R H O O U M ~ T D U M I Z D U M I S ~ A E N T I E M U R E F ~ P I N , R H O I N , U  I 1 
lINS t C l P  t C 2 P 1 C l D t C 2 0 1  I 2  

I 3  
T H I S  IS THE NEW THERMOCHEMICAL R O U T I N E  THER 4 - 1 9 - 6 7  1 4  

I 5  
1 6  

L=ZDUM I 7  
P=PDUM I 8  
HUM=€ MU RE F*U I N S*S T A ENT / R I 9  
R HO=RHO I N /  l e29313E-3*RHODUM I 1 0  
RUN=1. I 11 
XClPDP=5 .  *ALOG10(  HUM)-20. I 12 
f F  ( R H O * L E , o 0 0 0 0 3 )  GO TO 8 I 1 3  
IF (RHOoGEe3Oe)  GO TO 9 I 14 
IF ( H U M s L E - D o )  GO TO 6 I 15 
IF ( H U M . G T - 5 8 0 0 o l  GO TO 1 I 16 
C l P = , 9  75134E-3 /RUN*AHO I 1 7  
C 2 P = e  9 7 5  1 34€-3*HU M I 18 
GO TO 5 I 1 9  
I f  ( H U M e G T - 1 0 5 0 0 e )  GO TO 2 f 20 
C 1 P = e 3 4 5E-2 + e 8 5 4 *  RH O/ ( R UN*H UM+* 1 46 1 I 21 

GO TO 5 I 2 3  
IF (HUMeGEe35500 .1  GO TO 3 I 2 4  

25 
1 ) )  I 26 
C2P=P/RHO*~le+XC1POP*~oOl3l+~Ol6*~2~75-XClPI.)P~~~ I 27 
GO TO 5 I 28 
DY=1~565+1.036*ALOGlO(RHO) I 29 
I F  (HUM.GEeL78000e)  GO TO 4 I 3 0  
C 2 P = 1 * 0 3 6 * P / R H O  I 3 1  
C l P = 5 . * P / ( H U M * R U N ) * ( e l 3 3 6 + e O 2 8 ~ 2 ~ ( ~ ~ ~ A L O ~ l ~ ( H U M ) - 2 4 ~ ) ~ ~ 2 )  I 32 
GO TO 5 I 3 3  
I F  I H U M . G E e 6 0 0 0 0 0 - )  GO TO 7 i 34 
GlP=,95*P/ (HUM*RUN)  I 3 5  
C2P=1.036*P/RHO I 35 
T = I  273.  + P  1 / f Z*RHO 1 I 3 7  

C l D = C l P * 1  e O 1 3 2 5 € 6 / ( R H O I N * R  )*EMUREF I 3 9  
C 2 D = C 2 P * l . O 1 3 2 5 E 6 / (  1 - 2 9 3 1 3 E - 3 * U I N S )  I 43 
GO TO 11 I 41 
WRITE ( 6 ~ 1 2 1  I 42 

CZP=o345E-2*HUM r 22 

C 1 P = 5 , * P /  (HUM*RUN ) * ( -1 5 4 5 +  ( 0013 1+ 0 16*( 2; 7 5 - 2 o * X C l P  DP 1 1 * A L O G l O  I RHO 1 

TDUM=T I 3a 
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7 

8 

9 

10 
1 1  
C 
C 
1 2  
13 
14 
1 5  

GO TO 10 
WRITE ( b r L 3 1  
GO T O  LO 
WRITE t 6 r 1 4 1  
GO TO 10 
WRITE ( 6 9 1 5 1  
GO TO 10 
CONTINUE 
RET URN 

FORMAT ~ L O X ~ ~ H H  rs ZERO OR NEGATIVE J 
FORMAT ( 1 0 X 2 5 H H  I S  LARGER THAN ALLOWED 1 
fORMAT (LOX28HflHO I S  SMALLER THAN ALLQblED 1 
FORMAT (19X27HRHO IS LARGER THAN ALLOWED 1 
END 

I 4 3  
T 44 
I 4 5  
1 46 
I 47 
1 48 
I 49 
I 5 0  

I 52 
I 53 
1 54 
I 55 
I 56 
I 57 

r 51 

I 5a-  
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CONT 

In subprogram CONT the array of variables for INT1, the integration routine, is 
established and INTl is called to evaluate the derivatives. CONT writes the output from 
the integration routine. PROD is called to compute the 7 distribution and if KKKK is 
greater than zero, to compute the radiation. To minimize the use of the time-consuming 
radiation subroutine RADFLUX, curve fits to the radiation distribution around the body 
are used for all except the last iteration. The curve-fit expressions are 

QRYl = (1 i- QI1 X X2 I- Q12 X X4)QRYlstag 

QRYO = (1 + QOl X X2 + Q02 X X4)QRYOstag 

where Q11, QI2, QOl, and Q02 are coefficients which describe the curve fit. The curve- 
f i t  coefficients are input values and are based on available data for radiation distributions 
o r  on the experience of the user. If no basis exists for these coefficients, the radiation 
heat fluxes should be computed at each integration step. The flow chart for subprogram 
CONT is as follows: 
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Set up array of 
independent and integr3ted so the 

dependent variables number of different ia l  

SMkLRB i s  t o  be 

i n  WAR for  INTl equations i s  7 

different ia l  WAR array 

Call MAIN 0 
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SUBROUTINE CONT 
DOUBLE PR EC I S EON W VAR 9 C CUV AR 

c 
C 

1 
C 
C 
C 

2 

3 

4 

5 

COMMON / M A I N P /  A A 1 ~ 6 ~ ~ A C v A O ~ A O V E R 5 ~ A l o B B 1 o , C A P H O I C A P H O ~ C A P H 1 ~ C A P ~ ~ ~ C ~ C  
1CL p C C l  VCCUVAR 481 r C I  I 9 C I  MAX rCOSTB7 COSrJp CHMTB9 DAFg DDELDXv DUER1: 8 J 9 D O l  
2 r D E L L ~ D E L S c D E F T A ~ D E L T ~ p D E L U , D O D X 6 D I l D ~ ( 6 ~ ~ D O S ~ B ~ D P l D W ~ D R B D X ~ O R  
30 10 W 9 DT 6DX 9 DU SDWT UU 1DW 9 DVS Dklv DV LDW 9 DM DX 9 E E L E  1 ( 7 1 T EEL E 2 ( 7 ) 9 E E L  T ( 3 1 9 

4EE1( 6 1 9 ERRVAL (7 1 p EMUREF 9 E01 9 EPSRt  EPSZ 1 9 GGO ( 6 1 9 G G i  (6 I 9 HONEI ICOSlrJv I E 
5RR9 I G E O ~ X T E X T , I T T E S T I K E K O ~ T ~ K E T E S ~ ~ ~ ~ K K ~ ~ ~ E ~ A ~ P ~ P E E P ~ ~ I ~ , P O V P S ~ A G ~  
6 P 1 9  QDvR TRB~RBX,RHOIN,  RHONp Rid001 RHD19 R1,  S I N T B T  SINSQIJvS INM9 SMALL69 SM 
~ A L R B ~ S T A E N T ~ S S P E C ~ S W ~ T ~ ~ T ~ T C G ~ T E A N ~ T ~ E T A ~ T ~ O ~ T ~ ~ U I ~ ~ U I N S ~ U ~ ~ U S ~ U ~ ~  
8VvVOpVS r V 1  VVV AR(8  1 p Wp X T X I 0  6 $ 9  X I1 ( 6 1 v XIUlAX, ZOI L 1 

COMMON /Q QQ/ B I 1 9 QI 2 p QO 10 Q 02 0 QRY 1 p QRY 0 9 QSTAG 
EXTERNAL DERSUB 
EXTERNAL CHSUB 

I T=O 
VWARI I ) = X  
VVAR ( 2  1 =DELTA 
VWAR(3)=W 
DI ODX t 4 ) = O  
DO 1 KM=2p5  
V V A R ( K H * Z ) = X I O ( K M 3  
CON P I N  UE 
IF IGEO I S  EQUAL TO 2 DKBDX IS INTEGRATED 
NE I S  THE NUMBER OF EQUATIONS TO BE INTEGRATED 

PCDREL= ]I e 

I F  I I G E O - 2 3  29393 
NE=6  
GO TO 4 
NE-? 
VVAR(B)=SMALRB 
I F  (KEKONT,LTmKETEST) GO TO 5 
M R I T E  6 6 ~ 1 1 1  I V V A R t J ) ~ J = l r 8 )  
CALL I N T l  ( I T ~ M E I ~ ~ C C X ~ S S P E C I C I M A X ~ ~ E R R ~ V V A R , C C U V A R ~ D D E ~ ~ E E L E ~ ~ E E L  

1 E 2 v  EELTIERRWALTDERSUBTCHSUB~ I T E X T  1 
COSTB=COS (THETAB 1 
S I N T B = S I N ( T H E T A B )  
SMACLRS=( l e + D E L T A  )*CDSTB 
Z S= 1 e- 4 1 e *DEL ?A 1 * S I NTB 
DELTD=DELTA*RB 

G l  
G 2  
G 3  
G 4  
G 5  
G 6  
G 7  
G 8  
G 9  
G 113 
G 11 
G i 2  
G 13 
G 14 
G 15 
G 16 
G 17 
G 18 
G i 9  
G 2 3  
G 2 1  
G 22 
G 23 
G 24  
G 25 
G 26 
G 27 
G 28 
G 29 
G 30 
G 3 1  
G 32 
G 33 
G 34 
G 3 5  
G 36 
G 37 
G 38 
G 3 9  
G 40 
G 41 
G 42 
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C 
C 
C 
C 

7 

8 

9 

10 
C 
C 
11 

12 

13 

I PROD= 2 
USTAR=2. 

I F  KKKK=O THE R A D I A T I O N  I S  NOT COMPUTED? KKKK=1  A D I A B A T I C  
R A D I A T I O N  IS COMPUTED9 KKKK=2 FOR N O N A D I A B A T I C  R A D I A T I O N  

I F  (KEKONTeLTeKETEST)  GO TO 6 
WRI TE 

C A L L  PROD (USTAR? l P R O D t U O t U l t Q R V O t Q R Y f )  
I F  (KKKKoNE.21 GO TO 7 
R 1= 

(69 12 1 {CCUVARI  J K )  9 J K z l  q 8 1 9 # X I  1 ( J J f 9 J J=2r 5) t RBX 9 THE TAB t CAPQ 9 

11 DDER( 11) 9 IL=2r 8) 

1. + QD 1 * f 1 +DA F 1 W R Y  1-8 RYO 
QRYOP=l.E-7*QRY!YRHOIN*UINS*UIN 
BRAT I O=QRYDP/ QSTAG 
GO TO 7 
x s= x** 2 
Q S T A R l = (  1 e +Q I l * X S  +Q I 2 * X S * * 2  1 W R Y  1 
Q S T A R O = ( L ~ + Q O l * X S + Q O Z + X S + a 2  )*QRYO 
I F  ( K K K K e N E e Z 1  GO TO 7 
R 1= ( 1 s + QD 1 * 1 e +DA F 1 *QS T AR1 -QST ARO 
PRATIO=PO/PSTAG 
P D I  F=PCOREL-PRATIO 
I F  (KEKONTeEQsKETEST)  WRITE (61 13) P R A T I 0 , Q R A T I O  
IF ( P D I F )  8 ~ 9 9 9  
DELU=DELTN 
C A L L  M A I N  
PCOREL= P R A T I O  
I F  (X-XMAX) 5 9 5 ~ 1 0  
RETURN 

FORMAT ( l H O 1 L X 4 4 H P R O P E R T I E S  AT F I R S T  STEP LIFF STAGNATION L I N E / 8 X l H  
1x01 5a8 I 5X5HDECTADIS  - 8 ~ 9 X l H W D l S *  8t 5 X 5 H I O (  2 ) D l 5 *  81 5X5H IO( 3) 01508/ 5x5 
2H I 0 ( 4 1 D 15 8 t 5 X5H I 0 ( 5 I 'D 1 5.8 t 4 X 6 H  SHA LR B D 1 5.8 / ) 

FORMAT ( l H l / l O X 2 5 H B O D Y  AND SHOCK P R ! 3 P E R T I E S / 9 X l H X D 1 5 ~ 8 r 5 X S H D E L T A D L  
1 5 m 8 ~ 9 X l H W D 1 5 ~ 8 ~ 5 X 5 H C O ~ 2 ~ D 1 5 o 8 ~ 5 X 5 H 1 B ~ 3 ~ 0 1 5 m 8 / 5 X 5 H 1 ~ ~ 4 ~ D 1 5 ~ 8 ~ 5 X 5 H ~ ~  
2 ( 5) D l 5  0 81 4X6HSMALRBDl.5 0 8 9  5 X 5 H I  1 ( 2) E l  5 * 8 t 5 X 5 H  I 1 ( 3) El 5 81 5X5H I 1  t 4)  E 1 
3508 9 5 X 5 H I 1 ( 5  I E 1 5 . 8 t 7 X 3 H R B X E 1 5  o 8 t 4 X b H T H E T A B E 1 5  8 9 9 X l H Q E 1 5 0 8 / 4 X 6 H D D E  
4 L D X E l 5 o 8 ~ 6 X 4 H D W D X E 1 5 ~ 8 ~ 2 ~ 8 H D I O D X ( 2 ~ E l 5 o 8 ~ 2 X 8 ~ D I O D X ~ 3 ~ E l 5 o 8 ~ 2 X 8 ~ D I O  
5 D X ~ 4 ~ E 1 5 ~ 8 / 2 X 8 H D I O O X ~ 5 ~ E l 5 ~ 8 ~ ~ X 9 H D S H A L K B D X E l 5 o 8 / ~  

FORMAT I l H 0 6 X 6 H P R A T I O E 1 5 ~ 8 ~  ZX6HQRATIOE 15.8/) 
END 

G 43 
G 44 
G 45 
G 46 
G 47 
G 48 
G 49 
G 50 
G 5 1  
G 5 2  
G 53 
G 54  
G 55 
G 56 
G 57 
G 58 
G 59 
G 60 
G 61 
G 62 
G 63 
G 54 
G 65 
G 66 
G 67 
G 68 
G 69 
G 70 
G 71 
G 72 
G 73 
G 74 
G 75 
G 76 
G 77 
G 78 
G 79 
G 80 
G 81 
G 82 
G 83 
G a4- 
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CHER 

. I_ 

Answers for bod? &roperties GLt 
KEZ=1 accepted. Begin again with a new) 

DELTN 

An additional test on the DELTN (6,) iteration is performed in CHER. After 
PROPIT returns to CHER; KEZ is tested. If the RHO computed in THEP is too small, 
KEZ is set to 1. When this is the case, DELL = DELTN and CHER then calls MAIN to 
reinitialize the program with a new DELTN. CHER is called by DERSUB. The flow 
chart for subprogram CHER is as follows: 

, 

no 
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S U6 ROUT IN E CH ER 
DOUBLE P R E C I S I O N  VVARtCCUVAR 

C 

N 1  
N 2  
N 3  
N 4  
N 5  
N 6  
N 7  
N 8  
N 9  
N 10 
N 11 
N 1 2  
N 1 3  
N 14 
N 1 5  
N 16  
N 1 7  
N 1 8  
N 19 
N 20 
N 21 
N 22- 
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PROPIT 

PROPIT is a subprogram called by CHER during each integration step to solve for 
the body properties through a Newton-Raphson iteration scheme. PROPIT has a calling 
sequence in which R, UINS, RHOIN, PIN, ITTEST, EPS21, and EMIJREF are constants. 
The variables XO, AO, and CAPHO a re  computed for the particular value of VONE, the 
independent variable X, when PROPIT is called. The body properties, PDUM, RHODUM, 
UGEN, TGEN, and ZDUM and the static enthalpy STAENT are computed by the subpro- 
gram. An indicator K E Z  is set in THEP when RHO is too small. The flow chart for 
subprogram PROPIT is as follows: 

RETURN 

Iteration 

RHO DUM(RHOO 1 

Incr  eas e 
iteration 

count RETURN 

Continue it eration 
u n t i l  accuracy cr i -  
t e r i a  are  sa t i s f ied  

RETURN 
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1 

SUBROUTINE PROPIT  I R ~ U I N S , X I O ~ T G E N ~ P ~ U M ~ R H O D U M T I T T E S T ~ R H O I N ~ S T A € N T  M 1 
M 2  

C M 3  

C KTEST rs THE NUMBER o f  ITERATIONS ALLOHED ON RHO M 5 -  

1 9  ZDUM,KEZ,EPSZl ,A01 VONETCAPHO;UGEN~PINV EMUREF) 

D I M E N S I O N  X I O ( 6 1  

KTE ST=O Y 6  
K EZ=O M 7  
C A P H O = X I ~ ( 5 l / X I O ( Z )  M 8  
X I O 2 S = X I O I  2)+*2 M 9  
I F  (VONE-.QQ5) 1,1,3 M 10 
UGEN= A 0  W O N E  M 11 
UGE NS= UGEN*+2 M 12 
STAENT=CAPHO-UGEN S / 2  M 13  
RHUDU M= X I 0 ( 2 1 /UGEM M 14 
RUGS=RHODUM*U GENS Y 1 5  
POUM=XIO(3)-RUGS M 16 

C Y 17 
C M 18 
2 RETURN M 19 
3 STAENT=CAPHO-,5*XIOZS/ I RHODUM**21 PI 20 

C A L L  THEP ( R I P D U M ~ R H O D U M ~ T G E N T ~ D U ~ T S T A E N T , E M U ~ E F , P I ~ , R H O I N , U I N S T K E  M 2 1  
1 Z )  Y 22 

