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UNCLASSIFIED ABSTRACT 

(U) This technical report describes analyses and techniques used 
in the design and evaluation of advanced decoy concepts. The work 
described addresses both the design of specific penetration aid 
elements and the formulation of techniques for their evaluation. 
The three major technical areas covered in this report are: 

I*1" Investigation of a penetration aid technique that degrades 
the measurement capability of the radar sensor., 

The design of a computer program to solve the decoy design 
problem with flexibility in the selection of optimization 
criteria and constraintsj .SâJ 

3. Studies of the use of certain discrimination techniques 
for a hard point defense system.-x 

This appendix to this report contains detailed description of the 
optimum decoy design program. , 
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1.0 INTRODUCTION AND PRELIMINARY OPERATIONS 



Introduction 1. 1 

The Optimum Decoy Design Program selects optimum decoy 

configurations which meet specified performance, weight, and geometric 

constraints. The technique used to determine the optimum values of 

the decoy design parameters is the sequential minimization o! a penalty 

function formulated from the differences between certain characteristics 

of the reentry vehicle and those of the decoy as well as constraints on 

the decoy itself. 

The four optimization techniques available for determining 

minima are: 

1. A Fibonacci one variable search. 

2. A Fibonacci two variable search. 

3. The Davidon variable metric method, 

4. The Rosenbrock rotating coordinate method. 

The function to be minimized is generated using the results 

of the trajectory calculations (which include the effects of mass loss, 

noseblunting, and angle of attack), the wake observables approximations, 

and the effectiveness operations. An option exists which enables the 

bypassing of the optimization process and the direct evaluation of the 

penalty function. 

This document contains the description of the numerical methods 

employed, the correlation of program segments with their functional 

description, and a complete listing of the source symbolic program and 

preset deck. This report was prepared by R. A. Mac Far lane and E.R. 

Nickerson with the assistance of J. F. Connors and R. E, Housman. 



The organization of the program and the relationships between 

the various subroutines are shown in the following flow charts of the 

Main program and the optimization logic of the function evaluator 

routine. 
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1.2 MAIN PROGRAM 

1. Purpose 

MAIN directs the calculation of optimum values for the design 

parameters of a decoy. The technique used is to minimize the differences 

between certain characteristics of a reentry vehicle and the same 

characteristics for a decoy. In this version, the following nine character¬ 

istics may be used. Velocity, deceleration, ballistic coefficient, wake 

length at each ofthree radar frequencies and wake cross section at each 

of these frequencies. 

Four methods of finding these minima are available. 

1, A Fibonacci one variable search. 

2, A Fibonacci two variable search. 

3. TheDavidon method 

4. The Rosenbrock rotating coordinate method. 

A quantity PD, the probability that a decoy will be discriminated, 

can also be calculated. 



2. Input 

^indicates integer quantity 

Common 
Name Source Block 

AL0W, 2u ZREADX MIN 

CTP, 20 ZREADX MIN 

ID 1,50* ZREADX IDN0S 

Preset 
Value Description 

. 1 

0.0 vector of lower bounds j 

0.0 vector of upper bounds ' 

0 identification of design 
variable 1 

ID2, 50* ZREADX IDN0S 0 

IMPL0T* SR2490 I0CCUR(3O9) 0 

IN * ZREADX I0PT 1 

I0P.9O* ZREADX I0CCUR(1-9O) 1 

IPR0C* ZREADX I0PT 1 

identification of constraints 

test parameter for AVPLT 

number of parameters being 
obtained 

option parameter 

test parameter for choosing 
optimizer 

IREF * ZREADX 

KRED * REDUCE 

LIMIT* ZREADX 

LRED* ZREADX 

M0DE* ZREADX 

NPRINT * READIT 

0CCUR, 4000 

OVECT, 20 ZREADX 

WRF ZREADX 

X1SAVE.40 GMIMAX 

X2SAVE, 40 GMIMAX 

I0CCUR(3O1) 1 

I0PT 30 

OWL 0 

I0CCUR(3O3) 3 

NGCCUR(14) 1 

0CCUR 

0WL 5.0 

0WL 0.9 

XXSAVE 

XXSAVE 

1-7 

test parameter for type of 
vehicle 

test parameter 

iteration counter 

iteration upper limit 

test parameter 

print option 

common array 

initial values of design 
variables 

reduction factor 

optimum values of XX'1) 

all values of XX(2) 



3. Output 
* indicates integer quantity 

Common Preset 
Name Block Value 

ALB, 20 MINSK 

D CCRN 0.0 

DELTA F0PT 1.0 

FAC FOPT 1.0 

ILL11 * - 1 

IMPL0T * I0CCUR, 309 0 

IRED * 

K * MINSK 0 

K0UNT * XXSAVE 

M0DE « I0CCUR, 303 3 

UB, 20 MINSK 

P BLK0 0.0 

UP, 20 MIN 

WRF 0WL 

X,40 BLK0 

XX, 20 MINSK 

Description 

vector of lower bounds 

see SCREEN 

see DAVD0N output 

if greater than 0. 0, the value given 
to diagonal elements of H matrix 
used in DAVD0N. 

test parameter for READIT 

Bee READIT 

iteration counter 

not used * 

iteration counter 

test parameter for F123 a 

vector of upper bounds 

see DAVD0N output 

vector of upper bounds 

reduction factor 

see DAVD0N output 

see GMlMAX output 



4. Numerical Procedures 

As a first step, SUBROUTINE WHERE is called to allocate space 

needed for the input. Then subroutines SR2490 and ZPRM are called 

to preset the values of certain quantities, primarily input quantities. 

Next, the statements between CALL ZPRM and statement 2 preset 

additional quantities. 

At statement 2, SUBROUTINE READIT is called to obtain the 

input for one case. The ILL111, used by READIT, is changed to two 

and M0DE is tested. Control is then transferred to 100, 110 or 120 

when MODE is 1, 2 or 3 respectively. 

If statement 100 is reached, a single trajectory will be calculated, 

but no optimization will be attempted. First,the value of IREF, which is 

needed by FI23, is saved as IREFS. I0P(74) is set equal to zero so that 

no calculations relating to wake length or wake cross section will be 

performed. Then FI23 is called to secure the trajectory data, the 

original value of IREF is restored, then control goes to statement 2 to 

read the input for the next case. 

At statement 110, FI 23 is again called, but this time the number 

of trajectories calculated will depend on the input. In addition, two types 

of integrals may be calculated and plots may be produced. No optimization 

of decoy parameters is attempted. After FI23 is called, control returns 

to statement 2 to obtain input for the next case. 

At statement 120, the integer code IREF is tested. If IREF 

equals 2, statement 5 is executed next. If IREF equals 1 or 3, FI23 is 

called to obtain data for a reference reentry vehicle trajectory and control 

goes to statement 2 to transmit the input for the next case. 



If statement 5 is reached, optimization of decoy design parameters 

will be attempted. IRED, an iteration counter, is set equal to -i. The 

next three statements save quantities which may be changed in the optimiza¬ 

tion process so that they can be restored later. Then, in the DO loop 

ending at statement 10, the values of the first IN elements of the input 

array 0VECT are stored in the 0CCUR array, the X array, and the XX 

array for use by other subroutines. Then statement 20 is reached. 

At statement 20, control is transferred to statement 500, 600, 700, 

800 or 850 when IPR0C is respectively 1, 2, 3, 4 or 5. 

If statement 500 is reached, the Fibonacci one variable procedure will 

be used. SUBROUTINE MIMAX is called to control the calculations and 

then I TERM is tested. If ITERM equals 1, statement 200 is executed 

next. Otherwise, NPRINT is saved as NPSAVE, then NPRINT is set equal 

to 1 and SUBROUTINE FEV is called. SUBROUTINE FEV calls SUBROUTINE 

F123 to get the trajectory corresponding to the solution and print extra 

output relating to this trajectory. Then the original value of NPRINT is 

restored and control is transferred to statement 900. 

At 600, NPRINT is stored as NPSAVE, then reset to 1 and FEV is 

caUed to obtain trajectory data. NPRINT is then restored and control 

goes to statement 900. 

At 700, SUBROUTINE DAVD0N is called to use the Davidon 

optimization method. Then ITERM is tested. If ITERM equals 1, 

control passes to statement 200. Otherwise, control passes to 900, 
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At 800, SUBROUTINE R0SBRK ie called to use the Rosenbrock 

rotating coordinate method. The sequence of statements executed after 

the call to ROSBRK is the same as that following the call to MIMAX 

explained above. 

At 850, the Fibonacci two variable method is used. The values 

of the lower bound vector ALB and the upper bound vector UB to be 

used by SUBROUTINE GIMAX are defined in the D0 loop ending at 860. 

K0UNT, an iteration counter used by SUBROUTINE GIMAX is set 

equal to zero. Then GIMAX is called to do the optimizing. Then, if 

ITEF.M equals 1, control goes to 200. Otherwise, in the D0 loop ending 

at 666, the elements of the XX array are tested to see if XX(I) equals 

X2SAVE(I) for any I. If an equality is found, XX(1) is set equal to 

XISAVE(I) and control passes to 870. If no equality is found, the 

WRITE statement following 666 causes an error message to be written 

and statement 870 is reached. 

At 870, NPRINT is saved as NPSAVE and reset to 1 to provide 

extra print out. FEV is called to get trajectory data corresponding to 

the two values in the solution. Then control passes to statement 900. 

At statement 900, SUBROUTINE REDUCE is called to tighten 

constraints. Then the values of KRED and ITERM are printed. Next, 

KRED is tested. If KRED equals zero, go to statement 20 to iterate 

Otherwise, statement 200 is reached, the quantities saved earlier are 

restored and control goes to statement 2 to get input for the next case. 

1-11 
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Other Information 

A. MAIN is not called by any other routine. 

B. MAIN calls the following subroutines: 

1. SUBROUTINE DAVDQflM 

2. SUBROUTINE FI23 

SUBROUTINE FEV 

SUBROUTINE GIMAX 

SUBROUTINE MIMAX 

SUBROUTINE R0SBRK 

SUBROUTINE SR2490 

8. SUBROUTINE ZPRM 

9. the library subroutine WHERE 

3. 

