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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 prograim 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 méthods
used in the digital approximations, flow charts, program code, instructions for the user,
and a test case with input and output listings. '

SYMBOLS

A]- coefficients in governing differential equations

apy tangential velocity gradient



in

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

2
total enthalpy, h + 9——;—1’—2-
static enthalpy

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

pressure

Ry

curvature of body, R
b

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)

norma,i 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



Vgr 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 factor
z axial coordinate (see fig. 1)
5 shock displacement distance (see fig. 1)
0o value of shock displacement distance at axis of symmetry
] transformed y-coordinate, y/6
O 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 coﬁtinuity equation
3 x-momentum equation
4 y-momentum equation
5 energy equation
s shock-oriented properties
stag stagnation condition



7 denotes location within shock layer:

0 body surface
1 at shock wave
0 free-stream conditions

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

Primes denote dimensional quantities.

Shock wave

Body surface

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:

&~ 5= 1+ QoYan(e - ) |

dx
A, 6,
dw _ Ay = dx + By
dx By
das dw

dI -A +Bg —+E

20, o 7 @

dx C

dx
ds dw
-A +B +E
dI5,O 5 dx 5 9% 5
dx C J

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

Iy 0=PoY%

(@)

™~

_ 2
I3 0= Pg +PoYp

I5 0 = PouoHy

-/

The quantities have been nondimensionalized as follows:

' '
B B pL.(U%)
1 1 H'
y:-];rT p=[%— H: 2
B & (v%)
' R' h'
u=[?—' Rb:ﬁT h=—“'—-—2-
) B (Uoo)
v' r'
V=—-—'-— r:—'—
UL Ry

where primes denote dimensional quantities.



The coefficients of the governing differential equations are developed in reference 1.
The expressions for the coefficients are

Ag = 3(12,0 - I 1) + m(lz,o - I2,1>

20 cos Gb
Ag=-{3 +—-—1-,;——-—I4,1

26 cos 6y

A5 =350 - I5, 1) + T (15,0 - 15,9)

25 cos &)\ ol 1 .
Bj = 5(3 + rb > 3](:) (J = 2,4,5)

0 cos
C= 5(3 + —-F——9Q>

b

Eq= -(1 +Q6) tan(w - 9b> =

dr 26 cos 812 | d
_ 30 b Gb 9b
E:z_—<12,0+12,1)_+6<3+ > ]

52s1n 8y deoy, 6 cos 6

-

35 fl_r_b 3 4 26 cos 9b\814 1d6y 252sin 9b déy,
T, | 06, Ox Ty 41

6 cos 6, o cos 6
+6(1 + 5Q)<1 ———-6-——>G4 1- 6G4 0- 3<5Q +——-—--b——>(13,0 +I3’1)

262Q cos 6, 36 cos
2 2
- ‘—ﬁ;"—<13,0 + 23, 1) +T<Pouo TP )

2
5°Q cos 9b 9
T(f’o“o +2p1“1)

35 dry, 6s1n9b dé,
Es——(50+151)dx‘ T (15,0 + 215, 1) 5
25 coseb8151d9b 5 cos
+6(3+ T >89b o 1+——-rb9b(1+6Q)G5,1+6R1



where

G2,1 =pPq¥y

Gy 0="Pg

G4’1 =Py +p1v12
G5,1 = plle1
Ip 0= Pgyy
Io1=P1ug

13,0 =Py + pOuO2
13,1 =Py + plul2
Iy 0= 0

14,1 =P1u4Vq
15,0 = pOuOH0
15’1 = plulH1

- 0 cos 9b
Rl = (1 + 5Q)<1 + -——?b———>qR,1 - qR,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-Kuita 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 val-
ues into the governing differential equations at x =0 results in indeterminate (0/0)
expressions. (See ref. 3.) Application of L'Hospital's rule yields the proper starting
values for the nonzero derivatives:



(dw> _ (A3 +30g + 5oz>(pstag -py v1>
<=0 60(3 + 260)(1 - p1>v1

( d12’0> 06(3 +200)(1 - p 1)(%)){:0 - (3 +36, + 5,
X

=0 =54(3 + 8)

= =0
where
3R1 stag
— _ 2
Hstag = (1) _, T
5o (3 + 60)(“‘“01;{ ) .
a2
_ Pstag 0,stag
p stag ~ -B

2
Ry stag = lgl + 50) qR,l - qR, il
x=0

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

2
at the sonic point, that is, a sonic velocity uy and a zero mass flux derivative d;:O = 0),
provide the convergence criteria for the proper 3&.

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:



v =1
g
15,77
H77=I—
2,1

Vr,n=VRo* (VR,1 - VR,o)7

The pressure distribution is then calculated from the quadratic expression
- 2 - - 2,2
o= P + (0Q0gugn + (b - By - 6Qegue?)n

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 &, was too small. The program is stopped after a specified number of iterations
on §, 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 pi'ogram 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
/MAINP/ AA1(6) Coefficients used in the governing differential equa-
tions, computed in COEF
AC Program variable computed in MAIN
AO ao



COMMON
label

/MAINP/

10

FORTRAN
variable

AOVERB

Al

BB1(6)

CAPHO
CAPH1
CAPQ
CcC

CC1

CCI

CCUVAR(8)

CII

CIMAX

COSTB
COSwW

CWMTB

Description

Ratio of semiminor axis to semimajor axis of an
ellipse

a

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

Hy

Hy

Q

Program variable computed in MAIN

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

Initial computing interval used by INT1
Double-precision array used by INT1 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 INT1

cos Hb

Cos w

cos(w - 9b>



COMMON

label

/MAINP/

FORTRAN

variable
DAF
DDELDX
DDER(8)

DD1

DELL
DELS
DELTA
DELTN
DELU
DIODX(6)
DIIDW(6)
DOSRB
DPIDW
DRBDX
DROIDW
DTBDX
DUSDW

DU1IDW

Description

6 cos 9b

T computed in DERSUB, used in COEF

gls

Array in which derivatives are stored

~Coefficient used in governing differential equations,

computed in COEF

Lower limit for §

52

5o

Upper limit for §
de’o

dx
olj, 1

ow

(i =2,3,4,5)

f—b computed in DERSUB, used in COEF
dpy
dw
dry,
ax
dp1
dw
oy
dx
dug
dw
duy
dw

11



COMMON
label

/MAINP/

12

FORTRAN
variable

DVSDW
DV1DW
DWDX
EELE1(7)
EELE2(7)
EELT(3)

EE1(6)

EERVAL(8)
EMUREF

EO1

EPSR
EPs21
GGO(6)
GG1(6)
HONE
ICOSW

IERR

Description

dvg
dw
dvq
dw

do
dx

Relative error used by INT1
Relative zeros, used by INT1
Values for return to program from INT1

Coefficients used in governing differential equations,
computed in COEF

Array used by INT1
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

Hy
Control to set COSW to exactly 0 when w = g-

Integer value supplied by INT1 as an error code



COMMON FORTRAN

label variable Description
/MAINP/ IGEO Control in GEO for body shape:
1 sphere
2 ellipsoid
3 hyperboloid
ITEXT Time history print option used by INT1
ITTEST Iteration limit in PROPIT
KEKONT Counter for number of iterations for &,
KETEST Number of iterations desired on d,
KKKK Radiation option:
0 do not compute radiation
1 adiabatic radiation
2 nonadiabatic radiation
sin Gb
OPERA = computed in DERSUB, used in COEF
b
p p
PEEP Coefficient in equation describing pressure variation

in stagnation region (see ref. 3, eq. (36))

PIN P,
PO Py
PSTAG Stagnation pressure
Pl Py
QD Qo

13



COMMON
label

/MAINP/

14

FORTRAN
variable

R

RB
RBX
RHOIN
RHON
RHOO
RHO1
R1
SINTB
SINSQW
SINW

SMALLB

SMALRB
STAENT

SSPEC

SWMTB

Description
Universal gas constant
Body radius of curvature at axis of symmetry (x = 0)

Body radius of curvature at any x~-coordinate

p

o0

Initial guess for p

Po

Py

Weighted heat flux
sin 6y

sinzw

sin w

Semimajor axis of an ellipse, nondimensionalized
with Rp

T
Static enthalpy

Print control used by INT1 (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 - 6y)

Tl



COMMON

label

/MAINP/

FORTRAN

variable

TCG
TEAN
THETAB
TO
T1
UIN
UINS
Uo
US
U1

v

Vo
\E
Vi

VVAR(8)

X10(8)

Description
Accuracy criﬁerion on iteration for Py in RANH
Initial guess for T'
%
To

Ty

Vi

Double-precision array used by INT1 which contains
independent variable followed by dependent variables

Coordinate along body surface

Ij,o (J = 2, 3,4, 5)

15



COMMON FORTRAN

label variable Description

/MAINP/ X11(6) Lia
XMAX Maximum value of x allowed
Z1 Zq
Z0 _ZO

/QRQ/ Qi )
Qe & Curve-fit coefficients to radiation distribution
Qo1 around body, used for all but final 3§, iteration
Q02 |
QRY1 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):

16



Subprogram

COMMON label

-

REAI

MAINP

QQQ

WON

RAD

CIONCL

EQURATS
MAIN
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
ZHV
LTP
HAFACE
DTLNEQ
HTP
TRAP1
FLUT
INOCAL
TRAP
MASBAL

> Mo MM

XX

M

X

Mo

X

Ll B

oMM

X

oMM

17



D1250 Subprogram Descfiptions, 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 Reads and writes NAMELIST input, EQRAD, initializes program

Variables, and computes stagnation-streamline solution

RANH Calculates post-shock conditions by use of Rankine-Hugoniot equations
GEO Computes body geometry

FIRST Computes properties at first step off stagnation line

THEP Thermodynamics routine which solves correlation equation for

equilibrium air
THER - Calculates partial derivatives of equilibrium-air properties

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

CHER Performs an additional test on 6, iteration
PROPIT Iteration subroutine for body properties
COEF Calculates coefficients of governing differential equations

18



Subprogram

CALD

DERSUB

CHSUB

FOFX

PROD

Description
Computes governing differential equations which are used in DERSUB

Called by Runge-Kutta integration routine INTI to evaluate the
derivatives

Called by INT1 to allow the user certain logical control

A function subprogram called by ITR1 for Py (pstag) iteration
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



RADTATION

ROUTINES v\

THEP

THER

20

EQURATS

FROD

RANH

¢— FIRST

CONT

FROD

[RADIATION

ROUTINES

AT62
4
MAIN RANH
ITRL FOFX
GEO :
THEP
INTL CHSUB
////////' e
DERSUB
COEF
GEO
RANH CHER
THER TEEP
PROPIT
THEP




OO0 0

Eakel

EQURATS

EQURATS writes the program identification and calls MAIN.

PROGRAM EQURATS{INPUT,DUTPUT,,TAPES=INPUT,TAPE6=0UTPUT ,PUNCH)

EQUILIBRIUM WITH RADIATION PROGRAMED BY FRANCES W. TAYLOR

COMMON /REAI/ IREAD
WRITE (6,1)

IREAD=0Q
CALL MAIN
sToP

FORMAT (1H120XS8HEQUILIBRIUM WITH RADIATION PROGRAMED BY FRANCES
1Ww. TAYLOR/)
END

PP > D>

N Y B N N

21



MAIN

The function of subprogram MAIN is to call the NAMELIST inpﬁt, EQRAD, to ini-
tialize the program, and to compute the stagnation-line solution. The stagnation-line
solution is obtained by an iteration on Py in MAIN Py = pstag) by using the ljbrary
routine ITR1. The program is ended either after a specific number of iterations on 5,
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:

22



Initialize program
variables and
constants

Call RANH

Compute. values
») needed for

Rl iteration

Call ITRL
(for PO)

Compute values
using new PO ]
for R1 jteration

for Rl satisfiedl

Has iteration
limit for DELTN
been reached?

Iteration criterion

Call PROD

count by 1

Tancrease iteration Call FIRST |

( STOP )

23



A0 0

24

SUBRCUTINE MAIN
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AAL1{(6)Y,AC,AUL,AOVERB,ALl,BB1(6),CAPHD,CAPH1,CAPG,CC,C
1C1,CCI,CCUVAR({8),CI1,CIMAX,COSTRB,COSH,CWMTB,DAF,DDELDX,DDER(81}),DD1
2yDELLWDELSDELTA, DELTN,DELULDIODX(6) 2 DI1DW{6)+DOSRB,DP1DW,DRBDX,DR
301DW.DTBDX DUSDWyDULIDWyDYSDW OV IOWsDWOXGEELEL(T IS EELE2(T)yEELTI3 ),
4EEL{6) s ERRVAL(7)}, EMUREF,EOQLl,y EPSR,EPS21,GG0{6),GGL{6}4HUNE, ICOSW,IFE
SRR IGED s ITEXT 3 ITTEST yKEKONT yKETEST yKKKKsOPERALPyPEEP, PINyPD,PSTAG,
E6PLlyQDyRIRB4RBXyRHOIN,RHONy RHOO, RHO1 41, SINTB, SINSQW,SINW, SMALLB,SM
TALRB,STAENT ySSPEC sSUWMTB o Ty TCGyTEANYTHETAB,TO,T1yUINyJINS,UO,US,UL,
BVyVOIVSyV1IyVVAR(S) sWy Xe XIO(6) 4 XI1(6) 9 XMAX,Z20,71

COMMON /JAAA/ Al646)4A12(16412)4A22( 7, T)4ALPL6E) ALPT{1645),BHAT(16},
1C{6916) +CHIL1642)2CP{16) 4DEGI(E6) yH{16) 2 JATI16,45),JPH{16),KAT{6),K3D
2E{16)yRAL1642)19RBO(164,2)4RC1U1642)yR0(15,2)4RD1(1642),RE{16,2),REL{
316921 9SD{16),TBU3)»TU{164+2)+TU2{1L5642 )+ VNIL1T)4VNE(1B),VNT(17),VNU(]
46496 ) 2 H2616) 9y W3(16) s YI16)sRF{16492)9RE111642)4HSHIG,IGHAS,IGMSP,IGP, I
S0ONy IS+ ISPy ISPNGPy ISPNG2 yNyNGy NP yPRESS y W27+ RHD ¢ WMy SYU, ISPNG

COMMON /RAD/ YY(1O00)},TEELLOC)FHVI2D) yNHV4NY,(C2,1Y

COMMON /RAD/ XNN{7,100G)

COMMON JRAD/ NIHVCFHVC(50) ,AHVIS0) ,AHVLI2D)

- CGMMON /RAD/ C1,03,C44FLGyC5,FLGL

COMMON /RAD/ YDELT,DELTD,FL1,FL2

COMMON /RAD/ GEE{B),EPS(8) yNU(2C) +ND(TO)JFF(TO) +GAMP(TD)d0L{2C),F
1HVMI{20) ,FHVP{20)

COMMON /CIONCL/ FLI00410)1sF20100413) yHVLITD) 4EPK24K1 4 IFLyIYCON,IQ
11WMI,BIJ(100,12)GMINC12CG,10),6PLUL100,12),LAED

COMMON /REAL/ IREAD :

COMMON /2QQ7 QI1,Q12,Q01,002,0RY14QRYD,QSTAG

DIMENSION ANS({4)

EXTERNAL FOFX

NAMELIST /EQRAD/ ALT,AODVERB,CCI+CIL,CIMAX,DELTXyDUMBTIM,FELEL,EELE
12yEELTHEITRIZEITR2yEMUREF9EPSRYyEPS2L s TALT s IGEQ ITEXT, ITTEST ,KETEST
2y KKKKyPEEPyPINgQI1+QI2+Q01+Q002sR9yRByAHUNJRHIINGRLySSPECTEAN,TCG»U

3INy XMAX

ALT ALTITUDE FOR AT62

AGVERB A BODY GEOMETRY PARAMETER

CCI INITIAL COMPUTING INTERVAL

CIMAX ABSOLUTE VALUE OF MAXIMUM COMPUTING INTERVAL USED BY INT1
Cl1 INITIAL LINEAR INTEGRATIUN STEP IN FIRST

DELTX INITIAL GUESS USED IN IT21

DL N TN RN e
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31
32
33
34
35
35
37
38
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EELEL
EELE2
EELT
EITR1
EITR2
EMUREF
EPSR
EPS21
TALT
IGEO
ITTEXT
ITTEST
KETEST
KKKK

PEEP
PIN

R

RB
RHOIN
RHON
R1
SSPEC
TCG
TEAN
UIN
XMAX

XLAST=X

RELATIVE ERROR

RELATIVE ZERO

VALUE FOR RETURN TO PROGRAM

RELATIVE ERROR

ABSOLUTE ERROR

MOLECULAR WEIGHT OF COLD AIR USED IN THEP
ACCURACY FOR R1 ITERATION IN MAIN

ACCURACY FOR RH3 ITERATION IN PROPIT

=1 CALL AT62

USED
USED
USED
USED
USED

A TEST IN GED FOR SPHERE,ELLIPSOID OR HYPERBOLUGID

TIME HISTORY PRINT OPTION =0 NUO PRINTOUT
ITERATION LIMIT USED IN PRIOPIT
THE NUMBER OF PASSES THROUGH MAIN

USED

BY
BY
BY
IN

BY

INT1
INT1
INTL
ITR1
ITR1

INT1

IF O NO RADIATION,IF 1 ADIABATIC RADIATION IS COMPUTED

IF 2 NONADIABATIC RADIATION IS COMPUTED
PRESSURE VARIATION COEFFICIENT

FREE STREAM PRESSURE

GAS CONSTANT

BODY RADIUS

FREE STREAM DENSITY

INITIAL VALUE OF RHO

INITIAL GUESS FOR WEIGHTED HEAT FLUX
PRINT CONTROL

ACCURACY ON ITERATION FOR DENSITY IN RANH
INITIAL VALUE OF T

FREE STREAM VELOCITY

WHEN X=XMAX THE PROGRAM IS STOPPED

IREAD=IREAD+1

IF {(IREAD-1) 1s1,3
READ (5,EQRAD)

IF (EOF+5) 1042

WRITE (6,
I111=0
KEKONT=0

EQRAD)

If {IREAD.EQ.1) IPRQOD=0
IREAD=IREAD+1

R2=R1

KEKONT=KEKONT +1
IF (KEKONTL.GTKETEST) GO 7O 1

IF (KKKK.,

NE.2) R1=0

IF (II1.NE.C) GO TO 4

USED BY INT1

T TT WO TETIL PRI LW IRRLDDHOEIDOE

* &
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43
44
45
46
47
48
49
50
51

53
54
55
56
57
58
59
6C
&1
62
63
54
&5
66
&7
68
659
71
72
73
T4
75
76
77
78
79
8G
a1
82
&3
&4
85
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IF (IALT.NE.1) GO TO 4
CALL AT62 {(ALT,ANS)
PIN=ANS(2)*478.80258
RHOIN=ANS{1)*,515379
WRITE (6,11) RHOIN,PIN
X=0

W=3.,1415927/2.
THETAB=3.1415927/2.