I F  1KEZ*EQ. l )  RETURN M 23 
FRODUM=RHODUM-(XI0(3~-PDUM)*(RHODUM**2~/XIO2S M 24 
DELRHOz-* 1 M 2 5  
ri HO DM P= RH 0 DUM +DEL RH 0 M 26 
S T A D= C A PH 0- - 5 * X IO 2 S / ( RHOOM P **2 1 M 27 
C A L L  THEP ( R p  PD,RHDDHPI TD, ZD, STAD? EY U R  EF, P I N ,  RHO1 N I  U I  N S T K E Z  H 28 
FPRHO=( RHODMP- ( X I O (  3 ) - P D l *  (RHODMP**ZI /X I02S-FRODUM) /D ELRHO M 29 
FRO f PR= FRODUM /FPR HO M 39 
AFRFPR=AES(FROFPR)  M 31  
I F  (AFRFPR-EPS21)  6.694 M 32 

4 KTE ST=KTEST+ l  Y 33 
I F  ( K T E S T - I T T E S T )  5p797 M 34 

5 RHODUM=RHOOUM-FROFPR 149 35 
M 36 GO TO 3 

b UGE N= X I 0 I 2 1 /RHDDU M M 37 
U GE NS= U GE N* *2 Y 38 
RUG S=RHODUM*UGENS Y 39 
GO TO 2 M 40 

7 WRITE ( 6 9 8 )  M 41 
K E Z = l  PI 42 
RETURN M 43 

C M 44 
C M 45 
8 FORMAT ( l H O S X 3 4 H I T T E R A T I O N  L I M I T  REALHED I N  P R O P I T )  +I 46 

E ND M 47- 
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COEF 

Subprogram COEF is called by DERSUB to calculate the coefficients of the gov- 
erning differential equations. The flow chart for subprogram COEF is as follows: 

COEF 
I + 

Compute coefficients 
of the governing 
differ  e ntial  equations 

f 
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SUBROUTINE COEF 

D O U B L f  P R E C I S I O N  VVARtCCUVAR 
C 

C 
COMMON / M A I N P /  A A l ( 6 )  * A C T A O ~ A O V E R B T  A19 881 ( 6 ) ~  CAPHOt C A P H l r C A P Q t C C V C  

1 C 1 ~ C C I ~ C C U V A R ~ 8 ~ r C I I , C 1 M A X 1 C O S T 0 ~ C ~ S ~ ~ C ~ M ~ B ~ D A F t D D E L D X t O D € R ~ 8 ~ ~ O D l  
29 D E L L ?  D E L S  .DELTA* DELTNT DELU*OIODX(  6 )  9 D I  LDW( 6 )  ,DOSRBt OPLOWt DRBOXt OR 
30 10 W ,  D T  80 X r OU SON, DUlDW T DVSD W t DV LDW t DW DX T E E L E l  ( 7 1 T E E L E 2  ( 7 I T E E L T  ( 3 1 9 

4 E E 3 . ( 6 )  T ERRVAL (71, EMUREF 9 E O 1  T EPSR, EPS2 I. T GGO( b ICOSHI I E 
5RR 9 f GE 0 9 I TE X i  9 .I TTES T VKE KONT 7 KET ES T KKKK TOPE RA T P t PEEP t P I  Nt P 0 T P STAG * 
6 P  1, QD? Rq R 6 9  R B X 9  RHO1 N9 RHON, RHO09 RHO 1, R 1 t SI N T B T  SI NSQW t S I NWI SMALLBt  SM 
~ A L R B ~ S T A E N T ~ S S P E C ~ S W ~ ~ ~ T ~ T T C G ~ T E A N , T H E T A ~ ~ T O ~ T ~ T ~ ~ N ~ U I N S ~ U ~ ~ ~ U S T U ~ T  
~ V ~ V O ~ V S ~ V ~ ~ V V A R ( ~ ) T W ~ X T X I O ~ ~ ) T X I ~ ~ ~ ) ~ X M ~ X ~ Z O ~ Z ~  

T G G ~  (6 1 9 HONF 

C 

C 
C APR l= R 1 

TPTfl0=3o+Z,*DAF 
A A 1 ( 2 ~ = 3 ~ * ( X I 0 ~ 2 ~ - X I f [ 2 ) ) + 2 . + D A F + ( X [ D o - X ~ l ~ 2 ~ ~  

A A l ( 4 t = - T P T O O * X I 1 ( 4 1  
A A 1 (  5 )  =3, * ( X  104 5 1-X I1 ( 5 1 )+2  *DAF* ( X 13 t 5 1-X I1 ( 5) 1 

B 6 l ( J ) = D E L T A * T P T O D * D I l D ~ ~ J )  

CCl=DElTA* (3 .+DAF)  

EO l=- ( 1 .+CAPQ*UELTA 1 /C APQ*S WMT B/C W MTB *DTBD X 

A A 1  (3) =30 * ( X IO1 3 1-X I 1  ( 3 1 )  + 2  *DAF* ( X I 3  ( 3 3-X I 1  ( 3  1 1 

DO 1 5=2,5 

1 CONTINUE 

D D l = l  

G G 1 ( 5 ) = R H O l * V l * C A P H l  
G G l ( 2  ) = R H O l * V l  
G G 1 ( 3 ) = R H O l * U L * V l  
GGO ( 4 1 = PO 
G G 1 ( 4 1 = P l + R H O l * V l * * 2  
E E 1 [ 2 ~ ~ 3 o * D O S R B * ~ X I O ~ 2 ~ + X I l ~ 2 ~ ~ * D R 6 D X ~ D E L S ~ O P E R A * ~ X I O ~ 2 l + 2 ~ * X I l ~ Z ~  

1 1  *DTBDX+S,*( l*+Q01 * ( 1 ~ + D A F I * G G l ( Z ) + D E L T A * T P T O D * G G L ( 2 1 * D T B D X  
E E 1 ( 3 ~ = 3 ~ * O O S R B * l R H O O * U O * * 2 + ~ H O l * U l * * 2 ~ ~ D R B D X - D E L S * O P E R A ~ ~  RHOO*UD* 

1 * 2 + 2 o * R H 0 1 * U l * * 2 ) * D T B D X + ~ D * ~ 3 o + 2 ~ * D A F ~ * X I l ~ 4 ~ + 6 ~ * ~ l ~ + Q D ~ * ~ l o + O A ~ ~ *  
2 Y I 1 ( 4 ) + 2 . * D E L T A ~ T P T O D * X I l ~ 4 ) ~ O T ~ D X  

EEL ( 4 ) = 3 *  *DOSRB*X I1 ( 4 )  *DRBOX-2. *DELS*OPERA*X I1 4) *DTBDX-3o *(QD+DAF 
1) *( X 10 (3) + X I  1(3 11-2 o*QD*DAF*( X I O (  31 + 2 o  * X I  1( 3 1 1 +60*( 1, +QD) *( 1 o+DAF ) 
2*GG 1 ( 4 1-6. *GGO (4) +QD*D AF* f RHOO*UO**2+2 *RHO l * U 1  **2 I +3 *OAF* ( RHOO*U 
30**2+RHOL *U1*+2 )+DELTA* (  30+2o*DAF 1 * R H O l * t  V l * *Z -U1* *2 )  *DTBDX 

EEL  ( 5 )  =3,*00SRB*(  XIO( 5 ) + X I  1 (5) )*DRBDX-DELS*OPERA* ( X I 0  ( 5 )  + 2  . + X I l (  5 
1 ~ ~ O T 6 O X + 6 ~ * ~ i ~ + Q D ~ * ~ ~ o ~ ~ A f ~ * G G l ~ 5 ~ + 4 o * R ~ + D E L ~ ~ * ~ 3 o + Z o * D A ~ ~ * ~ G l ~ 5 ~ ~  
2DTBOX 

RETURN 
END 

J 1  
J 2  
J 3  
J 4  
J 5  
J 6  
J 7  
J 8  
J 9  
J 10 
J 11 
J 12 
J 13 
J 14 
J 15  
J l b  
J 17 
J 18 
J 19 
J 20 
J 21 
J 22 
J 23 
J 2 4  
J 25 
J 26 
J 27 
J 28 
J 29  
J 30 
J 3 1  
J 32 
J 33 
J 34 
J 35 
J 36 
J 37 
J 35 
J 39 
J 4 0  
J 41 
J 42 
J 43 
J 44 
J 45 
J 46- 
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CALD 

YE s b Compute der ivat ives  
of governing 

d i f f e r e n t i a l  equations 

The derivatives of the governing differential equations which are used in DERSUB 
are computed in CALD. CALD is called by DERSUB. The flow chart for subprogram 
CALD is as follows: 

Compute 
new DELTN 
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SUBROUTINE CALD 
DOUBLE P R E C I S I O N  VVARiCCUVAR 

D 1  
D 2  
D 3  
D 4  
D 5  
D 6  
D 7  
0 8  
D 9  
i) 10 
D 11 
D 1 2  
D 1 3  
0 1 4  
D 15 
D 16 
D 17 
D 18 
c) 19 
D 20  
D 2 1  
D 22 
D 2 3  
D 2 4  
D 25 
I) 26 
0 27 
0 28 
D 2 9  
0 30- 
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DERSUB 

DERSUB is a subprogram used by INT1, the integration routine, to evaluate the 
derivatives. The flow chart for subprogram DERSUB is as follows: 

c__I> DERSUB 

Update integrated 
variables 

SMALRB 

is  integrated 

f-). Call GEO 

variables t o  be 
used in COEF 

array Call CALD 
of derivatives 
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C 

SUBROUTINE DERSUB 
DOUBLE PRECISION VVARiCCUVAR 

C 

1 

2 

X=CCUVAR( 1 1  
DELTA=CCUVAR( 2 )  
W=CCUVAR(3) 
00 1 I=2*5 
X I O ( I l = C C U V A R ( I + 2  J 
C O N T I N U E  

C A L L  GEO 
C A L L  RANH 
DOS RB= D E L T A I S  MALRB 
COS TB=COS (THE TAB)  
S I NTB= S I N ( T  HETAB 1 
DAF =DE LTA*COSTB/SMALRB 
OPERA= S I N  TB/S  MALR B 
C A L L  CHER 
C A L L  COEF 
C A L L  C A L O  
DDER( 2 1 =DDELD X 
DOER(3 )=DWDX 

D D E R ( I + 2 ) = O I O O X ( I  1 
C O N T I N U E  

RETURN 
END 

I F  I IGEO-GE.2 1 SMALRB=CCUVAR(8) 

DO 2 11275 

I F  I IGEO.GE.2) DDER(81=DRBDX 

H 1  
H 2  
H 3  
H 4  
H 5  
H 6  
H 7  
H 8  
H 9  
H 10 
H 11 
H 12 
H 13 
H 1 4  
H 15 
H 16 
H 17 
H 18 
H 19 
H 29 
H 21 
H 22 
H 23 
H 2 4  
H 25 
H 26 
ti 27 
H 28 
H 29 
H 30 
H 3 1  
H 32 
H 33 
H 3 4  
H 35  
H 36 
H 37 
H 38-  
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CHSUB 

CHSUB is called by INT1. It is written by the user and is described in appendix A. 
In program D1250 the features of CHSUB are not needed; therefore, CHSUB is a dummy 
routine . 

SUBROUT 1NE CHSUB 
RETURN 
END 

E 1  
E 2  
E 3- 
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FOFX 

FOFX is a function subprogram called by ITRl to evaluate p 
. The flow chart for subprogram FOFX is as follows: 

(in FQFX, 0 
Po = Pstag) 

needed fo r  
PO iteration 

PO satisfies 
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F U N C T I O N  FOFX (PDUMJ 
L 
C 

OOUBL E PR EC I S I ON V V  AK CCUV AR 
COMMON / M A I N P /  A A ~ ~ ~ ~ ~ A C T A O ~ A O V E R ~ ~ A L ~ B ~ ~ ~ ~ C A P H O ~ C A P H ~ ~ C A P ~ T C C ~ C  

1 C 1  S C C i  9 CCUVAR (8) C I  I v C I  MAX1 C O S T 6 9  COS~JT CLdMTBt DAFIDDELDXI BDERf  8 )  ,OK11 
2 9 DELL, D E L S  t DELTA, DELTN 9 D E L U t  DIOOX ( 6 T D I  1DW ( 6)  t DOSRR I D P l  DWT DKBDXT DR 
~ O ~ D W T D T ~ D X T D U S D W ~  DULDW,OVSOWTDV~DW ,DWDX,EELEI( 7 ) r  E E L E 2 (  7) T E E L T (  3) T 

4 E E 1 ( 6  1 9  E R R V A L ( 7 ) r  EMUREF *EO1 7 EPSRt  E P S 2 1 1  GGO( 6 I t G G l ( 6 )  T HONE, ICOSW, I E 
5 R R ~ I G E O ~ I T E X T ~ I T l E S T , K E K O ~ T , K E T E S T t K ~ K K ~ Q P E R A , P ~ P E E P , P I N r P O ~ P S T A G ~  
6P 1, Q D ?  R 9R6 r RB X T  RHOI Nt RHONT RHO09 RHO1 T R l  9 S I N T B r  S i NSQWI S I NUT SMALL6  9 SM 
7ALRBv S TAENT ,S SPEC 9 S WMTB v T 9 TCGt  TEAN , THETA8 T T O T  T 1  V U  I Y 9 U I  NST UO 9 US t U l  t 
8 V  VOT v s T V f  T VVAR f 8 T w, x 9 X I  0 ( 6 t X I1 ( 6 ) q X MAX 9 Z O T  Z 1 

R O P E = - ( A C * * 2 ~ ( P l - P D U M ~ ~ ~ 2 ) / ( P E ~ P ~ C C ~ ~ 2 * P D U ~ ~  
1 STAPE=CAPH1-3 . *R l /  ( AC* ( P1-PDUM ) 

I F  (STAPE.GT.0) GO TO 2 
R1=  , 9 * R l  
GO TO 1 

FOF X=PO X 
RETURN 
END 

2 C A L L  THEP (R?POX,ROPE*TD,ZDT STAPE, EMUREFi  P I N 9  RHOIN, U I N S Y K E Z  1 

0 1  
0 2  
0 3  
0 4  
3 5  
0 6  
0 7  
0 8  
0 9  
0 10 
0 11 
9 1 2  
0 13 
il 14 
0 15 
0 16 
0 17  
3 18 
0 19 
0 20 
0 2 1  
0 22- 
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PROD 

Yes 

Subprogram PROD reads and writes the radiation NAMELIST input RAD1 and calls 
the subprogram to compute radiation. 
layer are computed in the q distribution. PROD has a calling sequence in which USTAR 
determines whether the properties are off the stagnation point. If they are off the stagna- 
tion point, USTAR becomes the velocity at the body surface. IPROD is the option to read 
the radiation input data. AUODUM and AUlDUM represent a0 and a1 when PROD is 
called by MAIN and uo and u1 when PROD is called by CONT. QRYO and QRYl are 
computed by RADFLUX and are the total radiation heat fluxes at the body and shock, 
respectively. 