4. 

5. 

6. 

7. 

1-12 
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1.3 Input Subroutines 

The input for the Optimum Decoy Design Program is handled 

by two subroutines - READIT and ZREADX. SUBROUTINE READ- 

IT deals primarily with inputs needed for the trajectory cal¬ 

culation. Inputs for the optimization, wake, and effectiveness 

operations appear in ZREADX. 

flphi 

V 
- 

. 
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SUBROUTINE READIT (ILL111, Ijv;PL0T) 

1, Purpose 

SUBROUTINE READIT reads in the input for one case and tests certain 

values in the I0P array. 

2. Input 

MANOTE*** 

(1) The source of all inputs to READIT except I0P is SUBROUTINE SETUP. 
I0P is from SUBROUTINE ZREADX. 

(2) ^indicates an integer quantity and an N0CCUR location unless otherwise 
designated. 

(3) Numbers in the COMMON LOCATION column refer to locations in the 
0CCUR array unless otherwise designated. 

Name 

A, 514 

AE 

ALPTAB, 75 

Symbol 
Common 
Location Preset 

e 

a( table) 

301-814 

214 

3646-3720 

Description 

curve fit coefficients 

thrust nozzle exit area, ft 

ALST 

AWREF 

ST 

W 

122 

188 

0.2 

input angle of attack table, 
degrees 

stopping angle of attack, degrees 

ref 
reference area of the WCDTAB 
drag coefficient, ft2 

B, 21 

BETA11 

B, 

'11 

823-843 

152 

curve fit coefficients 

sublimation rate coefficient 
for initial h/s material, 
ft/sec / °R 

1-14 
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2. Input (Cont'cl) 

Name 

BETA12 

BETA21 

BETA22 

BETA31 

BETA32 

BETA41 

BETA42 

C 

CAPG 

f* A Cl? 

CDlÿWN, 16 

CDTAB, 75 

Common 
Symbol Location Preset Description 

$12 171 sublimation rate coefficient 
for h/s material after shape 
change, ft/sec/°R 

same as for BETAU, —-a 

o Pï 
sec( R) 3 

same as for BETA12,—~—p- 
sec(0R) 3 

ßjl 154 order of reaction for initial 
configuration h/s material 

153 

ß22 172 

^32 173 order of reaction for h/s 
material after shape change 

P41 155 activation temperature for 
initial configuration, °R 

P42 I74 activation temperature for 
h/s material after shape change, 
°R 

c US 1.0 multiplier on stagnation point 
heating, used to simulate nose 
cap of a different material than 
heatshield 

G 19 32.21852 gravitational acceleration, 
ft/sec2 

128 . case number 

3549-3564 1.0D-5 lower limit on accuracy of 
integrated variables, see 
VIXEN writeup , 

CD(table) 3383-3457 tabular input total drag 
coefficient 



.... 

2. Input (Cant'd) 

Name 

CfflGH, 16 

CMQIN1 

CMQIN2 

CP21 

CP22 

CPG1 

CPG2 
>4 

DATE 

DELHC1 

TMTT tjr> 

Symbol 

'm 

m 

21 

'22 

«1 

A H. 

AH, 

--. 

Common 
Location Preset 

3533-3541 1.0D-4 

124 

125 

160 

179 

161 

180 

127 

166 

185 

1-16 

Description 

upper bound on accuracy of 
integrated variable, see 
VIXEN 

input C for initial m 
mnfiguration 

input Cm for configuration 
9 

after shape change 

specific heat of solid for 
initial configuration 

h/s material, .. 
lbm°R 

specific heat of solid for 
h/s material after shape change, 
Btu 

lbm°R 

specific heat of gas for initial 
configuration h/s material, 
Btu 

lbm°R 

specific heat of gas for configu- 
after shape change, Sîü 

lbm°R 
date 

heat of decomposition for 
initial h/s material, Btu/Ihm 

heat of decomposition for h/s 
material after shape change 
Btu/Ihm 

.. 

« 
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2. Input (Contad) 

Name 

DELIN 

DELRHl 

DELRH2 

Symbol 

A 

A/’, 

DELY 

DELZ 

DNBNDZ 

A Y 

A Z 

EMO 

EPSIL1 

EPSIL2 

FI 

1 

é 2 

f, 1 

F2 f. 

Common 
Location Preset 

187 -2000,0 

159 

178 

219 

220 

248 

129 

167 

186 

157 

176 

1-17 

Description 

maximim allowable delta of 
integration, feet 

difference between the virgin 
and char density of initial 
h/s material, lbm/ft3 

difference between the virgin 
and char density of h/s material 
for configuration after shape 
change, lbm/ft3 

linear component of thrust 
offset, inches 

linear component of thrust 
off set, inches 

lower altitude boundary on 
use of tabular input atmosphere, 
feet 

memo number 

coefficient erf emission for 
initial h/a material 

coefficient of emission for 
h/s material after shape change 

heat of ablation for the initial 
h/s material, Btu/lbm 

heat of ablation for the h/s 
material after shape change, 
Btu/lbm 

Of 

G 27 32.174 conversion factor for changing 
slugs to Ibm, Ibm/slug 



2. Input (Cont'd) 

Name 

GAMFO 

GAMMA 

HREF1 

LTP T? 17 9 tlAXi £» 

HTAB, 75 

IATM0S 

IKCMQ 

INALPH 

I0P, 90 

T© IQ imr 

TT À DIT X X JTli Ir JSj 

ITHHST ala • AXV KJ J» 

LAI 

LA2 

Symbol 
Common 
Location Preset Description 

Yf 105 
Io 

initial flight path angle, 
degrees (negative number) 

Y 28 1.4 ratio of specific heats 

156 constant which equals zero 
for no combustion ablation 

Z (table) 3233- 
3307 

08 * 

09 * 

30 * 

I0CCUR 1.0 
(1-90) 

Iap 222 1.0 

29 * 

23 * 

La^ 138 

La. 144 

constant which equals zero 
for no combustion ablation 

tabular altitude used with 
CD TAB and ALPTAB, feet 

input atmosphere option code 

input Cm option code 
q 

input angle of attack option 

control codes which call for 
various plots, influence 
coefficients, corridor printouts 

specific impulse 

option for V, ß, Z output tape 

number of values in the 
thrust table 

axial length of the initial 
vehicle configuration, inches 

axial length of the vehicle 
immediately afte.* shape change 
at ZTURN, in. 



Name 

LAMDAl 

LAMDA2 

L0PT 

MATLN1 

MATLN2 

MAX CD 

MAXVAL 

MAXWCD 

MHEAT 

M0PT 

MW 

MXTAB1 

Symbol 

M 

Common 
Location Preset 

137 

143 

07 * 1 

20 * 1 

21 * 1 

18 * 

06 * 

19 * 

10 * 0 

03 * 0 

117 28.9 

16 * X 

Description 

bluntness ratio of initial 
vehicle configuration 

bluntness ratio of vehicle 
immediately after shape change 
at ZTURN 

trajectory option code; see 
other information 

heatshield material option 
code for initial configuration 

heatshield material option 
code for vehicle after shape 
change 

the number of values in the 
CD TAB table 

the number of values in the 
input trajectory or wind 
tunnel conditions table 

the number of values in the 
W CD TAB table 

option code which controla 
mass loss calculation 

option code wfcich controls 
calculation of aerodynamic 
heating 

molecular weight of air, 28.9 
gram/mole 

number of values in X /D, 1, 
c. g 



2. Input (Cont'd) 

Common 
Name Symbol Location Preset Description 

MXTAB2 17 * 1 number of values in X /D, 
eg. 

1, and tables for configura¬ 

tion after shape change 

NGE0M 15 * 

NGL1 /( GL 164 

geometry input option code, 
indicates which geometric 
parameters are being input 

laminar transpiration factor 
of gas for initial h/s material 

NGL2 K GLz 183 

NGT! ,( GT 165 

laminar transpiration factor 
of gas for h/s material after 
shape change 

turbulent transpiration factor 
of gas for initial h/s material 

NGT2 
184 

N0SE0P 

NPL0T, 5 

NPRINT 

05 * 

24-28 * 

14 * 

turbulent transpiration factor 
of gas for h/s material 
after shape change 

noseblunting option code 

plotting option codes for 
trajectory parameters 

trajectory printout option 
code 

NSL! /1 162 
V ¡»Lj 

NSL2 SL 181 

laminar transpiration factor 
of solid for initial h/s material 

laminar transpiration factor 
of solid for h/s material after 
shape change 



2. Input (Coat'd) 

Name 

NSTI 

NST2 

NTHRUST 

0CCUR, 4000 

PO 

PfflO 

PSIO 

PSIZET 

QO 

R 

RBI 

RB2 

RE 

Symbol 

% ST, 

ST, 

fo 

)L 

R 

Rb, 

Rb. 

Common 
Location 

163 

182 

22 * 

1-4000 

109 

112 

114 

223 

110 

OS7 

136 

142 

Preset Description 

43 4 

turbulent transpiration factor 
of solid for initial h/s material 

turbulent transpiration factor 
of solid for h/s material after 
shape change 

thrusting ootion code; see 
other information 

array containing all variables 
relating to trajectory 
calculation 

initial angular rate, rad/sec 

initial value of Euler angle, ^ 
degrees 

initial valuó of Euler angle, V 
degrees 

thrust offset angle, degrees 

initial angular rate, rad/sec 

gas constant for air, |Mb 

lbm-°R 

base radius for initial vehicle 
configuration, in. 

base radius of vehicle 
immediately after shape change 
at ZTURN, in. 