ICOSW IS O WHEN COS(WI=0

[COSW=0
UINS=UIN**2
DRBDX=1,
DTBDX=-1.
SMALRB=D
CAPQ=1,
T=TEAN

.CALL RANH

IF (ITI1.NE.G) GO TO 5
RO78=DUMBTIM/RHOL
DELU=1.1%RDO78
DELL=,.8%R0OT8

I1I=111+1
DELTN=(DELL+DELU} /2.
DELTA=DELTN
QD=CAPQ*DELTA

WRITE (6412) DELTNs XLAST
TWODEL=2.%DELTA
THRDEL=3.*DELTA
DELS=DELTA*%2
AC=(3,+THRDEL+DELS)/V1
BC=DELTA*{3.+TWODEL)
CC=DELTA*{3.+DELTA)
uo=¢

vO=0

SINTB=1.
DIM=2,%DELTAXSINTB/DRBDX
PO=Pl+ . 5%RHOL%*V1*%x2
R1=R2

ICOSW=1 COS(W)

IS COMPUTED

CALL ITR1 (PG,DELTX,FOFX,EiTRl,EITRZ,100,ICDDE)
IF (ICODE.GT.0) WRITE (6413) ICODE

T WETRORDETTRTETPIITT IO IOIETIRPTOTDORERIPRIROIRODETD®

86
87
88
89

o1

92

93

94

g5

96

97

98

99
1C0
101
102
163
104
165
1c6
107
1C8
103
110
111
112
113
114
115
116
117
118
119
1290
121
122
123
124
125
126
127
128
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0

10

11
12

14

P1MPO=P1-PO

RHOO=—( AC*¥2%PIMPO**2) / (PEEP*CC*%2%P])
CAPHO=CAPHL-{3.%¥R1)/{AC¥*P1MPD)"
RHOOAO={AC%PLMP(O) /CC
DWDX=AC*{PO-P1l+V1)/(BC*{(1.—-RHO1))
Al={DWDOX*(l.~RHO1l)}+1,)/RHO1
AO=RHOGCAQ/RHOQO

DELTD=DELTA*RB

USTAR=0

IF {(KEKONTL.EQ.KETEST) WRITE (6,+14) U3,RHOOyAQ,RHI0AD,CAPH,PO,DWDX
1,DELTD,DELTA

IPROD=1PROD+1

IF KKKK=0 THE RADIATION IS NOT COMPUTED, KKKK=1 ADIABATIC
RADIATION IS COMPUTED, KKKK=2 FUR NONADIABATIC RADIATION

CALL PROD (USTAR, IPROD,A0,Al,QRYC,QRY1)
IF (KKKK.NE.2) GO 7O 9

R1P={1 . +DELTA}*¥2%QRY1-QRYO
ABR=ABS{(R1P-R1)/R1P)

IF (ABR-~EPSR) 8,8,7

R2=R1P '

GO TO 6

KEKONT COUNTS THE NUMBER OF PASSES THRU MAIN

TEST FOR NEXT TO LAST TIME

IF ({KETEST-KEKONT) .NE.1) GO TO 9
QSTAG=1 E-T*QRYO*RHOIN*UINS*UIN
DELTA={DELU+DELL)/2.

PSTAG=PO
CALL FIRST
stop

FORMAT (1HG6X4HATH626X5HRHDINELS5,8, 6X3HPINELS. 8)

FORMAT (1HO6XSHDELTNELS548+6X1HXEL5,.8)

FORMAT (1HO6X6HICODE=14,10X27H ITERATION DID NOT CINVERGE)

FORMAT (1H15X27HSTAGNATION POINT CONDITIONS6X2HUJELS5.8,4X4HRHOOELS
1.8y6X2HADEL15.8/35X6HRHOCADELS.8y6X2HHOE15.8,6X2HPOEL54.8,4X4HDWDXEL
25.8/6X24HSHOCK STAND-UOFF DISTANCESX5HDELTDE15.8,1X8HDELTA/RBELS.8/

3)
END

129
13D
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
i61
162
163
164
165
166
167
168
169
170
171
172
173~
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RANH

RANH computes the post-shock conditions (properties, fluxes, and partial deriva-
tives with respect to w) with 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 RANH is as follows:

Compute .
program f——rereer———— %ter;}’%in g
variables or

Has Increase
accuracy criterion iteration
been satisfied ? count by 1

Calculate
UL, V1 and fluxes
XI1(2) - XT1(5) |

Has
iteration llm:Lt
been reached?

Write
"Iteration limit
Call THER reached in RANH

program stopped"

Compute
derivatives ‘

28
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SUBROUTINE RANH
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1{6)sAC,AD,AOVERByA1l,BBL{6),CAPHO,CAPHL,LAPQ,(CHC
1C1,CCI,CCUVAR(B),CII,CIMAX,COSTB,COSW,CWMTB,DAF,DDELDX, DDER(8),DD1
29DELL+DELS+DELTA,DELTN+DELU,DIJDX{6)DI1DWI{6),00SRB,DP1DWDRBDX,DR
301DW.DTBDXsDUSDUW,DUIDW DVSDW,yDVIDW s DADX,EELELI{7 ), EELE2(T7),EELT(3),
4EEL(6) ¢ ERRVAL{T7)s EMUREF,EDLly EPSR,EPS21,G660(6),GG1(6)HONE, ICOSW,IE
SRRy IGEO s ITEXToITTEST +KEKONT yKETEST ¢ KKKK,OPERA,P,PEEP, PIN,PG,PSTAG,
6P1,QD9yRyRByRBXyRHOINy RHON, RHOOsRH31,R1,SINTB, SINSQW,SINW, SMALLB,SM
TALRBsSTAENT ,SSPEC,SWMTB,T,TCG, TEAN, THETAB,TO,T1,UIN;UINS,UO,US,Ul,
8VyVOsVS VI VVARIB ) o We X XID{8) 4 XI1(5) 4 XMAX,20,71

RANKINE HUGONIOT RELATIONS FOR EQUILIBRIUM COMPOSITION

IRHO=0

DTBDW=0
SINW=SIN{W)

IF {(ICOSW) 1,1,2
COSW=0

SWMTB=0

GO 70 3
COSW=COS{#u}

- SWMTB=SIN(W-THETAB)

CWMTB=COS{W-THETAB)

SWS=S INWX*2

US=COSW

RHO1=RHON

VS==SINW/RHOL

CAPH1=o5+3.5%PIN/ {RHOINXUINS)

HONE=CAPH1

STAENT=CAPHI- (USk*2+YS*%2) /2.,

CALL THEP (RyP1,RHOL1sT1,Z13STAENT,EMUREF,PIN,RHOINyUINS,KEZ)
RHOLP=(PIN/(RHOIN®UINS ) +SHS—P1) /¥S%*2

FRHOL=RHO1-RHO1P

DELROL=.1

RHO1D=RHO1+DELRO1

VP==SINW/RHOLD .

STAP=CAPH1-(US*¥2+VP%¥2}/2,

CALL THEP (RyPDyRHOID»TXsZXySTAP,EMUREF,PIN,RHOINsUINS,KEZ)
RHOIDP={PIN/(RHOIN*UINS)+SWS-PD}/VP*%x2

OO0 OO0 OO0 OO0 OO0 0O0

DO X~V D WwN e
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FPRHO1=(RHO1D-RHO1DP-FRHOLl ) /DELROL

AFMFP=ABS ( FRHO1/FPRHOL)

IF (AFMFP-TCG) 64645

RHO1=RHD1-FRHO1/FPRHO1

IF (IRHOL.GT.ITTEST) GO TO 7

IRHO=IRHO+1

GO 10 4

Ul=US*¥CWMTB-VS*SWMTB

V1=US¥SWMTB+VS*CWMTB

XI1(2)=RHO1#*U1

XI1{3)=P1l+RHO1*Ul *%*2

XI1{4)=RHO1*U1%V1

XI1(5)=RHOl*U1*CAPH1

Xi1(1)=0

CALL THER (RsP1,RHOLyT1421,STAENTEMUREF,PINyRHOIN,UINS,C1P,C2P,C1]
1D,C2D)

DROIDW=SINWH*COSW* (CL1D*(1.a—1./RHO1*%2}~2..%({1.—-1e/RHOL1 )}/ ({SWS/RHOL %
1*¥2)*(1.~-C1D/RHDO1)~C2D}
DSHIDW=SINWXCOSW*(1.-1./RHOL*%2)+SWS/RHOL**3%DROLDW
DP1DW=C1lD*DSH1DW+C2D*DRO1DW

DUSDW=—SINW

DVSDW=-1./RHO1I*{US+VS/RHDO1*DRO1DW)

DULDW=DUSDW¥C WMTB-DVSOW*SWMTB-US*SHMTBX (1 .~DTBDW)I-VS*CWMTB*(1.~-DTB
1DW) '

DV1DW=DUSDW*SWMTB+DVSDW*CWMTB+US*CWMT BX(1.-DTBDW)-VS*SWMTB*(1,.-DTB
1D0W)

DI1DW(2)=RHOL*DULDW+UL*DRO1DW
DILDWI(3)=DP1DW+2.*%RHO1*UL¥DUIDW+U1%%2%DRO1DW
DI1DW(4)=RHO1*V1*DUIDW+RHO1*U1*DV1DW+U1%V1%DRO1DNW
DI1DW(5)=CAPH1*DI1DW(2) 4

RETURN

WRITE (648)

sTOP

FORMAT (1HGH6X39HITERATION LIMIT IN RANH PROGRAM STIPPED)
END

OOOOOOOOOO0O0OOOCODOOOO000000DOO0oOa0nN
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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 geometry, 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:

GEO

Compute ' Compute
',hyperbolOid sphere- cone
geometry geometry
Compute
ellipsoid
geometry
' Q=1/RBX
: o
! oD =05

RETURN

31
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SUBROUTINE GEO
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1(6),ACsAD,AOVERB,A1,BB1(6),CAPHO,CAPHL,CAPQ,CC,C
1C1+CCI,CCUVAR(8),CIT,CIMAX,COSTB+CUSH, CWMTBsDAF,DDELDX,DDER(8),0D1
2+DELLDELS DELTA,DELTN,DELU,DIODX{6),DI10W(6),DOSRB,DP1DW,DRBDX,DR
301DNWsDTBDXsDUSDWDULDW,,DVSDW, DV 1DW s DADX, EELEL(T), EELE2(T) 4 EELT(3),
4EEL1{6) s ERRVAL(7), EMUREF,ED1,EPSR4EPS21,660(6)+GG1{6)HONE, ICOSW,IE
SRRy IGEQ ITEXTy ITTEST ¢KEKONT yKETEST ;KKKK,OPERA4PHyPEEP,PIN,PO+PSTAG
6P1sQDyR+RByRBX,RHOIN,RHON, RHOO ¢ RHO1 ¢ R1 3 SINTBy SINSQW»S INWsSMALLB,SM
TALRBySTAENT ySSPEC »SHMTB T3 TCGyTEAN, THETAB,TO,T1,UIN,UINS,UO4US,Ul
BVyVOsVSs V1o VVARIB) yWa X9 XIGL6 ) 4 XIL {6 Y9 XMAX 4 Z0s 21

IGED=1 COMPUTE SPHERE GEOMETRY IGEQ=2 COMPUTE ELLIPSOID GEOMETR
IGEC=3 COMPUTE HYPERBOLOID GEOMETRY

SMALLB=AOVERB
IF {IGED-2) 142,3

SPHERE - CONE

SMALRB=SINI(X)

THETAB=3,14159265/2.-X

DRBDX=COS{X)

DTBDX=~1.

RBX=1.,

GO T0 4

ELLIPSIOD

BSQ=SMALLB*%2

RSQ=SMALRB*%*2

BSMRS=BSQ-RSQ

RACE=RSQ/ BSMRS

ZB=ADVERB*SMALLB-AOVERB*SQRT{BSMRS)
AAA=AOVERB*SMALLB

PTAN={ {SMALLB/AAAY*(AAA-ZB) ) /{SQRT (2 . ¥AAAXIB-LB*%2))
THETAB=ATAN(PTAN)
RBX={{1.,+AOVERB*¥2%RACE)*%(3./2.) ) /{ADVERB/SQRT{BSMRS)I*(1.+RACE))
CAPQ=1./RBX

DTBDX=-CAPQ

GO T0 4

MMM T AT T I AT AT ITTITM MM M M
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HYPERBOLOID

BSQ=SMALL B**2

RSQ=SMALRB**2

BSPRS=BSQ+RSQ

RACH=RSQ/ BSPRS

AAA=AOVERB*SMALLB
SQBSPRS=SQRT(BSPRS)
IB=-—AAA+ADVERB*SQBSPRS

PTAN=SQBSPRS/ (AOVERB*SMALRB}
THETAB=ATAN(PTAN) _
RBX={{1.+ADVERB**2%RACH)**(3./2,))/(AOVERB/SQBSPRS*{1.-RACH))
CAPQ=1./RBX ’ ’
QD=CAPQ*DELTA

RETURN

END

mMmmTTTM MMM T MM T M
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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:

Compute properties
for first step off
stagnation streamline

. X, Uy, Hy, Ty

Call GEO - Compute fluxes

RETURN

34



SUBROUTINE FIRST
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AAl(6)4,AC,AD,AQOVERB,+Al,B81(6),CAPHO,CAPH1,CAPQ,CC,C
1C14CCT4CCUVAR(B),CTII,CIMAX,COSTR,COSH,CWMTB,DAF,DDELDX,DDER(8),0D01
29yDELL,DELS +DELTA, DELTN,DELU,DIODX(6),DI1DW{6),D0O5RB,DP1DW,DRBDX,DR
301DW,DTBDX,DUSDW, DULDW,DVSDW,0V1DW, DWDX,EELEI{TY,EELE2(T}, EELT(3),
4EE1(6) 4 ERRVAL{T)y EMUREF,EQ01¢+EPSR,EPS521,660(6),GG61(56),HONE, ICOSH,IE
SRRy IGED ) ITEXT 9 ITTEST 4KEKONT yKETEST yKKKKOPERASP 4P EEP, PIN, PGy PSTAG,
6P1yQDsRyRByRBXy RHOIN, RHONy RHOD s RHOL9R19 SINTB SINSQW,SINW,SMALLB,SH
TALRBySTAENTySSPEC ySWMTB 4Ty TCGy TEANTHETAB,TO,T1yUIN,UINS,UO,US,UL,
BVaVOsVS s V1IeVVAR(B ) s Wy X XID(6) 4 XTI1(6) 9 XMAX920,21

X=CI1

ICOSW=1

U0=A0%*CI1X

W=W+DWDX*CI1
CAPHO=CAPHO+UO**2/2.,
"SMALRB=CII

CALL GEOD
THETAB=3,14159265/2.+DTBDX*( 11
DELTA=DELTA-{{1.+QD)/CAPQ)*(W-THETAB}*DTBDX*LII
X10(3)=PO+RHOO*UD**2
XI0(4)=RHOO0*VO*UO
XI0{5)=RHOO*UO*CAPHO
XI10{2)=RHOO*UQ

CALL RANH

CALL CONT

RETURN

END

[t it el sl ol sl ool mll el el el el sl el sl il el andll motlt St mul Sl puntl mlt ault et mll sl
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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 RANH, 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 85. The flow chart for sub-
program THEP is as follows:

Compute
THE

KEZ =1

Wl_'ite”RHO \
is smaller RETURN
than allowed

Write RHO
is larger

L Moo
Write H is
zZero or
negative

Compute Write'H
program is larger
variables - than allowed 5

RETURN
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SUBROUTINE THEP (R,PDUM,RHODUM, TDUM,ZDUM, STAENT EMUREF ;PINyRHOIN,U
1INS,KEZ)

KEZ WAS ADDED TO PROGRAM 12-14-67

IF RHO IS SMALLER THAN ALLOWED OR HH IS O OR NEG. WHEN THEP IS
CALLED FROM PROPIT KEZ=1 AND THE PROGRAM RETURNS TO CHER

IN CHER DELL=DELTN MAIN IS CALLED

KEZ=0
HUM=EMUREF*UINS*STAENT/R
RHO=RHOIN/1.29313E-3%RHODUM
IF (RHO.LE..00003) GO TO 11
IF (HUM.LE.C.) GO TO 10

IF (HUM.GTL.5800.) GO TO 1
P={.975134E-3 ) *HUM*RHO

1=1.0

G0 YO 9

IF {HUM.GT.10500.) GO TO 2
P=,00345%RHO*XEXP{ .854%ALOG(HUM) }
Z=1.0

60 10 9

IF {HUM.GE.35500.) GO TO 3
RHOLODG=ALOGLIO{RHO)
XD=5,%ALOG10{ HUM}-20.
PLOG=.955+RHOLOG+ {1545+, 013 1%RHOLOG) *XD+.016%RHILOG*XD*{ 2. 75-XD}
P=EXP{2.302585%PLOG}

GO 70 5
DV=1.565+1.036%ALOG10{RHO)

IF (HUML.GE.178000.) GO TO 4
XD=5.%ALGGL0(HUM) -24,
PLOG=.1336%XD+,00934*XD**3+DV
P=EXP{2,.302585%PLOG)

GO TO 5

IF (HUM.GE.600000.) WRITE (6,17)
PLOG=,95%ALOG10{HUM)I~4.58+DV
P=EXP{2.302585%PLOG)

GO 70 5

COMPUTE Z(H,RHO)
XI=1.0-ALGG10{RHDO)

RARAARRARAARAARARARARARARARARAARAARRRAARARARARRARARARARARAARRARXRXRRARAARR
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16

11
12

13
14
15
16

18
19

38

XD=ALOG10{HUM ) —44 +,052% XI- . 004 %X %%2
IF (XD.GT.0.,) GO TO 6

Z=1 -0

GO 10O 9

IF (XD.GT.0.55) GO T0O 7

I=1 0+ .53 %XD%%*2

GO 70 9

IF {(XD.GE.1.3) GO TO 8

XI=1‘3“XD
I=20¢XIH{=1.T8+XT%{ 21 +XI*{1.09-.446%XI%X[1))
GO T0O 9

IF (XD.GEo2+) WRITE (6,17)

XI=1.9-XD
£=3,831+XI¥*(=5.019+XI*{3.41+.24*XI))
T={273.%P )/ (Z*RHO)

IDUM=Z

TDUM=T

PDUM=1.01325E6%P/{RHOIN*UINS)

GO TO 14

"WRITE (6516}

GO 10 12
WRITE (6,18)
KEZ=1

GO T0O 14
HRITE (6419)
GO TO 15
RETURN

STOP

FORMAT {10X22HH fs ZERO OR NEGATIVE )
FORMAT (10X25HH IS5 LARGER THAN ALLOWED )

"FORMAT (10X28HRHO IS SMALLER THAN ALLOWED 1}

FORMAT (10X27THRHO IS LARGER THAN ALLOWED 1}
END

RAARRARAIAARRARARRARARARAARARREAEAAARARRKRARARRERRRRR



THER

Subprogram THER is called by RANH to calculate the partial derivatives of
equilibrium-air properties which are 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 (P1), RHODUM (RHO1), and STAENT
are computed in RANH., The quantities C1P (8p/8h) and C2P (8p/op) are calculated in
THER. The flow chart for subprogram THER is as follows:

Calculate
program RHO <.00003 smaller thany
variables . allowed'"

Write RHO

allowed " : '

1"
Write H is

‘zero or negative'| RETURN

HUM > 600000

Write H is 7
larger than allowed/ ’

Compute g
Clp,C2P | RETURN
ClD,C2D, T
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SUBROUTINE THER {R,PDUM,RHODUMyTODUMZDUM,STAENT yEMUREF,PIN,RHOIN,U