The thermodynamic properties within the shock 

The flow chart for subprogram PROD is as follows: 

no 

NAMELIST 
i npu t  
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SUBROUTINE PROD ( U S T A R T I P R O D T A U O D U M ~ A U ~ D U M ~ Q R Y O ~ Q R Y ~ ~  
C 

C 

C 
c 
C 
C 

1 

DOUBLE P R E C I S I O N  VVARTCCUVAK 

T H I S  R O U T I N E  I S  CALLED I N  THE M A I N  PROGRAM WHEN I P R O D = l  T U  
R E A D . I N  THE DATA FOR RADFLUXrWHEN I P R O D  =2 ,NAMELIST IS NOT CALLED 

P 1  
P 2  
P 3  
P 4  
P 5  
P 5  
p 7  
P 9  
P 9  
P 1 c  
P 11  
P 1; 
P 1: 
P 1 1  

P 1' 
P 1 1  

P 1' 
P 1I 
P 1' 
P 2( 
P 21 
P 22 
P 22 
P 24 
p 2 5  
P 26 
P 27 
P 28 
P 2 9  
P 30 
P 31 
p 32 
P 33 
p 34 
P 35 
P 3h 
P 37 
P 38 
P 39 
P 4c 
P 41 
P 42 
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2 

3 

4 
5 

6 

7 
C 
C 
8 
9 

10 
11 

U I N S = U I  N**2 
I Q=NY 
Y Y I  1 !=O 
I F  ( U S T A R )  31394 
H H  ( 1 1 =CAP H O W  I N S /  4 e 19 E 7  
GO TO 5 
HH(1)=1CAPHD-U0**2/2e9*UINS/4,19E7 
PRES~ll=PO*RHOIN*UINS/loOl325E6 
I F  (KEKONToEQ-KETEST)  WRITE (699) 
ETA=O 
STAENT=CAPHO-U0**2/2.  
I F  (KEKONToEQ.KETEST1 WRITE (6910) ETA 
DO 6 N = ~ T M Y  
KN= N 
KNY=NY 

YY(  N)=ETA 
E T  A= K N- 1 1 / KNY- 1 * I 

P o t  STAENT CAPHOtAUODUMtVO 

RHOAU=RHOO*AUODUM+4 RHOl*AUlDUM-RHO0*AUODUM) *ETA 
RHO AUS= RH OO*A UO W M**2 +- RHO 1 *AU1 DU M** 2-RHO0 *AUODUM ** 2 1 *ET4 
RHOAUH~RHOO*AUODUM*CAPHO+(RHO1*AUlDUM*CAPHl-RHOO*~UD~UM*CAPHO~*ETA 
RHO AUV= RHO I+ AUL DUM* V1* ETA 
A UD UM=R HO A U S/ RHOA U 
Y=RHOAUV/RHOAU 
IF ( U S T A R o G T o O I  USTAR-AUDUM 
SUMH=R HOAUH/RHOAU-USTAR+*Z / 2 .-V**2/2 o 

S TA ENT= SUM H 

PDUM=PO+( QD*RHOO*UO**Z 1 *ETA+( P l-P9-QD*RHOD*UO**2) *ETA**Z 
~ CAP H=RHOAUH/RtiOAU 

IF (KEKONTeEQoKETEST)  WRITE (69101 ETA~PDUMISTAENTTCAPH~AUDUM,V 
HH1 M)=SUMH*UINS/4e19€7  
P R E S ( N  )=PDUM*RHOIN*UIN$/lo01325€6 
CON1 I N U €  
I F  (KKKKoEQoO)  GO TO 7 
C A L L  RADFLUX 
I F  /KEKONT*EQeKETEST)  L IR ITE ( 6 9 1 1 )  Q R Y P C ( l ) , Q R Y P C I V V ) r Q R Y P L ( L ) r Q R Y  

( N  lC?M I C N p  I O P T  0 PRESTHHV QRYO, QRY 1) 

1 P L (  NY) t Q R Y O t Q R Y 1  
R E f U R N  

FORMAT ( 1 H 1 )  
FORMAT ( L H 0 4 X 3 1 H D I S T R I B U T I O N  ACROSS SHOCK LAYER/12X3HETAl4X4HPDUMl 
13X6HSTAENTllX4HCAPH13X5HAUDUMlZXlH~/) 

FORMAT ( 6 ( 2 X E 1 5 * 8 1 )  
FORMAT 4 l H 0 ? 6 X p 5 H Q R Y P C 2 E 1 5 o  892x9 5HQRYPLZE15o 8 9 2 x 9  4HQRYOE15e8rZX,4H 

l Q R Y  1 E 15 e 8 l 
END 

P 43 
P 44 
P 45 
P 46 
P 47 
P 48 
P 49 
P 50 
P 5 1  
P 52 
P 53 
P 54 
P 55 
P 56 
P 57 
P 58 
P 5 9  
P 60 
P 61 
P 62 
P 63 
P 64 
P 65 
P 66 
P 67 
P 68 
P 69 
P 70 
P 71 
P 72 
P 73 
P 74 
P 75 
P 76 
P 77 
P 78 
P 79 
P 80 
P 8 1  
P 82 
P 83 
P 84 
P 8 5  
P 86 
P 87 
P 88- 
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RADIATION SUBPROGRAMS 

The radiation package was adapted from program RATRAP (ref. 4). Reference 3 
describes RATRAP as it is applied to D1250. If the input quantity KKKK is greater than 
zero, a radiation solution is computed. Subprogram PROD links D1250 to RATRAP by 
reading the input for the radiation program and by calling RADFLUX. RADFLUX serves 
as the main program for the radiation subprograms. A listing of the radiation subpro- 
grams follows. 
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C 

C 
C 

1 

SUBROUTINE RAOFLUX ~ N I C ~ N I C N T I O P T T P R E S T H H T Q R Y O . T Q R Y ~ I  

DOUBLE P R E C I S  I O N  VVART CCUVAR 

Q .  
Q i  
Q 3  
Q 4  
Q 5  
Q 6  
Q 7  
Q 8  
Q 9  
Q 10 
Q 11 
Q 12 
Q 1 3  
Q 14 
Q 1 5  
Q 16 
Q 1 7  
Q 1 8  
Q 19 
Q 20 
Q 21 
Q 22 
Q 2 3  
Q 24 
Q 2 5  
Q 26 
Q 27 
Q 28 
Q 29 
Q 30 
Q 31 
Q 32 
Q 3 3  
Q 34 
Q 35 
Q 3 6  
Q 37 
Q 38 
Q 39  
Q 40 
Q 41 
Q 62 
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6 

7 

8 

9 

10 

11 , 

12 
1 3  

14 

T B (  2 1 = T B (  1 1  
GO TO 3 
T B (  2 J = T B (  1 ) * l e 2  
HS=HH( 1 1  
I1=@ 
I F  ( I e E Q e 1 )  GO TO 5 
Z = 2 9 * * P R E S S / (  8 2 e 0 5 7 * T B (  E ) *RHO)  
I F  ( Z e L E - 1 - 5 )  GO TO b 
C A L L  H T P  ( I Z W J  
I Z W = I Z W  
GO TO 7 
C A L L  L T P  ( I Z W )  
I ZW=I ZH 
C A L L  FEMP ( I H E L P I  I O P T )  
I f  ( I O P T e E Q . 2 1  GO TO 8 
TB(ZJ=TEE(  I )  
T B (  l ) = T B (  2)  
GO TO 9 
T €E ( I t = T B  ( 2 1 
HS=HH( I 1 
T B (  l ) = T B 4 2 ) / 1 - 2  
IF ( I H E L P s E Q e O I  GO TO PO 
WRITE 4 6 9 1 7 1  I ? P R E S S t H S 9 T B ( l ) , T B / 2 )  
STOP 
IF ( I i * N E e O )  GO TO 11 
I L = l  
GO TO 4 
I F  ( IZW.EQe2)  GO TO 1 2  
XNN(19 I )=O 
X N N ( 2 r I  ) = F L U T ( B M T ( 3 t r W 3 ( 3 )  ,RHO) 
X N N ( ~ ~ ~ ) = F C U T ( B M T ( Z ) T ~ ~ { Z ) T R ~ O J  
X N N i 4 9  I )=Oe 
X N N I 5 9 I ) = O e  
XNN ( 6 9 1 )=FLUT 
X N N ( 7 r  I )=FLUT(BMT(4) 9W314) r RHO) 
GO TO 1 4  
DO 13 L=lr4 
XNN ( L t  I J=FLUT (BMT t L + 2  1 9 W34 L+2 1 ,RHO 1 
XNN f 5 9  I l = F L U T #  BMT 9 W3rRHO) 
XNN (61 1 )=Oe 
XNN (71 I ) = F L U T I  RMT 

BMT 9 W39RHOI 

211 9 W 3  ( 2 )  9 RHO) 
T B ( 2 ) = T E E ( I )  
RHONO= RHO /RHO EN 

Q 43 
Q 44 
Q 45 
Q 46 
Q 47 
Q 48 
Q 4 9  
Q 50 
C3 5 1  
Q 52 
Q 53 
Q 5 4  
a 55 
Q 56 
a 5 7  
Q 5 8  
Q 5 9  
Q 60 
a 6 1  
Q 6 2  
Q 63 
Q 64 
Q 6 5  
Q 66 
Q 67 
Q 68 
Q 69 
Q 70 
Q 7 1  
Q 7 2  
Q 73 

Q 75 
Q 76 
e 7 7  
Q 78 
Q 79 
Q 80 
Q 8 1  
Q 82 
Q 83 
Q 84 
Q 8 5  

a 74 
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I F  (KETESToNEoKEKONT)  GO T O  15 
I F  ( H O D ( I - l t 5 0 ) - E Q o O f  WRITE (6118) 
WRITE (61 19) YY( I) ,PRES( I f * T E E (  I I r HSt  RHO* RHOND 

15 CONTINUE 
C2=DELTD*F L 1  
C l = D E L T O * F  L2 

C5=C1 
C 3=C 1 / 3.1 4 16 

E P - 0 0 0 1  
DO 16 L = l r N I C  
I Y - N I C N  f L b 
I YCON= I Y 
YDELT=YY( I Y  1 
C A L L  CONTM 
C A L L  L I N E  

14 CONTINUE 
Q RY O=- ( 1 E7* ( QRYPC ( 1 I +QRYPL ( 1 1 1 /( RHO I N + U I N * * 3  ) 1 
QRYl= loE7* (QRYPC(NY)+QRYPL(NY) ) / IRHOIN*UIN**3 )  
RETURN 

C 
C 
17 FORMAT ( I O H l f E M P  BLEWt 1 1 D r 4 E 2 0 0 6 )  
18 FORMAT ( 1 4 H O  PATH LENGTHr4Xt8HPRESSUREt3Xt l l H T E H P E R A T U R E 1 4 X t 8 H E N T  

l H A L P Y t  5x1 7 H O E N S I T Y 1  7x1 l l H D E N S I T Y (  ND,) t / t 4X9H( Y / D E L T A )  t 9 X , 5 H (  ATMI r 7 X  
2r7H(OEG K ) ~ ~ X ~ S H ~ C A L / G M ) ~ ~ X I ~ ~ ( G M / C ~ ) ~  

19 FORMAT ( 6 X 4 E l  3.51 
END 

Q 86 
Q 8 7  
Q 8 8  
Q 89 
Q 91) 
Q 91 
61 92 
61 93 
a 94 
Q 9 5  
Q 96 
Q 97 
Q 9 8  
Q 99 
Q 100 
Q 101 
Q 102 
Q 103 
Q 104 
Q 1 0 5  
Q 106 
Q 107 
Q 108 
Q 109 
Q 110  
Q 111 
Q 112- 
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R 1  
R 2  C 

C R 3  
COMMON /WON/ QRYPCI20)  r Q R Y P L 1 2 0 )  R 4  

SUBROUTINE L I N E  

COMMON /A  A A /  A I  6 ~ 6  1 A 1 2  ( 16 9 12 1 , A22 ( 79 7 1 t A L P  ( 6 I 9 A L P f  ( I 6 9 5) 9 BMT ( L 6  1 R 5 
1 C  ( 6 9 1 6  1 .CH( 16 r2 ) * C P  (16 9DEG I (6) 1 Ht 16 1 t J AT ( 16 9 5 1 , J P H  ( 16 1 7 K A T (  6 1 r KOD R 6 
2E ( 16 1 9 RA(  16 9 2 1, RBO( 16.2 1 7  RC ( 1692 1, R D 1 1 6 r  2 1 9 RD 1 4  16, 2 1 9 RE ( 1 6 9 2  1 ,RE1 I R 7 
316,219 SD( 16 1 9 TB (3 J , TU( 16.2 f ,TU2 (1692 ) 9 VN( 1 7  1 9 VNE ( 15  9 VNT(  17 1 t VNU( I K 8 
4 6 ~ 6 ~ ~ ~ 2 6 ~ 6 ~ ~ W 3 ~ 1 6 ~ ~ Y ~ l 6 ~ ~ R F ~ l 6 ~ 2 ~ ~ R C ~ ~ l 6 ~ 2 J ~ H S ~ I ~ ~ I ~ M S ~ I G M S P ~ I G P ~ ~  R 9 
5 0 N , I S ~ I S P ~ I S P N G P ~ I S P N G 2 ~ N ~ N ~ , N P ~ P R E ~ S , ~ 2 7 ~ R H O , ~ M ~ S Y U ~ I S P ~ G  R 10 

COMMON /RAD/ YY i 100 1 9 TEE( 100 9 FHV I 20 1 t NHV 9 M Y  t C  2 9 I Y R 11 
COMMON /RAD/ XXNt 7 9  100) R 12 
COMMON /RAD/ NOD, F D D ( 5 0  ) r A H V (  5 0 ) .  AHVL( 2 0 )  R 13 
COMMON /RAD/ C I ~ C ~ V C ~ T F L G I C ~ T F L G ~  R 14 
COMMON /RAD/ YDELT, D E t T O v F L l r F L 2  R 15 
COMMON /RAD/ GEE( 8 1, EPS ( 8 1  *NU( 20) ,ND( 7 0 ) r F F I  70) rGAYP(  70) rWOL( 20) t F  R 16 

l H V M  ( 2 0 )  * F H V P (  201 R 17 
COMMON / C l O N C L /  F (100,lO) rF2 (  lo0110 1 9  H V L (  70) r E P v K 2 9  K19 I f L v  IYCON, I Q  R 18 

1 l ~ ~ M I ~ B I J ~ 1 0 0 ~ 1 0 ~ ~ G M I N ~ l O O ~ ~ O 1 ~ G P L U ~ l O O ~ l O ~ ~ I A E D  R 19 
D I M E N S I O N  N I C N ( 1 0 0 )  R 20 
DIMENS I O N  PRES ( 100 1 R 2 1  
D I M E N S I O N  HH( 100) R 22 
D I M E N S I O N  B E E ( 1 0 0 ) r  WWM11001, WP(100)~ f M U ( 1 0 0 ) r  TZ(100)r S S ( 1 0 0 1  R 23 
I T A U ( 1 0 0 )  R 24 

D I M E N S I O N  FX11201 9 FYl120) R 25 
DIMENSION HA( 1001, ws( loo)  R 26 
D I M E N S I O N  F X ( 2 0 1 9  F Y ( 2 0 l  R 27 
D I MENS I ON I WP f 100 1 , I W M I 100 1 R 28 
I YCON= I Y R 29 

R 30 
C9=20 42 E l  4 R 31 
C 1l=l /2042E14 R 32 
F I P = O o  R 33 
F IM=Oo R 34 
K 2 = 0  R 35  

R 36 DO 21 K=l,NHV 
F X  f K I = O  R 37 

R 38 F Y (  K)=Oo 
FX1 I R ) = O ,  R 39 
F Y 1  f K ) = O *  R 40 

R 61 K 1=K2+ 1 
R 42 K2=K2+NU( K )  

G = 1  
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DO 1 I = l r N Y  
T 1=TEE ( I 1 *8* 6 2E-5 
BEE( I ) = O o  
QW=FHV(K)/TL 
I F  
WWM (I )=Oo 
WP( I )=O 0 

CALL TRAP (NY,YYTFNU~CZTTAU) 

( Q U I L T  e850 ) BEE( 11=!504do*FHV( K 1 **3/( EXP ( Q W  1-10 1 

1 C A L L  NU I F H V ( K ) t T l r X X N ( l r I ) r F M U ( Z I )  

Xl=FHVM(K 1 
XL=FHVP(K) 
QF=FLOAT( NU (K 1 1 
DO 16 J x K l r K 2  
I J = J - K l + l  
T 2 t  l ) = O o  
S S (  1)=0. 
F 2 (  1 9 1  J ) = O o  
B I J ( 1 t I J 1 =O -0 
DO 5 1 - l r N Y  
T l= T E E ( I 1 * 8  6 2 E-5 
E l = l o - E  XP I-FHV ( K) I T 1  f 
J l = N D (  J 
I F  ( J l o E Q - 7 )  GO TO 2 
P N = X X N ( ~ ~ I ) + X X N ( ~ T I )  
FN=PN/(4.+10* *EXP ( - 2 * 3 8 4 / T l  ) + 6 a * E X P ( - 3 * 5 7 6 / T l )  1 
GO TO 3 

2 P N P = X X N ( l r I ) + X X N ( 3 t I f  
FN=PNP/(7-+5o*EXP(- lo9 /T l . l  1 

3 FN=FN*GEE(J l I  *EXP(-EPS( J1) / T 1 )  
S 1=FN*FF ( J 1 *r O266*E1 
G A M = I G A M P ( J ) * G * X X N ( 5 , I ) * ( T l * * . 2 5 ) + 1 1 0 E - 0 6 ~ * C 9  
I F  ( IoEQ.11 GO TO 4 
DY=05*( YY ( I 1-YY ( 1-1 1 1 
T 2 (  I l = T 2 (  I - l )+DY* (Sl/GAM+OSl/OGAM)*C3 
S S (  I ) = S S (  1-1 1 *DY* (S l+OS 1) *c 1 
F 2  f I, I J i = F 2  t 1-1 9 E J )+OY *(Sl*GAM+OSI*OGAM 1*C5 
E I J ~ I ~ I J 1 ~ B I J ~ I ~ l ~ I J ~ + D Y e ( G A M + O G A M + ~ G A M ~ ~ 4 ~ 1 3 5 € ~ 1 5  

4 OS1=S1 
OGA *GAM 

5 CONT I NU E 
I F  I IY.EQo1) GO TO 11 
DO 8 I t l r I Y  
F INT=T 2 ( I Y 1-T2 ( I 1 

R 4 3  
R 44 
!I 45 
R 46 
R 47 
R 4 8  
R 49 
R 5 0  
R 5 1  
R 52 
R 53 
R 54 
R 55 
R 5 6  
R 5 7  
R 5 8  
R 59 
R 6 0  
R 61 
R 42 
R 6 3  
R 64 
R 65 
R 66 
R 47 
R 6 8  
R 69 
R 70 
R 71 
R 7 2  
R 7 3  
R 74 
R 75 
R 7 4  
R 7 7  
R 78 
R 79 
R 80 
R 8 1  
R 8 2  
R 83 
R 8 4  
R 85 
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6 

7 

8 

9 
10 
11 

12 

13 

14  
15 
16 

17 

R 86 
R 87 
R 88 
R 89 
R 90 
R 91 
R 92 
R 93 
R 94 
R 95 
R 96 
R 97 
R 98 
R 99 
R 100 
R 1C.l 
R 102 
R 103 
R 104 
R 105 
R 106 
R 107 
R 1C8 
R 109 
K 11P 
R Ill 
R 112 
R 113 
R 114 
R 115 
R 116 
R 117 
R 118 
R 119 
R 123 
R 121 
q 122 
R 123 
R 124 
R 125 
R 126 
R 127 
R 128 
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18 N l = N Y - I Y + l  
IF (N1-EQ.1) GO TO 20 
I FL=-1 
DO 19 I= IY ,NY 
IWP(TI=O 
IF ( W P ( I l / Q F e L T ~ W O L ( K ~ )  GO TO 19 
IWP (I )=I 
I Q l = I  
I AE D=2 
CALL HAF-ACE ( l ~ X l r X 2 )  
CALL HAFACE 2 t 0 e  V O I  1 
WP( I ) = W M I  