063 2.090299D+7 earth's radius, feet 



2. Input (Cont'd) 

Name 

RH022 

RN1 

RN2 

SIG 

SMRO 

TO 

TABU, 50 

TAB 12, 50 

TABIX1, 50 

TAB 1X2, 50 

TABRHtf, 50 

TABSND, 50 

Common 
Symbol Location Preset 

P 22 
177 

Rn, 135 

Rn, 141 

116 

111 

102 

1 

pjtable) 3771-3820 

a (table) 3821-3870 

3.5 

liable) 2933-2982 1.0 

I (table) 2983-3032 1.0 
m 

(table) 3033-3082 1.0 

I (table) 3083-3132 1.0 
X2 

1-22 

- 
¡¡'¡i!SIS ! i 

Description 

char density for the h/s material 
after shape change, ibm/ft 

nose radius of initial vehicle 
configuration, in. 

nose radius of vehicle con¬ 
figuration after shape change, 
in. 

collision cross section for air, 
angstroms 

angular rate R, rad/sec 

initial time, sec. 

moment of inertia 1 = 1 or 
yy 

1 for initial configuration, 
zz 2 

8 lug-ft 

moment of inertia, 1, for 
vehicle configuration after 
shape change, slug-ft^ 

the transverse moment of 
inertia I for initial con- 

2 XX 

figuration, slug-ft 

the transverse moment of 
inertia I for configuration 

XX 2 

after shape change, slug-ft 

tabular input free stream 
density, Ibrn/u 

tabular input free stream speed 
of sound, ft/sec 



HMWi»iniMil|lMwiHl||ilMnHM!NIMHlilNNIi' 

2. Input (Cont'd) 

Name 
Common 

Symbol Location Preset 

TABZ1,50 table) 3133-3182 

TABZ2, 50 Ztable) 3183-3232 

TBATMZ, 50 Z(table) 3721-3770 

TCRIT 
‘crit 077 

TEC0N t 078 
econ 

TH0 Th 

THDELT, 25 t-t 
on 

207 

3618-3642 

THDELZ, 25 z - z 3593-3617 
on 

THEAL0 

THETA1 

113 

134 

THETA2 140 

•"i1' Ufïpt ft"* 
X ifiiit JyJm X 224 

Description 

tabular altitude for use with 
input X ID, l, and I tables 

eg. X 
of first configuration, feet 

tabular altitude for use with 
input X jD, I, and I tables 

eg. X 
for the configuration after 
shape change, feet 

tabular input altitude for use 
with and a ^ tables, feet 

angle of attack cycle time 
test parameter, sec. 

angle of attack cycle time 
test parameter, sec. 

reference thrust level, lb. 

the time from thrust onset, 
ah abscissa of THTH0 table 

change in altitude from thrust 
onset,an abscissa of THTH0 
table 

initial Euler angle (§)q, degrees 

cone half angle of initial vehicle 
configuration, degrees 

cone half angle of vehicle 
configuration after shape change, 
degrees 

thrust misalignment angle, 
degrees 

1-23 



( 

2» Input (Cont'd) 

Name 
Common 

Symbol Location Preset 

THTHO, 25 Th/Th 3568 -3592 
o 

TINIT T. 132 
imt 

500. 

T0FF 

T0N 

off 

on 

209 

208 

TRAJRN, 75 Rn(table) 1644-1718 

TRAJT.75 t( table) 1344-1418 

TRAJV, 75 V(table) 1494-1568 

TRAJW, 75 W(table) 1569-1643 

TRAJZ.75 Z( table) 1419-1493 

TRJALP, 75 a(table) 1719-1793 

TRZTR 

TST 

tr 

at 

243 

123 100. 

Description 
.i........ 

non-dimensional thrust input 
table 

initial internal body 
temperature, R 

time of thrusting shut off, sec. 

time of thrusting onset, sec. 

nose radius table for input 
trajectory option, must be 
input in addition to RN1, in. 

time table for the input 
trajectory option, sec. 

velocity table for the input 
trajectory option, ft/sec. 

vehicle total weight table 
for input trajectory option, lb, 

altitude table for input 
trajectory option, feet 

angle of attack table for 
input trajectory option, degrees 

input transition altitude, feet 

trajectory stopping time, 
seconds 

initial wall temperature for 
first vehicle configuration, 
°R 

« 

....am 



2. Input (Cont'd) 

Name 

TW2 

TWST 

TXCGD1, 50 

TXCGD2, 50 

UPBNDZ 

VO 

Wl 

W2 

WCDTAB, 75 

WHTAB, 75 

WTMINF, 75 

Common 
Symbol Location Preset 

Tw 168 1200. 
2 

Tw 148 580. 
ST 

(X /D), 2833-2882 
ce 1 

(table) 

(X /DJ 2883-2932 
eg 2 

(table) 

247 

V 106 
o 

Wj 133 

W2 139 

CD( table) 3458-3532 

Z(table) 3308-3382 

Description 

initial wall temperature for 
vehicle configuration after 
shape change 

effective wall temperature 
used in free molecule drag 
calculation 

X /D table for initial 
eg. 

vehicle configuration 

X /D table for configuration 
eg. 

after shape change 

upper altitude boundary on 
use of tabular input atmosphere, 
feet 

initial velocity, ft/ sec 

initial weight of the vehicle 
first configuration, lb. 

initial weight of the vehicle 
configuration after shape 
change, lb. 

input total drag coefficient 
table 

input altitude table abscissa 
of WCDTAB table 

M (table) 1119-1193 input Mach number table for 
wind tunnel conditions options 



2. Input (Cont'd) 

Name 

WPT0T, 75 

WTRINE, 75 

WTZ, 75 

X1L0W 

X1UP 

XJL0W 

XRO 

4 

Common 
Symbol Location Preset Description 

Ptotal^table^ input total pressure table for 
wind tunnel conditions option, 
lb/ft2 

R /ft( table) 1194-1268 
0 

Z( table) 1044-1118 

A 
LOW 

240 0.2 

Xy 239 0.4 
UP 

/low 4* o 

Xr 107 o.o 
o 

input Reynolds number per 
inch table for wind tunnel 
conditions option 

input altitude table abscissa 
of WTMINF, WP.TíDT, WTRINE 
and ALPTAB used in wind 
tunnel ;onditions option 

value of the rarefaction 
parameter which is the lower 
boundary of fairing region 
between free molecule and 
strong interaction flow regimes 

value of the rarefaction 
parameter which is the upper 
boundary of fairing region 
between free molecule and 
strong interaction flow regimes 

the value of the interaction 
parameter which is the lower 
boundary of fairing region 
between strong interaction 
and continuum flow regimes 

initial range, ft. 

» 

f 
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2. Input (Concl'd) 

Name 

XUP 

ZO 

ZBAR 

ZETA 

Z0FF 

Z0N 

ZPR1 

ZPR2 

rm çjrp 
ém* Ö X 

ZTURN 

NOTE: 

,———’i 

Common 
Symbol Location Preset 

*UP 237 

? 

Z 
off 

108 

120 

093 

206 

6.0 

-10000. 

0.9 

Description 

the value of the interaction 
parameter which is the upper 
boundary of fairing region 
oetween strong interaction 
and continuum flow regimes 

initial altitude, feet 

altitude at which printout 
altitude increment changes, feet 

accomodation coefficient 

altitude for thrust shut off, 
feet 

on 
205 

118 10000. 

altitude for thrust onset, feet 

initial altitude printout increment, 
feet 

119 second altitude printout 
increment, feet 

JST 
121 0.0 trajectory stopping altitude, 

feet 

turn 145 -1.0 altitude at which vehicle 
configur ation changes 
discontinuously, feet 

IMPL0T and ILL1U enter from MAIN through the subroutine argument 
list and are control codes. 

i 
4 
i 

\ 

1-27 



The output from READIT is identical to the input with the single 

exception that the input NTHRUST is given the output designation NTHRST. 

4. Numerical Procedures 

READIT tests ILL111 when it is e. ^ered. If ILL111 equals one, 

statement 1 is executed next and if ILL111 equals two, statement ? is 

executed next. The transfer to 1 will occur only the first time READIT is 

called. 

The call to ZREADX and the calls to SETUP which follow statement 

1 provide the reading subroutine READ IN with information about the length 

and dimension of all input quantities. 

At statement 2, SUBROUTINE READ1N is called to read in the data 

for one case. E is found in column 1 of the first card read, statement 99 

is executed next. If not, the statements between the sequence of statements 

starting after 2 and ending at 88 determines what the values of I0P(73) and 

I0P(74) should be. Then subroutine HEDING is called and the control goes 

to 98. 

At 99, if IMPL0T equals one, AVPLT is called to close the plot 

file. The next 'two statements put an end of file mark on and rewind tape 8 

if ITAPE is not equal to zero. Then EXIT is called to terminate the computer 

run. 

At 98, control is returned to the main program. 



* 

* 

« 

5. Other Information 

A. SUBROUTINE READIT is called by the main program only. 

B. SUBROUTINE READIT calls 

1. SUBROUTINE AVPLT 

2. SUBROUTINE ZREADX 

3. SUBROUTINE HEDING from the AVCO library 

4. SUBROUTINE READIN from the AVCO library 

5. SUBROUTINE SETUP from the AVCO library 

6. the IBM system subroutine EXIT 

C. The values of the control codes L0PT and NTHRST (NTHRUST input) 

have the following significance; 

L0PT * 0 3 degree of freedom in rotation trajectory 

* 1 particle trajectory 

9 2 simplified angle of attack trajectory 

■ 3 input trajectory for purpose of calculating drag 
coefficient for specified conditions 

a 4 input wind tunnel conditions table to calculate drag 
coefficient 

NTHRST - 0 no thrust 

■ 1 non-dimensional thrust, THTHO, vs. change in 
altitude from ZfÛN 

• 2 non-dimensional thrust, THTHO, vs. change in time 
from T0N 

D. The matrix of the I0F option codes is given in the following 

table; 

1-29 
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SUBROUTINE ZREADX 

1. Purpose 

SUBROUTINE ZREADX provides information about the size and 

dimension of each input variable it refers to. This information is 

required by the input subroutine READIN. 