1INS,C1P,C2P,C1DyC2D)}

THIS IS THE NEW THERMOCHEMICAL ROUTINE THER 4-19-67

Z=1DUM

P=PDUM
HUM=EMUREF*UINS*STAENT/R
RHO=RHOIN/ 1.29313E-3%RHODUM
RUN=1.
XC1PDP=5,*%ALOG10(HUM) -20.
{F (RHO.LE..00003) GO TO 8
IF (RHO.GE.30.) GO TO 9

IF (HUM.LE.0.) GO TO 6

IF {HUM.GT.5800.) GO TO 1’
C1P=,975134E~3/RUN*RHO
C2P=.975134E-3%HUM

GO TO 5 ‘

[F (HUM.GT.10500.) GO TO 2
C1P=.345E~2%, 854%RHO/ (RUN¥HUM%% . 146)
C2P=,345E~2%HUM

GO TO 5

IF (HUM.GE.35500.) GO TO 3

ClP=5.*P/(HUM*RUN)*(.1545+(.0131*.01§*(2;75-2.*XC1PDP})*ALOGlO(RHU

14)

C2P=P/RHO* (1. +XC1lPDP*(.0L31+.016%(2,75~-XC1PDP))})
GO YO 5

DV=1.565+1.036%ALOG10{RHO)

IF (HUM.GE.178000.) GO TO 4

C2P=1.036%P/RHO

ClP=5.%P/ (HUM#RUN)¥(,1336+.02802% (5, ¥ALOG10(HUM)-24.)%%2)

GO 10 5

IF {(HUM.GE.60G000.) GO TO 7
C1P=,95%P/ (HUM¥RUN)
C2P=1.036%P/RHC

T={273.%P)} /{71%RHO)

TOUM=T
C1D=C1P*1.01325E6/ (RHDIN*R ) *EMUREF
C2D=C2P*%*1.01325E6/{1.29313E-3%UINS}
GO 10 11

WRITE {6412}
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G0 TG 10
WRITE (6,13)
GO 70 10
WRITE (6,14}
GO TO 10
WRITE (6415}
G0 10 190
CONTINUE
RETURN

FORMAT (10X22HH IS ZERDO OR NEGATIVE )}
FORMAT {(10X25HH IS LARGER THAN ALLOWED )
FORMAT (10X28HRHOD IS SMALLER THAN ALLOWED )
FORMAT {10X27HRHO 1S LARGER THAN ALLOWED )}
END ’

P e R et P pd P P Pl Pl fead B by el e e
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CONT

In subprogram CONT the array of variables for INTI, the integration routine, is
established and INT1 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

QRY1 = (1 + QI1 X X2 + QI2 X X})QRY1g(pe

QRYO = (1 + QO1 x X2 + Q02 X X})QRYOgtag

where QI1, QI2, QO1, and QO2 are coefficients which describe the curve fit. The curve-
fit coefficients are input values and are based on available data for radiation distributions
or 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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CONT

Set up array of
independent and
dependent variables
in VVAR for INT1

no

The nunber of
differential
eguations is 6

Compute nonadiabatic
radiation

SMATRB is to be
integrated so the
nunber of differential
equations is 7

Write initial
VVAR array

Is this
the finpal
DELTN iteration?

Call PROD

properties

Accuracy criterion
satisfied?

DELU=DELTN

Call MAIN
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SUBROUTINE CONT
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1(6},AC,A0,ADVERB,A1,8B1{6),CAPHO,CAPHL,CAPQ;CC,C
1C1,CCT1,CCUVAR{B)»CIT,CIMAX,COSTB,COSW, CWMT By DAF,DDELDX,DDER{8),DD1
2,DELLsDELS,DELTA,DELTN,DELU,DIODX(6),DI1DW(6} DOSRB,DP10OW,DRBDX,DR
301DWsDTBDX,DUSDWs DULDW, DYSOW,DVIDW,DWDXEELEL{T)LEELE2{7) ,EELT(3),
4EEL(6) sERRVAL{T) EMUREF yED1 4 EPSR,EPS21,G60(6),661{6)9 HONE, ICOSH,IE
SRRy IGEQ, ITEXT ITTEST KEKOVT KETESTyK<KKOPERA,P,PEEP, PIN,PO,PSTAG,
6P1s QDR oRBRBXyRHOINy RHONy RHOO9 RHOL9R1 y SINTB SINSQuW o STNWy SMALLB SM
TALRB,STAENT sSSPEC s SWMTB T TCGsTEAN; THETAB,TO+T1 UIN,UINS,UO,USsUl,
BVeVOsVS V91, VVAR(B) oW X o XIO(H61,XIL{6)4 XMAXy 20,21

COMMON /QQQ/ Qil1,Q12,Q01,Q02,QRY1,QRYD,QSTAG

EXTERNAL DERSUB .

EXTERNAL CHSus

PCOREL=1.

I1T=0

VVAR{1}=X

VVAR{2)=DELTA

VVAR(3 }=W

DIODX(4)=0

DO 1 KM=2,45

VVAR(KM+2 }=XTO(KM}

CONTINUE .

IF IGEO IS EQUAL TO 2 DRBDX IS INTEGRATED

NE IS THE NUMBER OF EQUATIONS TO BE INTEGRATED

IF (IGEQ-2) 243,3

NE=6

GO 1O 4

NE=7

VVAR(B8)=5MALRB

IF (KEKONT.LT.KETEST} GO TO 5
WRITE (6,11) (VYVAR{J)sJ=1,8}

CALL INT1 {IT¢NE»3,CCI,SSPECSsCIMAX,IERR,VVAR,CCUVAR,DDER,EELEL,EEL
1E2,EELTERRVAL,DERSUB, CHSUB, ITEXT)
COSTB=COS(THETAB)
SINTB=SIN(THETASB)
SMALLRS=(1.+DELTA)*COSTB
L18S=1.-{1.#DELTA)}%*SINTB
DELTD=DELTA#*RB

OO ONOOONOONITOOOONEOOOOD
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IPROD=2
USTAR=2.,

IF KKKK=0 THE RADJIATION IS NOT COMPUTED, KKKK=1 ADIABATIC
RADIATION IS COMPUTED, KKKK=2 FOR NONADIABATIC RADIATION

IF (KEKONTL.LT.KETEST) GO TO 6

WRITE (64212) (CCUVAR{JK)»JK=148){XI1{JJ};Jd= 215)'RBX1THETA39CAP01
1{DDER{IL),IL=2,8)

CALL PROD (USTAR,IPROD,UQ,Ul,QRYD,QRY1L)
IF (KKKK.NE.,2) GD TO0 7
R1I={1.+QD)*{1.+DAF)*QRY1-QRYD

QRYOP=1 E~TXQRYUXRHOIN*UINS*UIN
QRATIG=QRYOP/QSTAG

GO 10 7

XS= Xk 2
QASTARLI=(1.+QI1*XS+QI2%XS*%2)*QRY1
QSTARO=(1.+QO1%XS+QO2%XS*¥2 } ¥QRYQ

IF {(KKKK.NE,2} GO TO 7
Ri={1.+QD}*{1.+DAF}*QSTARL—QSTARD
PRATIO=PO/PSTAG

PDIF=PCOREL—-PRATIOD

IF (KEKONTLEQ.KETEST) WRITE (6,13) PRATIO,QRATIO
IF (PDIF) 8,9,9

DELU=DELTN

CALL MAIN

PCOREL=PRATIO

IF (X-XMAX) 545,10

RETURN

FORMAT (1HO11X44HPROPERTIES AT FIRST STEP OFF STAGNATION LINE/8X1H
1XD15.8,5X5HDELTAD1S.8,9X1HWD15.8+5X5HI0(2)ID15.8,5X5H10{3)D15.8/5X5
2HIO(4)D15.895X5HI0(5)D15.8,4X6HSMALRBD15.8/)

FORMAT (1H1/10X25HBODY AND SHOCK PRIOPERTIES/9X1HXD15.895X5HDELTADL
15.89X1HWD15.8,5X5HI0(2)D15.8,5X5HI0(3)D15.8/5X5HI3{4)1D15.8,5X5HID
2(5)D15.8,4X6HSMALRBD15.8s5X5HI1{2)E15.8,5X5HI1(3)EL15.8/5X5HI1{4}E1
35.835X5HIL{5)EL5.8, TX3HRBXEL15.844X6HTHETABEL1548,9X1HQEL5.87/4X6HDDE
4L DXE15+8y 6X4HDWDXEL5.842X8HDIODX{2)E15.8,2X8BHDIODX{3)£15.8,2X8HDIO
5DX{4)EL15.8/2XBHDIODX(5)E15.8+1X9HDSMALRBDXEL5.8/)

FORMAT (1HO6XS6HPRATIOEL15.8,42X6HQRATIDELS5.8/)

END

QOO OINOONIODNODOOOOODIOOOODHOO O
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CHER

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:

CHER

VONE = CCUVAR(1)

yes ‘Answers for body properties not . ‘
Call PROPIT acceptéd. Begin again with a new}
DELTN ’ B

no

Accept answers from
PROPIT for body
properties.

- RETURN




SUBROUTINE CHER
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1(6),AC,AD,AOVERB,A1,881(6),CAPHD,CAPH1,CAPQ,CC,C
1C1,CCI5CCUVARI(B)yCII,CIMAXyCOSTByLOSH, CWMTB,DAF,DDELDX,DDER(8),DD1
2+DELL,DELS+DELTA, DELTN,DELU,DIODX(6) yDI1DW{6) yDOSRB,DP1DW,DRBDX,DR
301DW,DTBDXyDUSDW,DULDW, DVSOW,DV1DWs DWDX,EELEL{T) EELE2(T7),EELT(3),
4EE1(6) 4 ERRVAL(T7)y EMUREF,EOLl, EPSR,EPS21,GGD{61,GG1{6),HONE,ICOSHW,IE
SRR IGEQ s ITEXTITTEST ,KEKONT»KETEST yKKKKOPERA,,P ,PEEP, PIN,PG,PSTAG,
6P1yQDsRHRByRBXyRHOINyRHONyRHOO»RHO19R 1Ly SINTB+SINSQW s SINW, SMALLB,SM
TALRBySTAENT »SSPEC 4SWMTB,T,TCGy TEAN, THETAB, TG, T1 ,UIN,UINS,UO,US4Ul,
8VyVOyVSeVI+VVARIE) s We X9 XID(6) o XI1(5) 9 XMAX, 20,171

VONE=CCUVAR({1)

CALL PROPIT (RyUINS+XIO,TO+PO,RHOOITTEST RHOIN,STAENT ZDUM,KEZ,EP
1521 +A04VONE,CAPHO UG PINyEMUREF)

IF (KEZ.EQ.1) GO TO 1

RETURN

DELL=DELTN

CALL MAIN

END

EZZ2ZZ22RRELEREZEZZZZ2ZZE2ZZ2

Ve~V pBRNH
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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 EMUREF are constants.
The variables XIO, AO, and CAPHO are 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 KEZ is set in THEP when RHO is too small. The flow chart for
subprogram PROPIT is as follows:

PROPIT

Set iteration
'count to zero
KTEST =0
Compute Compute body
CAPHO VONE <. 005 properties and —ps{ RETURN
statie enthalpy

Iteration
for ]
RHODUM(RHOO)

Increase ] '

iteration as iteratio

limit been RETURN
count
eached ?

Continue iteration
until accuracy cri-
teria are satisfied

RETURN
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SUBROUTINE PROPIT {RyUINS,XIOsTGEN,PDUMRHODUM, ITTEST,RHOINySTAENT
1:ZDUM,KEZEPS21 ,A0,VONE+CAPHO,UGEN,PINy EMUREF}

DIMENSION XIO(6)

KTEST IS THE NUMBER Of ITERATIONS ALLOWED ON RHO
KTEST=0 .
KEZ=0

CAPHO=XI0(5)/X10{2}

XID2S=X10{2)%*%*2

IF (VONE-.005) 141,3

UGEN=AD*VONE

UGENS=UGEN¥*2

STAENT=CAPHO-UGENS/2.

RHODUM=XI0(2) /UGEN
RUGS=RHODUM*UGENS

POUM=XTO0(3)-RUGS

RETURN .

STAENT=CAPHO~.5%X 1025/ { RHODUM**2}

CALL THEP (R,PDUM,RHODUM,TGEN,ZDUM,STAENT,EMUREF,PIN,RHOIN,UINS,KE
1Z)

IF (KEZ.EQ.1) RETURN
FRODUM=RHODUM—(XIO0(3)-PDUM) * (RHODUM**2}/X102S

DELRHO=~.1

RHODMP=RHODUM+DELRHO

STAD=CAPHO-.5*XI02S/(RHODMP**2}

CALL THEP (R,PDyRHODMP,TD,2ZD,STAD,EMUREF,PIN,RHOINyUINS+KEZ}
FPRHO=(RHODMP—(XTO{3)~-PD)*{RHODMP*%2) / XI02S-FRODUM) /DELRHO
FROFPR=FRODUM/FPRHO

AFRFPR=ABS(FROFPR)

IF (AFRFPR-EPS21) 646+4

KTEST=KTEST+1 .

IF (KTEST-ITTEST) 5,77

RHODUM=RHODUM-FROFPR

GO YO 3

UGEN=XI10(2)/RHODUM

UGENS=UGE N*%*2

RUG S=RHODUM*UGENS

GO TO 2

WRITE (6,8)

KEZ=1

RETURN

FORMAT (1HO6X34HITTERATION LIMIT REACHED IN PROPIT)
END

332333333333333323'3233332332323333333333332

ZE=R
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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

Compute coefficients
of the governing
differential equations

RETURN

50



SUBROUTINE COEF
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1(6)+ACyA0,AOVERB,Al,BB1(5),CAPHD,CAPH1,CAPQ,HCC,C
1C1,CCI4,CCUVAR{8),CII,CIMAX,COSTByLOSW,CWMTB ,DAFDDELDX,DDER{8)4DD1
2+DELL,DELS,DELTA, DELTN,DELU,DIODX(6),DI1DW{56),D0OSRB,DP1DW,DRBDX,DR
3010W,DTBDX,DUSDW, DULIDWDVSDW4DVIDW,DWDXsEELEL(T)ZEELE2{ 7} EELT(3),
4EE1(6) s ERRVAL (7)) EMUREF,EQ14EPSR,EPS21,6GD(6146G1{6)HONE, ICOSH,IE
SRRy IGEGITEXTH ITVTESTHKEKONT,KETEST KKKKoOPERA,P,PEEP, PIN,PO,PSTAG,
6P1yQDeRyRByRBX» RHOIN, RHONy RHOOyRHO14R1 9 SINTB,SINSQWSINKW, SMALLB,SM
TALRBySTAENT,SSPEC ySWMTB,T,TCG,TEAN, THETAB,TO,T1UIN,UINS,U0,US,U1,
BVsVOsVSs VI VVAR(B) oWy Xo XIDISE) 9 XI1(6)4XMAX,Z0yZ1

CAPR1=R1

TPTOD=3.42.%DAF

AAL{2)=3.%(XI0(2)-XI1{2))+2 . *DAF*(X[0(2)=X11{2)})
AAL(3)=3.%(XI0{3)-XI1{3))+2 *DAF*{X10(3)-XI1(3))
AAL(4)=-TPTOD*XI1(4) -

AAL(5)=3.%(XI0(5)-XTI1{5))+2. *DAF*(XID{5)-XI11(5))

DO 1 4=2,5

BB1(J)=DELTAXTPTOD*DILDW(J)

CONTINUE

CC1=DELTA%(3,+DAF)

DDl=1, .

EQ1=—(1.+CAPQ*DELTA)/CAPQ*SWMTB/CHMTB*DTBDX

GGL(5)=RHO1*V1*CAPH]

6G1{2)=RHO1#*V]

GGL(3)=RHOL*%U1%V1

GGO(4)=P0

GGl(4)=PL+RHO1#V1%%2
EE1(2)=3,%DOSRB*{XI0(2) +XI1(2) ) *DRBDX~DELS*OPERA* (XI0(2)+2.*XI1(2)
1) #DTBDX+6 % (1.+QD ) #( L. +DAF ) *GGL(2) +DEL TAXTPTOD*GGL(2) *DTBDX
EEL(3)=3.%#DOSRB*{ RHOU*UO*#2 +RHO 1 U 1 ¥#2 ) *DRBDX-DEL S*OPERA* { RHOD*UD*
1%2+2, ¥ RHOL#UL #%2) %D TBDX+QD* {3, +2. ¥DAF) %XI1(4 )46 % (1.+QD)*(1.+DAF) *
2X11(4) +2. *DELTAXTPTOD*X I1{4 ) *DTBDX
EE1(4)=3,%DOSRB*XI1 (4)*DRBDX-2. *DELS*OPERA*XI1(4)*DTBDX-3.*(QD+DAF
1) #(XIO(3)+XT1(3))-2,%QD*DAF*(XIO(3)+2,#XI1(3) ) +6.%(1.+QD) *(1.+DAF)
2%GGL (4 )—6.%GGO(4) +QD#D AF* {RHODXUO**2+2 #RHO 1%U1%¥%2) +3 o £DAF* (RHOO®U
" 3D%K24RHOL#U L% *2 )+ DELTA®(3.+2, ¥DAF ) ¥RHOL*{ V1 %% 2~ L %%2) #DTBD X
EE1{5)=3.%DOSRB*(XIO(5) +XI11(5) ) *DRBDX~DELS*OPERA* (XIO(5)42 . *XI1(5)
1)4DTBOX+6.% (1 .+QD ) * (1. +DAF ) ¥GGL(5) +6, *R1+DELTA*(3,+2, *DAF) *GG1(5} *
2DT8DX

RETURN

END

[y SRy SN NN SURY SN SR SN NN S N YU S N A A SN N oy Sy S SO SR S S “UN Sy Sy Sy Sy SRy SU SR J0ON SR S SN R N T N
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CALD

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 derivatives yes Compute

of governing ‘ new TELTN
differential ~equations

110

Compute remaining
derivatives of
governing differential
equations
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SUBROUTINE CALD
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AAL{6)+AC,AQ,AOVERB8,A1,B88B1(6),CAPHD,CAPHL,CAPQ,LC,C
1C1,CCI+CCUVAR(8),CII,CIMAX,COSTB,COSW,CWMTB,DAF,DDELDX,DDER{8),DD!
29+DELL+DELS,DELTA,DELTN,DELY,DIDDX(6),DI1DWE{6)+DOSRB,DP1DW,DRBDX,DR
301DW,DTBDXsDUSDW, DULDW, DVSDW, DV1DW, DWADXEELEL(T )2 EELE2{ T}, EELT(3),
4EEL(6) s ERRVAL(T)s EMUREF ,EO01,EPSRSEPS21,66G016),6611(5),HUONE, ICOSW, 1LE
5RRy IGEOD s ITEXTHITTESTKEKONT yKETEST yKKKKsOPERA4P,PEEP,PIN,PO,PSTAG,
6P1yQDsRyRBJRBXyRHOIN,RHONy RHOO s RHOL 9 RL 9 SINTB SINSQUW»SINW)SMALLBySH
TALRBsSTAENT sSSPEC ,SWMTB,T,TCG,TEAN, THETAB,TO,T1,UIN,UINS;UG,US,U1,