19 WPf I)=WP( I ) *EXP[TAU( IY ) -TAU(  11)  
CALL TRAP1 ~ N ~ I W P ~ I Y ) ~ ~ E E ( I Y ) T ~ ~ ~ F Y ~ K ) )  
FY1 (K)=WP(NY) 
FY(K)=FY(K)*AHVL(K) 
F I  P = F I  P+FY{ K )  

20 CONTINUE 
21  CONTINUE 

QRYPLt I Y ) = F  IM+FIP 
RETURN 
END 

R 129  
R 1 3 0  
R 1 3 1  
R 132 
R 133 
R 1 3 4  
R 1 3 5  
'R 136 
R 137 
R 138 
R 1 3 9  
R 140 
R 141 
R 142  
R 1 4 3  
R 144 
R 145  
R 146 
R 147 
R 148 
R 149 
R 150- 
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SUBROUTINE CONTM s 1  
s 2  
s 3  
s 4  
s 5  
S 6  
5 7  
S 8  
s 9  
s 10 
s I f  
s 12 
S 13  
S 14 
s 15 
S 16 
S 17 
S 18  
S 19 
s 20 
s 21  
s 22 
S 23 
S 24 
s 25 
S 26 
s 27 
S 28 
S 29 
s 30 
S 31 
S 32  
s 33 
s 34 
s 35 
S 36 
s 37 
S 38  
s 39  
s 40 
S 41 
S 42 
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GO TO 7 
5 DO 6 I=IY*NY 
6 EEP ( I ) = I  *-E XP f T AU I IY 1-7 AU I I 1 3 

CALL TRAP1 (Nl*EEP( IY)TBEE(IY)~~.~FIP(K)) 
FIP(K)=FIP(K)*AHV(K) 

7 IF (K*NE,1) GO TO 8 
F I I M ( 1 )=O 
F I I P ( 1 120 
GO TO 9 

8 CALL TRAP (K,FHV~FIMrl.~FIIM) 
CALL TRAP ( K T F H V ~ F I P I ~ .  rFI IPJ 

9 CONTINUE 
QRYPC ( I Y) *F I I H( NHV )+FI I P(  NHV 1 
RETURN 
E NO 

s 43 
s 44 
s 45 
S 46 
s 47 
S 48 
s 49 
S 50 
S 51 
s 52 
s 53 
s 54 
s 55 
S 5.6 
s 57- 
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S UBROUT I N E  MU f HV 9 XKTT X M T  XAPNU 1 T I  

L l ~ l I t  X M ( 1 1  T 3  
SQA=7e 2 5E-16 T 4  
X N N I l ) = X M ( 4 )  T 5  
XNO4 1 1 = X M  ( 2  1 T 6  
XN I ( 1 1 = XM ( 1 I +  XM( 3 1 T 7  
XN02(1 )=XM(6)  T 8  
XNNZt 1 ) = X M (  7 )  T 9  
L = l  T 10 
1=1 T 11 
XMOL=1 T 12 
BQ7=0o T 13 
CALL ZHV (HVTZO*ZNIZI,ZC) T 14 
XN= l4*3 /XKT(  I 1 T 15 
XO=13*4/XKT( I) T 1 6  
X T = 2 5 * 5 / X K T I I  1 T 17 

f 1 8  XX=HV/XKT ( I )  
EQl=SQA*XNN( I )*XKT( 1)+4*5+EXP(-XN+XX)*ZN/HV**3  T 19 
EQZ=SQA*XNO1 I )*XKT( 1)*0.88888889*EXPI-XO+XX)*ZCJ/HV**3 T 21) 
EQ3=SQA+XNI(I)~XKT(I)~4~O*lo33~EXP(-XI+X~)~ZI/HV**3 T 21 

1 2 * O * X K T ( I ) ) ) * ( ( H V - 8 o 5 6 ) / ~ ~ 8 0 5 ~ * * 2 ) / 2 . ~ 8 7 E + l 9  T 23 

1) T 25 
EQ4=EQl*EXPl4*22/XKTt  I B-XX) T 26  
EQ5=EQ2*EXPI4.22/XKTI I I -XX  1 T 27 

DIMENSION X K T f l ) ,  X N N t l ) ,  X N O ( l ) *  X N I ( 1 ) g  X N 0 2 ( 1 ) ~  XNNZ(1)r  XAPNU( T 2 

8 Q 5 ~ X M O L * X N O 2 ~ I ~ * 4 0 0 o ~ * S Q R T ~ T A N H ~ 0 . 0 9 7 5 / X K T ~ I ~ l ~ ~ E X P ~ ~ T A N H ~ ~ ~ ~ 9 5 / ~  T 2 2  

BQ6=XMOL+XNN2 ( I  )*1o2E-l7*EXP(-ABS( HV-13*6+(  leO-Q-603/XKT( I )  1 J**1.3 T 24 

EQ7=EQ3*EXP(11*2/XKT( I I - X X )  T 28 
EQ9=EQS+XNO( I )*3.6E-17/ (9.0+5,0*EXP(-1.98/XKT( I) ) + E X P ( - 4 o l 8 / X K T ( I  1 T 29 

1) 1 T 30 
T 31 
T 3 2  

f XAPNU(LTI)=EPC*~EQL+EQ~+EQ~) T 33 
GO TO 17 T 34 

2 I F  [HV-10.81 3 , 3 9 8  T 35 
3 XAPNU(L9I  )=EPC*{EQ4+EQ5+EQ3 1 T 35 

IF 1HV-7e0) 17,494 T 3 7  
4 IF (HV-9-21 5 7 5 9 6  T 38 
5 XAPNU[L,I )=XAPNU(L, I)+BQ5+3Q7 T 39 

T 40 
6 IF IHV-10.0) 7,7117 T 41 

T 4 2  

EPC=l.O-EXP(-XXI 
I F  tHV-4e22)  1,192' 

GO TO 17 

7 XAPMUt L1 I )=XAPNU4 L*  I )+BQ7 
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8 
9 

10 

11 
1 2  

13 
14 

1 5  

16 

17 

GO TO 1 7  
I F  (HV-12.0) 919111 
XAPNUiL,I )=EPC*(EQ4+XNN(I ) * 5 a 1 6 € - 1 7 * E X P ( - X N + l O o 8 / X K T (  I I  )/(4*0+10.0 

l *EXP(-2038/XKT( I )  )+6*0*EXP(-3.57/XKT( I1  1 l+EQ5+EQ7) 
IF (HV-ll.Ob 17r10v10 
XAPNU( L 9 1  )=XAPNU1 L, I J+BQ6 

I F  fHV-1304)  1 2 ~ 1 2 ~ 1 3  
X A P N U ( L t I ) = E P C * ( E Q 4 + ( 5 o ~ ~ E - 1 7 * X N N ( I ) t E X P ( - X N + l O o 8 / X K T ( i ~ ) + X N N ( I ) * 6  

lo4E-l7*EXP(-XN+12oO/XKT(I) 1 ) / L 4 a O + l Q * O * E X P ( - 2 . 3 8 / X K T 4 1 1  )+6*0*EXP(- 
23,57/XKT( I )  1 B +EQ5+EQ71+3Q6 

GO TO 17 

GO TO 17 
I f  IHV-14e33 149149 16 
X APNU L 9 I )=EPC* t EQ4+( 5 e 16E-l7*XNN ( I 1 *E XP(-XN+10* 8/XKT ( I 1 )+ XNN I I b *6 

1 ~ 4 E ~ 1 7 * E X P f ~ X N + l 2 o 0 / X K T I I ~ ~ ~ / ~ 4 ~ ~ + l O ~ 0 * E X P ~ ~ 2 ~ 3 8 / X K T ~ I ~ ~ ~ 6 ~ ~ * E X P ~ ~  
2 3 * 5 7 / X K T f  I f 1 )  +EQ9+EQ7 1 

I F  (HV-14*21 1 5 r l 5 1 1 7  
XAPNU(Lt1 )=XAPNU(L, 1j+BQ6 
GO TO 1 7  
XAPNU(Lt1 )=EPC*(EQ4+(5.16E-l7*XNN( I 1 * E X P ~ - X N + 1 0 . 8 / X K T ~ I ) ) + X N N o * 6  

1 ~ 4 E ~ 1 7 * E X P ~ ~ X N + 1 2 ~ D / X K T ~ I ~ ~ + 3 , 1 5 E - 1 7 * X N N ~ I ~ ~ / ~ 4 a O + l O ~ ~ * E X P ~ ~ 2 ~ 3 8 / X  
2KT~I~)+6~0*EXP(-3.57/XKT(I~l~+EQ9+EQ7~ 

CONT I NU E 
RETURN 
END 

T 43 
T 44 
T 45 
T 46 
T 47 
T 48 
i 49 
T 5 0  
T 5 1  
T 52 
T 5 3  
T .  54 
T 55 
T 56 
T 57 
T 5 8  
T 5 9  
T 6 0  
T 6 1  
T 62 
T 6 3  
T 64  
T 65 
T 66 
T 67- 
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SUBROUTINE FEMP IHELPT IOPT 1 
C 

1 

2 

3 

4 
5 

6 
7 
8 

u 1  
u .2 
u 3  
u 4  
u 5  
U 6  
u 7  
U 8  
u 9  
u 10 
u 11 
u 12 
u 1 3  
u 14 
u 15 
U 1 6  
U 1 7  
u 19 
U 19 
u 2c 
u 22 
U 23 
U 24 
U 25 
U 26 
U 2 7  
u 28 
U 29 
U 3 0  
u 32 
U 32 
u 3 3  
u 3 4  
u 35 
U 36 
u 37 
U 3 8  
u 39 
U 40 
U 41 
u 42 
u 4 3  
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9 

10 
11 

12 
13 

14 
15 

16 
17 
18 

19 

20 

21 
22 

23 

DO 13 I = l r N  
DO 11 J=1,2 
I F  ( K O D E ( I ) - l )  9 9 9 ~ 1 0  
CH ( I 
GO TO 11 
CH( 11  J )=RA( IT J)  
CONTINUE 
W3( 11=0*0 
DO 12 L S = l p I S  
W3( I )=W3( I )+C(LS,  I )  w25 (1s  1 
CONTINUE 
I G=N 

J 1 =R A ( I ,  J I +RBO ( I i J 1 

I F  ( I O N )  18118r14 
DO 1 5  I = ~ T I G  
YNEI I )=O.O 
DO 17 I = 2 r I G  
DU 16 KS=Z, IS  
VNE( I ) = V N E (  I )  + C ( K S v  I ) * O E G I  ( K S  1 
VNE ( I 1 
N P = N + l  
I SP=I  s+1 
I GM 5= I G-I  S 
IGMSP= I G M S + 1  
NG=O 
I SPNG= I S+NG 
I SPNGP=ISPNG+l  
ISPNG2= I S P N G P + l  
I GP=I  G +1 
00 19 I = l r N  
J P H t  I )=O 
OD 20 1-111s 
00 20 K = l , I S  
J = I  G- I S+K 
A 4 K v  I l = C (  1,J . l  
C A L L  I N V E R T  ( i S t A )  
DO 22 K = l r I G M S  
DO 22 J = l r I S  
YNU(K, J l = O * @  
DO 21 I = l r I S  
VNU I K 9 J 1 = VNU( Kq J 
CONTINUE 
DO 23 I = l t N P  

VNE (, I 1 +C I1 t I 1 *O E G I  ( 1 

+A ( I 9 J l * C  ( I 1 K 1 

VNT ( I  )=O. 

u 44 
u 45 
U 46 
u 47 
U 48 
u 49 
u 50 
U 5 1  
U 52 
u 5 3  
u 5 4  
u 5 5  
u 55 
u 57 
U 5 8  
u 59 
U 63 
U 6 1  
U 62 
U 63 
U 64 
u 05 
U 66 
U 67 
U 68 
U 69 
u 73 
U 71 
U 72 
u 73 
u 74 
u 75 
U 76 
u 77 
U 78 
u 79 
U 83 
U 8 1  
u 52  
U 83 
IJ 84 
U 85 
U 86 
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2 4  

25 

25 
27 

2 8  

2 9  

30 
31 

32 

33 

3 4  

3 5  

36 
37 
38 

39 
40 
4 1  
4 2  

VN ( NP)=AIJIAXl( VNT( NP B rO e02 1 
DO 2 4  I = l o N  
VN( I ) = V N T ( N P I + V N T ( I  b 
VN( I O=AMA%lIVN( 1 1  v lo i3E-06) 
DO 27  i = l ? I G M S  
DO 25  JZLTIS 
A ~ ~ I I ~ J ) = - V N U ~ I I J )  
DO 2 6  K=ISPt ISPNGP 
A12 d I v K )=O e 0  
CONTINUE 
DO 28  I=fSPvISPNGP 
D O  28  J = I  SP, I SPNGP 
A22 ( I t  J l = O e O  
I A = l  
J A = l  
I X = l  
TBJA=TBtJA)  
C A L L  E Q U I L  (TBJAr PRESS9 I X V N ~ P I ,  *FALSE. 1 
T B (  JAI=TBJA 
I F  ( I X - 1 )  3 0 9 3 1 9 3 0  
W R I T E  (6760) TBJA 
V A = O e  0 
DO 3 2  I = l r N  
V A = V A + H I I ) * V N ( I )  
HSB=VA/VN C NP 1 

H S= H SB / W2 7 
FN SN 3 6  
FFF(JAB=HSB-HS 
TGUS f i A O=TB J A  
DIG l I A )=F FF ( J A )  

JA= JAsl  
GO TO 29 

GO TO 13393419  IOPT 

IF ( JA-21  3 5 9 3 6 9 3 6  

I F  (ABS(FFF(2 ) /HS) -1 -OE-O4)  4 7 ~ 4 7 9 3 7  
IF ( F F F I 1 1 - F F F ( Z ) I  38939938  
TP=TB (1  )+ f F F F (  1 ) /  I F F F (  1 I -FFF (2 I 1 ) * ( T B (  2 )-TB( 1 i 1 
GO TO 40 
TP=T611)  
IF ( T P )  4 1 9 4 1 9 4 2  
T P = O e 7 5 + T B l l )  
FFF t 1 D =FF F f 2 1 
T B ( l ) = T B ( Z )  

u $7 
U 88 
U 8 9  
u 90 
U 91 
U 9 2  
u 93 
u 94 
u 95 
U 96 
u 9 7  
U 9 8  
u 99 
u l e 9  
u l e1  
u 102 
U 103 
U 194 
U 105 
U lCt6 
U 1C7 
u 108 
u 109 
u 113 
u 111 
u 1 1 2  
U 113 

u 1 1 5  
U 116 
U 117 
u 118  
11 119  
u 12c 
u 1 2 1  
u 122  
U 1 2 3  
U 1 2 4  
U 125  
U 1 2 6  
U 1 2 7  
U 1 2 8  
U 1 2 9  

r A A 3  

76 



43 

44 
45 

46 

47 

48 
49 
50 

51  
52 

53 
54 

55 
56 
57 

58 

U 130 
U 131  
U 132 
u 133 
U 134 
U 135 
U 136 
U 137 
U 138 
U 139 
U 140 
U 141 
U 142 
U 143 
U 144 
U 145 
U 146 
U 147 
U 148 
U 149 
U 150 
U 151 
U 152 
U 153 
U 154 
U 155 
U 156 
U 157 
U 158  
U 159 
U 160 
U 161 
U 162 
U 163 
U 164 
U 165 
U 156 
U 167 
U 165 
U 169 
u 170 
U 171 
U 172 
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SYU=O.O 
DO 59 M = l  ,N 
BMT (M  1 = ( VNT (M 1 *W3 I W )  1 / W 27 

RETURN 
59 SYU=SYU+BMT(M 1 

C 
C 
60 FORMAT tZ1HOPI-R D I D  NOT C O N V E R G E v E 1 5 . 5 1  
6 1  FORMAT (19HOT DID NOT CONVEKGE,E15*5//(2E15.5)) 

END 

U 173 
u 174 
U 175 
U 176 
U 177 
u 178 
U 179 
U 180 
U 1 8 1  
U 182- 
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SUBROUTINE O E F I O J  ( N v I S r C r V N r J P H r I O J )  v 1  

1 T A U ( 7 r i ’ ) t  P ( 2 0 1 2 0 ) r  I L ( 1 6 ) v  IPH(16) v 3  
EQUIVALENCE ( X v C T l  v 4  
LN=N v 5  

V 6  LS= IS 
L M P = L N + l  v 7  

V 8  L S P = L S + l  
DO 1 I = l r l N  v 9  

1 V (  I )=VN(  1 )  v 1 0  
C A L L  ORDERV I L N r V v I P H )  v 11 
M=LN/E v 1 2  
DO 2 J = l r M  V 1 3  
Y=L N + l  - J V 14 
I T = I P H t  J )  V 1 5  
I PH ( J  1 = I P H t  K )  V 15 

2 I P H ( K l = I I  V 17 
l=l V 18 
00 10 K = l , L N  V 19 
I ND= I P H  ( K 1 v 20 
IF ( J P H l I N D ) )  3,3910 v 2 1  