2. Input 

♦indicates integer quantities 

NOTE: All input variables are from SUBROUTINE SETUP 

Name 

AA, 27 

AC0N 

AKW 

Common 
Location Description 

PCCUR( 11571-11597) coefficients used by SUBROU- 
TINE ADD under the designa¬ 
tion E; preset in SR2490 

AC0E, 140 PCCUR(5881 -6020) 

NIMPUT 

coefficients used in SUBROU¬ 
TINE MISC to define the free 
space radar cross section of 
the decoy 

exponent for scale factor, 

(CC0N) 
AC0N 

on transition 
electron density n 

NIMPUT 

et 

Iijíatíil4Jill! tlvifar fVtv* 

wake calculations in Btu/ 
{ft- R-hr) 

1-31 

Preset 
Value 

AA(I) =1.0 
if I is 3, 6, 
9,... 27; 
otherwise 
AA(I) = 0. O 

0. 0 

1.0 



2. Input (Cont'd) 

Name 

AL0W, 20 

AMULT, 20 

BCB, 40 

BC0N 

BCD, 40 

BCV, 40 

BCWL1, 40 

BCWL2,40 

BCWL3.40 

BCWR1.40 

BCWR2, 40 

Common 
Location Description 

Preset 
Value 

MIN lower limits for independent 0. 0 
variables 

multipliers for each term in 
the penalty equations in FEV 

PCCUR(6l81-6220) lower corridor limits for 
ballistic coefficients 

NIMPUT exponent for scale factor, 

(CC0N), on dec0y 
rate B1 

1. 0 

0. 0 

1. o 

PCCUR(6101-6140) 

PCCUR(6021-6060) 

PCCUR(6501 -6541 ) 

PCCUR(6581-6620) 

PCCUR( 6661-6700) 

PCCUR(626l -6300) 

PCCUR( 6341-6380) 

lower corridor limits for 
deceleration 

lower corridor limits for 
velocity 

lower corridor limite for 
wake length at first radar 
frequency 

lower corridor limits for 
wake length at the second 
radar frequency 

lower corridor limits for 
wake length at the second 
radar frequency 

lower corridor limits for 
wake cross section at 
first radar frequency 

lower corridor limits for 
wake cross section at 
second radar frequency 

0.0 

0.0 

0. 0 

0.0 

0.0 

0.0 

0.0 



2. Input (Cont'd) 

Common 
Mame Location Description 

BCWR3,40 PCCUR(6421-6460) lower corridor limits for 
wake cross section at third 
radar frequency 

BETAPL, 160 PCCUR{641-800) ballistic coefficients input for 
reference reentry veheile 

BETAZ, 10 CWAKE atmospheric density scale 
height for wake calculations •• 
units of 1000 feet. 

BTWEN DRCSEC 

BZER0 DRCSEC 

B2 DRCSEC 

B3 DRCSEC 

B21 NIMPUT 

B22 NIMPUT 

B23 NIMPUT 

B24 DRCSEC 

CAL0W, 20 MIN 

CC0N 0CCUR(3963) 

CNE DRCSEC 

scaling constant in FL0WF 

scaling constant in RCSEC 

scaling constant in RCSEC 

scaling constant in RCSEC 

scaling constant in FL0WF 

scaling constant in FL0WF 

scaling constant in FL0WF 

scaling constant in RCSEC 

lower bounds for constrained 
items in penalty equation 

base of scale factor for 
decoy rate and transition 
electron density 

transition electron density 
when non-linear production 
terms are considered in 

- turbulent wake, used in RCSEC 

1-33 
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Î ¡iiivj 1 ¡''til fil! 

tlsji IpO iligj 

Preset 
Value 

0.0 

0.0 

0.0 

1.0 



2. Input (Cont'd) 

Name 

CMUMB, 169 

CRH(ÿW 

CTP, 20 

HFT TA XJ JCrnt X~J X X* 

DELWH 

DELX, 20 

DHCHEM 

DSB 

DTABL, 220 

Preset 
Description Value 

preset constant used in 
FL0WF and RCSEC, set 
in preset dev.k 

heatshield specific heat used 
in the wake calculations of 
FL0WF, Btu/(lb-°R) 

upper bounds for constrained °* 0 
items in the penalty equation 

estimate of the determinant of 
the H matrix of DAVDON 

heatshield thickness in inches 
used in wake calculations of 
FL0WF 

D0PT inDAVDON» finite difference 
increments; in ROSBRK, the 
initial step sizes. 

NIMPUT chemical enthalpy of heatshield 
in FL0WF (ft2/sec2) 

DRCSEC additional radar cross section 
due to consideration of non¬ 
linear production terms in 
turbulent wake in RCSEC 

TBLS12 electron density as a function 
of normalized enthalpy, ratio 
of ablation to boundary layer 
air, and air density for 1000 
PPM sodium seed 

1-34 

Common 
LigaJiaa 

NIMPUT 

NIMPUT 

MIN 

F0PT 

NIMPUT 

.... 



2. Input (Cont'd) 

Name 

DVH, 50 

DVL, 50 

DX 

EMCTBL, 12 

ENTABL, 225 

ERNRTB, 10 

ERNTBL, 80 

ERNUTB, 8 

jLirviv 

Common Preset 
Location Description Value 

PCCUR( 11607-11656) input values of design variables 0.0 
for second perturbation of 
comparison decoys 

PCCUR(11657-11706) input values of design variables 0.0 
for first perturbation of 
comparison decoys 

DRCSEC numerical step size used in 
finding wake length 

TBLS12 cone Mach number array, one 
of the coordinates of the table of 
Mach number, M, as a function 
of cone half angle THETAC and 
cone Mach number MC in FL0WF 

TBLS12 

TBLS12 

TBLS12 

TBLS12 

F0PT 

table of nc, electron density in 
e/cc, as a function of h/RT0, 
normalized enthalpy, and P/P01 
air density ' 

array of air densities,, in Ibm/ - 
ft^ in table of equilibrium normal 
shock electron density table as a 
function of j> and velocity 

equilibrium normal shock electron - 
density table in e/cc. whose 
coordinates are density, ERNRTB, 
and velocity, ERNUTB 

array of velocities in 1000 ft/sec - 
which are coordinate of ERNTBL 

if IPR0C * 3 (Davidon's method), 0. 01 
stopping tolerance on transformed 
gradient; if IPR0C « 1 or 5 and 
LIMIT * 0, the accuracy require¬ 
ment for the Fibonacci search in 
the physical units of the independent 
variables 



» 

2, Input (Cont'd) 

Common 
Name Location 

ETABL, 132 TBLS12 

FAC F0PT 

FGSM NALTFG 

FRQ1 CWAKE 

FRQ2 CWAKE 

FRQ3 CWAKE 

H, 40 PCCUR(5841-5880) 

HH, 1600 BLK0 

HSTABL, 25 TBLS12 

IC0M, 200 IXC0M* 

PeBcription 

table of Mach number, M, as 
a function of cone Mach number 
EMCTBL and cone half angle 
TP U'VU T X jn X JD Xj • 

if non-zero, the value which 
is given to the diagonal elements 
of the H matrix in DAVDON 
while non-diagonal elements are 
zeroed. 

multiplier on the step size 
limit, FGSM*(f/g ), in the 
SUBR0UTINE REÃDY in the 
Davidon method 

first radar frequency 

second radar frequency 

third radar frequency 

altitudes for the corridor 
tables and for the radar 
measurement errors 

upper right triangular input 
of the initial elements of H 
matrix in DAVD0N 

array of h/RT which is a 
coordinate of the electron 
density table, ENTABL 

multi-purpose input array, 
see user manual 

10CCUR(314)* interger code which determines 
units of radar cross section; 
if = 3, RCS in decibels, if = 4, 
RCS in square meters 

1-36 
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Preset 

1.0 

4.0 

cycles/sec 

cycles/sec. 

cycles/sec. 

0.0 

T 

4 

0 

4 



2. Input (Cont'd) 

t 

4 

* 

Name 

IDC, 50 

IDN0, 50 

IEX 

IGDH, 20 

IGDL, 20 

IN 

IND 

IND2 

I0P, 90 

IPNT 

Common 
Location 

IDN0S* 

IDNQfS* 

I0PT# 

IGÜHL*!* 

IGDHL* 

I0PT* 

CWAKE* 

DRCSEC* 

I0CCUR(I-9O)* 

I0PT* 

Preset 
Description Value 

identification array, the 0 
values are the indices of the 
constraints in the 0CCUR array 

identification array, the values 0 
are the indices of the design 
parameters in the 0CCUR array 

the exponent of the penalty 2 
function 

locations in the OCCUR array of 0 
the first terms used in obtaining 
the general differences in MISC 

locations in the OCCUR array 0 
of the second terms used in 
obtaining the general differences 
in MISC 

the number of design variables 1 

printout option control in 
FL0WF 

if IND 2 « 0, no output is 
generated by RCSEC. If 
IND 2 * 1, intermediate 
steps are printed out 

input integer code, 
see user manual 

not used currently 

IPR0C I0PT* optimizer selection code, 1 
see user manual 

* 

* 
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► 

2* input (Cont'd) 

Common 
Name Location 

IRAND KÿPT* 

IREF I0CCUR(3O1) 

ISEN1 SENSE « 

ISEN2 SENSE * 

IWAKE CWAKE* 

IWPRNT CWAKE * 

K MINSK * 

LIMIT I0PT * 

Ml» Ck Q pt f- 

Description Value 

number of random starting 0 
points to be used inDavidon 
method 

trajectory processing option 1 
code; value of 1, calculate 
R/V trajectory or other mis¬ 
cellaneous calculations; value 
of 2, calculate and compare 
decoy trajectory; value of 3, 
input an R/V trajectory 

DAVDJDN printout control q 

not used currently q 

number of entries in the wake- 
altitude table, WKALT 

print option in WAKE 

not used 

in the one variable Fibonacci, 30 
number of times the function 
will be calculated unless = 0, 
then the value of ERR determines 
the number of times. In Davidon 
method, maximum number of 
iterations. In Rosenbrock's 
method, limit on the number of 
successful steps taken on each 
variable. In the two variable 
Fibonacci method, (LIMIT)2 + 1 
is the number of times the function 
will be calculated. 