BV VO VS V1 VVAR(B) yW s Xy XIO(6) s XT116) 9y XMAX,20,21

RBS=SMALRB%*2

RACE=RBS/ (SMALLB%%2-RBS)

IF {IGEO~2) 3,1,2
DRBDX=1./SQRT(1.+AOVERB*¥2%RACE)

GO TO 3
DRBDX=1./{1.+A0OVERB*%2%SMALRB/ { SMALL3*%24RBS})
DDELDX=EO1L

DWDOX={(-AAL{4) *DDELDX-EE1(4))/BB1(4)

IF (DWDX) 5,544

DELU=DELTN

CALL MAIN
DIODX{2)=(—AA1{2)%DDELDX-BB1{2)*¥DWDX-EE1(2))/CC1
DIODX{3)=U0%*DIDDX(2)
DIODX{5)=(-AA1{5)*DDELDX-BB1{5)*DWOX-EEL1(5}))/CC1
RETURN

END

COO0O0OUU0UDUOUUDOLLOULDIVUYLUVOTCUOUOUOUDOUDOUOO
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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:

DERSUB

4

Update integrated
variables

'

yes SMALRB

is integrated

no

g0

i

Compute
variables to be
" used in COEF

-

Set up
array
of derivatives

RETURN
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SUBROUTINE DERSUB
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1{(6)+AC,A0,AOVERB,A1,BB1{(6),CAPHO,LAPH1,CAPQ,CC,C
1C1,CCI,CCUVARE(B),CI),CIMAX,COSTB,COSH,CWMT B, DAF,0ODELDX,DDER(8),DD1
2yDELL,DELS,DELTA,DELTN,DELU,DIODX{6)+DI10W(6)+DOSRB,DPLDW,DRBOX,DR
301DW,DTBDXsDUSDH, DULDWyDVSDW,DVIDW,DWDX,EELEL(T ) EELE2(7) 4EELT(3),
4EEL1(6) 4y ERRVAL(T)y EMUREF yEDYEPSR4EPS21+GGO16}46GG1{6) s HONE, ICOSW, I E
5RRy IGEO s ITEXT o ITTESTHKEKONT yKETEST 2 KKKKyOPERA 4P 4PEEP4 PIN,PO,PSTAG,
6P1yQDsRyRB4RBXyRHOIN, RHONs;RHOOyRHO1 s R1 « SINTBy SINSQW, STNWy SMALLB, SM
TALRBySTAENT ,SSPEC ySWMTB,T,TCG,TEAN,THETAB,TO,T1,UIN,UINS,UQyUS,Ul,
8VeVOsVS VI VVARIB) yWeX o XIO(6) ¢+ XI1 (6)9 XMAX9 20,21

X=CCUVAR(1)

DEL TA=CCUVAR( 2)
W=CCUVAR(3)

DO 1 I=2,5
X10(1)=CCUVAR(I+2)
CONTINUE

IF (IGED.GE.2) SMALRB=CCUVAR(8}
CALL GEO

CALL RANH
DOSRB=DELTA/SMALRB
CGSTB=COS (THETAB)
SINTB=SIN(THETAB)
DAF=DEL TA*COSTB/SMALRB
OPERA=SINTB/SMALRB
CALL CHER

CALL COEF

CALL CALD

DDER(2) =DDELOX
DDER{3 ) =DWDX

DO 2 1=2,5
DDER{1+21=D10DX{(1)
CONTINUE

IF (IGED.GE.2) DDER(8)=DRBDX
RETURN

END

I IIIIXITIIIIIIIIIIIIIIIIIIIIALAIIIIZIIXIIOTXE
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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 INE CHSUB
RETURN
END

mmam
~N
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FOFX is a function subprogram called by ITR1 to evaluate p0

FOFX

P, = pstag)' The flow chart for subprogram FOFX is as follows:

FOFX

Compute values
needed for

PO iteration

)

S’m(tic:\

>
enthalpy °

Rl = 0.9 *RL

Call THEP >

PQ satisfies
iteration
criterion

(in FOFX,
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FUNCTION FOFX (PDUM}

DOUBLE PRECISION VVAR,CCUVAR
COMMON /MAINP/ AA1(6),AC,AC,AOVERB,ALl,BBL1{6),CAPHO,CAPH1,CAPQ+CC,C
1C1+CCI,CCUVAR(8),CII,CIMAX,COSTB,COSH s CHMTB,DAF,DDELDX,DDER(8),0D1
2yDELLyDELSDELTA, DELTNyDELU,DIDDX{6)+DI1DW{6) ,DOSRB,DP1DW,DRBDX,DR
301DW,DTBDXyDUSDWy DULDW, DVSOW DV 1DW, DNDX,EELEL(7) 4 EELE2(T) s EELT(3),
4EE1(6) 9 ERRVAL{T), EMUREF 4EOL, EPSR4EPS21+GG0(56)+GGL(6),HONE, ICOSW,1E
5RRy IGEQ s ITEXToITTEST JKEKONT, KETEST yKXKK yOPERA 3P 4PEEP 4 PINyPOPSTAG
6P1yQDyR 4RB ¢RBXyRHOI Ny RHON, RHOO s RHG1 4 R1 y SINTBy SINSQW» S INWe SMALLB, SM
TALRB,STAENT ySSPEC s SWMTB 4T, TCG, TEAN, THETAB, TO, T1,UIN,UINS,UQ,US,UL
BVyVO,VS VI3 VVARIB) s Wy Xy XIO16) 4 XI1(6) 4 XMAX, 20,21

ROPE=~ (AC*%2% (P1-PDUM ) ¥%2) / (PEEP*CC*¥2%PDUM)
STAPE=CAPH1 -3 +%R1/ (AC* (PL~PDUM) )

IF (STAPE.GT.0) GO TO 2

R1=:9%R1

GO TO 1

CALL THEP {R,POXyROPE,TD,ZD,STAPE,EMUREF,PIN,RHOINyUINS,KEZ)

FOF X=P0OX

RETURN

END
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PROD

Subprogram PROD reads and writes the radiation NAMELIST input RAD1 and calls
the subprogram to compute radiation. The thermodynamic properties within the shock
layer are computed in the 7 distribution. PROD has a calling sequence in which USTAR
determines whether the properties are off the stagnation point. I 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 AU1DUM represent ag and aj; when PROD is
called by MAIN and ug and u; when PROD is called by CONT. QRYO and QRY1 are
computed by RADFLUX and are the total radiation heat fluxes at the body and shock,
respectively. The flow chart for subprogram PROD is as follows: ‘

Read/Write
NAMELIST
input -

Compute
ETA distribution

BTA distributio:

KEKONT =XETEST

Call RADFLUX

QRYO0, QRYL
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SUBROUTINE PROD (USTAR, IPROD,AUDDUM,AUI1DUM,QRYO,0RY1)
DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1(6),AC,AD,AOVERB,A1,BB1(6),CAPHO,CAPH1,CAPQ,CC,C
1ClyCCI+CCUVAR{B),CII,CIMAX,COSTB,COSH,CWMTB,DAF,DDELDX,DDER(8),DD1
2:DELLDELSDELTA,DELTNsDELUDIODX{6)},DI1DW(56),D0SRB,DP1DW,DRBDX,yDR
301DH.OTBDX,DUSDW, DULDW o DVSDW DV 1DW s DWDXL,EELEI(T)SEELE2( 7Y EELT(3)
4EE1{6) s ERRVAL{TY, EMUREF,EQLly EPSRyEPS21.G6G0{6),GG1{6), HONE, ICOSW,1E
SRRy IGEO sy ITEXT s ITTEST ,KEKONT o KETEST yKKKKsOPERAsP+PEEPyPINsPOsPSTAGH
6P1,QD,RsRByRBX,RHOIN, RHON, RHOD,RHD1,R1 s SINTB, SINSQW,SINW,SMALLB,SM
TALRB; STAENT s SSPEC »SWMTB 3Ty TCGs TEANS THETAB,TOy T1,UIN,UINS,;UO;US,UL
BVsVBaVSeVIsVVAR{B) y Wy Xy XID{6 o XIL{6) 3 XMAXsZD,21

COMMON /WON/ QRYPC{20),QRYPL{20)

COMMDN /ZAAA/ Al6356),A12(16451235822{7+7)ALP(H6}ALPT(16,5),BMT(16),
1C(6,16)3CHIL642):CP(L6)DEGI{O6)sH{16)3JAT(1635)+JPH(16),,KAT(6),K0OD
2E{16)sRA11652),RBO(1642)yRC{I1652)9RDI16+2)sRD1(1642),RE(16:2)4REL(
316,2)3SD{16)s TBL3) s TU(16+92)sTU2116+2)VN{LT) VNE(16) 3 YNT(1T7),VNU(L
46461 W26(6)sWH3{16)sY(16)RF(1632)sRE1{11642)4HSsIGIGMS,IGMSP,IGP,I
SONy IS, ISP, ISPNGP,; ISPNG2 sNgNGsNP 4PRESS o W27y RHO WM, SYU» I SPNG

COMMON /RAD/ YY(10D)¢TEE(L1GO)FHVI{20) 4 NHVoNY,C2,1Y

COMMON /RAD/ XNN{7,100)}

COMMON /RAD/ NIHVC,FHVC{50) ,AHV(50),;AHVL(2D)

COMMON /RAD/ Cls;C3,C4,FLG,C5,FLGL

COMMON /RAD/ YDELT,DELTD,FL1,FL2

COMMON /RAD/ GEE(8),EPSI{8)sNUI20) +ND{TCIsFFITO0) sGAMP{ 701 ,W0OL(20),F
1HVM(20) ,FHVP{ 20)

COMMON /CIONCL/ FL100,10),F2(100+10),HVL{TO) yEP+K2,K1 s IFL,IYCON,IQ
11 ¢WMI,BIJ{100,10),GMIN(100,10),6PLU(L00,10),IAED

DIMENSION NICN{100)

DIMENSION HH{100). PRES{100)

REAL KN,KNY

NAMELIST /RAD1/ GEEEPSyFHVMaFHVP sFHV s HOL ¢ NUSNDsHVL ,FF,GAMP, IS,NIH
IVC s FHVC s AHV s AHVL o FL13FL23FLGFLGL o« NICSNICN, IOPT T8 S NY

THIS ROUTINE IS CALLED IN THE MAIN PROGRAM WHEN IPROD=1 TO
READ- IN THE DATA FOR RADFLUX.WHEN IPR0OD =2 ,NAMELIST IS NOT CALLED

I¥ (IPRCOD-1) 2,1,2
READ {(5,RAD1)
WRITE (6,RALL}
WRITE (6,8}

VUVO VIV VUV VIV UY VUV VOV UVOVV I UV O OVYVVTYWOV IOV UV UWOUVUYVIVUVLODO

0D PN W N
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UINS=UI N#¥*2

1Q=NY

YY{1}=0

IF {(USTAR) 3,3,4

HH{1)=CAPHO®UINS/4,19E7

GO TO S

HH{1)={CAPHO-UD*%2/2, ) ¥UINS /4. 19E7
PRES{1)=PO*RHOIN*UINS/1.01325E6

IF (KEKONTLEQ.KETEST) WRITE (6,9}

ETA=0

STAENT=CAPHO-UQ%%2/2,

IF (KEKONT.EQ.KETEST) WRITE {6,10) ETA,PO,STAENT,CAPHOsAUODUM,VOD
DO 6 N=24NY

KN=N

KNY=NY

ETA={KN-1.)/{KNY-1.)

YY(N}=ETA )
RHOAU=RHOO*AUDDUM +{ RHD 1 *AU 1 DUM-RHOU*AUODUM) ¥ETA
RHOAUS=RHOO*AUODUM* %2+ (RHO1*AULDUM**2 -RHOD*AUDDUM*%2 ) #ETA
RHOAUH=RHOO*AUODU M¥CAPHO+ (RHO1*¥AU1DUMECAPH1~RHOG*AUOD UMRCAPHO ) *ETA
RHOAUV=RHO1*AU1DUM*VI*ETA

AUDUM=RHOAUS/RHDOAU

V=RHOAUV/RHOAU

IFf (USTAR.GT.O0) USTAR=AUDUM
SUMH=RHOAUH/RHOAU~USTAR%*2/2 . ~V¥%2/2,

STAENT=SUMH

"CAPH=RHOAUH/RHOAU

PDUM=PO+{ QD*RHOO*UO**2 } X ETA+(P 1 -P3-QD*RHOD*¥UD*%2) *¥ETAX*2

IF (KEKONT.EQ.KETEST) WRITE (6,10) ETA,PDUM,STAENT, CAPH,AUDUM,V
HH{N)=SUMH*UINS/4 . 19E7

PRES(N}=PDUM*RHOIN*UINS/1.01325E6

CONTINUE )

"IF {KKKK.EQ.0) GO TO 7

CALL RADFLUX (NIC,NICN;IOPT,PRESs;HHyQRYO,QRY1)

IF {KEKONT.FQ.KETEST) WRITE {6,11) QRYPC{1),QRYPC(NY} ,QRYPL{1},QRY
1PLINY) »QRYDsQRY1

RETURN

FORMAT {1H1)

FORMAT (1HO4X31HDISTRIBUTION ACROSS SHOCK LAYER/12X3HETAl4X4HPDUML
13X6HSTAENTLIX4HCAPHI3XS5HAUDUMIZX1IHY /)

FORMAT (6(2XE15.8))

FORMAT (L1HO,6XSHQRYPC2ELS548,2Xs SHQRYPL2E154 852Xy 4HQRYOEL5.842X,4H
1QRY1E15.8)

END

VOV VUVVUYDVV VOV VIV VIVOLOV VYOOV UVIVVIVYVUVYUVUYV VIV UV LV IOV OIVIVLOIYUIVIU
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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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SUBROUTINE RADFLUX (NIC,NICN,IOPT,PRES,HH,QRYO,QRY1)

DOUBLE PRECISION VVAR,CCUVAR

COMMON /MAINP/ AA1(6) 4ACsAQ,AGVERB,AL4BBL{6) 4 CAPHO, CAPHL,CAPQ+CC,C
1C1,CCI,CCUVAR(8),CI1,CIMAX,COSTB,COSH,CWMTB,DAF,DDELDX,DDER({8)4DD1
29 DELL,DELSDELTAy DELTNyDELU,DIODX(6),DI1DW(6) +DOSRB, DP1DW, DRBDX, DR
301DWsOTBDXsDUSDWy DULDW s DVSDH,DV1DW ¢+ DNDXyEELEL(T) ¢ EELE2{T) s EELT(3),
4EEL(6), ERRVAL{T), EMUREF ,EDL, EPSR, EPS21,GG0(6),GG1(6)yHONE; ICOSHW, IE
SRRy IGED s ITEXT o ITTESTyKEKONT 4 KETEST yKKKKyOPERA P s PEEP, PINy PO,PSTAGH
6P1yQDyReRByRBXy RHOINy RHONy RHOOy RHOL9R 1y SINTB ¢ SINSQW 3 SINWy SMALLB, SM
TALRB,STAENT,SSPEC s SWMTB Ty TCGyTEAN, THETAB,TOsT1 ,UIN, UINS, UQ,US,U1,
 8VyVOsVSeVL,VVAR{B) s Wy Xy XIOU6) 9 XTI1{6) 4 XMAX,Z0,Z1

COMMON /WON/ QRYPC(20) 4QRYPL(20)

COMMON /AAA/ A(646)sA12116412),A22(747)4ALP(6)ALPT(164+5),BMT(16),
1C(6416) sCHI1642)4CP(16) yDEGI(6)yH{16) ¢ JAT(1645)JPH{16),KAT(6),KOD
2E(16)4RA(1652),RBO(1692) sRC(1642) yRD(1642) 4RD1{16+2) yRE{1642) 4REL(
31642)5SD{16),TB(3) 4 TU(1642) 4 TU2{1592) 9 VNILT) 4VNE(15),VNT(17),VNU(L
46461 yW26(6) yW3(16),Y(16)3RF(1642) yRC1(1642) yHS s IG,IGMS, IGMSP4IGP, 1
SDN,IS,ISP'ISPNGP,ISPNGZ:N:NG,NP.PRESS,HZ?sRHO,HM,SYU,ISPNG

COMMON /RAD/ YY{(100)sTEE(100),FHV(20) 4NHV NY,L2,1Y

COMMON /RAD/ XNN{7,100)

COMMON ./RAC/ NIHVCyFHVC(50)4AHV(50) 5 AHVL(20)

COMMON /RAD/ ClsC3,C4+FLGsC5,FLG1

COMMON /RAD/ YDELT,DELTDyFL1,FL2

COMMON /RAD/ GEE(8),EPS(8) ,NU(20) s ND(TO),FF{T7014GAMP(70),WOL(201,F
1HVM{20) 4 FHVP{ 20)

COMMON /CIONCL/ F(100,10)4F2(100+10)HVLITO) yEPK2,K1 4IFL, IYCON,1Q
11 yWMIBIJ(100,10) yGMIN(100,410),GPLU{100,10),IAED

DIMENSION NICN(100)

DIMENSION PRES(100)

DIMENSEON HH(100)

NHV=18

C4=1.273

G=1.

NICN(2)=NY

IF (10PT.EQ.2) GO TO 1

TB(1)=TEE(1)

DO 15 I=1,NY

PRESS=PRES(I)

IF (I0PT.EQ.2) GO TO 2

DODLDORLLDDRDDODRDLDLDDODLDLDODLDLDDRDLDLDLDLDLDRDLDDLRDDRDLLD L LD
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TB{2)=TB(1)

GO 70 3

T8{2)=TBl1)*1.2

HS=HH{I)

I1=0

IF (1.EQ.1) GO TO 5
1=29,%PRESS/(82.057*TB{2}*RHO)
IF (Z.LE.1.5) GO TO &

CALL HTP (1ZwW)

I1ZW=174

60 10 7

CALL LTP (IZW)

IZW=I14

CALL FEMP (IHELP, IOPT)

IF (I0PT.EQ.2) GD TO 8
TB{2)=TEE( I}

T8(1)=T8B(2)

GO 10 9

TEE(I}=TB(2)

HS=HH{I)

TB{1)=TB{(2}) /1.2

If {(IHELP.EQ.O0) GO TO 10

HWRITE (6,17} I,PRESS,HS,TB{1),TB(2)
syop

IF (I1.NE.O) GO TO 11

Ii=1

GO T0 4

IF {(1ZW.EQ.2) GO TO 12
XNN(1,1)=0

XNN{(2: T }=FLUT(BMT{3)4W3(3),RHO)
XNN{3,1)= FLUT(BMT(Z),WB(Z),RHO)
XNN{451)=0.

XNN{5,1}¥=0.
XNN{6+1)=FLUT(BMT ;W3 ,RHG}
ANN(T.1)= FLUT(BMT(#):WB(4);RHO)
60 10 14

DO 13 L=1,4

XNN(Ly I)=FLUT(BMT{L+2),W3{L+2),RHO)
XNN{5,I)=FLUT{BMT ,W3,RHO)
XNN{6,1)=0.