3 DO 4 I = l r L S  v 22 
4 T A U ( L 7  I1=C( 1, IND) V 2 3  

DO 6 I = L r L  V 2 4  
TP=Oo 0 V 25  
DO 5 J = l r L S  V 26 

5 T P = T P + T A U ( I  r J ) * T A U ( L r J )  v 27 
P I r L ) = T P  V 2 8  

6 P ( L 1 I  ) = T P  V 29 
DO 7 1=lr20 v 30 
CT( I l = O  V V 31 32 

C A L L  DTLNEQ ( L p P r C T v X r D E T )  v 33 
IF ( A B S (  D E I ) - 1 o O E - 0 5  1 10,10* 8 v 3 4  

8 I L ( L ) = I N D  v 3 5  
I F  ( L - L S )  9 r l l r l l  v 36 

9 L=L+1 v 37 
V 38 1C CONTINUE 

11 C A L L  ORDER1 ( L S r I L )  v 39  
I O J ( L S P ) = L N P  V 4 0  
DO 12 J = l r L S  V 41 

12 I D J  t J )= 1 L t . J )  V 4 2  
RETURN v 43  
END v 44- 

D I M E N S I O N  C ( 6 v 1 6 1 ,  V N ( 1 7 1 9  JPH(I .61,  I 3 J ( 1 3 ) r  X ( 2 O l r  C T ( 2 l ) ) v  V(l6)r V 2 

7 CONTI  NU€ 
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S U B R O U T I N E  O R D E R 1  ( N T I P H )  
DIMENS I O N  I P H I 1 6 )  

1 K=D 
DO 3 J=ZTN 
I F  t I P H (  J -1) -  IPHI .  J )  1 3r3r2 

IPH ( J-1 I =  I P H (  J 1 
I P H t  J ) = I T  
K = 1  

3 C O N T I N U E  
I F  ( K )  4,491 

4 RETURN 

2 I T = I P H  I J-1) 

E N D  

w i  
1j2 
w 3  
w 4  
w 5  
H b  
t17 
w 8  
k f 9  
id L O  
w 11 

W 13- 
w 12 
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SUBROUTINE ORDERV I N q V ,  I P H )  
D I M E N S I O N  V i 1 6 1  p I P H ( 1 6 )  
LN=N 
DO 1 I - l r L N  

1 IPH(  I ) = I  
2 K= 8 

DO 4 Jx2rLN 
I F  ( V (  J - l ) - V (  J ) )  4 r 4 r 3  

V ( J - l ) = V ( J )  
V ( J ) = V T  
IT=IPH( J-1 J 
f ’PH[J - l )= IPH(  J! 
I PH ( J  ) = I T  
K = l  

4 CONTINUE 
I F  1K) 5 , 5 9 2  

5 RETURN 
END 

3 VT=V( J - l !  

x 1  
x 2  
x 3  
x 4  
x 5  
X 6  
x 7  
X 8  
x 9  
x 10 
x 11 
x 12 
X 1 3  
X 1 4  
X 15  
X 1 6  
X 17 
x 18 
x 19- 

81 



1 

2 
3 

4 

5 

6 

7 
8 

9 
10 

11 

12 
13 
14 
15 

16 

SUBROUTINE INVERT (NvA) 
DIMENSION A (6 tb ) t  Z M ( b t 6 ) ~  N7(6)r N 9 ( 5 J  
EQUIVALENCE 
DO 3 I = ~ T N  
D O  3 J = l t N  
IF (1-J) 2 ~ 1 ~ 2  
Z M (  I t  J ) = l * O  

ZM( I t J ) = O * O  

( N9{ 1) T N7( 2 1)  

GO TO 3 

CONT I NU E 
N 7 1 1 ) = 0  
DO 15 I = l * N  
z3=0*0 
00 6 J = l q N  
00 4 K = l r I  
I f  ( J - N 7 ( K I )  4 t 6 r 4  

V = A B S ( A ( J r I ) )  

z3=v 
N9( I ) = J  
L= J 
CONTINUE 
I F  (Z3-1.OE-071 7 1 7 ~ 8  
23= 1 0 E-0 7 
V = A ( L T I )  
DO 10 J = l r N  
Z M t L * J ) = Z M ( L g  J ) / V  
I F  ( J - I )  1011019 
A (  L T J  ] = A (  L T  J) / V  
CONT IN UE 
DO 14 J - l r N  
I F  (J-L) 11114~11  
V=-A( J 9.1 1 
DO 13 K = l r N  
ZM( J,K)=ZM( JT KI+V*ZM( L I  K) 
IF (K-1)  1 3 r 1 3 ~ 1 2  
A l J 

CflNT I NU E 

rF ( V - Z ~ I  b t6 ,5  

K) = A ( JT K )  +V*A ( L T K  1 
CONT I NU E 
CONTINUE 
CONT KNUE 

J=N9( 1 f 
DO 16 I = l r N  

00 16 K = l r N  
A ( I t K I s Z M 4 J t K )  
RETURN 
END 

Y L  
Y 2  
Y 3  
Y 4  
Y 5  
Y 6  
Y f  
Y 8  
Y 9  
Y 10 
Y 11 
Y 12 
Y 13 
Y 14 
Y 15 
Y 16 
Y 17 

Y 19 
Y 2 0  
Y 21 
Y 22 
Y 2 3  
Y 24 
Y 25 
Y 26 
Y 27 
Y 2 8  
Y 29 
Y 30 
Y 31 
Y 3 2  
Y 33 
Y 3 4  
Y 35  
Y 36 
Y 37 
Y 38 
Y 39 
Y 40 
Y 41 
Y 42 
Y 43  
Y 44 
Y 4 5  
Y 46 
Y 47- 

Y i a  
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z 1  
z 2  
2 3  
z 4  
z 5  
Z 6  
z 7  
Z 8  
z 9  
2 10 
z 11 
z 12 
2. 13 
Z 14 
2 15 
Z 16 
Z 17 
z 18 
Z 19 
z 20 
z 2 1  
z 22 
Z 24 
2 25 
Z 26 
Z 27 
Z 28 
z 29 
z 30 
Z 31  
Z 32 
z 33 
z 34 
z 3 5  
Z 36 
z 37 
Z 38 
z 39 
Z 40 
Z 41 
Z 42 
z 43 
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3 
4 
5 

6 
7 
a 

9 

10 
11 

12 
13 

14 

1 5  
16 

17 

18 

19 

20 

z 44 
z 45 
Z 46 
L 47 
Z 48 
z 49 
z 50 
2 51 
2 52 
z 53 
2 54 
z 55 
Z 56 
z 57 
Z 58 

Z 60 
Z 61 
2 62 
Z 63 
Z 64 
Z 65 
2 66 
Z 67 
Z 68 
Z 69 
z 70 
z 71 
Z 72 
z 73 
z 74 
z 75 
Z 76 
z 77 
Z 78 
z 79 
Z 80 
z 81 
Z 82 
Z 83 
z 84 
Z 85 
Z 86 

z ,59 
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21  

22 
23 

29 

25 

26 

27 

28 

29 

30 

31 
32 

AlZIItISPNGZ)=EZ( I )  
IF IVN( II-leOE-3O) 21t2ft22 
STEP41 ) = 0 e C  
EC=AMAX11 ELtEZt I )  1 
GO TO 23 
EL=AMAX11ELtABStELI 1)  11  
CON T F N UE 
DO 24 I=ltIS 

DO 24 J=lrIGMS 
A21 I I 9  J )=CI 11 J)*VN( J B 
A A I  I )=AAI I )+A211 I t  J )  
DO 25 J=ltLGMS 
A21( ISPNGPtJ)=VM(J9 
DO 26 I=ltIS 
DO 26 J-1, ISPNG 

A22 ( I p J )=C( 1 s  K )*VN1 Kl 
AA(I)=AA(I)+A2Z(ItJ) 
DO 27 J=lrIS 

A22 ( I SPNGP 
DO 28 IS191s 
A22( I t  ISPNGPl=-AA( 1 1  

AA( I1=0 SO 

K=IGMS+ J 

K = I  GMS+J 
J )=VN( K 1 

VA=(VN(NPl*ALPII1 )/AA(I J 
K=IGMS+I 
EZ(K)=ALOG( VA 1 
A22111ZSPNGZ)=AA(I)*EZ(K) 
ENL=AIVIAXl( ENL 9 ABS I EZ( K 1 1 )  

PB=Q.O 
DO 29 I=lrIG 

CONTINUE 

PB=PB+VN.I 1 1  
EZ(NP)=ALOG(PR/PB 1 
A22{fSPNGP~ISPNGZ)=PB*EZtNP) 
ENL=AMAXl t ENL *ABS (E Z t  NP 
I F  ( A M A X ~ ( E L I E N L ) - ~ ~ D E - O ~ )  5 4 9 5 4 ~ 3 0  
00 32 i=1 t ISPNGP 
00 32 K=lt€SPNGP 

DO 31 J=lrIGMS 
VA=VA+A21(IpJ)*A12IJtK)*STEP(Jl 
AT( I*K)=A221 LtK)-VA 

1 1 

VA=O. 0 

Z 87 
Z 88 
Z 89 
Z 90 
Z 91 
Z 92 
z 9 3  
z 94 
z 95 
Z 96 
2 97 
z 98 
z 99 
z 1c0 
z 101 
2 102 
Z 103 
Z 104 
Z 105 
Z 106 
Z 107 
z 108 
z 109 
z 119 
z 111 
2 112 
L 113 
Z 114 
Z 115 
Z 116 
L 117 
Z 118 
Z 119 
z 120 
z 121 
i 122 
L 123 
Z 124 
2 125 
Z 126 
Z 127 
Z 128 
Z 129 
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3 3  
34 

3 5  
36 
37 

3 8  

3 9  

40 
41 

4 2  

43 
44 

4 5  

46 

4 7  

4 8  
49 

5 0  
5 1  

DO 3 4  I = l r I S P N G P  
VA=0.0 
00 3 3  J=l.IGMS 
VA=VA+A214 I * J  ) * A 1 2 4  JT  ISPNG2 f 
B t I  1=A22( I T  ISPNG2)-VA 
C A L L  DTLNEQ (ISPNGPpATt BqXBvVA) 
X X (  ISPNG2 J = - l  
VB=OeO 
DO 37 I=l . ISPNGP 
J=IGMS+L 
D Y (  J ) = X X (  I )  
IF (1 -1s)  3 6 9 3 6 1 3 5  
I F  (STEP( J )  1 37937.36 
VB=AMAXl(VBWABS(XX( I )  1 1  

DO 41 I = l r I G M S  
VA=OeO 
DO 3 8  J = l r I S P N G 2  
V A = V A + A l 2  (1. J l * X X ( J  # 
DY[ I ) = - V A  
IF (STEP( I )  1 39139.40 
D Y t  I ) = A 1 2 (  Ip ISPNGZ)  
GO TO 41 
VB=AMAXl(ABS(VA)rVB) 
CONTINUE 
I F  t V B - 2 * 3 0 5 2 1  4 4 1 4 4 ~ 4 2  
VA=2.30521 VB 
DO 4 3  I = l r N P  

DO 4 5  I = l r I G  

CONT I NU E 

D Y I  I )=VA*DY ( I  1 

VNII)=AMAXlIVN(I)*EX~~~Y(I))rL.OE-30) 
CONTINUE 
DO 46 I=IGP,NP 
VN1 I ) = A M A X 1  (VN( I )*EXP(DY 
IF (JC-50)  4 8 9 4 8 1 4 7  
I x=2 
RETURN 
I f  (JD-3) 50149.49 
C A L L  D E F I O J  ~ N I I S ~ C ~ V N ~ J P H ~ I O J )  

I 1 1 9 5- OE-10) 

J O = l  
GO TO 5 1  
JD= JD+1 
I F  ( ( l , l l l * E N L I - E L  t 531 529 5 2  

Z 1 3 0  
Z 1 3 1  
Z 1 3 2  
Z 1 3 3  
Z 1 3 4  
Z 1 3 5  
Z 1 3 6  
Z 137 
Z 1 3 8  
Z 1 3 9  
z 1 4 0  
Z 141 
Z 1 4 2  
Z 1 4 3  
Z 144 
Z 1 4 5  
L 1 4 6  
Z 1 4 7  
Z 1 4 8  
Z 149 
Z 1 5 0  
L 1 5 1  
Z 1 5 2  
Z 153  
Z 1 5 4  
Z 1 5 5  
Z 1 5 6  
Z 1 5 7  
Z 1 5 8  
z 1 5 9  
Z 160 
2 161 
z 1 5 2  
Z 1 6 3  
Z 164 
Z 1 6 5  
Z 1 6 6  
Z 167 
Z 1 6 8  
L 1 6 9  
Z 1 7 0  
Z 171 
2 1 7 2  
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52 CALL MASBAL ( V N T I O J T C T A L P T J C T O . ~ T I S T ~ T P R ~ I G )  
53 J C = J C + l  

GO TO 17 
54 IF ( 1NDToDOCB 1 RETURN 

IF ~ I U N o E Q e O i O R i I X . E Q ~ 2 1  RETURN 
VN S AVE=O i 0 
DO 55 M=2tN 

55  VNSAVE=VNSAVE+VN( M) *VNE(M)  
CHGERR=VNSAVE/VN( 1 ) - 1 i O  
IF f ABS (CHGERR 1-1 ,OE-04) 569 5 6 ~  57. 

56 RETURN 
57 KCBAL=KCBAL+l  

IF (KCBALoGT.3 )  RETURN 
C A t  L C HGB AL I T E  T P R  9 KRAP t DMU 1 
I F  I K R A P . E Q * Z )  RETURN 
JC= 1 
GO TO 17 
E NO 

Z 173 
Z 174 
Z 175 
Z 176 
Z 177 
Z 178 
Z 179 
z 180 
Z 181 
z 182 
Z 183  
Z 184 
Z 185 
Z 186 
Z 187 
Z 188 
Z 189 
z 190- 
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7 

8 
9. 

10 

11 

12 

13  
14 
1 5  

15 

J I N = l  
JNU=l 
I F  ( J A T 4 1 9 1 ) * E B * O l  JNU=2 
I F  ( JATC(  J v l )  eEQ.09 J IN=2 
D EFF=AB S ( ALPT ( I 9 J NU 1-AL PTC ( J t J I  N l  1 
I F  ( ( J A T ( I 9 J N U I . N E . J A T C [ J * J I N ) ) o D R , ( D I F F , G T ~ l - ~ € - Z ~ ~ )  GO TO 8 
JNU= JNU+1 
J I N = J I  N * l  

VNMNf J1 =VNI I1 
DMUCN( JI=DMU[ I.) 
CONTINUE 
CONT I NU E 
MISING=O 

I F  (MAXO(JNU9JIN)oLTo6)  GO TO 7 

DO 10 J = l r N O I O N  
TF (ABS(DMUCN(J)) .GT.1.OE-10) GO TO 10 
M I  S I NG= M I  SI NG +1 
1 = 1  NOEX J 1 
CONTINUE 

CALL DUMP 
I F  (MISING-EQ-0)  GO TO 11 

RTR=-1 e O /  f TE*1.98726) 
DO 1 2  J=1 ,NOION 
LOGKP=RTR*(DMUCI(J)-DMUCN[ J)+VNECB( J)*DMU( 1) )  
KSUBP( J)=EXP[LOGKP) 
I = I N D E X { J I  
DO 1 5  K K = l 9 5  
AK(KK)=O.O 
DO 14 J=19NOION 
KVNECB=IF IX(VNECB4 J 1+0.01)1) 
I F  f VNECB f J ) LT a 0  -0 1 KY NECB=I F I  X f VNECB J 1-0 e001 1 
I F  1(KK-39+KVNECB) 14,13914 
AK( KK 1 =AK ( KK 1 +VNE C 5  43 f *KSU BP ( J f WNMN ( J t 
CON T i NU€ 
CONTI NU E 

XNEW=ABS(VN11)8 
KRUDD= 1 
DO 1 8  LL=lr50 
L=LL 
FOFX=O .O 
FPOFX=O,O 
X=XNEW 

AK(4I=AK(4)-1,0 

A A  44 
A A  4 5  
A A  46 
A A  47 
A A  48 
A4 49 
A A  50 
A A  5 1  
A A  5 2  
A A  53  
A A  5 4  
A A  55 
A A  5 6  
A A  57 
A A  58 
A A  59 
A A  60 
A A  6 1  
A A  62  
A A  63 
A A  64 
A A  65 
A A  66 
A A  67 
A A  68  
A A  69 
A A  70 
A A  71 
A A  72  
A A  73 
A A  74 
A A  75 
A A  76 
A A  77 
A A  78 
A A  79 
A A  80 
A A  8 1  
A A  8 2  
A A  83 
A A  8 4  
A A  85 
A A  86 

89 



DO 17 K K = l r S  
V KK=KK-3 
T E S T1= V KK*ALO G I  X 1 
TESTE= ( VKK-1 0 1 *ALOG( X 1 
T E R M l X 1  .OE+36 
TERM2=1 .OE+36 
I F  ( T E S T l e L T o 8 3 . 0 )  TERMl=X**VKK 
I F  ( T E S T 2 e L T e 8 3 . 0 )  TERMZ=X*+IVKK-l,Q) 
F O f  X=FDFX+AK( K K ) * T E R M l  
F POFX= F POFX *VKK*A K (  KK * TE RM2 
XNE W=X- (FOFX/  FPOFX j 