» 

# 
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2. Input (Cont'd) 

Common 
Name Location 

LPL0T I0CCUR(3O2)* 

LRED 0WL * 

MODE I0CCUR(3O3)* 

NALT NALTFG * 

NC0MDV.5O I0CCUR(91-140)+ 

NC0NS I0PT+ 

Description 

number of trajectory points 
in the input R/V trajectory 
for M0DE = 3 

the maximum number of 
times that the factor WRF 
can be applied, see REDUCE 

fundamental option code; if 
= 1 single trajectory calcula¬ 
tion, input trajectory, or 
wind tunnel conditions used to 
find drag coefficients; if = 2, 
R/V decoy comparison and 
influence coefficient calcula¬ 
tions are performed; if = 3, 
optimization calculations are 
performed. 

alternate logic for step size 
in SUBROUTINE READY 

identification code numbers 
(indices ia 0CCUR array) 
o£ design variables to be 
perturbed under MjtDE « 2 
influence coefficient calcula¬ 
tions 

number of entries in constraint 
table 

Preset 
V alue 

1 

0 

3 

0 
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2. Input (Cont'd) 

Name 

NCP 

NDEC0Y 

NDVCH 

NPA 

NPV, 160 

NSTWL 

OVECT, 20 

Common 
Location Description 

i0CCUR(3O4)* number of corridor points 

IQÍCCUROOS)’«' vehicle type identification code; 
if = 1, R/V or one basic decoy; 
if = 2, one perturbation of each 
design variable; if = 3, two 
perturbations on each design 
variable 

10CCUR(3O6)* number of entries in NC0MD.V 
table, i. e., number of design 
variables 

I0CCUR(3O7)* number of entries in NPV table 
for influence coefficient plots 

I0CCUR( 141-300)* index of altitudes for influence 
coefficient plots 

DRCSEC* maximum number of steps 
used to compute wake length 

0WL initial values of the design 
variables 

* 

► 

Preset 
V alue 

1 

1 

1 
♦ 

1 
» 

1 

5.0 
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2. Input (Cont'd) 

Common 
Name Location Deacription 

PFD PCCUR( 11757} probability of falae 
dismissal of an R/V, 
see EFFECT 

PHI1, 10 CWAKE 

PHIZ, 10 CWAKE 

PHI3, 10 CWAKE 

PR AND F0PT 

RHl/iSL NIMPUT 

RH0W NIMPUT 

RSTABL, 9 TBLS12 

RTO NIMPUT 

SB, 40 PCCUR( 6821-6860) 

SD, 40 PCCUR(6781-6820) 

SIGNL1 CWAKE 

look angle for radar of the 
first fre^nency 

look angle for radar of the 
second frequency 

look angle for radar of the 
third frequency 

random step size control 
for DAVD0N 

sea level density in 
lbm/ft3 in FL0WF 

heatshield density in 
lbm/ft3 in FL0WF 

array QÎ ! Û which is a 
coordinate of tnp electron 
density table ENTABL 

the reference enthalpy in 
FL0WF inft2/sec2 

thi standard deviation of radar 
measurement errors for 
ballistic coefficient 

standard deviation of radar 
measurement errors for 
deceleration 

noise level for wake length 
definition at first frequency 

1-41 

Preset 
Value 

0. 0 

0. 0 

0.0 

0.0 
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2, Input (Cont'd) 

Name 

SIGN L 2 

SIGNL3 

SMULT, 25 

SRS, 9 

SV, 40 

SWLI.40 

SWL2.40 

SWL3.40 

SWR1, 40 

SWR2.40 

SWR3.40 

Common 
Location Description 

CWAKE noise level for wake length 
definition at second frequency 

CWAKE noise level for vrake length 
definition at third frequency 

mULT multipliers of special penalty 
terms in SUBROUTINE 
SCREEN 

PCCUR( 11598-11606) number of smooth radar samples 

PCCUR(6741-6780) standard deviation of radar 
measurement errors for 
velocity 

PCCUR(6981-7020) standard deviation of radar 
measurement errors for wake 
length at first radar frequency 

PCCUR(7021-7060) standard deviation of radar 
measurement errors for wake 
length at second radar frequency 

PCCUR(7061 .7100) standard deviation of radar 
measurement errors for wake 
length at third radar frequency 

PCCUR( 6861-6900) 

y 

PCCUR( 6901-6940) 

standard deviation of radar 
measurement errors for wake 
cross section at first radar 
frequency 

standard deviation of radar 
measurement errors for 
wake cross section at second 
radar frequency 

PCCUR(6941-6980) standard deviation of radar 
measurement errors for 
wake cross section at third 
radar frequency 
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Preset 
Value 

1. 0 

0. 0 

0. 0 

0. 0 

0. 0 

0.0 

0.0 

0.0 

0.0 
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2. Input (Cont'd) 

* 

« 

Name 

TAB B 

TAU 1 

TAU2 

TAU3 

TCB.40 

TCD.40 

TCV, 40 

TCWLI, 40 

TCWL2, 40 

TCWL3.40 

TCWR1, 40 

TCWR2, 40 

Common 
Location 

NIMPUT 

CWAKE 

CWAKE 

CWAKE 

PCCUR(622I-6260) 

PCCUR(6141-6180) 

PCCUR(6061-6100) 

PCCUR( 6541-6580) 

PCCUR( 6621-6660) 

PCCUR{6701-6740) 

PCCUR{6301-6340) 

PCCUR(6381-6420) 

Description 

ablation temperature in °K 
of the heatshield used in 
FL0WF 

pulse length for radar of 
first frequency in^sec. 

pulse length for radar of 
second frequency iiyK sec. 

pulse length for radar of 
third frequency insec, 

upper corridor array for 
ballistic coefficient 

upper corridor array for 
deceleration 

upper corridor array for 
velocity 

upper corridor array for wake 
length at first radar frequency 

upper corridor array for wake 
length at second radar frequency 

upper corridor array for wake 
length at third radar frequency 

upper corridor array for wake 
cross section at first radar 
frequency 

upper corridor array for 
wake cross section at 
second radar frequency 

t 
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Preset 
Value 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 



2. Input (Cont'd) 

Name 

TCWR3.40 

THTTBL, II 

TPL0T, 160 

UP, 20 

VOGPLT, 160 

VPL0T, 160 

WKALT, 10 

WL1P, 160 

WL2P, 160 

WL3P, 160 

Common 
Location Description 

PCCUR(6461 -6500) upper corridor array for 
wake cross section at third 
radar frequency 

TBLS12 array of cone half angle which 
is a coordinate of the M vs. 
THE TAC and MC table, ETABL 

PCCUR(1-160) 

MIN 

PCCUR(481-640) 

PCCUR(321 -480) 

CWAKE 

tab! of times for the input 
re y vehicle trajectory 

vector of upper bounds on 
design variables 

table of deceleration (V/g) 
for input RAr trajectory in 
g's 

table of velocities for input 
R/V trajectory in ft/sec 

altitudes correspond to the 
scale height and look angle 
input tables used in 
SUBROUTINE WAKE 

PCCUR( 1281-1440) input wake length at the 
first radar frequency for 
the input R/V trajectory 

PCCURI1441-1600) input wake length at the 
second radar frequency for 
the input R/V trajectory 

PCCUR( 1601-1760) input wake length at the 
third radar frequency for 
the input R/V trajectory 

Preset 
Value 

0. 0 

0. 0 

0.0 . 

0.0 

0. 0 

0.0 
« 

0.0 

0.0 



2, Input (Cont'd) 

* 

4 

* 

1 

Common 
Name Location Description um.. 

WRF 0WL generalized reduction factor 
• DirnTTPF 

WR1P, 160 PCCUR(801 -960) input wake cross section at 
the first radar frequency for the 
input R/V trajectory 

WR2P, 160 PCCUR(961-1120) input wake cross section at 
the second radar frequency 
for the input R/V trajectory 

WR3P, 160 PCCUR(1121-1280) input wake cross section at 
the third radar frequency 
for the input R/V trajectory 

WSTALT CWAKE starting altitude for wake 
calculation 

XCC&M, 200 IXC0M 

XDTABL, 11 TBLS12 

X2B0D DRCSEC 

X3B DRCSEC 

YD TABL, 11 TBLS12 

multi-purpose input array, 
see user manual 

array of air density ratios, 
P'Pa , which is one of three 
coordinates of the electron 
density table D 

two body overdense length 
jn f“* c TT* 
111 Viw* C#ids w 

station where linear production 
terms first dominate the non¬ 
linear production terms in 
iXKtOJBéXj 

the array of h/RTQ values which 
is one of three coordinates of the 
electron density table D. 

t-45 

Preset 
Value 

0. 0 

0.0 

0.0 
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2, Input (Concl'd) 

Common 
Name Location Description 

ZDTABL, 11 TBLS12 the array of ratios of 
ablation to boundary layer 
air, Mra^, one of three 
coordinates of the electron 
density table D 

ZNUS TBLS12 sea level collision frequency 
in cps used in FLÖWF 

ZPL0T, 160 PCCURU61- 320} altitudes for the input R/V 
trajectory 
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Preset 
Value 

0. 0 

f 

» 

* 
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* 

* 

♦ 

f 

1 

3. Output 

^indicates integer quantity 

Common. 
Name Location Deacription 

see input for DTABL 

see input for IDN0 

see input for IPC 

single three dimensional table which 
incorporates the three independent 
variables of the D table; the second 
integer indicates the related independent 
variable in the following manner: 

1 indicates XDTABL values 
2 indicates YD TABL values 
3 indicates ZDTABL values 

In addition, all input quantities not mentioned above are output with no 
change in name. 
4. Numerical Procedure 

SUBROUTINE ZREADX caUs SUBROUTINE SETUP, and entry point 

for SUBROUTINE READIN, once for each input variable it refers to. 

These calls provide READIN with the length and dimension of each of these 

input variables. All of the calls to SETUP could not be included in one 

subroutine because it would then have been too large for the compiler to 

handle. The remaining calls to SETUP are made in SUBROUTINE READIT. 