XNN{T., T)=FLUTE{BMT(2),W3(2) ,RHO)
TB{2)=TEE(1)}

RHOND=RHO/RHOIN

COODLDLDLDLODDLDLOVDLDRDLLDOCODD LD DL LD DLDLDLDLDODDLDODRDDODDLDDLDD
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16

c
c
17
is8

19

IF (KETEST.NE.KEKONT) GO TO 15

IF (MOD{I-1+50).EQ.0) HRITE (6,18)

WRITE (6519) YY(I)yPRES(I)4TEE(I),HSsRHO,RHOND
CONTINUE

C2=DELTD*FL1

Cl=DELYD*FL2

C3=C1/3.1416

C5=C1

EP=,001

DO 16 L=1,NIC

IY=NICN(L)

IYCON=1Y

YDELT=YY(1Y)

CALL CONTM

CALL LINE

CONTINUE

QRYD=~{ 1. ET*(QRYPC (1) +QRYPL (1)) /{RHOIN*UIN%%3}))
QRY1=1.ET*{QRYPC{NY)}+QRYPL {NY) )} /{RHOIN®UIN**3)
RETURN

FORMAT (i10Q0H1FEMP BLEW,I110,4E20.6)

FORMAT (14HO PATH LENGTH,4Xy8HPRESSURE$3Xy 11HTEMPERATURE 54Xy 8HENT
1HALPY s 5Xy THDENSITY; 7Xy L1IHDENSITY{ND )+ /s 4XOH(Y/DELTA) 99X ,5H{ATM) ,7X
2y TH{DEG K) 46Xy BH{CAL/GM) 45X, THIGM/CT) )

FORMAYT {6X6E13.5)

END

LoD DLODRLRLODDDODDDODDODDLODR PDDCLDLDLODDLD
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SUBROUT INE LINE

COMMON /WON/ QRYPC{20),QRYPL{20) :

COMMON /7AAA/ Al646)9A12(16,12)9A22(T+T)+sALP(6)+ALPT(16,5),BMT(16},
1C{6916) yCH(1692)4CP(16) yDEGIL6) yH{16)3JAT(1645),dPHI{16),KAT{6),KOD
2E(16)sRA(16,2)9RBO(1692),RC{16,2)3sRDI16,2)4+RD1{1642)4RE(16,2),RELL
31692)9SD{16),TBI3)yTU(L1642),TU2{16,2),VNI(1T),VNE{16),VYNT{17)},VNU(1
46496)1M26(6),W3{16),Y(16)4RF(1692)3RCL{1642)yHSyIG,I5MS, IGMSP,IGP, I
SONy ISy ISP yISPNGPy ISPNG2 4Ny NGy NP 4PRESS y W27 4RHO, WM, SYU, ISPNG

COMMON /RAD/ YY{100),TEE(100),FHV{20) +NHV,NY,C2,1Y

COMMON /RAD/ XXN{7,100)

COMMON /RAD/ NDD, FDD(50 ), AHV(50), AHVL ( 20)

COMMON /RAD/ ClaC34C44FLGyCSoFLGL

COMMON /RAD/ YDELT,DELTD,FL1,FL2

COMMON /RAD/ GEE(B),EPS{8),NU(20);NDITO)2FF{T0)+GAMP(T70),WOL(20),F
1LHVM{20) 4 FHVP(20) .

COMMON /CIONCL/ FU{100410)yF2(100,10)yHVLITO) sEP3K2, K1y IFLy IYCON,IQ
11 WMI,BIJ(100+10) +GMIN{100,10),GPLU(L100,10),IAED .

DIMENSION NICN{100)

DIMENSION PRES{100)

DIMENSION HH{100)

DIMENSION BEE{100), WWM{100), WP(10D), FMU(100), T2{100), S$S{100),
1 TAUL100)

DIMENSION FX1{20), FY1(20)

DIMENSION WA(100), WS{(100)

DIMENSION FX{20), FY(20)

DIMENSION IWP{100), IWM(100)

1YCON=1Y

G=1.

C9=2.42E14

Cll=1./2.42E14%.

FIP=0.

FIM=0.

K2=0

DO 21 K=1,NHV

FX{K)=0.

FY(K)=0.

FX1{K)=0,.

FY1{K)=0.

K1=K2+1

K2=K2+NU(K)

NORIDAROIAIARORNAIN O OBAONNDIBOIIOROIN VDO OORARIIPRNIOOR
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DO 1 I=14NY
T1=TEE( 1) *B.62E-5
BEE(I)=0.
QW=FHV(K)/T1

IF (QW.LT.85.} BEE(I)=504G;*FHV(K)**BI(EXP(QH)-lo).

WWM(I)=0.

WP(I)=0.

CALL MU (FHVIK) T1sXXN(1,1),FMU(I))

CALL TRAP {(NY,YY,FMU,C2+TAU)

X1=FHVM(K)

X2=FHVP {K)

QF=FLOAT(NU(K)}

DO 16 J=K1l,K2

1J=J-K1+1

T2{1)=0.

55(1)=0.

F2{1,1J)=0.

BIJ(1,14)=0.0

DO 5 I=1,NY

TI1=TEE(I)*8,62E-5

El=1.~-EXP({~-FHVIK])/T1)

J1=ND{J])

IF (J1.EQ.7) GO TO 2

PN=XXN{2+I)+XXN{4,1)
FN=PN/{(4.+10. ¥EXP (—2.384/T1 146, *¥EXP(-3.576/T1))
60 70 3

PNP=XXN(1sI)+XXN{(3,1I)
EN=PNP/ (T +5.%EXP(~1.9/T1))

FN=FN*GEE(J1) *%EXP(~EPS(J1)/T1)
S1=FN*FF({J)*,0266%E1

GAM={GAMP [ J)XGEXXN{S, [ ) *({T1*%,25)+1.0E~-06)*(C9
IF (I1.EQ.1) GO TO 4

DY=.5%(YY(I)-YY{I-1))

T2{1)=T2( I-1)+DY*(S1/GAM+0S1/0GAM) *(3
SS{I¥=SS{I-1)+DY%(S1+0S51)*C1
F2{I41J1=F2(1-1,1d)+DY*{(S1%GAM+0DS1%0GAM}*C>5
TBIJ(I I JV=BIJ(I-1,14)+DY¥X(GAM+OGAM) %4 ,135E~15
0S1=51

OGAM=GAM

CONTINUE

IF (IY.EQ.1) GO 70O 11

DO 8 I=1l,1Y :

FINT=T2(1Y)-T2(1)

RNAOROVRBORIANIANIANOR ORI OO RAIIORORIIONRRONAINRNOODRORIPODAOR
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IF (FINT.GT.C4) GO TO 6
WSUI)={SS(IY)-SS(I))*C11

FLI,1J)=0.

GO T0 7 ,
WS{I)=2.%SQRT(F2(TY,1J)-F2(1,1J))*C11
F(I,1J)=1.

WAM( T)=WWM( 1) +WS{ L)

IF (I1.EQ.IY) GO TO 9

GMIN(I ¢ 1J)=({BIJCIY,IJ)-BIJ(IId) ) /LYY LIVI=-YY(I)))#%2
GO TO 10

GMIN(T,1J)=0

IF (IY.EQ.NY) GO TO 16

DO 15 I=IY,NY

FINT=T2{I1)-T2(1Y}

IF (FINT.GT.C4) GO TO 12
WALT)I={SS(I)-SS(IY))*C11

F(I,1J)=0.

GO TO 13
WA(T)=2.%SQRT(F2( [, 1J)-F2(1Y,1J))*C11
FII,1J)=1.

WP({I)=WP(T)+WALT)

IF (I.EQ.NY) GO TO 14

GPLUCT » 1J)=({BIJL I, LJ)=BIJINY,IJ) I /LYY (I)=YY(NY)) ) %%2
60 TO 15

GPLU(T41J)=0

CONTINUE

CONTINUE

IF (IY.EQ.1) GO TO 18

IFL=1

DO 17 I=1,1Y

IWM(I)=0

IF (WWM(I)/QF .LT.WOL(K)) GO TO 17
TWM(I)=1

101=1

1AED=1

CALL HAFACE {1,X1,X2)

CALL HAFACE (240¢40.)

WWM(I)=WMI

WWM LT )=WWM(I)*EXP(TAUCT)-TAUCIY))
CALL TRAPL (IY,WWM,BEE,—1.,FX(K)}
FXL(K)=WWM{1)

EX(K)=FX({K)*AHVL(K)

F IM=F I M+FX(K)

RO RBABONRIIARIAINAANADNRDEAODROOIAAINRODBOIRNRIANIIRNANDANRID
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N1=NY-IY+1

IF (N1.EQ.1} GO 7O 20

IfL=-1

DO 19 I=IY.NY

IWP{1)=0

IF (WP{I)/QF.LT.WOL{K)) GO TO 19
IWP(I)=1

1Ql=1

I AED=2

CALL HAFACE (1,X1,5X2)

CALL HAFACE (2+0.+0.)

WP{I1)=WMI :
WPLII=WP{I)*EXPITAULIY)-TAU(I))
CALL TRAPL (N1,WP{IY},BEE(IY)sl.,FY{K))
FYL(K)=WP{NY)
FY{K)=FY{K})*AHVL(K)
FIP=FIP+FY{K}

CONTINUE

CONTINUE

QRYPL(IY)=FIM+FIP

RETURN

END

AHAARND OB OPDOIINPIINDNOD
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SUBROUTINE CONTM

COMMON /WON/ QRYPC(20)},QRYPL{20}

COMMON /AAAZ Al6,6)3,A12(16412)4A22(T+T7),ALP(6)+ALPT{16,5),BMT{16]),
1C(6516) yCH{16,2),CP{16)sDEGI{6)1HI16)9JAT{1645)4JPH(16),KAT(6),KOD
2E(16)4,RA116+2)RBO(16+2),RC116,2),RD(16+2),RD1(16+2),RE{16,2),REL(

C316452)4SD(16),TBI3),TU({1652),TU2(1642),VNI1T7),VNE{L16),VNT{17),VNU(L

4696) 4 W26{6)3W3(16) 4, Y(16),RF(1692)+RC1L(1692)9HSyIGHIGMS,IGMSPLIGP1
SONy IS+ ISP +ISPNGP, ISPNG2+Ny NGy NPsPRESSy W27 RHO ¢y WMs SYU, ISPNG

COMMON /RAD/ YY(100),TEE{100),DUN(20) yNDV,NY,C2,1Y

COMMON /RAD/ XXN{7,100)}

COMMON /RAD/ NHV, FHV(50)4sAHV(50)+AHVL(20)

COMMON /RAD/ C1l,034C4,FLGsC5,FLGL

COMMON /RAD/ YDELT.DELTD,FL1,FL2

COMMON /RAD/ GEE(8),EPS{8)4NU(20)+NDITO)sFF{TO)+GAMP{TO)»WOL{20)4F
1HVM(20) ,FHVP( 20) .

COMMON /CIONCL/ F(100,10)9F2(10C+10)4HVLITO)+EP4K2yKL 4 IFL,IYCON,IQ
11,WMI,BIJ(100,10) ,6GMIN{100,10),6PLUL100,10),1IAED

DIMENSION NICN(100)

DIMENSION PRES{100)

DIMENSION HH{100)

DIMENSION FMU(100), TAU(100), FIM{40), FIP{4D), BEE(100), EM{100},
1 EEP{100), FIIP(40), FIIM{40)

DO 9 K=1,NHYV

DO 1 I=1,NY

T1=TEE( 1) *8.62E-5

CALL MU (FHV{K)T1,XXN(1,1),FMU{I)}

BEE{I})=0.

AQ=FHV{K)} /Tl

IF (AQ.LT.85.) BEE(I)=5040.%FHVIK)}*%3/(EXP{AQ)~1.)

CONTINUE

CALL TRAP. {(NY,YY,FMU,C2,TAU)

IFf (IY.NE.1) GO TO 2

FIM(K}=0. ‘

GO TO 4

DO 3 I=1,1Y

EM{I)=1.-EXP(TAU(I)-TAU(IY))

CALL TRAPL {IY,EM4BEE,—1e,FIM(K))

FIM(K)=FIM{K)*AHV (K}

N1=NY-IY+1 .

IF (N1.NE.1) GO 1O 5

FIP(K)=0.

NNV NDVLDBVLDLLNDDDLDLLLNNVONDLLUBLDBVVnVnLNVLLLLYLnnw
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60O TO 7

DO 6 I=IY4NY
EEP(II=1.—EXP(TAULIY)- TAU(X))
CALL TRAP1 (N1,EEP(IY)}+BEE{IY) 1., FIP(K]))
FIP(K)I=FIP(K)*AHV{K)

IF (K.NE.1) GO TO 8
FIIM{1}=0,.

FIIP(1)=0.

GO 10 9

CALL TRAP (K FHV4FIMyla.yFIIM)
CALL TRAP (KvFHV.FIPyl.yFIIP!
CONTINUE

QRYPC(1Y)= FIIM(NHV)+FIIP(NHV)
RETURN

END

N AVNNDNDLVBNN NN
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SUBROUTINE MU {(HV ¢ XKT4 XMy XAPNU)
DIMENSION XKT{1), XNN{l), XNO(1), XNI(1},
11,105 XM{1)

SQA=T7,25E-16

XNN{l)=XM{4)

XNO{1)=xXM(2}

XNI{1)=XM{1)+XM(3)

XNG2(1)}=XxMl6)

XNN2(1)=XM{T)

L=1

I=1
XMOL=1.
BQ?'-‘OO

CALL ZHV (HV,Z0+INsZ21,2C)
XN=14.3/XKT{I})
X0=13.4/XKT{I)

- XI=25,57XKT{1)

XX=HV/XKT(I)

XND2(1),

EQL=SQAXXNN(T)EXKT () *4 S%EXP{-XN+XX)*¥ZIN/HV%**3
EQ2=SQA*XNO{ [} *XKT{I)*0D.88888889EXP(—XO0+XX)*Z0/HV¥*3

EQ3=SQAXXNI{I)*XKT(I)*4,0%]1 33%EXP{~XI+XX)*Z1/HV**3

XNN2(1),

XAPNUAL

BQ5=XMOL*XNO2 (1)%*400.0%SQRT (TANH(0,0975/XKT (1)) }%EXP {~TANH{D.195/¢(
12.0%XKT{I}) )% ((HV-8.56)/0.805)%%2)/2.687E+19

BQ6=XMOL*XNNZ2 (L) *142E-1 T*¥EXP{-ABS(HV-13,.6+{1.0-0.603/XKT(I)))%**],3

1)
EQ4=EQL*EXP{4 .22/ XKT{1)-XX}
EQ5=EQ2*EXP {4 .22/ XKTLI)-XX)
EQ7=EQ3*EXP(11.2/XKT(I)-XX}

EQI=EQS5+XNO{I }*3,6E-17/{9,0+5.0%EXP{ 1,98/ XKT{I}}+EXP(~4.,18/XKT{I})

1)) _
EPC=1.0-EXP{—XX)

IF {(HV-4.22) 1,1,2
XAPNU{L, I )=EPC*{EQL1+EQ2+EQ3)
GO TO 17

IF (HV=-10.8) 3,3,8

XAPNU(L 1 ) =EPC*{EQ4+EQS5+EQ3)
IF (HV=T7.0) 1744,4

IF {HV=9.2) 5,556

XAPNU{L,I)= xAPNU(L,13+sQS+BQ7
GO TO 17

IF {HV=-10.0) 7:7+17
XAPNU{L, I }=XAPNU{L,1)+BQ7
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G0 1O 17

IF (HV-12.0) 94911

XAPNU{L o1 )=EPC*(EQ4+XNN{I)}*5,16E~1T*EXP(~XN+10.8/XKT(I}}/{4.0+10.0
1*EXP(=2.38/XKT{I) )46 0%EXP(-3.5T/XKT{1)))+EQ5+EQT)

IF (HV-11.0)} 17,10,10

XAPNU{L I }=XAPNUIL,I)+BQS

GO T0 17

IF {HV-13.4) 12,12,13

XAPNU(L o I )=EPCH*{EQ4+{S.I6E-1TXNNLI)XEXP(-XN+10.8/XKT(I})+XNN{I)*6
1o4E-1T*EXP{-XN+12.0/XKT(I} 1}/ (4.0+10.0%EXP{~2.38/XKT{I))+6.0%EXP(~
23.5T/XKT{ E) ) ) +EQS+EQT) +BQ6

GO TO 17

IF {HV-14.3} l4+14416

XKAPNU(L ;T }=EPC*{EQ4+(5. 16E-1TEXNN( I} *EXP{-XN+10.8/XKT{I) I+ XNNI{I}*6
1o 4E=1THEXP(=XN#12.0/XKT{I))) /{40410 0%EXP{-2.38/XKT(1})+6,0%EXP(~
23.57T/XKT{I1))+EQI+EQT)

IF (HV=14.2}) 15415,17

XAPNU{L I )=XAPNUIL,I}+BQ6

GO 10 17 :

XAPNU(L » I )=EPC*(EQ4+{ 5. L6E~1T*XNN{ IV *EXP{-XN+10.8/XKT(I})+XNN{I)*6
1o4E-1T*EXP{—XN+L2.O0/XKT(I))+3.16E-1T*XNN(I))/(4.0+10.0%EXP(~2.38/X
2KT{I) ) +6. O*EXP{-3.57/XKT(1)))+EQ9+EQT)

CONTINUE

RETURN

END
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SUBROUTINE FEMP (IHELP, IOPT)

COMMON /JAAA/ Al6,6)4A12116412)4A22(T747)ALP{6)ALPT{16,5).BMT(16),
1C{6416),CHI{16+2)+CP{16),DEGII6) yH{16}+JAT(16+5) 4JPH{16)+KAT(6)},K0D
2E(16))RA(1692)4RBO{1642)4sRC{1692)sRD{1642)3RD1I(1642)+yRE{1642),REL{
3169211 SDU16),TBL3),TU(L692),TU2{164+2) 3 VNI1T)VNE(15), VNT(17),VNU(1
4696) s W26(6)sW3(16),Y(16)RF{16452),RCL{1642)3HS,IG,IGMS,IGMSP,IGP,I

S5ONy IS, 15P,

ISPNGP+ ISPNG2 yNy NGy NP s PRESS y W27 o RHO»WHMySYUy ISPNG

COMMON /RAD/ YY(100)YEE{1CO)}FHV(20) 4NHV,NY,L2,1Y

COMMON /RAD/ XNN{ 7,100}

COMMON /RAD/ NIHVE,FHVYC(50),AHV(50),AHVL{20)

COMMON /RAD/ CleC34C4yFLG+C5,FLGL

COMMON /RAD/ YDELT,DELTD.FL1,FL2

COMMON /RAD/ GEE(B) ,EPS{B) 4NU(20) +NDITOY o FF(T70) +GAMP(TO)+sWOL{20),F
1HVYM(20) 4FHVP(20) :

COMMON /CIONCL/ F(100+1C),F2(1D0,10)4HVL{T70)+EP4K2,K1,IFL,IYCON,IQ
11 yWMI4BIJI1C0+10) 4GMIN(100,10),GPLU(10C210),1IAED

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
IHELP=0

W27=0.0

NICN{100)
PRES(100)

HH{100)

TGUS(15), DIG(15)
FFF(3)

DO 1 J=1,18
W2T=W2T+ALP{JI*H26( J)
IF (IOPT.EQ.1) GO TO 2

HS=HS*W27
CONTINUE

D0 8 I=1yN

K=1

DO 5 KS=1,1S ,
IF (JATUI4K)-KAT(KS)) 64344
CUKSyI)=ALPT(I,K)

K=K+l
GO T0 5

C{KSyI)1=0.