17 

I F  ( XNEWo LToO-0) XNEW=X/ZoO 
ERROR=]. .O-XNEW/X 
IF (ABS(ERROR)- loOE-OSJ 20 r20 r18  

18 CONTINUE 
19 KRAP=2 

RETURN 
20 I F  (XNEW) 21122922 
21 XNEW=AB S (  XNEW 1 

KRUDD= KRU DD+1 

GO TO 16 

VN( 1 ) = X  

[= INDEX ( J  1 
VNOLDc I )=VN( I 1 
VN( I )=KSUBP( J )*VNMN( J3 *X** I -VNECEI  J J 1 

KRA P= 1 
RETUKN 
E NO 

I F  (KRUDD.GT.21 GO TO 19 

22 X=XNEW 

DD 23 J = l r N O I U N  

23 V N ( I ) = A M A X l ( V N ( I ) r 9 . 9 9 9 E - 3 0 )  

A A  87 
AA 88 
A A  89 
AA 90 
AA 91 
AA 92 
AA 93 
AA 94 
AA 95 
AA 96 
AA 97 
A A  98 
AA 99 
AA 100 
AA 1 G L  
AA 1 0 2  
AA 1 0 3  
AA 104 
AA 105 
A A  106 
AA 107 
A A  108 
AA 109 
AA 110 
A A  111 
AA 112 
AA 113 
AA 114 
AA 115 
AA 116 
A A  117 
AA 118- 
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1 

2 
3 
4 

5 
6 

7 

8 
9 

10 

11 
1 2  

SUBROUTINE ZHV ( H V T Z O T Z N I Z I ~ Z C )  AB L 
AB 2 X=HV 

IF (HV-9-82)  13112 AB 3 
ZO=O*99997956-O*315 548O4*X+208245479E-02+X**2+606773283E-03*X**3-3 AB 4 

5 1 6445 8 5 4E-03* X**4+8*05 8069 8E-04*X**5-7 70 86 374E-053 X** 6+2 668133 E -  AB 
20 5* X* * 7 AB 6 

GO TO 3 A B  7 
ZO= f X / 9  8 2 1 *+3 AB 8 
I f  (HV-8035)  41415 AB 9 
Z N ~ 1 ~ 0 0 0 1 4 8 ~ 0 ~ 4 1 8 3 5 3 4 6 * X + O o 1 6 8 0 3 5 9 l ~ X * + 2 ~ 9 o 7 7 9 4 5 7 9 E ~ O 2 ~ X * * 3 + 3 o 3 5 4 6  AB 10 

1 3 5 1 E - 0 2 * X * * 4 - 5 ~ 6 0 9 3 5 3 4 E - O 3 * X ~ * 5 + ~ ~ 5 1 5 5 3 5 E ~ O 4 * X * * 6 ~ 1 ~ 4 0 3 5 8 4 5 E ~ O 5 * X *  AB 11 
2*7 AB 1 2  

GO TO 6 AB 13 
ZN= I X / 8 3 5 1 **3 AB 14 
X = H V / 4  -0 A 6  15 
IF (X-606) 7 3 7 1 8  AB 16 

AB 1 8  
GO TO 9 AB 19 
Z I =  I X/ 7 -37  ) **3 AB 20 

AB 21 X=H V 
I F  ( X - 7 - 3 7 )  lO1l01ll AB 22 

Z I =  1 0 003794-0o29 6+ 7668*X+ 7 50 524 16 E -0 2 * X  **2- 1 70 2 948 1 E-02 * X**3+3 AB 1 7 
1 2  7 9  5 53 9 € - 0 3 * X  **+2 1284692 E-04*X* * 5 

Z C = 0 o 9 9 7 4 3 6 7 4 - 0 o 4 3 4 1 8 1 2 2 * X + ~ o 5 ~ 1 3 1 4 ~ E - D 2 * X * * 2 ~ 1 ~ 3 9 3 9 1 6 8 E ~ 0 2 ~ X * * 3 + 4  AB 23 
1~0385449E-03*X**4-5.4264246E-O4*X**5+2o 8121&lE-O5*X**6-3.8835298E AB 2 4  

AB 2 5  
GO TO 1 2  AB 26 
LC= ( X / 7 , 3 7 ) * * 3  AB 27 
RETURN AB 28 
END AB 29- 

2-O7*X*+ 7 
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S U B R O U T I N E  LTP t ITSW) AC 1 
C AC 2 

COMMON / A A A /  A ( ~ ~ ~ ~ ~ A ~ ~ ~ ~ ~ V ~ ~ ~ T A ~ ~ O T A L P I ~ ) ~ A L ~ ~ ~ ~ V A L P ~ ~ ~ ~ ~ ~ ~ T B M ~ ~ ~ ~ ~ T  AC 3 
~ C ( ~ ~ ~ ~ ~ ~ C H ~ ~ ~ ~ ~ ~ ~ C P ~ ~ ~ ~ ~ D E G I ~ ~ ~ ~ H ~ ~ ~ ~ V J A T ~ ~ ~ ~ ~ ~ ~ J P H ~ ~ ~ ~ T K A T ~ ~ ~ ~ K ~ ~  AC 4 
2 E ~ 1 6 ~ ~ R A ~ l 6 ~ 2 ~ ~ R 6 O ~ l ~ ~ 2 ~ v R C ~ ~ 6 ~ 2 ~ ~ Z D ~ l 6 ~ 2 ~ ~ ~ D l ~ l 6 ~ 2 ~ ~ R E ~ l 6 ~ 2 ~ t ~ E ~ ~  AC 5 
3 161 2 1 9  SD( 16 1 v T B I 3  1 9  T U (  1692 1 v T U 2  I 1 6 9  2 1 b 
~ ~ ~ ~ ~ ~ W ~ ~ ~ ~ ) ~ W ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ ~ ~ ~ I R C ~ ~ ~ ~ ~ ~ ~ ~ H S V I G ~ I G M S ~ I G M ~ P T I G P ~ I  AC 7 

VN( 17 ,VNE( 16 I * VNT(  17 1 9  VNU4 1 AC 

~ D N ~ I S ~ I S P ~ I S P N G P ~ I S P N G ~ ~ N ~ N G T N P ~ P R E S S ~ W ~ ~ I R H O ~ W M ~ S ~ U ~ I S ~ ~ G  AC 8 
C OMNON /RAD/  YY { LOO 1 qTEE(100 1 v FHV(  23 J o NHVI NY rC2o I Y  AC 9 
COMMON / R A D /  XNN( 7 0  100) AC 1c1 
COMMON /R A C/ N I H V C  v FHVC ( 50 1 9 AHV ( 5 0 1 v A H V L  4 20 1 A C  11 
COMMON /RAD/  C l r C  3 r C 4 r F L G v  C 5 r F L G l  AC 1 2  
C OMMON /R AD/ Y DEL  T 9 D E L 1  De F L 1 T F L 2 AC 13 

l H V M ( Z O ) r F H V P ( 2 0 )  AC 15 

l l ~ W M I ~ 5 I J I l 0 0 ~ 1 0 ~ ~ G ~ I N ~ ~ O ~ ~ ~ O ~ ~ G P L U ( L 0 0 ~ l ~ ~ ~ I A E D  AC 17 
D I M E N S I O N  N I C N ( 1 0 0 )  AC 18 
D I MENS I O N  PRE S ( 100 t AC 19 
D I M E N S I O N  HH(1001 AC 20 
A L P ( l l = 5 . 5  AC 22 
ALP 2 D =  1 4375 AC 23 
I TSW=l  AC 24 
L ON=O AC 25 
I s=2 AC 26 
N = 4 .  A G  27 
W25( 1 ) = 1 4 s O O 8  AG 28 
W25(2)=16.0 AC 29 
KAT ( 1) = 7  AC 30 
KAT ( 2  )=8 A t  31 
D E G I  I 1  I-OeO AC 32 
DEG I l 2  )=O..O AC 33 
K O D E ( 1 9 = P  AC 34 
DO 1 J=204 AC 35 

1 K O D E I  J)=2 AC 36 
DO 2 J=194 AC 37 

ALPTl J t K)=O e 0  AC 39 
2 J A T  I JI KO=O AC 40 

ALPT' t  1 9 1 1 ~ 2  -0 AC 41 
J A T  I1 I 1 ) = 8  AC 42 
A L P T  4 2 v 1 1 = 1 e O  AC 43 

COMMON /RAD/ G E E I 8 ) , E P S ( 8 )  ~ N U ~ ~ ~ I ~ N D ~ ~ ~ ~ ~ F ~ / ? ~ ~ ~ G A ~ P I ~ O ~ I ~ O L ~ ~ O ~ ~ ~  AC 14 

COMMON 16 I C  I O N C L /  F ( 100- 10) 9 F2 4 100r10) 9 H V L ( 7 0 )  8 E P 9 K 2 r  K 1 9  I F L  v IYCONI I Q  AC 

DO 2 K - 1 9 5  AC 38  
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A C  44 
A C  45 
A C  46 
A C  47 
A C  48 
A C  49 
A t  50 
A C  5 1  
A C  52 
A t  53 
A C  54 
A C  55 
A C  56 
A C  57 
A C  58 
A C  59 
A C  60 
A C  61 
AC 62 
A C  63 
A C  64 
A C  b5 
AC 56 
A C  67 
A C  68 
AC 69 
AC 70 
A C  71 
AC 72 
A C  73 
A C  74 
A C  75 
A C  76 
AC 77 
A C  78 
AC 79 
A C  80 
AC 81 

AC 83 
AC 84 
A C  85 
A C  86 

AC a2 
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RC ( 3r 2 1124 51 03 
RD(3r2I=Oo 158277E-03 
RE 4 3 r 2 ) =-0 3 5 1471 E+08 
TU( 372 )=24000 
RCl(3r 1)=2303381 
RtIl(311)=00659562€-03 
R E 1  (31 11=-0-155587E+07 
TU2 t 37 1 )=5000 
RC113t2)=25o8157 
R D l t  3 ~ 2  1 = 0 1 86999 E-03 
R E 1  (392 )=-O0322302€+08 
TU2(3t2)=24000* 
RA(4t l1=0 e 0  
RC( 4 t l  jz24-9173 
R D (  49 1 ) = I  008123E-03 
R E ( 4 t 1 1 =-2 2 1 5 76 E +O 6 
TU( 4t 1 )=5000* 
RA(4t21=0.0 
RC( 412)=3006229 
R0(4t2)=3oOL129E04 
RE(4t2)=-5o 19808E+07 
TU ( 4 t 2 1 =24OOO 
RCL(49 1)=28,2374 
RDl (4 t  l l=f*32899E-03 
R E 1  14r 1)=-2*1492E+06 
TU2 (4r  11=4000 
R C  1 ( 49 2 )=33 5 174 
RDl t4r2)~4o39119E-04 
R E 1  (49 2)=-3014737E+07 
TU2(4t2)=24000r 
RETURN 
END 

A C  87 
A C  88 
AC 89 
A t  90 
A t  91. 
AC 92 
A C  93 
A C  94 
A t  95 
AC 96 
A G  97 
A C  98 
A t  99 
AG 100 
A t  191 
AC 102 
A t  103 
A C  104 
A C  105 
AC 106 
AC 1'27 
A t  108 
AG 109 
AC 110 
A C  111 
A C  112 
A t  113 
A C  114 
AC 115 
AC 116 
AC 117 
AC 118- 
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St lSROUT IN€ HAFACE ( I F L * D L T D ~ )  AD 1 

l N U B A R ( 4 0 ) r  s A V E f 6 0 ) ~  X S T A R ( 4 O ) v  D X ( 4 3 ) r  D E L T ( 4 0 )  A D  3 
I F  ( IFL.EQ.2)  GO TO 1 AD 4 
ARG5=D1 AD 5 
TF=D2 AD 6 
N O R D = l  AD 7 

AD 8 NRT AB=O 
D T P = ( T F - A R G S I  *.1 AD 9 
HM I N= D T P* 0 2 A 0  10  
ARG4=DTP+ 1 AD 11 
H MA X= DT P AD 12 
R M A X = l  E-5 AD 13 
TP=ARG5 AD 14 
A L I N I T ( l ) = O .  AD 15  
RETURN AD 16 

1 C A L L  I N O C A L  I XNUp A L I N I  T 1-1 T A R G S T N T A B )  AD 17 
N T A B = l  A D  1 8  
SEN S=O AD 19 
GO TO 36 AD 20 

2 S EN SR=O AD 21 
3 IF ( T F - A R G 5 )  441414 AD 22 
4 DO 5 I = l r N o R D  AD 23 

ALOIJERt  I ) = A ' L I N I T (  I!) AD 24  
S A V E ( I ) = A L I N I T ( I )  AD 25 

5 XNUBAR { I 1 = A L  I N I T I  I ) AD 26 
ARG7=ARG4/2 .8  AD 27 
ARG8=ARG7/2  -0 AD 28 
ARG6= AR 64 AD 2 9  
SW3z-1 AD 30 
A RG 9= A R G5 A D  31 
A R G l O = A R G 6  AD 32 
ARG 1 1 = A R G 7  AD 33 

6 C A L L  I NOCAL ( X S T A R T X N U B A R T O . O I A R G ~ , N T A B )  A D  34 
DO 7 I = ~ T N O R D  A D  35 
0x4 I ) = X S T A R ( I  ) * A R G l O  AD 36 

7 XNUBARf 11=XNUBAR(  I ) + ( D X ( I ) / Z . O )  AD 37 
AD 38 ARG9=ARG9 +ARG 11 

C A L L  I N O C A L  ( XSTARp X N U B A R T O * O , A R G ~ T N T A B  1 AD 39 
DO 8 I = € T N O R D  AD 40 
TEMP=XSTAR(  I ) * A R G l O  AD 41 
D X ( I ) = D X ( I ) + ( f E M P * Z ~ O )  A D  42 

D I M E N S I O N  A L O W E R E 4 0 ) r  i A B L E ( l f 9  A L I N I T ( 4 0 ) r  X L S T E P ( ~ ~ ) T  X N U ( 4 O l r  X A D  2 
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8 

9 

10 

11 

12 

13 

'14 

15  

16 

17 

18 
19 
20 
21 
22 
23 

24 
25 

X N U B A R 1 Z ) = S A V E ( I ) + I T E M P / 2 , 0 )  
C A L L  I N O C A L  f XSTAR? XNUBAR*O.OVARG~,NTAB 1 
DO 9 I = l r N O R D  

D X l  I ) = D X (  E ) + ( T E H P * 2 e O )  
TEMP=XSTAR(  1) *ARG10 

X N U B A R ( I l = T E M P + S A V E ( I )  
A R G 9 = A R G 9 + A R G l l  
C A L L  
DO 10 I = l r N O R D  
X S T A R (  I I = (  ( ( X S T A R  l I ) + A R G l O ) + D X [  I )  1 /6*0) +SAVE(  I )  
I f  ISW3) l l i 1 3 r 1 5  
SH3=0.0 

I NOC A t  ( X S T A R t  XNUBAR 9 0 t 0 I ARG9 t N T A B  1 

ARG9=ARG5 
A R G l O = A R G 7  
ARG 11 = ARG8 

XNUBAR( I b =SAVE(  I) 
X l S T E P (  I l = X S T A R ( I  1 
GO TO 6 

ARG9= ARG5+ARG7 

X N U B A R t I ) = X S T A R 4 Z I  
S A ~ E ~ I ~ = X N U B A R ( I ~  

DO 12 I = l r N O R D  

SW3=1 e 0 

DO 14 I = l r N O R D  

GO .TO 5 
DO 16 I = l v N O R D  
D E L T ~ I ) = ( X S T A R ( I I - X l S T E P ( I ) ) / 1 S , O  
X N U I  I l = X S T A R I  I ' )+DELT(  I )  
A L O H E R ( I i = X N U ( I )  . 
QMAX=O- 
DO 25 I = l r N O R O  
I f  ( A B S ( X N U ( 1  ) ) - l e 0 1  1 7 r 1 8 ~ 1 8  
QUO=ABS IDELT( I i 1 
GO TO 19 
QUD=ABS ( DELT( I ) /XNU ( I 1 1 

QMA X=QUO 
IF (QMAX-QUO) 20,20921 

IF (RMAX-QUO) 22922r25 
IF ( S E N S )  24,23924 
A R G 4 z A R G 4 1 2  -0 
IF ( A R G 4 - H M I N )  43,4312 
QMA X= RM AX 
C O N T I N U E  

AD 43 
A D  44 
A D  45 
AD 46 
A D  47 
AD 48 
A D  49 
A D  50 
AD 51 
AD 52 
AD 53 
AD 54 
AD 55 
AD 56 
AD 57 
AD 58 
AD 59 
A D  60 
AD 61 
AD 62 
AD 63 
AD 64 
AD 65 
AD 66 
AD 67 
AD 68 
AD 69 
AD 70 
AD 7 1  
A D  72 
AD 73 
AD 74 
AD 7 5  
AD 76 
AD 77 
AD 78 
AD 79 
AD 83 
A D  8 1  
AD 82 
A D  83 
AD 84 
AD 85 
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26  

27 
2 8  
29 
30 
31  
32 

33 
34 
3 5  
35 
37 
38 
39 

40 
41 

4 2  

43 

I 

44 

DO 25 I=1 TNORD 
A L I N I T (  I )=ALOWER( I )  
ARGS=ARGS +ARG4 
IF (TP-ARGSI 31 ,31927 
IF ISENSR)  2 8 r 4 0 . 2 8  
IF (TABLE(NTAB)+DTP-TP) 3 0 9 3 0 7 2 9  
TP=TABLE( NTAB )+DTP 
GO TO 32 
TP=TP+DTP 
CALL  ( XSTAR 9 XNU 113.0 7 ARG9 7 NTABI  
SUB=f .O 
CALL I NOCAL t XSTARV XNU 9 SUB ARG9 , NTAB) 
IF (SUB-15.0) 40944940 