5* Other Information 

D, 220 TBLS12 

101,50 IDN0S* 

ID 2, 50 IDN0S* 

XYZTBL(11,3) TBLS12 

A. SUBROUTINE ZREADX is called by SUBROUTINE READIT only. 

B. SUBROUTINE ZREADX calls SUBROUTINE SETUP only. SETUP 

is an entry point to READIN. 
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1.4 Presetting Operations 

Preset values are defined by the three subroutines - SR2490, 

ZPRM, and ZPRS. The preset values for the curve fit co¬ 

efficients Ai and Bi are assigned in SUBROUTINE ZPRS. 

SUBROUTINE SR2490 presets primarily quantities used in 

the trajectory computations, while the quantities of ZPRM 

are related for the most part to the optimization calculations. 



iWwMiiIimmhiiwihiumw 

SUBROUTINE SR2490 

1. Purpose 

SUBROUTINE SR2490 presets the values of many of the input 

variables. 

2. Input 

Name 

A, 514 

B, 21 

Common 
Location 

0CCURi[3Ol-814) 

0CCUR(823-843) 

Source ct 
Input 

ZPRS 

ZPRS 

Description 

curve fit coefficients 

cure fit coefficints 

3. Output 

Name 

A, 514 

AA, 27 

Common 
Location 

0CCUR(3O1-814) 

Description 

curve fit coefficients 

PCCUR( 11571-11597) coefficients used in 
FUNCTION ADD 

ALST 

B, 21 

0CCURÜ22) »topping angle of attack 

0CCUR(823-843) curve fit coefficients 

1-49 

Preset 
Value 

see ZPRS 

see ZPRS 

Preset 
Value 

see ZPRS 

1. 0 for index 
which is a 
multiplier of 
3, otherwise 
zero 

0. 2 degrees 

see ZPRS 



3. Output (Cont'd) .. 

Name 

C 

CAPO 

CD0WN, 16 

CHIGH, 16 

DELIN 

FACTRI 

G 

GAMMA 

IMPL0T* 

I0P, 90* 

IREF* 

ISP 

» 

Common 
Location Description 

Preset 
Value 

0CCUR(115) multiplier on stagnation 1.0 
heating to perturb mass loss 

0CCUR( 19) gravitational acceleration, 
preset to 32. 21852 ft/sec ^ 

0CCUR(3549-3564) array of lower bounds on 0.00001 
integration accuracy 

0CCUR(3533-3548) array of upper bounds on 0. 0001 
integration accuracy 

0CCUR{18 7) 

0CCURU89) 

0CCUR(27) 

maximum allowable delta -2000. 0 ft. 
of integration in ADM4RK 

numerical factor, 
preset to (. 002375 slug) * 

conversion factor for 32. 174 Ibm/slug 
changing slugs to Ibm. 

0CCUR( 28) ratio of specific heats for 1,4 
air 

I0CCUR(3O9) 

I0CCURU-9O) 

I0CCUR(3O1) 

0CCUR(222) 

test parameter for opening 0 
plot file 

option codes for decoy 1 
optimisation 

integer control code which 1 
must be 1 or 2 for the reentry 
vehicle and 2 for decoy 
optimisation calculations 
(program changes this to 2 
after R/V case) 

specific impulse 1.0 sec. 

¥ 

¥ 
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3. Output (Cont'd) 

Name 

L0PT* 

LP* 

LPL0T* 

MAT LN 1* 

MAT LN 2* 
♦ 

MW 
* 

MXTABl* 

MXTAB2* 

NC0MDV, 50* 

NCP* 

NDEC0Y 

Common Preset 
Location Description Value 

N0CCUR(O7) trajectory option control 1 
code 

0CCUR(4OOO) error control code 1 

I0CCUR(3O2) the number of altitudes for 1 
which information is output 
from VIXEN 

N0CCUR(2O) material option control code 1 
for initial configuration 

Ni)CCUR(21) material option control I 
for configuration after shape 
change at ZTURN 

0CCUR( 117) molecular weight of air 28.9 gram/ 
mole 

N(tX:CUR(l6) 

N0CCUR(17) 

I0CCUR(91-140) 

I0CCUR(3O4) 

number of values in X /D, 1 
c.g. 

I, table for initial configuration 

number of values in X /D, 1 
C» g 

I, Ix table for configuration 

after shape change 

identification codes of 133 
variables to be perturbed 
in the optimization 

number of elements in the array 1 
of input corridor limits 

I0CCUR(3O5) test parameter for influence 1 
coefficient plots 
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3. Output (Cont'd) 

Name 

NDVCH* 

NGE0M* 

NPA* 

N PRINT* 

NPV, 160* 

PI 

R 

RE 

SIG 

TABIX1, 50 

TAB 1X2, 50 

TABU, 50 

Common 
Location 

I0CCUR(3O6) 

N0CCURÜ5) 

I0CCUR{3O7) 

N0CCUR(14) 

I0CCUR(14I-3OO) 

0CCUR(42) 

0CCUR(57) 

0CCUR(63) 

0CCUR(116) 

Description 

input control code for 
matching subroutine 

geometry input option code 

the number of altitudes 
which influence coefficients 
will be plotted 

print code option 

array containing the indices 
of altitudes at which influence 
coefficients will be produced 

mathematical constant, 
preset to 3. 141592653589793 

gas constant for air, 
ft-lb preset to 53. 5 
lbm-°R 

radius of the earth 

collision cross section of 
air 

0CCUR(3033-3082) transverse moment of inertia 
I for initial configuration 
XA 

0CCUR(2933-2982) 

I for configuration after 
XX 

shape change at ZTURN 

moment of inertia 1*1 * X yy zz 
for initial configuration 

Preset 
Value 

1 

20902290. ft 

3.5 A9 

1. 0 slug-ft^ 

2 0CCUR(3O83-3132) transverse moment ôf inertia 1. Oslug-ft 

1. 0 slug-ft 
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3, Output (Cont'd) 

Name 

TABI2, 50 

TEC0N 

unit 

rpç; i-p 151 

TWST 

TWI 

TW2 

XL0W 

XUP 

Common 
Location Deecription 

OCCUR(2983-3032) moment of inertia I = I * I 
yy zz 

for configuration after shape 
change at ZTURN 

0CCUR(78) limit on time for one 
cycle in angle of attack 

0CCUR( 132) 

0CCURU23) 

0CCUR(143) 

0CCURU49) 

0CCÜRU68) 

0CCUR(238) 

0CCUR{237) 

internal temperature of 
vehicle used in iterative mass 
loss calculation to find tempera¬ 
ture gradient 

stopping time 

effective wall temperature 
used in rarefied flow region 

input initial wall temperature 
for the initial configuration 

input initial wall temperature 
for the configuration after 
shape change 

the value of the interaction 
parameter J? which marks 
the beginning of the fully 
laminar flow regime and the 
end of fairing between continuum 
and strong interaction 

the value of the interaction 
parameter J which marks the 
end of the strong interaction 
and the beginning of fairing 
region between strong inter¬ 
action and continuum flow 

Preset 
Value 

l, 0 a lug-ft 

2.0 sec, 

500, 0°R 

100, sec, 

580. °R 

1200. °R 

1200. °R 

4.0 



3- Output (ConeI'd) 

Common 
Name Location 

X1L0W 0CCURU4Ö» 

X1UP 0CCUR(239) 

ZBAR 0CCUR( 120) 

ZETA 0CCUR(93) 

ZPRl Q)CCUR(118) 

ZTURN <JCCUR( 145) 

Preset 
Description Value 

the value of the rarefaction 0, 2 
parameter X j which marks 

the end of fairing reglen between 
the transitional free molecule and 
the strong interaction and the 
beginning of strong interaction 
regime 

the value of the rarefaction 0,4 
parameter X , which marks 

the beginning of fairing region 
between transitional free molecule 
and stroxig interaction and the end 
of the free molecule transitional 
flow regime 

altitude at which altitude print -10000. 0 ft, 
increment changes 

accommodation coefficient 0. 9 

initial altitude print increment 100C0, ft, 

altitude at which a discontinuous -1. 0 ft. 
shape change occurs 
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4. Numerkdi Procedure# 

Ai a first step 5R249Q »et» all of the element» in the lour 

common arraya I0CCUR, M0CCUR, OCCUR and PCCU'R equal to zero. 

I hen the values of those element# which should not be zero ire reset to 

their proper values. At the end of SR249Ö, SUBROUTINE ZPRS I« called 

to accomplish the resetting of the A and. B arrays which are stored in the 

0CCUR common block. 

5. Other Information 

A. SUBROUTINE SR¿490 is called by MAIN only. 

B. SUBROUTINE SR2490 call» SUBROUTINE ZPRS. 
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SUBROUTINE Z PRM 

1. Purpoae 

SUBROUTINE ZPRM presets the values of some of the variables 

used in the program. 

None 

3, Output 

-‘indicates an integer quantity 

Common 
Name Block 

AL0W, >0 MIN 

Preset 
.YMue Description 

0* 0 lower limits on independent variable® 

ALPHA XC0M(1) 3.0 multiplier used to obtain new step 
•iæe from previous step size for 
a successful step in RÊ6BRK 

AMULT, 20 MIN 
multipliers for each term in the 
penalty equations 

BETA XC0MÍ2) .5 multipler whose negative is used to 
obtain a new step si« from the 
previous step size after an 
unsuccessful step in R0SBRK. 

CAL0W, 20 MIN 

C TP, 20 MIN 

0.0 

0.0 

1-56 

lower bounds for constrained items 
in the penalty equation 

upper bounds for constrained items 
in the penalty equation 
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Mams. 

DEL 

DE LX, 20 

ERR 

FCSM 

GAMMA 

ICÍÔM^ZOO 

IEX* 

IGDH*, 20 

IGDLf, 20 

IN* 

IPR0C* 

IRAMD* 

ISEN1* 

Common Pre$et 
.Jlfifij  .Vaine Detcription 

XC0M(4) ,01 multiplier u»ed in obtaining the limiting 
value on function U in R0SBRK 

D0PT 

P0PT 

. 001 ln DAVD0N, finite difference 
increment»; in R0SBRK, the 
initial itep size«. 