CONTINUE
GO TO 8

C

DO 7 LS=KS,IS

CI{LS,1)=0.

CONTINUE

0
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DO 13 I=1,N

D0 11 J=1,2

IF (KODE(I}-1) 9,9,10
CHUI,J)=RA(1,J)+RBO(I5J)

60 TO 11

CH{I,J)=RA(1,J)

CONTINUE

W3(I)}=0.0

DO 12 LS=1,1IS
W3LI)=W3(I)+C (LS, T)*W256(LS)
CONTINUE

1G=N

IF (ION) 18,18,14

DO 15 1I=1,16G

VNE{I)=0.0

DO 17 1=2,16

DO 16 KS=2,1S8
VNE{I)=VNE(I)+C(KS,I)*DEGI{KS)
VNE(I)=VNE(I)+C{1,[}*DEGI(1)
NP=N+1

1SP=1S+1

IGMS=1G~-1IS

IGMSP=IGMS+1

NG=0

ISPNG=IS+NG

ISPNGP=ISPNG+1
ISPNG2=1SPNGP+1

IGP=1G+1

DO 19 I=1,4N

JPHUI =0

DO 20 I=1,I1S

DO 20 K=1,IS

J=16-15+K

A{KyI)=CLI,J)

CALL INVERT (1S5,A)

DO 22 K=1,1GMS

DO 22 J=1,1S

VNU(Ky J)=0.0

DO 21 I=1,IS .

VNULKy J)=VNUTKJ)+A(T J IR0 4K)

CONTINUE
DO 23 I=1.NP
VNT(1)}=0.
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32
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35
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39
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42
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VNINP)=AMAXLI{VNT{NP};0.02)
DO 24 I=1.N
VYN{T)=VYNT(NPIEVYNT (1)
YN{I)=AMAXI{VN{I)}:1.0E-06)
D0 27 I=1,1GMS

DO 25 J=1,1S
Al12{T,J)=-VNU{I,4)

DO 26 K=ISP,ISPNGP
A12(1+K}=0,0

CONTINUE

DO 28 I=ISP,ISPNGP

DO 28 J=1SP,ISPNGP
A22{15J)=0.0

I1A=1

JA=1

IX=1

TBJA=TBA{JA})

CALL EQUIL (TBJAyPRESS, IXsN2P, .FALSE.)
TB{JA}=TBJIA

IF (IX-1) 3G,31,30

WRITE {6,6C) TBJA

VA=0.0

DO 32 I=1,N
VA=VA+H{I}%®VYN(I)
HSB=VA/VN{NP)

GO TO (33,34}, 10PT
HS=HSB/W27

FN SN 36

FFF{JAI=HSB-HS
TGUS{IA}=TBJA
DIGIIA}=FFF(JA)

IF (JA-2) 35,36,36

JA=JA+1

GO TO 29

IF {ABS(FFFI[2)/HS}-1.0E-04) 47,47,37
IF {(FFF(1)-FFF(2)}) 38,39,38
TP=TB{1)+{FFF{L}/ (FFFR{L)-FFF(2))3%(TB(2)-TB(1))}
GO TO 40

TP=T8{1)

IF (TP) 41,4)+42
TP=0,.75%TB(1)
FFF{1i=FFF{2)

TB{1)=T8B(2)
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92
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94
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105
166
1C7
108
109
113
1i1
112
113
AAT
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120
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44
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46

47

48
49
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51
52

53
54

55
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TB(2)=TP
IF (IA-10) 464464,43

WRITE {6,61) HS,{TGUS{LK)sDIG(LK) LK=1,1A)
IMIN=1

DB 45 IX=2,11

IF (ABS(DIG(IX))I-ABS{DIG(IMIN})) 44544445
IMIN=TIX

CONTINUE

TB{2)=TGUS(IMIN)

GO TO 47

1A=1A+1

GO TCQ 29

TB2=TB{ 2) :

CALL EQUIL {(TB2,PRESS,IX+N2Py«TRUE.)
TB{2)=TB2

VA=0.0

VB=0=0

VC=0.0

VD=0.0

VE=0.0

VF=1,0/TB(2)%%2

DO 57 I=1,N

J=1

IF {(TULTIL,1)-TB(2)) 48,469,49

J=2

1F (KODE(I)~1) 50,53,50

J=1

IF (TU2{I,J)-TB(2)) 51,52,52

J=2

CP{I)=1.98726%(RD1I(1,J}*TB(2)-2.0%REL{I,J)%VF)

GO TO 54
CPLII=RCA{T+JI4RO(T,J)XTB(2)+RE{ I, J)*VF
VA=VA+CP{I)*VYN{I)

VC=VC+VN(T)

IF (I-1IG) 56455,56

vB=vC

VG=VN{ I )*W3(I)

VD=VD+VG .
WM=VYD/{VB+VE/{82.0597*TB(2)})
RHO=(PRESS*WM)/{B2.G597*TB(2})
VNT (NP }=VNINP}

DO 58 I=1,N
VNT(I)=VN{I}/VNINP)
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SYU=0.0

DO 59 M=1,N

BMT {M)=(VNTI{M)IXW3I(M)) /W27
SYU=SYU+BMT (M)

RETURN

FORMAT (21HON-R DID NOT CONVERGEsE15.5)
FORMAT (19HOT DID NOT CONVERGE.E15.5//{2E15.5}))
END
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SUBROUTINE DEFIOJ (N,1S+CyVN,JPH,10J)
DIMENSION C{6,16), VN(1T7)y JPH(16),

1 TAU(T,T7), P(20+20), IL{16),
EQUIVALENCE (X.CT)
LN=N
LS=1IS
LNP=LN+1
LSP=LS+1
DO 1 I=1yLN
1 VII)I=VN{TD)
CALL ORDERV {(LNyV,IPH)
M=t N/2 '
DO 2 J=1.+M
K=LN+1-J
11=1PH(J)
IPH{J)I=IPH{K)
2 [PHIKY=TI1
L=1
D0 10 K=1,LN
IND=IPH(K)
IF (JPHUIND)) 343,10
3 DO 4 I=1,LS
4 TAU{L,I¥=C(1,IND}
DO 6 I=1,L
TP=0.0
DO 5 J=1,LS
5 TP=TP+TAU(I,J)*TAU(L,J}
P{I,L)=TP '
6 P{L,I)=TP
DO 7 I=1,20
CT(I}=0
7 CONTINUE -
CALL DTLNEQ (LyP,CT4X,DET)
IF (ABS{DET)-1.0E-0S5) 1C,10,8

8 IL{L)=IND
IF (L-LS) 9,11,11
9 L=L+1

1C CONTINUE
11 CALL ORDERI (LS,IL)
I0J{LSP)=LNP
DD 12 J=1,LS
12 1I0J{3)=1L1J)
RETURN
END

IPH(Lle)

I3J(13),

X(20)y CT(20) s VI{16},

L LKL LAKALCEERAACELCLELCEECEELICECEKKCCEUEKKCECECECaECCOCCCC K
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SUBROUTINE ORDERI (N,IPH)
DIMENSION IPH{16)

K=0

DG 3 J=24N

IF {(IPH{J-1)-IPH{J)}) 3,3,2
IT=1PH{J-1)
IPH(J~-1)=1IPHLJ)
IPH{J)}=IT

K=1

CONTINUE

IF (K) 444,1

RETURN

END
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SUBROUT INE ORDERV (N,V,y IPH)
DIMENSION V{16), IPH(16)
LN=N

DO 1 I=14LN

IPH(I)=1

K=0

DO 4 J=2,LN

IF (V(J=1)=-VIJ))} 494,43
VT=v{J-1} ’
ViJ-~-1}=VviJd)

V{Ji=VvT

IT=IPH{J~-1)
IPHUJ-1)=1PH(J)
IPH{J)=1IT

K=1

CONTINUE

IF (K} 545,42

RETURN

END

DX DR K XK X KK X XK K XX XK XXX

OO ~NON P WN -
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SUBROUTINE INVERT (N,A)
DIMENSION A(646)y IM(6,6), NT(6), NI(6)
EQUIVALENCE (NI9(1),N7({2})
DO 3 I=1,N

DO 3. J=1.N

IF (I"J, 291'2
IM({I,d)=1.0

GO To 3

IM{1,J)=0.0

CONTINUE

NT(1)=0

DO 15 I=1.N

23=0.0

D0 6 J=14N

DO 4 K=1,41

IF (J-NT(K)) 446,54
CONTINUE

V=ABS(A({J,1))

IF (V-13) 646,45

3=V

N9{(I1)}=J

L=J

CONTINUE

IF {23-1.0E-07) 747,8
23=1.0E-07

V=A{L,y1)}

DO 10 J=1,N
ZM‘L,J"—"ZM(L’J)/V

IF (J-1) 10,1049
AlL,Jd)=A(L,J)/V
CONTINUE

DO 14 J=1,N .

IF (J-L) 11,14,11
V==A{J,I)

DO 13 K=1,N .
IMUJ9KI=ZMU I KI+VEZM(L,K)
IF (K-1) 13,13,12
A{J2KI=A{ I K) #VEALLHK)
CONTINUE

CONTINUE

CONTINUE

DO 16 I=1,N

J=N9(1}

DO 16 K=1,N

Al +K)=IM{J,K)

RETURN

END
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SUBROUTINE EQUIL (TE,PR I1X,N2P,DOCB)
LOGICAL DOCB

COMMON 7AAA/ A(DBe6)9A12(16412)4A22(7+T)»ALPI6)ALPT(16,5),BMT(16),
1C(6916)CH{1642)9sCPLL16)4DEGILE) +HI16) 2 JAT{1645)sJPH{16),KAT(6),K0D
2E(16) +RA{1642)+RBO{16+42)4RCL16,2)4RD(16,2),RD1(16+42),RE(1692),REL({
31652)+SD(16),TB{3),TUI1692),TU2(16,2),VN{L1T),VNELL16),VNT(17),VNU(1
45696) s W26{6) 4y W3L16) 4 Y{16)sRFI{16:2)9RC1L{1642)sHS, IG,IGMS, IGMSP,IGPy I
50N, ISy ISP ISPNGP,y ISPNG2 4Ny NGyNPPRESS+W27,RHO WM, SYU, ISPNG

COMMON /RAD/ YY(IOO,’TEE(IOO)'FHV(ZO)ONHV'NY'CZQIY

COMMDN /RAD/ XNN{T7,100)

COMMON /RAD/ NIHVC,FHVC({50)AHV(50) 4AHVL{20)

COMMON /RAD/ C1l,C3,C4+FLGsC5,FLGL

COMMON /RAD/ YDELT,DELTD,FL1,FL2

COMMON /RAD/ GEE{8),EPS(8)4NU(20)4NDITO)»FF({TO) GAMP{TO) WOL(20),F
1HVYM(20) ,FHVP( 20)

COMMON /CIONCL/ FU100,10)4F20100510)sHVL{TO)EP4K2,KLoIFL,IYCON,IQ
11WMI,BIJ(100,10) 4GMIN(10C,10),GPLU(100,10),IAED

DIMENSION NICN{100)

DIMENSION PRES(100)

DIMENSION HH{100)

DIMENSION DMU(16)y VLNK(16}, STEP(1T)y EZ(17), AA(OG)y A21(7,17}y A
17T(20420)y BL20), I0J{13), XB(20), XX(20), DY{1T7)

EQUIVALENCE (XB.XX)

KCBAL=0

IF (DOCB) GO TO 54

VA=ALOG(TE/3000.)

VB=TE-3000.

VC={TE+3000.}/2.0

VD=1.0/({TE*3000.)

VE=VC*VD*%2

JC=1

Jo=1

VF=0.0

KERRSV=KERR

KERR=1

DO 1 I=1,16

VF=VF+VN{])

IF {(VF=PR) 244,42

VF=PR/VF

DO 3 I=1,NP

NINMNNMNNMNNNNNNNMNNNSNMNNNNNANNNNNMNNNNRMNNNNNNNNNN
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VN{I¥=VFEVNII)

DO 5 I=1,16

Y{I)=ALOG(VN(I)})

DO 14 I=1,N

J=1

IF {TE~TU{I+J}) 74746

J=2

IF (KODE(I}-1) 8,849

HET)=CH{T 3 J}+ VB {RC{T, J)+RD{I,H, JIXVC+REL( 1,3 )%VD)
SDOIN=RF(IyJIHRCE 19 JIEVA+VBH(RD(1,J)+RE(I4J)*VE)
DMU(I)=H{I}-TE*SD{I)

GO TO 14

J=1

IF {(TE-TU(I,J)) 11,11,10
J=2

DMUL) =CH{I yJ)~1.98T726% (RO I J)F¥TE+RD( 1y I*TEXR24RE( I, J)/TE)
Jd=1

IF (TE-TU2{I,J)) 13,13,12

J=2

SO(I)=1.98726%(RCLU({I1,JI+RDI(I4JI*TE+REL(L,J)/TEX*¥2)

HUL)=DMULT)I+TE*SDII)

CONTINUE
VA=-1.0/(1.38726%TE)
DO 16 1I=1,1GMS

VB=0.0

DO 15 LS=1,1S
J=IGMS+LS
VB=VB+VNUI(I,LS}*DMULJ)}
VLNK{I })=VA* (DMU{I)~VB)
CALL DEFIOJ (NsIS,CoVNysJPH,10J)
CALL MASBAL (VN3IOJsCyALP,JCy0.95 ISyNsPRyIG)
EL=0.0 ’
ENL=0.0

DD 18 I=l.NP
STEP(I)=1.0

DO 19 I=1,16
Y{I)=ALOG{VYNII})}

DO 23 I=1,IGMS

VA=0.0

DO 20 LS=1,1IS
J=IGMS+LS
VASVA+VNULT,LS)*Y{J)
EZ(I)=VLNKLI)=-Y{I }+VA
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A12{1,ISPNG2)=FZ(1}

IF {YN(I)-1,0E-30) 21,21,22
STEP{1)=0.0
EL=AMAXI(EL,EZ{1))

GO 10 23
EL=AMAXI{EL,ABS(EZ(I}))}
CONTINUE

DO 24 I=1,1S

AA(I)=0.0

DO 24 J=1,1GMS

A21 1 ,d03=CLI,Jd)*VN(J}
AALTI=AALTI)+A21(1,J)

DO 25 J4=1,1GMS

A21L U ISPNGP,yJ)=VN(J)

DO 26 I=1,1S

DO 26 J=1,ISPNG

K=IGMS+J
A22(T9J)=C{I,K)I*VN{K)
AAMTII=AA(I)+A22(1,:J)

DO 27 J=1,1S

K=IGMS+J

A22 (ISPNGP,J)=VN{K)

D0 28 I=1,1S

A22{I, ISPNGP)=—AA(1)}
VA=(VNINPI®ALP{I} }/AA(I])
K=1GMS+I

EZ{K)=ALOG(VA)
A22{1,ISPNG2)=AAlI)*EZ(K)
ENL=AMAX1{ENL ,ABS{EZ{K) )}
CONTINUE

PB=0.0

DO 29 I=1,+16

PB=PB+VN{I)
EZ(NP)=ALOG{PR/PB]}
A22{ISPNGP, ISPNG2 }=PB*EZINP)
ENL=AMAX1{ENL,ABS(EZ(NP}))
IF (AMAX1(ELsENL)-1.0E~05) 54454,30
00 32 1=1,ISPNGP

DO 32 K=1,ISPNGP

VA=0.0

DO 31 J=1,IGMS
VA=VA+A21({1,J3*%AL2(JK)*STEP(J)
AT(I+K)I=A22{1,K)-VA
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DO 34 I=1,ISPNGP
VA=0.0

DO 33 J=1,IGMS

VA=VA+A21 (1,J)*A12(J,ISPNG2)
B{I)=A22( 1, ISPNG2)}-VA

CALL DTLNEQ (ISPNGP,AT,ByXB,yVA)
XX(ISPNG2)=~1.

VB=0.0

DO 37 I=1,1ISPNGP

J=IGMS+1

DY(J)=XX{T1)

IF (I-1IS) 36,36,435

IF (STEP(J)) 37,37,36
VB=AMAX1(VB,ABS(XX{I}))
CONTINUE

DO 41 I=1,IGMS

VA=0.0

DO 38 J=1,1ISPNG2
VA=VA+ALI2(I,J)%XX{J}

DY{I)=-VA

LF (STEP(I)) 39,39,40
DY(I)=A12(1,1SPNG2)

GO TO 41

VB=AMAX1(ABS{VA},VB)

CONTINUE

IF {(VB-2.3052) 44,44942
VA=2.3052/7/V8B

DO 43 I=1.NP

DY{1)=VA*XDY(I)

DO 45 I=1,I16
YNUI)=AMAXLIVN(I)*EXP(DY(1)),1.0E~30)
CONTINUE

DO 46 I=IGP,NP
VN{I)=AMAXL(VYN(I)*EXP(DY({I)),5.,0E~-10)
IF (JC-50) 48+48,47

IX=2

RETURN

IF {(JD-3) 50449,49

CALL DEFIOJ (N,IS,C,VN,JPH, IOJ
JD=1 '
GO 10 51

JD=JD+1

IF ((1.111%ENL)-EL) 53,52,52
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53.
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CALL MASBAL (VNsIOJyCyALPyJC40.9,IS4NyPRyIG)
JC=JC+1 '
GO0 T0 17

IF (JNOT.DOCB) RETURN

IF (ION.EQ.0.O0R.IX.EQ.2) RETURN
VNSAVE=0.0

D3 55 M=2,N
VNSAVE=VNSAVE+VN{M) *¥VYNE (M)
CHGERR=VNSAVE/VN(1)-1.0

IF (ABS{CHGERR)—=1.0E-04) 56456457
RETURN ’

KCBAL=KCBAL+1

IF (KCBAL.GY.3) RETURN

CALL CHGBAL (TE.PRyKRAP,DMU)

" IF (KRAP.EQ.2) RETURN

JC=1
GO 10 17
END
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SUBRDUTINE CHGBAL {TE,PR,KRAP,DMU)

REAL KSUBP,LOGKP

DIMENSION ALPTC(16,7); JATC{16,7), DMUCI(16), VNECB(16), VNMN(16),
1 DMUCN{16)y KSUBP{16),; AK{10}, INDEX{16), VNOLDI16), DMU{1l8)
COMMON ZAAA/ Al6:6)4A121{164512),A22{T727),ALP{B)sALPT(16,5),BMT(156),
1C{6916),CHI1692),CP(16) sDEGI{(6) ,H{16) yJAT{164+5),JPH(16)+KAT{6),KOD
2E{16)RA{1642)RBOI16:2),RCU1652)+RDI1652)4RD1{1652),RE{1652),REL(
31652)SD{16) s TBI3),TU(1652),TU2(1652) 3 YN{LT),UNE{16),UNT{LT7),VNUI(1
46461 W26L6),W3{16)s¥Y{16)4RF{16:2)¢RC1ITU16+2)sHSyIG2IGMS,IGMSP,IGP, ]
50N ISy ISPy ISPNGP, ISPNG2 yNyNGo NP, PRESS y W27 4 RHO WMy SYU s ISPNG