IF (SENSR) 35.36935 

IF (NTAB-NRTAB) 3 7 ~ 3 7 ~ 2  
I f  ITABLE(NTABl -ARG5-AR64)  38,3992 
ARG45TABLEt  NTABI-ARG5 

GO TO 3 

ARG4=SQRT( SPRTIRMAXPJMAX) 1 *ARG4 

I NOCAL 

ARG4=HMAX 

NTAB=NT AB+ 1 

SENSR=f e 

IF (QMAX) 3 3 9 3 3 ~ 4 1  

I F  (HMAX-ARG4I 33,42942 
SENS=O. 
GO TO 34 
ARG4=HM I N  

GO TO 3 
RETURN 
END 

SEN S=1 t 

AD 86 
AD 87 
AD 8 8  
AD 89 
AD 90 
AD 91 
AD 92 
AD 9 3  
AD 94 
AD 95 
AD 96 
AD 97 
AD 9 8  
AD 99 
AD 100 
AD 101 
AD 1 0 2  
AD l(33 
AD 1 0 4  
AD 1 0 5  
AD 106 
AD 107 
AD 108 
AD lC9 
AD 110 
AD 111 
AD 112 
AD 113 
AD 114 
AD 115 
AD 116- 
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1 
2 

3 
4 
5 
6 

7 

8 

9 

10 

11 

12 

13 

AE 1 
AE Z 
A E  3 
AE 4 
AE 5 
A €  6 
AE 7 
AE 8 
AE 9 
A€  10 
AE 11 
A€ 12 
AE 13 
AE 14 
A E  15  
A €  16 
AE 17 
AE 18 
AE 19 
AE 20 
A E  21  
A €  22 
AE 23 
AE 24  
A €  25 
AE 26 
AE 27 
AE 28 
AE 29 
A €  30 
AE 31 
A E  32 
AE 33 
AE 34 
AE 35 
AE 36 
A€ 37 
A €  38 
AE 39 
AE 40 
AE 41 
A€ 42 
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14 
15 

16 

17 
18 

19 

20 
21 

CL( IU)=CL(IU)-AL[ IUqJ)+CL( I )  
GONT I N U  E 
CON TI N U E 
GO TO 2 1  
DET=ALT*PRD 
I=M(N) 
X ( N J = t L (  I t 
IF (J-1)  20r21q18 
L=J 
J=J-l 
I=M(J )  
X (  J ) = C L I I  1 
DO 19 K=LvN 
X 4 J J=X t JI-AL ( I ,  K )  *X f K 1 
GO TO 17 

RETURN 
E NO 

DET=O* 0 

AE 43 
AE 44 
AE 45 
A E  46 
A E  47 
AE 48 
AE 49 
AE 5 0  
A €  5 1  
AE 5 2  
AE 53 
AE 54 
AE 55  
AE 56 
AE 5 7  
A €  5 8  
AE 59 
A E  60- 
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100 



AF 43 
AF 44 
AF 45 
AF 46 
AF 4 7  
AF 48 
AF 4.9 
AF 50 
AF 5 1  
AF 52 
AF 5 3  
AF 54 
AF 55  
AF 56 
AF 57 
AF 58 
AF 5 9  
AF 60 
AF 6 1  
AF 62  
AF 63 
AF 64  
AF 65 
AF 66 
AF 67 
AF 68 
AF 69 
AF 70 
AF 71 
AF 72 
AF 73 
AF 74 
AF 75 
AF 76 
AF 77 
AF 78 
AF 79 
AF 80 
AF 81  
AF 82 
AF 83 
AF 84 
AF 85 
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AF 86 

AF 88 
AF 89 
AF 90 
AF 91 
AF 92 
AF 93 
AF 94 
AF 95 
AF 96 
AF 97 
AF 98 
AF 99 
AF 100 
AF 1 0 1  
AF 102 
AF 103 
AF 104 
AF 105 
AF 106 
AF 107 
A f  108 
AF 109 
AF 110 
AF 111 
AF 112 
AF 113 
AF 114 
AF 115 
AF 116 
AF 117 
AF 118 
A f  119 
AF 120 
AF 121  
AF 122 
AF 123 
AF 124 
AF 125 
AF 126 
AF 127 

AF 87 

AF 128 
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AF 129 
AF 130 
AF 131 
AF 132 
AF 133 
AF 134 
AF 135 
AF 136 
AF 137 
AF 138 
AF 139 
AF 140 
AF 141 
AF 142 
AF 143 
AF 144 
AF 145 
AF 146 
AF 147 
AF 148 
AF 149 
AF 150 
AF 151 
AF 152 
Af  153 
AF 154 
Af 155 
AF 156 
AF 157 
AF 158 
AF 159 
AF 160 
AF 161 
AF 162 
AF 163 
AF 164 
A F  165 
AF 166 
AF 167- 
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SUBROUTINE T R A P 1  ~ N I X ~ Y ~ C ~ A N S )  
DIMENSION X f l ) r  Y ( 1 8  
A N S z 0  a 
DO 1 I=;ZrN 
DX=X( 1 ) - X  f 1-1 1 

ANS=C* A N S  
R E T U R N  
END 

1 A N S = A N S + e S * D X * ( Y (  I ; f + Y f l - l )  f 

A G  1 
A G  2 
AG 3 
AG 4 
AG 5 
AG 6 
AG 7 
AG 8 
AG 9- 
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FUNCTION FLUT ( A v B o C I  

R=t C i a  001 29 1 *29* 
f LUTz2.69 E 19+ XN*R 

XN=A/B 

RETURN 
END 

AH 1 
AH 2 
AH 3 
AH 4 
AH 5 
AH 6- 
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S U B R O U T I N E  I N O C A L  ( D X T X T S T T T L )  A I  1 

C 
C 

1 

2 

3 .  
4 

5 

6 

7 
8 

9 
10 

A I  2 
A I  3 
A I  4 

COMMON / A A A /  A( 69 6 )  * A 1 2  (16 112) * A 2 2  (7, 7 )  t A L P ( 6 )  T A L P T f  16 r  5) 7 BMT( 16)  9 A I  5 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ H ~ ~ ~ ~ ~ ~ ~ C P ~ ~ ~ ) , ~ E G I ~ ~ ~ ~ H ( ~ ~ ) ~ J A T ~ ~ ~ T ~ ~ T ~ P ~ ~ ~ ~ ~ T K A T ~ ~ ~ ~ K ~ D  A I  6 
~ E ( ~ ~ ) , K A ( ~ ~ ~ ~ I ~ R B O ( ~ ~ ~ ~ ~ T R C ~ ~ ~ ~ ~ ~ ~ R D ( ~ ~ ~ ~ ~ T ~ ~ ~ ~ ~ ~ T ~ ~ T R ~ ~ ~ ~ ~ ~ ~ T R ~ ~ ~  A I  7 
3161 2 1 9 SD(  15 J 9 T B  (3 1 7 TU( 1 6 7  2 1 8 
46 ~6 J t X 2 6 t  b 1 7 W 3  f 16 1 9 

T U 2  (16 T 2 1 7 VN( 171 7 VNEI 16 1 T V N T ( 1 7  1 r VNUt  1 
Y f 16 1 q R F  ( 161 2 1 9 R C 1  I 169 2 1 1 HS 9 IGI  I GM S 9 I GM SP 7 I G P  r I 

A I 
A I  

~ ~ N , I S ~ I S P T L S P N G P ~ I S P N G Z T N ~ N G ~ N P T P R E S S T W ~ ~ T R H O T ~ M ~ ~ Y U ~ ~ ~ ~ N G  A I  10 
COMMON /RAD/  YY I100 1, T E E (  100 J TFHV( 20 1 T NHV+ N Y T C ~ T  I Y  A I  11 
COMMON /RAD/  XNN( 77 100) A I  12 
COMMON /RAD/  N I H V C ,  FHVC (50 1 T AHV ( 5 0  1 t A H V L (  20 1 A I  13 
COMMON /RAD/  C ~ * C ~ T C ~ T F L G T C ~ T F L G ~  A I  14 
COMMON /RAD/ Y D E L T T  DELTD, FL 1, FL2 A I  15 

l H V M ( Z O 1  T F H V P ~  201 A I  17 

11 9 WMI 9 B I J I 100 T 101 r G M I N  I 100 T 10) T G P L U t  100 t 13 J T f AED A I  19 
D I M E N S  ION N I C N (  100) A I  20 
D I M E N S I O N  P R E S ( 1 0 0 )  A I  21 
D I M E N S I O N  HH( 100) A I  22 
I F  ( S )  1 0 ~ 1 ~ 9  A I '  24 
SUM=O A I  25 
DO 5 I = K l r K Z  A I  26 
J = I - I C I + l  A I  27 
I F  ( F ( I Q ~ T J ) . E Q * O * )  GO TO 5 A I  28 
GO TO 12~3)r I A E D  A I  29 
E P = G M I N ( I Q l r J )  A I  30 
GO TO 4 A I  31 
EP=GPLU ( I Q1 t J 1 A I  32 
C O N T I N U E  A I  33 
E = l  a/( 1 T - H V L t  I) )**2+EP*EPJ A I  34 
E=E*1 o 1 7 E - 2 9  A I  35 
S U M = S U M + E * ( F ~ ( I Q ~ ~ J ) - F ~ ( I Y T J ) ) ~ ~ L ~ A T ( I F L ) / ~ ~ ~ ~ ~ ~ ~  A I  36 
C O N T I N U E  A I  37 
I F  (SUM-68-01 6 ~ 6 9 7  A I  38 
D X= 1 0- EX P 4 SUM 1 A I  39 
GO TO 8 A I  40 
DX=l.O A I  41 
WMI=X A I  42 
RETURN A I  43 
C O N T I N U E  A I  44 
R E T U R N  A I  45 
END A I  46- 

COMMON 

COMMON / C I O N C L /  F ( 1 0 0 , l O )  9 F2( 100,lO 1 1  H V L (  7 0  1 T E P t K 2 t  K 1 r  I FLT I Y C O N r  I 4  A I  18 

/RAD/  GEE( 8 1 T E P S  ( 8  1 T NU( 20) 9 N D I  70  IT FF ( 70) t GAYP( 70) *MOL(  20) T F A I  16 
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SUBROUTINE TRAP (NTXTYTCTANS)  
DIMENSION ANS(1)s X ( 1 )  t Y (  1) 
ANS 4 1 ) = O .  
DO 1 f = 2 t N  
D X = X (  I l - X (  1-1 

RETURN 
END 

1 A N S ( I ) = A N S ( I - 1 ) + , 5 * 0 X ~ ( Y ( I - 1 ) ) * C  

AJ 1 
AJ 2 

AJ 4 
AJ 5 
AJ 6 
AJ 7 
AJ 8- 

- A J  3 
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5 

6 '  
7 

8 

9 

10 
11 
12 
a3 

14 

1 5  

SUBROUTINE MASBAL tVN9 I B ~ C I A L P ~  IRHOIBOI ISoN9PRo I G !  AK 1 

NP= N + l  AK 3 
ISP= I s+ 1 AK 4 
DO '2 LS=1* IS AK 5 
B4 lS )= \ IN (  NP)*ALP( L S I  A K  b 
J= l  AK 7 
DO 2 I = l p N  AK 8 
B I L S ) = S ( L S ) - C l l S t  I ) * V M ( I )  AK 9 
I F  f I - K B f J ) )  29192 &K 113 
A ~ L S P J ) = C ( L S ~ I I  AK 11 
J=J+1 AK 12 
CONTI NU€ AK 13 
DO 3 J = l p I S P  AK 14 
A(ISPoJ)=O.O AK 15 
DO 4 L S = l r I S  AK 16 
A ( L S 9 I S P )=-ALP I LS 1 AK 1 7  
B( ISP)=PR AK 1 8  
DO 5 I = l p I G  AK 19 
8 ( I SP 1 =B4 I SPI -VN( If AK 20 
J=O AK 21  
DO 7 I t l o l S  AK 22 
IF tIB(fl-IG1 6 3 6 9 7  AK 23 
J=J +1 AK 24 
CONTINUE AK 25 
00 8 I = l o J  AK 26 
A t I S P 9 I ) = l o O  AK 2 7  
CALL OTLNEQ ( I S P ~ A ~ B I X ~ V I  AK 28 
J =1 AK 29 
G z l . 0  AK 30 
DO 13 P = l r N P  AK 3 1  
I F  ( X - I B I J ) )  13r9r13  AK 3 2  
\I=BD*VNt I 1 AK 33 
W=ABSI  X l  JO 1 AK 34 
I F  f !d-Vl 12912r10 AK 35 
I F  fW/M-G) 1 1 9 1 2 9 1 2  AK 3 6  
G=V/W AK 37 

AK 38 J=J+l 
CONTINUE AK 39 
J=1 AK 40 
DO 15 I = l p N P  AK 41 
I F  ( E - I B I J ) )  1 5 o 1 4 r l 5  AK 42 
YN( I ]=\IN( I t +G+X f J 3 AK 4 3  
J=J+l AK 44 
CON T I NUE AK 4 5  
RETURN AK 46 
END AK 47- 

DIMENSION WN11719 I B ( 1 3 ) r  C ( 6 9 1 6 1 9  A L P ( 6 ) r  A 1 2 0 9 2 0 ) ~  B ( 2 O ) o  X420)  AK 2 
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USAGE 

Program Information and Deck Configuration 

The program D1250 was written in the FORTRAN IV language for the Control 
Data 6600 computer system under the Scope 3.2 operating system. The program requires 
a field length of 110 000 octal locations; the computing time depends primarily on the 
accuracy of the initial 6, and the number of iterations desired, KETEST. The following 
sketch shows the deck configuration needed for execution: 

{ T f l  KAMELI ST 

I INPUT 

and subprograms 

Control  Cards El 
For the sample case (Ub, = 15.24 X lo5 cm/sec (50 000 ft/sec), and altitude of 60.96 km 
(200 000 ft), and KETEST = 12), the run time was 18.21 minutes. The results of a simi- 
lar case are discussed in reference 3. 

Input Description 

The input is loaded by using the FORTRAN IV NAMELIST. The input symbols are 
as follows with typical values given in parentheses: 

ALT altitude for AT62 
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AOVERB 

CCI 

CII 

CIMAX 

DELTX 

DUMBTIM 

EELEl 

EELE2 

EELT 

EITRl 

EITR2 

EMUREF 

E PSR 

E PS2 1 

IALT 

IGEO 

ratio of semiminor axis to semimajor axis of an ellipse 

initial computing interval for INTl (0.05) 

initial linear integration step away from singular point of stagnation 
streamline; used in FIRST (0.05) 

absolute value of maximum computing interval in INTl 

is a reasonable f(x + DELTX) - f(x) 
DELTX 

an increment used in ITRl so that 
approximation to derivative of f(x) (-1.E-3) 

DUMBTIM (0.78 for sphere) initial guess for standoff distance = 
rh01 

array of relative error  for dependent variables used by INTl (1.E-3) 

array of relative zero for dependent variables used by INTl (1.E-4) 

array of NT values to return to the program from INTl at specific values 
(NT is computed in CONT) 

relative error  criterion for ITRl (1.E-4) 

absolute error  criterion for ITRl (1.E-4) 

molecular weight of cold air, g/mole (28.967) 

accuracy criterion for R1 iteration in MAIN (0.01) 

accuracy criterion used in PROPIT for RHO iteration (1.E-3) 

option for atmosphere routine: 

= 1  

# 1  input PIN, RHOIN 

call AT62 and input ALT 

test in GEO: 

1 sphere geometry 

2 ellipsoid geometry 

3 hyperboloid geometry 
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ITEXT 

ITTEST 

KETEST 

KKKK 

PEEP 

PIN 

R 

RB 

RHOIN 

RHON 

R1 

SSPEC 

TEAN 

time history print option for INT1; if equal to 0, no printout is requested; 
if equal to 1, a printout is requested 

iteration limit in PROPIT (500) 

number of iterations desired on DELTN (10) 

radiation option: 

0 do not compute radiation 

1 adiabatic radiation 

2 nonadiabatic radiation 

coefficient in equation describing pressure variation in stagnation region 
(see ref. 3, eq. (36)) (-2.5 for sphere) 

free-stream pressure, dyn/cm2 

curve -f it 
but the 

coefficients to radiation distribution around body, used for all 
final 6, iteration (see discussion on p. 42) 

gas constant, ergs/mole -OK 

body radius at axis of symmetry x = 0, cm 

free-stream density, g/cm 3 

initial guess for RHO, nondimensionalized 

initial guess for weighted heat flux, nondimensionalized (if value not 
known, use R1 = 0) 

print control option for INTl 

initial guess for T', OK 
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TCG 

UIN free-stream velocity, cm/sec 

XMAX limiting value in x-direction 

accuracy criterion for iteration in RANH (0.001) 

$ 

The input for the radiation portion of the program was supplied with the RATRAP 
code. Part of the data is permanent and, therefore, is not normally modified. The input 
is loaded by using FORTRAN IV NAMELIST. The input symbols are as follows: 

$RAD1 
.. 

GEE 

EPS 

FHVM 

FHVP 

FHV 

WOL 

NU 

ND 

HVL 

FF 

GAMP 

IS 

NIHVC 

112 

permanent data supplied with code for occupation number, density 
calculation, and line absorption coefficient 

total number of continuum spectral points 



FHVC 

AHV 

AHVL 

FL 1 

FL2 

FLG 

FLGl  

NIC 

NICN 

IOPT 

NY 

T B  

spectral points for continuum calculation 

transmission factors for continuum calculation 

transmission factors for line calculation 

1 

2 

1 

2 

0 

# O  

0 

# O  

intensity calculation 

flux calculation 

intensity calculation 

flux calculation 

normal output 

diagnostic output 

intensity calculation 

flux calculation 

number of y/6 points where transport evaluated 

an array of NIC values of index location of y/6 points where transport 
is evaluated 

option in subprogram FEMP: 

1 temperatures supplied 

2 enthalpies supplied 

number of values of YY, PRES, TEE, and HH (maximum is 100) 

initial temperature estimate 

A listing of the NAMELIST input data appears in the output for the sample case. 