0.01 See input description for ZREADX 

NALTFG 4.0 

XC0MÍ3) 0,5 

multiplier on step size limit, 
FGSM*(f/gg), in SUBROUTINE READY 

multiplier used to redefine step 
size after a failure 

IXC0M all 0 multi-purpose input array, see 
user manual 

I0PT 

* /m ip. T» f 
L'«jri—' triX-j 

IGDHL 

iOpt 

I0PT 

I0PT 

SENSE 

2 the exponent of the penalty function 

0 locations in the 0CCUR array of the 
first terms used in obtaining the 
general differences in MISC 

0 locations in the CCCUR array of the 
second terms used in obtaining the 
general differences in MI3C 

1 the number of design variables 

1 optimizer selection code, see 
user manual 

0 number of random starting points to 
be used in the Davidon method 

0 DAVD0N printout control 
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3, Output .. 

Name 

ISEN 2’!' 

LIMIT* 

NALT* 

NC0NS* 

0VECT, 20 

PRAND 

RATU 

WRF 

Common 
Block 

SENSE 

I0PT 

NALTFG 

I0PT 

0WL 

F0PT 

XC0M(5) 

SM.ULT, 25 MULT 

TOL XC0M(6) 

UP. 20 MIN 

0WL 

4. Numerical Procedure* 

Preset 
Value 

0 

30 

0 

1 

5.0 

0.0 

0.5 

1.0 

0.0001 

0.0 

0.9 

Description 

not used currently 

see input description of ZREADX 

code for alternate logic for step 
size in SUBROUTINE READY 

number of constraints» 

initial values of the design variables 

random step size control for DAVD0N 

input, tolerance on quantity URAT, 
described in text of R0SBRK 

multiplier on penalty function used 
in SUBROUTINE SCREEN 

input accuracy test parameter 

vector of upper bounds on design 
variables 

generalized reduction factor in 
SUBROUTINE REDUCE 

No special numerical methods are required. The setting of values 

is accomplished in the usual FORTRAN arithmetic type statements 
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5 Other Information 

« 

if 

A, ZPRM Is called by MAIN only. 

B, ZPRM does not call or reference any subprogram. 

# 



SUBROUTINE ZPRS (A, B) 

1, Purpose 

SUBROUTINE ZPRS defines the elements of the A and B arraye 

which are coefficients of the curve fits contained in various other subroutines 

of the program. 

2. Input 

There are no input quantities to SUBROUTINE ZPRS. 

3. Output 

B( 1 ) through B(21) , Coefficients for the probability distribution between 

free molecule and continuum flow regimes. These 

are used in SUBROUTINE DRAGC0. 

A(ll) through A(37) Coefficients used in finding maxima and minima 

in SUBROUTINE VIXEN. 

A(41) through A(58) Coefficients used for calculating blunt cone pressure 

distributions for cone half angles greater than or 

equal to 20 degrees in SUBROUTINE AER0DY. 

A(9o) through A(104) Coefficients used for calculating edge temperatures 

in SUBROUTINE PRELIM. 

A(105) through A(llo) Coefficients used for calculating specific heat at 

constant pressure when temperature is in the range 

7QÖ to 5000 degrees Rankine inclusive. They are 

used in SUBROUTINE PRELIM. 



A( 111 ) and A( 112) 

A(135) through A(161) 

A(16Z) through A(173) 

A(174) through A( 193) 

A(200) through A(2u7) 

A( 211/ through A( 246) 

A(247) through A{282) 

A(283) through A(290) 

Coefficients used for calculating specific heats 

at constant pressure when temperature is greater 

than 5000 degrees Rankine. They are used in 

SUBROUTINE PRELIM. 

Coefficients used for blunt cone pressure distributions 

for cone half angles less than 20 degrees. They 

are used in SUBROUTINE AERODY. 

Coefficients used for calculating TSTAR in SUB¬ 

ROUTINE DR AGCO. 

Coefficients used for calculating free molecule drag 

coefficients on the spherical nose. They are used in 

SUBROUTINE DR AGCO. 

Coefficients used in calculating the strong interaction 

drag coefficients for cone half angles less than 

15 degrees. They are used in SUBROUTINE 

DR AGCO. 

Coefficients used to determine blunt cone forebody 

pressure drag coefficients for cone half angles 4 to 

10 degrees inclusive. They are used in SUBROUTINE 

DR AGCO. 

Coefficients used to determine the blunt cone fore¬ 

body pressure drag coefficient for cone half angles 

greater than 10 and less than or equal to 20 degrees. 

They are used in SUBROUTINE DR AGCO. 

Coefficients used to determine the shape factor 

for calculating laminar induced drag coefficients. 

They are used in SUBROUTINE DR AGCO. 



A(3üQ) through A(311) 

A(312) through A{347) 

A(348) through A(38J) 

A(384) through Ai 399) 

A{4ûu) through A(420) 

Â(421) through A(456) 

Coefficiente used to calculate the transition 

altitude. They are used in SUBROUTINE 

PRELIM. 

Coefficients used to determine the blunt cone 

forebody pressure drag coefficient for cone half 

angles greater than 20 and less than or equal to 

40 degrees. They are used in SUBROUTINE 

DRAGC0. 

Coefficients used to determine the ratio (Cd with 

angle of attack effects^(C, for angles of attack of 
P 

zero), where the absolute value of the angle of 

attack is greater than 4 and less than or equal to 

40 degrees. If the absolute value of alpha is 

greater than 40 degrees then alpha is set equal to 

40 degrees. They are used in SUBROUTINE 

DR AGCO. 

Coefficients used in calculating the strong interac¬ 

tion drag coefficient for cane half angles greater 

than or equal to 15 degrees. They are used in 

SUBROUTINE DRAGC0. 

Coefficients used to determine A(118), A(119) and 

A(120) in SUBROUTINE DRAGC0 to calculate 

turbulent skin friction drag coefficient. 

Coefficients used to determine the ratio (Cd with 

angle of attack effects^q for angle of attack of 
P 

zero), where the absolute value of alpha is less 

than 4 degrees and greater than aero. They are 

used in SUBROUTINE DRAGC0. 
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A(457) through A(471) Coefficients used to determine the bluntness 

correction to the skin friction drag coefficient 

for a bluntness ratio greater than or equal to u. 2, 

They are used in SUBR0UTINE DRAGC0. 

A(472) through A(486) Coefficients used for the same purpose as A{457) 

through A(4?l) when the bluntness ratio is less 

than U. 2. They are used in SUBR0UTINE DRAGC0. 

A(487) through A(498) Coefficients used to calculate base drag coefficient 

in SUBR0UTINE DRAGC0 for free stream Mach 

numbers less than 7. 

A(499) through A{510) Coefficients used for the same purpose as A(487) 

through A(498) when free stream Mach number is 

greater than or equal to 7. 

4. Numerical Procedure 

All the elements of the A and B arrays are set equal to zero by 

SUBR0UTINE SR2490, which then calls SUBR0UTINE ZPRS only once for 

each computer run to reset those elements which should not be zero. Array 

A has 514 elements and B has 21 elements. Those elements being reset 

here are set equal to constant numerical quantities. 

5. Other Information 

A. SUBROUTINE ZPRS calls in no other subroutines or functions. 

B. SUBROUTINE ZPRS is called by SUBROUTINE SR2490. 



OPTIMIZATION TECHNIQUES 



Optimization Techniques 

The following sections deal with the subroutines involved in 

the optimization process. In addition to the subroutines 

directly related to the four optimization techniques - the one 

and two variable Fibonacci searches, the Davidon variable 

metric method, and the Rosenbrock rotating coordinate 

method, those related to the penalty function transformation 

- FEV, SCREEN, REDUCE - and the subroutine which cal¬ 

culates the gradient of the penalty function - FCN are described. 



?.. I Penalty Function Transformation 

The subroutines described in this section are FEV which 

defines the penalty function equation, SCREEN which tests 

the design variables against limitations imposed, and RE¬ 

DUCE which controls the sequence of solution-finding oper¬ 

ations in order to produce an optimum solution. 



SUBROUTINE FEV(N, X, VAL) 

1. Purpose 

SUBROUTINE FEV evaluates the penalty function whi;h is being 

optimized for the point described by the N values of the X array. 

2, Input 

♦indicates integer quantity 

Name 
Common 
Block 

Source of 
Input Description 

AMULT, 20 MIN 

C AL0W, 20 MIN 

CUP, 20 MIN 

D CCÄN 

IC0M, 200 IXC0M * 

ID 1, 50 ÏDN0S * 

ZREADX or multipliers for each constraint 
ZPRM penalty term 

ZPRM or lower allowable bounds for 
ZREADX each constraint 

ZPRM or upper allowable bounds for each 
ZREADX constraint; CTP is the name in 

ZREADX 

MAIN penalty function value 

ZREADX or input option 
Mmt Jt, X\ JHw/L 

ZREADX identification numbers for the 
independent (design) variables; 
read in as IDN0 



Z- InPut (ConeI'd) 

Common Source of 
Name Block Input Description 

ID2, 50 

IEX 
X 

ISUC 

LP 

N 

NC0NS 

VAL 

X, 20 

IDÍM0S * ZEEADX identification numbers for the 
constraints; read in as IDC 

I0PT * ZPRM exponent in the penalty equation; 
should be 1 or 2 for Fibonacci 
method; should be 2 for DAVD0N 
method. 

jBe Cr D ITITM 

0CCUR(4OOO)1‘ F123 

integer control code; 
if £ 0, function is calculated; 
if < 0, dummy function is used 

error code 

I0PT# 

FMIMAX or the number of independent 
FCN variables which make up the 

X array 

ZREADX or the number of constraints in the 
ZPRM ID2 (input IDC) table 

SCREEN, F123, the value of the penalty function 
or CLASSC 

FMIMAX or array containing the independent 
FCN variables 



i^lNIMMMHWnilIlINlIUIMMMlIlIMKNlnlww 1*11*1!« 

3. Out£ut 

Name Common Block Description 

D CCRM 

ITERM END * 

N - # 

0CCUR, 4000 

VAL 

see input 

integer control code: zero value 
indicates a non-zero, defined 
penalty function; non - zero 
value indicates a zero or undefined 
function 

see input 

common block 

see input 

X, 20 see input 



4. Numerical Procedure 

SUBROUTINE FEV begins calculations by zeroing the quantities 

ITERM and VAL, The D0 loop ending with statement 10 for values of I 

from 1 to N sets the IZth location in the OCCUR array equal to the Ith 

X value, where IZ has the value ID 1(I). 