COMMON /RAD/ YY{100};TEE(100)sFHVI20)4NHV,NY,C2,1Y

COMMON /RAD/ XNN{ 7,100)

COMMON /RAD/ NIHVC,FHVC{501,AHV{50),AHVLI{20)

COMMON /RAD/ Cl3C34C4+FLGyC54FLG1

COMMON /RAD/ YDELT,DELTDsFL1,FL2

COMMON /RAD/ GEE{8),EPS{8)sNU(20FyND{TC),FF(TD) GAMP{T70),W0OL{20),F
IHVM{20) ,FHVP(20)

COMMON /CIONCL/ F(100,10),F2(100,10D) 4 HVLL{TO) JEP K2, K14 IFL,IYCON,IQ

114WMI,BIJ(100,10) ,GMIN( 100,10} ,GPLU{100,10),IAED
DIMENSION NICN{100)

DIMENSION PRES{100)

DIMENSION HH{100)

PB=0.0

DO 1 I=1,16

PB=PB+VNI(I)

J=1

DO 4 I=2,106

IF {(ABS{VNE(I))-1.0E-20) 49442
DO 3 K=1,5
ALPTC{JsK}I=ALPT{I ,K)
JATCUJ»KI=JATLI4K)
DMUCI(J)=DMU( 1)
VNECB{J)=VNE(T)

INDEX{J)=1

J=J+1

CONTINUE

NOION=J-1

DD 5 J=1,NDION

DMUCN( J)=0.0

DO 9 I=2,16

IF (ABS(VNE(I)})=1.0E-20) 6+6,9
DO 8 J=1,NOION
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11
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15
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JIN=1

JNU=1

IF (JAT({I,1).EQ.0) JNU=2

IF (JATC(J,1},.EQ.0) JIN=2
DIFF=ABS(ALPT(I,JNU)-ALPTC{J+JIN})

IF ({JATUI3NU)-NE.JATC{J,JIN)) OR{DIFF.GT.1.0E-20)) GO TO 8

JNU=JINU+1

JIN=JIN+1

IF (MAXO{JNU,JIN).LT.6) GO TO 7
VNMN(J)Y=VN(T}

DMUCN{ J)=DMU{ L)

CONTINUE

CONTINUE

MISING=0

DO 10 J=1,NOION

IF (ABS{DMUCN(J)}).GT.1.0E-10) GO TO 10
MISING=MISING+1

[=INDEX{J)

CONTINUE _

IF {MISING.EQ.O) GO TO 11

CALL DUWMP

RTR=~-1,0/{TE¥X1,98726)

DO 12 J=1,NCION

LOGKP=RTR* (DMUCI{ J)-DMUCN(J)+VNECB(J)*XDMU(1}}
KSUBP{ J)=EXPILOGKP}

I=INDEX{J)

DO 15 KK=1,5

AK({KK)=0.0

DO 14 J=1,NOION

KVNECB=IF IX{VNECB{J)+0.001)

If (VNECB{J}aLT.0.0) KVYNECB=IFIX{VYNECB{J)-0.001}
IF {{(KK-3)}+KVNECB)} 14,13,14
AK{KK)I=AK{KK}+VNECB{J}*KSUBP(J)}&VNMN{J)}
CONTINUE

CONTINUE

AK{4)=AK{4)-1,0

XNEW=ABS(VNI{1))

KRUDD=1

D3 18 LL=1,50

L=LL

FOFX=0.0

FPOFX=0,0

X=XNEWHW
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DO 17 KK=1,5

VKK=KK-3

TEST1=VKK*ALOG(X]}
TEST2=(VKK-1.0)*ALOG(X])
TERM1=1.0E+36

TERM2=1.0E+36

IF (TEST1.LT.83.0) TERM1=X**VKK
IF {(TEST2.LT.83.0) TERM2=X**{VKK-1.0)
FOFX=FOFX+AK{KK)*TERM1
FPOFX=FPOFX+VKK¥*AK(KK)*TERM2
XNEW=X~{FOFX/FPOFX)

IF (XNEW.LT.0.0) XNEW=X/2.0
ERROR=1.,0-XNEW/X

If (ABS(ERRDOR)-1.0E-06) 20,20,18
CONTINUE

KRAP=2

RETURN

IF (XNEW) 21,422,22

XNEW=ABS({ XNEW)

KRUDD=KRUDD+1

"IF {KRUDD.GT.2) GO TO 19

GO TO 16
X=XNEW

VN(1)=X

DO 23 J=1,NOION

[=INDEX (J)

VNOLD( I )=VN(I)
VN(I)=KSUBP (J ) EVNMN (J) *X*% (~VNECB(J) )
VN{I)=AMAXL(VN(1),9.999E-30)

KRAP=1

RETURN

END
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SUBROUTINE ZHV (HV9Z04ZINyZI,1C)

X=HV ’

IF {HV=-9.82) 141,2
L20=0.99997956~0.31554804%X+2.82454T9E-02%X%%2+6,6T73283E~03%X¥%k3~3
1.6445854E-03% X% *4+48,0580698E-04%X%%5-T, T086374E~05%X&%H6+2,668133E~
206% X%%7

GO 10 3

Z0=(X/9.82)%%3

IF (HV=8.35) 4,445
IN=1,000148~0,418353456%X+0,16803591%X%k¥2~9,T7T794579E~-02¥Xk%3+3,3546
1351 E-02%X*¥%4-5,6093534E-03%X%%544,515535E~04%X*%p~1,4035845E-05%X*
2%7

GO TO 6

IN=(X/8,35)%%3

X=HV/4 .0

IF (X~6.6) 747,8
II1=140003794-042964T7668%X+T7.5052416E-02%X*¥%2-1,T7029481E~-02%X*%*3+3,
1279553 9E-03%X*%4~2,1284692E-04%X¥%5

GO 10 9

ZI=4{X/7T3T7)%%3

X=HV

IF (X=7.37) 10410,11
L0=0.997436T74-0.43418122%X+8.5313141E-02%X%%2~1,3939168E~-02%X*¥*3+4
1.0385449E—03% X¥¥4—5,4264246E-04% X¥%5+2,8121261E-05%X**6-3,8835298E
2=-0T7%X¥%x7

GO TD 12

IC={(X/T.37)%%3

RETURN

END

O ONCVPWN -
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SUBROUTINE LT

COMMON /AAA/
1C{6+16}),CH(16
2E{16),RA[{ 16,2

P {ITSW)

Alb696) sA12{16912)5A22(T»T)ALP{6)4ALPT{16+5),BNT(16},
922) o CP(16) DEGI{6)sH{16) 3, JAT{16:5)+JPHI{16),KAT(6)+KID
Y+RBO(16,2),RC{U1642)3RD{U16423,RD1{1652),RE{1652}+REL(

31652)+5D(16),T8B{3),TU{165,2),TU2(16,2) s YN{1T),VNE{16),YNT(1T7},VNU(]

4696) s H26{6) W

3(16)+sY(16),RF(1642)sRC1{1652)3HS, IG» IGMS, IGMSP, IGP, I

50N» IS ISPy ISPNGP; ISPNG2yNs NGy NPyPRESS ¢ W27+ RHO WM, SY U, ISPNG

C OMMON /RAD/
COMMON /RAD/
COMMON /RAL/
COMMON /RAD/
COMMON /RAD/
COMMON /RAD/
1HVM{20) s FHVP{
COMMON /CIONC
11,WMI,BIJ(100
DIMENSION NIC
DIMENSION PRE
DIMENSION HH{
ALP{1)=5,.5
ALP(2)=1.4375
ITSuW=1

ION=0

I1s=2

N=4 .
W26{1)=14.008
W261({2)=16.0
KAT{1)=7

KAT (2)=8
DEGI{1)=0.0
DEGI{2)=0.0
KODE(1li=1

DO 1 J=254
KODE{J)}=2

DO 2 J=1,44
DO 2 K=1,5
ALPT{J,K)=0,0
JAT(JsK)=0
ALPT{1,131=2.0
JAT({1,1)=8
ALPT{2,1)=1.0

YY{LOO)TEE(L1DQ), FHV(20 ) s NHV.NY,,L2,1Y

XNN{ 75100}

NIHVC,FHVC {50 ) ) AHV (503, AHVLI20)

ClsC34C44FLG,C5,FLGL

YOELTyDELTD,FLL1,FL2

GEE{ 8) ,EPS{8) s NU{20) ¢ ND(TO)yFF(T70) sGAMP(TO)HOL(201}+F
20} -

L/ F{100410),F2(100,10)HVLITO)EP;K2,K1IFL;IYCON,IQ
910) +GMIN{1D0G,10),6PLULL00,10),IAED

N{100)

${1001}

100}

OO ~NTNPHWN



JAT(291)=1
ALPT{3,1}=1.0
JAT(3,1)=8
ALPT{4,1)=2.0
JAT{4,1)=7
RA{151}=0.0
RBO{1+,1)=2.55197E+04
RC{1,1}=8,12927
RD{141)=4,85368E~-D4%
RE{1+1)=~2.75T43E+05
RF{1,11=67.9798
TUu{1,1)=3000,
RA{1+23=0.0
RBO{1,21=2.55239E+04
RC{1,21=10.2348
RD{1,2)=4.,5738E-05
RE{1:2)=~T7.73465E+06
RF{1+21=67.9813
TUl{1l+,2)=6000.
RA{2,1)=0.1125E+06
RC{25s1)=19.8515
RD{2:1)=0.650822E-03
RE{2+11=-0.156336E+07
TU{2,13=5000.
RA(2+2)=0.1125E+406
RC(2:2)=23.,2779
RD{252)=0.190986E-03
RE{2+2)=-0.3310C3E+08
TUl(2,2}=24000.
RC1{2414=22.4633
RD1{2,1)=0.6224B5E~03

RE1{2410)=-0.165345E+07

TU2(2+1)=6000.
RC1{2+2)=26.035%
RD1{2,21=0.229541E-03
RE1(252)=-0.501696E+08
TU2(2,2)=24000.
RA{3,+1)=0.58985E+05
RC{3,1)=20.8169
RD{3,1)=0.655447E~03
RE{(3+¢13=~0.162744E+07
TU(3,11=5000,
RA(3,2)=0.,58985E+05

93
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RC(3,2)=24.5103
RD{(3,2)=0.158277E-03
RE(3,2)=-0.3514T1E+08
TU(3,2)=24000.
RC1(3,1)=23.3381
RD1(3,1)=0.659562E~03
RE1(3,1)==0.15558 TE+07
TU2(3,1)=5000.
RC1{3,2)=26.8167
RD1(3,2)=0.186999E-03
REL(3,2)=-0.322302E+08
TU2(3,2)=24000.
RA(4+11=0.0
RC{4411=24.,9173
RD{4,1)=1.08123F-03
RE(44,1)=-2.215T6E+06
TU( 4+1)=5000.
RA(442)=0.0
RC{492)=30.6229
RD(4+2)=3,01129E-04
RE(4,2)=~5.,19808E+07
TU(4,2)=24000.
RC1(431)=28.2374
RD1(4y1)=1.32899E-03
REL(4,1)=-2,1492E+06
TU2 (4, 1)=4000.
RC1(492)=33.5174
RDL(442)=4.39119E-04
RE1(4,2)=—3,14737E+07
TU2(4,2)=24000.
RETURN

END
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SUBROUT INE HAFACE (IFL,D1,02)

DIMENSION ALOMER({40), TABLE(1l), ALINIT(40), X1STEP{40), XNU(40),
1NUBAR(40), SAVE(40), XSTAR(40)}, DX{40)s DELT(40}

If (IFL.EQ.2) GO TO 1

ARG5=D1

TF=D2

NORD=1

NRT AB=0

DTP=(TF-ARG5) *.1

HMIN=DTP*,02

ARG4=DTP¥,1

HMAX=DTP

RMAX=1,E-5

TP=ARG5

ALINIT(1)=0.

RETURN

CALL INOCAL {XNUyALINIT,~1.ARGS5,NTAB)
NTAB=1

SENS=0.

GO TO 36

SENSR=0.

IF (TF-ARG5) 4%+%4 14

DO 5 I=1,NORD
ALOWER ( [)=ALINIT(I)
SAVE(I)=ALINIT(I)
XNUBAR { 1) =ALINIT(I)
ARGT=ARG4/2.0

ARGB=ARGT/2.0

ARG6=AR G4

SWi=-1,

ARG9=ARGS

ARGLO=ARG6

ARG11=ARG7

CALL INOCAL (XSTARyXNUBARyD.0yARGY,NTAB)
DO 7 I=1,NORD
DX{1)=XSTAR(I)*ARGLO

XNUBAR ( 1) =XNUBAR{I)+{DX{1)/2.0)
ARG9=ARG9 +ARG11 ~
CALL INOCAL (XSTAR,XNUBARG+0,ARGY,NTAB)
D0 8 I=1,NORD
TEMP=XSTAR(I)*ARG10
DX{I)=DX{T)+(TEMP¥2.0)

X

OO W
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XNUBAR{I)=SAVE{I)+{TEMP/2.0)

CALL INGOCAL (XSTAR,;XNUBAR;0.0+,ARG9,NTAB)
DO 9 I=1yNORD

TEMP=XSTAR(I) *ARG1D
DX{I)=DX{(L)}+(TEMP*2,0}
XNUBAR{T)}=TEMP+SAVE(I}

ARGI9=ARGI+ARG11

CALL INOCAL (XSTAR¢XNUBAR,0.0,ARGI,NTAB)
DD 10 I=1,NORD

XSTAR{I}={ { {XSTAR{I)*ARGLO)I+DX(I})/6.0)+SAVE(I)
IF (SW3) 11,13,15

SH3=0.0

ARG9=ARGS

ARG10=ARGT

ARG11=ARGS

DO 12 1=1,NORD

XNUBAR(I}=SAVE(I)

CX1STEP{I)=XSTAR(I}

GO 10 6

SW3=1.0

ARG9=ARGS+ARGT

DO 14 I=1,NORD
XNUBAR{I}=XSTAR{I)
SAVE{I}=XNUBARI(T}

GO 10 6

D0 16 I=1,NORD
DELT{I)=(XSTAR(I)~-XISTEP(I})}/15.0
XNULI)I=XSTAR(UEL)+DELT(I}
ALOWER(I}=XNU(I)
QMAX=0.

DD 25 I=1+NORD

[F (ABS{XNU(I}}-1.0}) 17,18,18
QUO=ABS(DELT{I}]}

60 YO 19
QUO=ABSIDELTI{I)/XNU(I}}
IF {QMAX-QUO)} 20,2021
QMAX=QUO

IF (RMAX-QUO) 22422,25
IF {SENS) 24+23,24
ARG4=ARG4/2.0

IF (ARG4-HMIN) 43,43,2
QMA X=RMAX

CONTINUE
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43

44

DO 26 I=1,NORD
ALINIT(I)=ALOWER(I)

ARG5=ARG5 +ARG4

IF (TP-ARGS5) 31431,27

IF (SENSR) 28440,28

IF (TABLE(NTAB)+DTP-TP) 30,30,29
TP=TABLE(NTAB)+DTP

GO 10 32

TP=TP+DTP

CALL INOCAL (XSTARXNU4+G.0yARG9,NTAB)
SUB=1.0 )

CALL INOCAL (XSTAR,XNU,SUB,ARGI,NTAB)
IF (SUB-15.0) 40,44,40
ARG4=HMAX

IF (SENSR} 35,36,35

NTAB=NTAB+1

IF {(NTAB-NRTAB) 37,37,2

IF (TABLE(NTAB)-ARGS5-ARG4) 38,39,2
ARG4=TABLE(NTAB}—-ARGS

SENSR=1.,

GO 70 3

IF (QMAX) 33,33,41
ARG4=SQRT{SQRTIRMAX/QMAX) ) *ARGS
IF (HMAX-ARG4) 33,42442

SENS=0.

GO TO 34

ARG4=HMIN

SENS=1.

GO 70 3

RETURN

END
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SUBROUTINE DTLNEQ (N,A,C,X,DET)

DIMENSION A{20,20), C(20)y X(20)y AL(20,20)+ CL(20D),

DET=0.0

DO 2 I=14N

CLiny=Cti)

DO 1 J=1,yN
AL{T4J)=A(1,4)

CONTINUE

IR=0

PRD=1.0

ALT=1.0

DO 15 Jd=1,4N

ALTA=-ALT

BIG=0.0

DO 8 I=1,N

IRHO=1

IF (IR) 21+6,4
IRHO=IRHO+1

IF (I-M(IRHO)} 5,845

IF (IR-IRHO) 21+6,3
ALTA=—ALTA
V=ABS{AL(I,J})

IF (Vv-BIG) 8,48,7

BIG=vV

ALT=ALTA

M{IR+1)} =1

CONTINUE

IF (BIG) 21,21,9
I=M({IR+1)}
PRD=PRD*AL{1,J)
CLCI)=CL(TI}/AL{1,J)

IF (J=-N) 10,16,21

L=J+1

DO 11 K=L,N
ALCIK)=AL(IK}/AL(I,44)
IR=1IR+]

DO 14 IU=1sN

DO 12 IRHO=1,IR )
IF (TU-M{IRHO)) 12,414,112
CONTINUE

DO 13 K=L,N . ’
AL{IUs K)=ALCIUK)Y=ALITIU,J) %AL{I,K)

OO d VP WN
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19

20
21

CLETUI=CLLTU) -ALLTUJYRCLILT)

CONTINUE
CONTINUE

GO 10 21
DET=ALT*PRD
I=M(N)
X{N)=CL(I}

IF (J-1) 20,21,1
L=J .
J=J-1

I=M{J)
X{J¥=CL(1)

D0 19 K=L,sN
X{I)=X{Jd)-AL{ 1,K)EX{K)
GO YO 17

RETURN

END

43
44
45
46
47
48
49
50
51
52
53
54
55

57
58
59
60~
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SUBROUTINE HTP (ITSW)

COMMON /JAAA/ A(6+6),A12116512)A22(7:T7):ALP{6)ALPT(16,+5),BMT{16),
1C{6516)4CHIU16,2),CPI16) JDEGI{6) »HI16) s JAT{1655)5JPH(161}:KAT{6)K0OD
2ELL6)sRA{LE42)sRBO(16,2)3RCL1652)sRDU1692)5RDI(1642)Y3RE(16:2)4RELY
31652)ySDL16)5TBI3),TUL1642) 2TU2(16+2} s VNIL1T) UYNE(LS},VNT{L17),VNUI(1
4646) s W26(6) s WIL1E)sY{16)}sRF{1652}+RCL(16:2)9HSy IG,IGMS, IGMSP,IGP,1
50N ISy ISP, ISPNGPy ISPNG2 sNyNGeNP4yPRESS s W27 4RHD yWM,SYU, ISPNG

COMMON /RAD/ YY(100)sTEE(100),FHVI{20) sNHVyNY,C2,1Y

COMMON /RAD/ XNN(T,100)

COMMON /ZRAC/ NIHVC,FHVCA{50)AHV(50)AHVL(2D)

COMMON /RAD/ Cl,L3,C4,FLGyC5,FLG1

COMMON /RAD/ YDELT,DELTD,FL1,FL2

COMMON /RAD/ GEE(8),EPS(8)+NU(20) yNDITC)sFF{T0) GAMP{TO},WOL(20),F
1HVM(20) 4 FHYP({20) )