Discussion of Output 

The output of program D1250 consists of printing only. The NAMELIST input 
EQRAD is printed from MAIN and the NAMELIST RAD1 from PROD. If PIN and RHOIN 
are found by the atmosphere routine, they are printed in MAIN. Also printed in MAIN 
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are the initial DELTA for each 6, iteration and the maximum x from the previous 
iterations. The remainder of the output is printed only during the final 6, iteration. 
The results from the integration routine are printed by CONT. The frequency of the out- 
put in CONT is controlled by a print option in INT1. If SSPEC is zero, control is returned 
to the program after every acceptable integration step. The distribution across the shock 
layer is written by PROD and the radiation results are written by RADFLUX. The output 
symbols are as follows: 

AT62: 

p.x RHOIN 

PIN 

DELTN 60 

X X 

Stagnation -point conditions: 

uo uO 

PO RHO0 

A0 

poao RHOOAO 

KO HO 

PO 

DWDX dw 
dx 

Shock standoff distance: 

DELTD dimensional 6, cm 

DELTA/= 6 / ~ ~  
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Distribution across shock layer: 

ETA 77 

PDUM P 

STAENT h 

CAPH H 

AUDUM U velocity gradient when PROD is called by MAIN 

U velocity when PROD is called by CONT 

V V 

Radiation output: 

PATH LENGTH 

PRESSURE 

TEMPERATURE 

ENTHALPY 

DENSITY 

DENSITY (ND) 

QRYPC body and shock continuum radiation heat flux, watts/cm2 

QRYPL body and shock line radiation heat flux, watts/cm 2 

QRYO total radiation heat flux at body, dimensionless 

QRY 1 total radiation heat flux at shock, dimensionless 

Properties at first step off stagnation line: 

X X 
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DELTA 6 

W w 

IO(2) to IO(5) 

SMALRB 

Ij, 0 

'b 

Body and shock properties: 

X 

DELTA 

W 

IO(2) to IO(5) 

SMALRB 

Il(2) to Il(5) 

RBX 

THETAB 

Q 

DDELDX 

DWDX 

DIODX(2) to DIODX(5) 

DSMALRBDX 

PRATIO 

QRATIO 

X 

6 

w 

rb 

RB at any x-coordinate 

eb 

Q 

drb - 
dx 

PO 
PSTAG 

ratio of heat flux at body to stagnation heat flux 
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Error  Diagnostics 

The following table gives the e r ror  diagnostics as the message and the corre- 
sponding subprogram which prints the message: 

I Message 

ICODE =, iteration did not converge 

Iteration limit in RANH program stopped 

RHO is smaller than allowed 

RHO is larger than allowed 

H is zero or negative 

H is larger than allowed 

Iteration limit reached in PROPIT 

FEMP BLEW 

N-R did not converge TBJA = 

T did not converge TGUS =, DIG =, LK = 

Langley Research Center, 

Diagnosis 

Nonfatal 

Fatal 

Nonfatal 

( Fatal 
1 Nonfatal 

Nonfatal 

Nonfatal 

Nonfat& 

Fatal 

Nonfatal 

Nonfatal 

Subprogram 
~~~ 

MAIN 

RANH 

f THEP 
( THER 

THEP 
THER 

[ E: 
THEP { THER 

PROPIT 

RADFLUX 

FEMP 

FEMP 

National Aeronautics and Space Administration, 
Hampton, Va., July 13, 1971. 
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APPENDIX A 

SUBROUTINE INTl 

Lanmaae: FORTRAN 

Purpose: To solve a set of ordinary differential equations. 

- Use: CALL INTl (11, N, NT, CI, SPEC, CIMAX, IERR, VAR, CUVAR,DER, ELE 1, ELE 2, EL T, 
ERRVAL,DERSUB, CHSUB,ITEXT) 

11 INTl is a closed subroutine composed of an initialization section and 
an integration section. The user is required to enter the initialization 
section before he starts his first integration step. The above calling 
sequence is used for both initialization and integration, with the value 
of the code word 11 determining which of the two sections of INTl will 
be entered. 

The user must set 11 = 0 in order to initialize. 

During initialization the derivatives will be evalua,ed by using the ini- 
tial values of the variables, but no integration will occur and control 
will be returned to the calling program. When INTl is called with 
11 > 0, entry is made to the integration section. Upon each entry to 
INT1, the subroutine stores a 1 in 11 so that the user need not supply 
a value of I1 > 0 for repetitive integration. 

Besides serving as a means for specifying the entry point to I N T l  from 
the calling program, I1 can also be set to specified values in CHSUB: 

2 The user will store the integer 2 in 11 if the answers in CHSUB 
are not acceptable to him and he wishes to recompute the 
answers using a shorter interval. This shorter interval must 
be stored by the user in CI. It must be smaller than the com- 
puting interval just used. 

The user will  store the integer 3 in 11 if he wishes to return to 
the calling program. The answers for the interval are con- 
sidered acceptable to the user and will be transferred to the 
VAR array (explained below) by INT1. 

3 

In DERSUB, I1 may be set to: 

4 The user will store the integer 4 in 11 if he wishes to discontinue 
calculation of the present interval and return to the calling 
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N 

NT 

CI 

SPEC 

CIMAX 
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program. On return to the calling program, the answers at the 
beginning of the interval will still be in the VAR array. 

E the user does not set I1 to a value in either CHSUB or DERSUB, 
11 will always be 1 upon the return to the calling program. 

An integer value supplied by the user which is the number of differen- 
tial equations to be solved. INTl is compiled to solve a maximum of 
20 equations but may be recompiled for larger values of N if necessary. 

An integer value supplied by the user which is the number of values in 
the ELT block described later in this writeup. INTl is compiled with 
a maximum of 10 values in the ELT block but may be recompiled for 
more values if necessary. 

A floating-point value supplied by the user which is the computing 
interval that INTl will use initially. CI must be a signed value - posi- 
tive if integrating forward, negative if integrating backward. Upon 
entry to CHSUB, CI will contain the computing interval that INTl will 
use for the next step unless it has to take a short interval to hit an ELT 
value or a SPEC value described below. The computing interval used 
on the present step is available in CHSUB as the algebraic dkfference 
between CUVAR (1) and VAR (1). Since the subroutine is used on a 
binary computer and the interval variation is a halving and doubling 
process, CI should be a power of 2. 

A floating-point value supplied by the user which specifies how often he 
wishes INTl to return control to the calling program so  that the user 
may print his results. 
SPEC = 0.0: Control will be returned after every acceptable integration 
step. 
SPEC 7 0.0: SPEC is the absolute value of the specified increment of 
the independent variable for which the user desires control returned 
to the calling program. 

The first printout is made at the initial value of the independent vari- 
able. The next return is at the nonzero integer multiple of SPEC 
closest to the initial value of the independent variable. The remaining 
returns occur at values which have been updated from this point by the 
increment given in SPEC. The return times generated by the incre- 
ment given in SPEC are not altered by an intervening return due to an 
ELT value (explained subsequently in llELTf?). 

A floating-point value supplied by the user which is the absolute value 
of the maximum computing interval that will be used. This value will 
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be used if the doubling process would extend the computing interval to 
a value larger than CIMAX. CIMAX should be set to 0.0 if there is no 
desired maximum. 

An integer value supplied by INTl as an error  code. It must be checked 
at every return to the calling program. It may have the following 
values: 

IERR 

VAR 

1 

2 

3 

A normal return, no error. 

The ELT block is not monotonic in the direction of integration. 

The variables have failed to meet the local-truncation-error 
requirements nine consecutive times. 
ning of the interval are still in the VAR array. 

The variables have failed to meet the local-truncation-error 
requirements at least nine times over the last three intervals. 
An acceptable answer has been reached, however, and is in the 

The answers at the begin- 

4 

VAR array. I 

A double -precision one -dimensional array containing the independent 
variable followed by the N dependent variables. The user must store 
the N+l  initial values (in the double-precision mode) in the array for 
initialization. INTl will store the new values of the variables in VAR 
after each integration step when they are accepted by the user in CHSUB. 
The elements of the VAR block can be printed out in the calling pro- 
gram in accordance with the user's specification in SPEC. 

CUVAR A double -precision one-dimensional array which is given values by 
INTl for two purposes. INTl will store in the same order as the VAR 
array the values of the independent variable and N dependent variables 
at which the derivatives are to be evaluated in the DERSUB subroutine. 
Although CUVAR must be in a double-precision array in INTl to main- 
tain the "partial double-precision mode" of computation, the evaluation 
of the derivatives should be in single precision. Two suggested ways 
of doing this are as follows: (1) Consider CUVAR as a single-precision 
array of 2(N+1) elements in the DERSUB subroutine and, when using 
the ith element in a computation, assign to it the subscript value (2i-1), 
and (2) at the beginning of the DERSUB subroutine, transfer from 
CUVAR to some newly defined single-precision array and evaluate the 
derivatives using the latter. 

INTl will also store the tentative answers after each integration in the 
CUVAR array before calling CHSUB so that the user can check these 
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values to decide to accept or reject the answers. If accepted, the 
CUVAR values will then be transferred to the VAR array. The decision 
as to whether the computation in the CHSUB subroutine should be done 
in single or double precision is a function of the individual application. 
In most cases single precision is adequate and can be accomplished by 
applying suggestions (1) and (2) in the preceding paragraph to the VAR 
and CUVAR arrays. 

No values need to be initially stored in CUVAR. 

An N+l single-precision array in which the user will store the deriva- 
tives evaluated in DERSUB. The derivatives should be arranged by the 
user in DERSUB in the same order as the VAR block so that DER (2) 
will be the derivative of the variable stored in VAR (2), for example. 
DER (1) will be unused. The derivatives must be computed using val- 
ues of the variables which have been stored in CUVAR (not VAR) by 
INT1. To avoid unnecessary double -precision computation, the user 
should apply the suggestion described under CUVAR. 

A one-dimensional array of N values supplied by the user each of which 
is the upper bound of local relative truncation error for the respective 
dependent variables. If the error  for any variable exceeds its respec- 
tive ELEl value, the computing interval is halved and the integration 
restarted at the beginning of the present interval. If the error  for all 
the variables is less than 1/128 of their respective ELEl values, the 
computing interval is doubled for the next integration step. 

A one-dimensional array of N values supplied by the user which repre- 
sents a small value or  "relative zero" for the respective dependent 
variables. If the absolute value of any of the variables is less than its 
respective ELEB value, the relative e r ror  criterion for that variable 
will not be applied. 

A one-dimensional array of NT values supplied by the user which are 
values of the independent variable at which the user specifically desires 
control returned to his program. The values in the ELT block must be 
monotonic in the direction of integration, or an error  return will be 
given by INT1. 

A one-dimensional array of N elements in which INTl stores an esti- 
mate of the local truncation error  for each of the N dependent variables. 
The relative e r rors  are computed from these values and compared with 
the specified ELEl values. 

DER 

ELEl 

ELEB 

ELT 

ERRVAL 
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DERSUB A subroutine written by the user which will be called by INTl to eval- 
uate the derivatives. The derivatives must be stored in the DER array. 

'INT1 will call DERSUB to  evaluate the derivatives with the values of 
the variable it has stored in the CUVAR array. 

These evaluations should be done with the use of single-precision arith- 
metic. The name given to the DERSUB subroutine must appear in an 
EXTERNAL statement in the calling program. The user may return 
to the calling program by storing a 4 in II. 

A subroutine written by the user to allow certain logical control. After 
each integration step, INTl will make available to the user in CHSUB 
the tentative answers in the CUVAR array. The VAR array will  con- 
tain the last accepted answer (that is, the value of the variables at the 
beginning of the interval). Whenever the user specifies that the answers 
are acceptable, the values in the CUVAR block are transferred to the 
VAR block. In CHSUB the DER block will contain the values of the 
derivatives evaluated with the present CUVAR block. The user has 
three options: 

CHSUB 

(1) Not change 11. In INT1, I1 = 1 denotes that the user has accepted 
the answers in the CUVAR block. Upon entry to CHSUB from 
INT1, I1 always equals 1. 

(2) Set I1 = 2. The user does not accept the answers and wishes to 
recompute the interval using a new computing interval which he 
stores in CI. This computing interval must be smaller than the 
computing interval just used, This new value of CI will now be 
stored by INTl as the normal computing interval for the sub- 
sequent integration steps. 

(3) Set 11 = 3. The user accepts the answer but wishes to denote a 
condition that he can test in the calling program. Control will 
be returned to the calling program with the answers in the 
CUVAR array transferred to the VAR array. 

The name given to the CHSUB subroutine must appear in an 
EXTERNAL statement in the calling program. 

ITEXT An integer code word supplied by the user which gives him the option 
to have INTl print out a time history of the computing interval and the 
reasons for its variation. This printout should be requested only for 
problems which must be rerun because of unsatisfactory results the 
first time. 
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ITEXT = 0: No printout is requested. 

ITEXT = 1: A printout is requested. 

Restrictions: See arguments listed under CALL statement. 

Method: INTl is a fifth-order integration subroutine. The classical fourth-order 
Runge-Kutta formula is applied in conjunction with Richardson's "extrapolation to the 
limit" theory. INTl is a variable-interval-size routine in which the interval is varied 
to  meet a specified local relative trmcatior, error. 

Accuracy: The variable-interval-size mode of logic is used to make available an esti- -- 
mate of the local relative truncation error  which is then controlled as explained in 
the ELE 1 block discussion. 

Roundoff error is controlled by use of the "partial double-precision mode of computa- 
tion" as explained in reference (a) of this subroutine. 

Reference: (a) Henrici, Peter: Discrete Variable Methods in Ordinary Differential 
Equations. John Wiley & Sons, Inc., c.1962. 

Storage: 27038 locations 

Subroutine date: August 1, 1968 

i 
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SUBROUTINE ITRl 

Language: FORTRAN 

Purpose: To solve the single equation of the form x = f(x) for one real root by the 
Newton-Raphson iteration method. 

- Use: CALL ITRl (KDELTX, FOFX,El,E2,hrlA;i[3,1CODE) 

X An initial guess supplied by the user. On a normal return to the calling 
program from ITR1, X contains the root. 

An increment supplied by the user so that 

reasonable approximation to the derivative of f (x). 

f(x + DELTX) - f(x) is a 
DELTX DELTX 

FOFX A function subprogram to evaluate f (x). 

E l  Relative e r ror  criterion. 

E2 Absolute e r ror  criterion. 

MAXI 

ICODE 

A maximum iteration count supplied by the user. 

An integer supplied by ITRl as an er ror  code. This code should be 
tested by the user on return to the calling program. 

ICODE = 0: Normal return. 

ICODE = 1: Maximum iteration exceeded. 

ICODE = 2: Derivative = 0. 

Restrictions: A function subprogram with a single argument x must be written by the 
user to evaluate f(x). The name given to the FOFX subprogram must appear in an 
EXTERNAL statement in the calling program. 

Method: The Newton-Raphson iteration technique (ref. (a) of this subroutine) is used 
where 

q = -  a 
a - 1  
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Accuracy: The iteration process is continued until either of two convergence criteria 
are satisfied. These criteria are  

Numerical Mathematical Analysis. Fourth ed., 
Johns Hopkins Press, 1958, p. 132. 

Storage: 1378 locations 

Subroutine date: August 1, 1968 
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SUBROUTINE AT62 

Language: FORTRAN 

Purpose: AT62 approximates the U.S. Standard Atmosphere, 1962 (ref. (a) of this 
subroutine). Computes density in slugs/ft3, pressure in lb/ft , temperature in 
degrees Kelvin, and velocity of sound in ft/sec at any geometric altitude z in the 
range -16 500 feet 5 z 2 2 320 000 feet. 

2 

- Use: CALL AT62 (Z,ANS) 

Z Geometric altitude in feet. 

ANS A one-dimensional array that contains the results. 
ANS( 1) Density in slugs/ft3 
ANS(2) Pressure in lb/ft2 
ANS(3) Temperature in degrees Kelvin 
ANS(4) Velocity of sound in ft/sec 

Restrictions: Range: For altitudes below -16 500 feet the values of density, pressure, 
temperature, and velocity of sound are not valid. The concept of the velocity of 
sound in the atmosphere becomes essentially meaningless at altitudes in excess of 
300 000 feet. To point out this limitation, the velocity of sound at altitudes above 
300 000 feet is set equal to the velocity of sound at 300 000 feet. For altitudes above 
2 320 000 feet, density, pressure, and temperature are set equal to their respective 
values at 2 320 000 feet. 

Method: The equations and techniques are identical to those used in computing the U.S. 
Standard Atmosphere, 1962 (ref. (a) of this subroutine). 

-- Accuracy: The tables in the referenced publication were computed with the IBM 7094 
electronic data processing system using some double-precision arithmetic. In con- 
verting the routine for the Control Data series 6000 computer systems all double- 
precision arithmetic was eliminated. Accordingly, there may be slight differences 
between the results of the converted subroutine and the tables. 

Reference: (a) Anon.: U.S. Standard Atmosphere, 1962. NASA, U.S. Air Force, and 
U.S. Weather Bur., Dec. 1962. 

Storage: 16548 locations 

Subroutine date: August 1, 1968 
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