COMMON /CIONCL/ FU10041C)sF2(100,10)sHVLITO)+EP4K2,K19IFL, IYCON,IQ
11 yWMILBIJ(100,10),GMINC(100,10),6PLU(100,10),1AED

DIMENSION NICN(1GO)

DIMENSION PRES(1D00)

DIMENSION HH{100)

ALP(1)=6,9375

ALP{2)=5.5

ALP(31=1.4375

[TSH=2

ION=1

I1S=3

N=6

W26(1)=0.,54862E-03

W26 (2)=14.007451

W26(3)1=15,999451

KAT(1}=0

KAT{2)=7

KAT(3)=8

DEGI{(1)=~1.0

DEGI({2}=1.0

DEGI(3)=1.0

DO 1 J=1,6

KODE{J)=2

DO 2 J=1,.,86

DO 2 K=1,5

ALPT(J4K)=0.0
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JAT(J,K)=0
ALPT(1l,1)=1.0
ALPT{(2,1)=2.0
ALPT{2.2)=2.0
JAT(2,2}=7
ALPTI(3,1)=1.0
JAT{(3,1)=8
ALPT(441)=1.0
ALPT{442)=1.0
JAT(4492)=8
ALPT{5,413=1.0
JAT(5,1)=7
ALPT{6+1)=1.0
ALPT(6,2)=1.0
JAT(6,2)}=T7
RA{141)=0,0
RC{151)=3,9483
RD{141)=6.46872E-04
RE(141)=-1.57124E+06
TU(142)=50C0.
RA{1,2)=0,.0
RC{1,2)=7.71015
RDU1+2)=1,42221E-04
RE{1,2)=—3.59273E+07
TUil1,2)=240C0.
RC1(1,11)=6.4483
RD1(1,1)=56.45871E-04%
REL{1,1)=-1.57124E+06
TU2{1,13¥=5000.
RC1(1,2)=10.2102
RD1{1,2)=1.,42221E-04%
RE11{1,2)=-3.59274E+07
TU2{1,2)=24000.
RA(2,1)=0.0
RCL2+1)=24.,9173
RD(2,1)=1.08123E~-03
RE{2,11=-2.21576E+06
TU(2,13=5000,
RA{2+21=0.0
RC{25,2)=30,6229
RD(2,21=3.01129E~-04
RE{2+2)=-5.19808E+07
TUL2,2)=24000.
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RC1(2+1)=28.2374 AF 86

RD1{2+,1)=1.32899E-03 AF 87
RE1(2,1)=-2.1492E+06 AF 88
TU2(2,1)=4000. AF 89
RC1(2,2)=33.5174 AF S0
RD1(242)=4,39119E-04 AF 91
RE1(2+2)=-3.1473TE+07 AF 92
TUu2(2,2)=24000. AF 93
RA(3,51)=3,73033E+05 AF 94
RC{3,1)=20.0611 AF 95
RDI{3+1)=6.473CTE-0% AF 96
RE(341)=—1.5T026E+06 AF 97
TU(3,1)=5000. AF 98
RA{342)=3,T73033E+05 AF 99
RC(342)=23.5272 AF 100
RD{3+2)=1.7478BE-C4 AF 101
RE{(3,2)=-3.2362TE+07 AF 102
TU{3,2)=24000. AF 103
RC1{3,1)=22.7653 AF 104
RD1{(3,1)=5.88991E~-04 AF 105
RE1(341)=-1.72548E+0% AF 106
TU2(3,11=6000. AF 107
RC1(3,2)=26.3126 AF 108
RD1(3,42)=1.93706E-04 AF 109
REL1(3,2)=-5,03986E+C7 AF 110
TU2(3,2)=2400C. AF 111
RA{4491)=0.58985E+05 AF 112
RC{4411=20.8169 AF 113
RO{451)=0.65544T7E~03 AF 114
RE{(4,11=-0.162744E+07 AF 115
TU(441)=5000. . AF 116
RA{442)=0.58985E+05 AF 117
RC{442)1=24.5103 AF 118
RD{492)=0.158277E~-03 AF 119
RE(4+2)=-0.351471E+08 AF 120
TU(4423=24000. AF 121
RCl1{4,11=23.3381 AF 122
RD1(4,1)=0,659562E~03 AF 123
REL(441)=—0.15558TE+07 AF 124
TU2{4+1)=5000. AF 125
RC1{442)=26.8167 AF 126
RD1{4+92}1=0.186999E-03 AF 127
REL{452)=-0.322302E+08 AF 128
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TU21(4,2)=24000.
RA(5,1)=4,48051E+05
RC(5511=20.609
RD(5,1)=6.56764E-04
RE(551)=-1.64226E+06
TU(5,1)=5000.
RA(552)=4.48051E+05
RC(552)=24,.346
RDL5y2)=1,56145E-04
RE(592)=-3,5928E+07
TU(5,2)=24000,
RC1(5,1)=23,3481
RD1(5,1)=5.99657E~04
RE1(541)=-1,70972E+06
TU2(5,1)=6000.
RC1(5,2)=27.2144
RD1(5,2)=1.53048E-04
RE1(5,2)=—%,98219E+07
TU2(5,2)=24000.
RA(6+1)=0.1125E+06
RC(641)=19,8515
RD(6,1)=0,650822E-03
RE(6,1)=-0.156336E+07
TU(641)=5000.
RA(642)=0.1125E+06
RC(642)=23,2779
RD(652)=0+190986E~03
RE{642)=-0,331003E+08
TU(6,2)=24000.
RC1(641)=22.4633
RD1{6,1)=0.622485E-03
REL(641)=-0.165345E+07
TU2(6,11=6000.
RC1(642)=26.0356
RD1(642)=0.229541E~03
RE1(6,2)=—0.501696E+08
TU2(6421=24000.
RETURN

END
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SUBROUTINE TRAPL (N,X;YCsANS)H
DIMENSION X{1),y YI{1)

ANS=0.

DO 1 I=2¢N

DX=X{I}-XLI-1}
ANS=ANS+,S5*DX*(VY{ I} +¥Y{1I-1)}
ANS=C*ANS

RETURN

END
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FUNCTION FLUT (A,B,C)
XN=A/B
R={C/.00129}%29.
FLUT=2,69E19%XN*R
RETURN

END

AH
AH
AH
AH
AH
AH
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SUBROUTINE INOCAL (DXsX9SsTslL)
DIMENSION DX{1}), X{(1)

COMMON /AAA/

Al646)9A12(16412),A22(T5T7)+sALP{6),ALPT{1645),BMT(16),

1C{6416)yCHI16,2),CP(16),DEGI{6),H{16)4yJAT{16,5),JPH{16),KAT{(6),KOD
2E(16)3RA(1642)4,RBO{16,2)9sRC{1642)+sRD{16+2)14RD1I{1642)4RE{16,2}),REL(
31652),SD{16),TB(3),TU{1692),TU2{16+2) s UN({1T)VNE{16},VNT{17),VNU(1
4696 ) W26(6) 4 W3L16)sY(L6)yRF(16,52))RC1{1642)9HSs 1G9 IGMS, IGMSP,IGP,1
SONs IS+ ISPy ISPNGPy ISPNG2sNy NGy NP yPRESS y W27 4RHO»WM4SYU; ISPNG

COMMON /RAD/

COMMON /RAD/

COMMON /RAD/
COMMON /RAD/
COMMON /RAD/
COMMON /RAD/

YY(100),TEE(LOOJyFHV(20) s NHVaNY L 2,1Y

XNN{ 741000

NIHVC, FHVC{50), AHV(50) s AHVL(20)

ClsC34C44FLGyC5,FLGL.

YDELT,DELTDsFL1,FL2
GEE(S)yEPS(B)yNU(ZO),ND(7O§oFF(7O),GAWP(70)yH0L(20)9F

1HVM{20) ,FHVP{ 20}

COMMON /CIONCL/ F(100510),F2(100,10)sHVL{T0}EP4K2yK1IFL,IYCON,IQ
11 4WMI,BIJ{100,10) GMIN(100,10),GPLULL100,10),1AED

- DIMENSION NICN{100)

DIMENSION PRES{1001}

DIMENSION HH(100}

IF (S) 10,1,9

SuUM=0,
DO 5 I=Kl,.K2
J=1-K1+1

IF (FUIQLlyJ).

GO TO (243},

EQ.0.) GO TO 5
IAED

EP=GMIN(IQ1l,J)}

GO 10 4

EP=GPLU(IQLl,+J)

CONTINUE

E=1. /((T*HVL(I))**2+EP*EP)

E=E*1.,17E-29

SUM=SUM+E*(F2(IQl yJ)-F2(1Y,J))*FLOATU{IFL)/3.14159

CONTINUE

IF (SUM-88.0) 64647
DX=1.0-EXP(SUM)

GO T0O 8
DX=1.0
WMI=X
RETURN
CONTINUE
RETURN
END
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SUBROUTINE TRAP (NyXeYsCyANS)
DIMENSION ANS(1), X(1), Y{1)
ANS{1)=0.

DO 1 I=2,N

DX=X{I)-X(1I-1)
ANS{IDI=ANS{I-1)+.54%DXx(Y{I)+Y(I-1))*C
RETURN

END

W NN WN e
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SUBROUTINE MASBAL {VN,IB,C,ALP, IRHOsBD, ISsNyPR, IG)
A{20+20)

DIMENSION VN{17}: IB{13),
NP=N+1

ISP=1S+1

DD 2 L5=1,1S
BI{LS)=VUNINP}IX®ALP(LS)
J=1

DO 2 I=1sN
BILSY=BILS)-CILS,I1}®VN{I)
IF {I-1B{J)) 251,2
A{LSsd¥=C{LS,I)
J=J+1

CONTINUE

DO 3 J=1, ISP
A{ISP,J)=0.0

DO 4 LS=1,1S
A{LS,ISPI=—-ALPI{LS})
B{ISP)=PR

D 5 I=1516
B{ISP)=B{ISPI-VNI(L)
J=0

DO 7 I=1,1S

IF {IB(I}-1IG) 6:6,7

Cd=Jd+1

CONTINUE

DO 8 I=1,J
A{ISP,1}=1.0

CALL DTLNEQ {(ISP,A¢BsXsV)
J=1

G=1.0

DG 13 I=1,NP

IF (I-1IB1J}) 13,9,13
V=BD®*YN{1}
W=ABS{X{J}}

IF (W~-V} 12,12,10

IF {V/¥-6) 1l1,12512
G=V /4

S=J+1

CONTINUE

J=1

DO 15 I=1,NP

IF {I-1IB{J)) 15,14,15
VN{II=VN{Ti+GEX{J}
J=J+1

CONTINUE

RETURN

END

8{20)s X{20)
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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:

6
7
8
9
$RAD1
KAMELIST
INPUT
$EQRAD
NAMELIST
INPUT
7
8
9

yd

D1250 MAIN
and subprograms

(;oﬁtrol Cards

For the sample case (U, = 15.24 X 10% ecm/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:

$EQRAD

ALT altitude for AT62
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AOVERB ratio of semiminor axis to semimajor axis of an ellipse
CCI initial computing interval for INT1 (0.05)

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

CIMAX absolute value of maximum computing interval in INT1
. . f(x + DELTX) - f(x)
DELT 'R1

X an increment used in ITR1 so that DELTX

approximation to derivative of f(x) (-1.E-3)

is a reasonable

DUMBTIM initial guess for standoff distance = 2UMBTIM (g 78 tor sphere)

RHO1
EELE1 array of relative error for dependent variables used by INT1 (1.E-3)
EELE2 array of relative zero for dependent variables used by INT1 (1.E-4)
EELT array of NT values to return to the program from INT1 at specific values

(NT is computed in CONT)

EITR1 relative error criterion for ITR1 (1.E-4)
EITR2 absolute error criterion for ITR1 (1.E-4)

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

EPSR accuracy criterion for R; iteration in MAIN (0.01)
EPS21 accuracy criterion used in PROPIT for RHO iteration (1.E-3)
IALT option for atmosphere routine:
=1 call AT62 and input ALT
+1 input PIN, RHOIN
IGEO test in GEO:
1 sphere geometry
2 ellipsoid geometry
3 hyperboloid geometry
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ITEXT

ITTEST
KETEST

KKKK

PEEP

PIN
Q1
QI2

QO1

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/cm?2

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

gas constant, ergs/mole-°K

body radius at axis of symmetry x =0, cm
free-stream density, g/cm3

initial guess for RHO, nondimensionalized

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

print control option for INT1

initial guess for T', °K
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TCG accuracy criterion for iteration in RANH (0.001)

UIN free-stream velocity, cm/sec
XMAX limiting value in x-direction
$

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
permanent data supplied with code for occupation number, density

NU calculation, and line absorption coefficient

ND
HVL
FF

GAMP

IS J

NIHVC total number of continuum spectral points
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FHVC spectral points for continuum calculation

AHV transmission factors for continuum calculation
AHVL transmission factors for line calculation
1 intensity calculation
FL1
2 flux calculation
1 intensity calculation
FL2
2 flux calculation
0 normal output
FLG :

+0 diagnostic output

0 intensity calculation
FLG1 .
+0 flux calculation
NIC number of y/5 points where transport evaluated
NICN an array of NIC values of index location of y/6 points where transport
is evaluated
I0PT option in subprogram FEMP:
1 temperatures supplied
2 enthalpies supplied
NY number of values of YY, PRES, TEE, and HH (maximum is 100)
TB 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 RADI1 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 §, 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:

RHOIN P,
PIN P
DELTN 5o
X X

Stagnation-point conditions:

Uo uy
RHOO Py
AO ag
RHOOAO Po?0
HO H,
PO po
DWDX o

Shock standoff distance:
DELTD dimensional §, cm
DELTA/RB  §/Rp
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Distribution across shock layer:

ETA n
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 Vheat flux, Wa.tts/cm2
QRYO total radiation heat flux at body, dimensionless

QRY1 total radiation heat flux at shock, dimensionless

Properties at first step off stagnation line:

X b4
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DELTA
w
10(2) to 10(5)

SMALRB

Lo

Th

Body and shock properties:

X

DELTA

W

10(2) to I0(5)
SMALRB
11(2) to I1(5)
RBX
THETAB

Q

DDELDX
DWDX
DIODX(2) to DIODX(5)
DSMALRBDX
PRATIO

QRATIO

116

Ii0

Tp

51

Rp at any x-coordinate

%

o

g &l&

dIj 0
ay
dx

PO
PSTAG

(j = 2,3,4,5)

G = 2,3,4,5)

G =2,3,4,5)

(] = 2, 3’4: 5)

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

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

Message Diagnosis Subprogram
ICODE =, iteration did not converge Nonfatal MAIN
Iteration limit in RANH program stopped Fatal RANH
THEP
RHO is smaller than allowed Nonfatal :
THER
RHO is larger than allowed Fatal THEP
r W
18 farge Nonfatal THER
H is zero or negative Nonfatal THEP
THER
His 1 d Nonfatal THEP
is larger than allowe onfata THER
Iteration limit reached in PROPIT Nonfata. PROPIT
FEMP BLEW Fatal - RADFLUX
N-R did not converge TBJA = Nonfatal FEMP
T did not converge TGUS =, DIG =, LK = Nonfatal FEMP

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., July 13, 1971,
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Language:

Purpose:

Use:

APPENDIX A

SUBROUTINE INT1

FORTRAN
To solve a set of ordinary differential equations.

CALL INT1 (IL,N,NT, CL, SPEC, CIMAX, IERR, VAR, CUVAR,DER, ELE1, ELE2, EL T,

ERRVAL, DERSUB, CHSUB,ITEXT)

II

INT1 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 II determining which of the two sections of INT1 will
be entered.

The user must set II = 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 INT1 is called with

II > 0, entry is made to the integration section. Upon each entry to
INT1, the subroutine stores a 1 in II so that the user need not supply
a value of II > 0 for repetitive integration.

Besides serving as a means for specifying the entry point to INT1 from
the calling program, II can also be set to specified valies in CHSUB:

2  The user will store the integer 2 in II 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.

3  The user will store the integer 3 in I 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.

In DERSUB, II may be set to:

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

CI

SPEC

CIMAX

APPENDIX A

program. On return to the calling program, the answers at the
beginning of the interval will still be in the VAR array.
If the user does not set II to a value in either CHSUB or DERSUB,
II 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. INT1 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. INT1 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 INT1 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 INT1 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 difference
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 INT1 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 > 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 "ELT").

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



IERR

VAR
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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 INT1 as an error code. It must be checked
at every return to the calling program. It may have the following
values:

1 A normal return, no error.
2 The ELT block is not monotonic in the direction of integration.

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

4 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

VAR array. \

A double-precision one-dimensional array containing the independent
variable followed by the N dependent variables. The user must store
the N+1 initial values (in the double~precision mode) in the array for
initialization. INTI1 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.

A double-precision one-dimensional array which is given values by

‘INT1 for two purposes. INT1 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 INT1 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.

INT1 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 adequéte 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+1 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 ELE1 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 ELE1 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 ELE2 value, the relative error 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 INTI.

A one-dimensional array of N elements in which INT1 stores an esti-
mate of the local truncation error for each of the N dependent variables.
The relative errors are computed from these values and compared with

‘the specified ELE1 values.
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A subroutine written by the user which will be called by INT1 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 refurn

to the calling program by storing a 4 in IL.

A subroutine written by the user to allow certain logical control. After
each integration step, INT1 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:

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

(2) Set I = 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 INT1 as the normal computing interval for the sub-
sequent integration steps.

(3) Set I1 = 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.

An integer code word supplied by the user which gives him the option
to have INT1 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: INT1 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. INT1 is a variable-interval-size routine in which the interval is varied
to meet a specified local relative truncation 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 ELE1 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: 2703g locations.

Subroutine date: August 1, 1968
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SUBROUTINE ITR1
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 ITR1 (X,DELTX, FOFX,E1,E2 MAX?,ICODE)

X An initial guess supplied by the user. On a normal return to the calling
program from ITR1, X contains the root.
f(x + DELTX) - f(x)

DELTX An increment supplied by the user so that DELTX isa
reasonable approximation to the derivative of f(x).

FOFX A function subprogram to evaluate f(x).

E1l Relative error criterion.

E2 Absolute error criterion.

MAXI A maximum iteration count supplied by the user,

ICODE An integer supplied by ITR1 as an error 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

Xn+1 = a%p + (1 - Q)f(Xy)

4= a % 1
;_: £(Xy) - £(X5-1)
Xp - Xn-1
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Accuracy: The iteration process is continued until either of two convergence criteria
are satisfied. These criteria are

£(Xy) - Xp
f(Xn)

§€1

(1) if lf(xn)| > ¢, then

(2) if If(Xn)’ < ¢, then [f(xn) - xnl =

Reference: (a) Scarborough, James B,: Numerical Mathematical Analysis. Fourth ed.,
Johns Hopkins Press, 1958, p. 192,

- Storage: 137g 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 1b/ft2, temperature in
degrees Kelvin, and velocity of sound in ft/sec at any geometric altitude z in the
range -16 500 feet =z =2 320 000 feet.

Use: CALL AT62 (Z,ANS)
Z Geometric altitude in feet.

ANS A one-dimensional array that contains the results.
ANS(1) Dehsity in slugs /i3
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: 1654g locations

Subroutine date: August 1, 1968
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