If the integer code IC0M(1) is equals 1, SUBROUTINE CLASSIC 

is called in to provide the optimizer with classic check case functions, 

then control passes to statement 22. If IC0MU) is not equal to 1, control 

passes to statement 15 and the calling of SUBROUTINE SCREEN to test 

the design variables against the limits imposed. If the variables are 

outside the limits SCREEN defines a dummy penalty function and sets 

ISUC to a negative number. If the variables are within the limits, ISUC 

is set equal to zero in SCREEN. 

ISUC is then tested in FEV. If less than zero, control passes to 

statement 100, where the penalty function, VAL, and the X array are 

printed out, before the return to the calling subroutine is executed. If 

ISUC is greater than or equal to zero, SUBROUTINE F123 is called to 

determine the reentry vehicle and decoy trajectory data and perform the 

appropriate matching calculations. If the error code LP is greater than 

or equal to 6, indicating a program failure in the trajectory calculations, 

ITERM is set equal to 1, indicating an undefined function, and control 

passes to statement 100. if LP is less than 6, control passes to statement 

20, which calls SUBROUTINE MISC to perform miscellaneous calculations. 

SUBROUTINE EFFECT is then called to calculate the probability that a 

decoy will be discriminated. 



Statement 22 teats the number of constraints, integer code MC0NS; 

if MC0NS equals zero, control passes to statement 100. If MC0NS is 

non-zero, the WRITE statement is executed which prints out the following 

titles: IZ, LOWER BOUND, UPPER BOUND, OCCUR(IZ), PENALTY. 

Next a D0 loop ending with the statement 50 is executed for values of I 

from 1 to NC0NS. At each pass through the D01oop, the Ith value of 

PNLTY is zeroed and the index IZ set equal to the Ith value in the ID2 

array. If 0CCUR(IZ) is less than or equal to the lower allowable bound 

CAL0W(I), the following definition is made 

IEX 
PNLTY(I) * AMULT(I) (|OCCUR(IZ) - CALÒW(I)j) 

and the results IZ, CAL0W(I), CUF(I), 0CCUR(1Z), PNLTY(I) printed out 

before control passes to 50. 

If 0CCUR(IZ) is greater than CAL0W(U control passes to statement 

25. If 0CCURUZ) is greater than CUP(I), PNLTY(I) is defined to be 

IEX 
• PNLTY(I) ■ AMULT(I) {|0CCUR(IZ) - CUP(I)| ) 

then statement 27 is executed. 

If 0CCUR (IZ) is less than or equal to CUP(I), control passes to 

statement 27. Statement 27 causes the printout of the same quantities 

indicated in the previous paragraph, before control reaches statement 50. 

Statement 50 defines the value of the penalty function, VAL, to be the sum 

of the NC0NS values of PNLTY. D is then equated to VAL, before VAL 

is tested. If VAL is greater than zero, control passes to statement 100. 

If VAL is less than or equal to zero, ITERM is set equal to - ltindicating 

a zero function,before 100 is reached. 
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5. Other Information 

A. SUBROUTINE FEV is called by the MAIN program and by the 

following subroutines: 

1. SUBROUTINE FCN 

2. SUBROUTINE R0SBRK. 

3. SUBROUTINE GIMAX 

4. SUBROUTINE MIMAX 

5. SUBROUTINE FMI MAX 

B. SUBROUTINE FEV calls in 

1. SUBROUTINE CLASSC 

2. SUBROUTINE SCREEN 

3. ' SUBROUTINE F123 

4. SUBROUTINE MISC 

5,. SUBROUTINE EFFECT 

C. SUBROUTINE FEV calls in the library function FDXPI. 



SUBROUTINE SCREEN (N, X, ISUC, VAL, D) 

1. Purpose 

SUBROUTINE SCREEN tests the values of up to twenty-five 

elements of the 0CCUR array to determine whether these values lie 

within prescribed limits. If any values lie outside the prescribed 

limits, a quantity E is calculated as a measure of the error. 



2, Input 

All numbers in the COMMON BLOCK column refer to positions in the 
OCCUR array unless otherwise indicated. 

* indicates integer quantity and an NOCCUR location 

Name Source Common Block 

D MAIN or FEV CCRN 

ISP READIT 222 

LAMDA1 READIT 137 

LAMDA2 READIT 143 

LAI READIT 138 

LA2 READIT 144 

NGE0M READIT 15 * 

MTHRST READIT 22 * 

OCCUR, 4000 

PI SRMfO 4.2 

RBI READIT 1» 

RB2 READIT 14,2 

t!fi READIT 1.15 

RN2 READIT MI 
SMULT, 25 ZPRM MULT 

'TH0 READIT 

THETA I READIT .134 

THETA2 READIT .14® 

T0FF READIT Jlf 

T<Z>N .READIT IM 



Units Description 

penalty value 

specific impulse 

RN1/RB1, bluntness ratio of the vehicle initial 
configuration 

RN2/RB2, bluntness ratio of the vehicle second 
configuration (after shape change) 

axial length of vehicle initial configuration 

axial length of vehicle fécond configuration 
(after shape change) 

seconds 

feet 

feet 

vehicle geometry input code 

corresponds to input quantity NTHRUSTj values 0, 1, 
2 indicate respectively no thrust, thrust vs. altitude, 
and thrust vs. time 

common block 

n 
base radius of the vehicle initial configuration 

base radius of the vehicle second configuration 
(after shape change) 

nose radius of the vehicle initial configuration 

nose radius of the vehicle after shape change 

multiplier on penalty function, preset to 1. 0 
input reference thrust level 

cone half angle of vehicle initial configuration 
in degrees 
cone naif angle of vehicle second configuration in 
degrees (after shape change) 
input time of thrust shut off used when NTHRUST 
input is 2 

time of thrust onset used when NTHRUST 
input quantity 

feet 

feet 

feet 

feet 

lb. 

is 2, 

seconds 

seconds 



2. Input (Concl'd) 
i 

1 

Name 

TST 

TO 

W1 

W 2 

Z0FF 

Z0N 

ZST 

Source Common Block 

READIT or SR2490 123 

RE ADIT 102 

READIT 133 

READIT 139 

READIT 206 

READIT 205 

READIT 121 

stopping t 

input initi 

initial we; 

initial we;, 
(after sha 

input altit 
input is 1 

input altit 

input stop 

7TTTPM RFAFITT <£j X Jcv-LN X 145 altitude a’ 



r 
Description Units 

stopping time seconds 

input initial time seconds 

initial weight of vehicle first configuration lb, 

i initial weight of the vehicle second configuration lb. 
(after shape change) 

input altitude of thrust shut off used when NTHRUST feet 
input is 1 (program code is NTHRST) 

input altitude of thrust onset used when NTHRUST is 1 feet 

input stopping altitude feet 

altitude at which shape change occurs feet 



3. Output 

Name Description 

ISUC * 

L AMD Al 

LAMDA2 

LAI 

LA2 

OCCUR, 4000 

RBI 

RB2 

RN1 

RN2 

THETA1 

THETA2 

VAL 

integer control code 

See input 

See input 

See input 

See input 

See input 

See input 

See input 

See input 

See input 

cone half angle of vehicle initial configuration 
in degrees 

cone half angle of vehicle second configuration 
in degrees (after shape change) 

penalty value for FEV 



4. Numerical Procedure 

As a first step. SUBROUTINE SCREEN sets each element of the 

A array and each element of the PENLTY array equal to zero. This 

is done in the D0 loop ending at statement 2. The following sixteen 

statements then initialize some elements of the A, DLL and DUL arrays. 

Next, ZTURN is tested. If ZTURN is less than zero, statement 10 is 

executed next. Otherwise, the values of five more A's are set equal 

to one. This is done in the D0 loop ending at 8, then statement 10 

follows. 

At 10, NTHRST is tested. If NTHRST equals zero, control 

passes to 15. Otherwise, A(ll) is set equal to one and NTHRST is 

tested again. If NTHRST equals 2, control passes to 12. Otherwise, 

two more A's are set equal to one and control is transferred to statement 

15. 

At 12, two additional A's are set equal to one and statement 15 

follows. 

At 15, all of the A's required in calculating PENLTY array have 

been defined and NGE0M is tested. Of the six quantities WT (weight), 

THE TA 1 (cone half angle), RNl (nose radius), RBI (base radius), 

LAMDA1 (RNl/RBl) and LAI (axial length of vehicle), some are input 

and others must be calculated. These describe the initial geometry of 

the vehicle. The corresponding quantities W2, THE TA 2, RN2, RB2, 

L AMD A 2 and LA2 describe the geometry immediately after shape change. 

These must be either input or calculated unless ZTURN is less than zero. 

The value of NGE0M specifies the calculations as follows. 



If N GE 0M equals one, Wl, THETA1, RNi, and RBI have 

been input, then LAMDA1 and LAI must be calculated. W2, THETA2, 

RW2 and RB2 are also input, if ZTURN is greater than or equal to zero; 

similarly in this case LAMDA2 and LA2 must be calculated. These 

calculations are performed starting at statement 18. 

if NGECjM equals 2, Wl, THETA1, RBI, LAMDAl and possibly 

W2, THETA2, RB2 and LAMDA2 have been input,but RNI, LAI, and 

possibly RN2 and LAMDA2 must be calculated. These calculations are 

performed starting at statement 30. 

If NGE0M equals three, Wl, RNl, RBI and LAI and if necessary 

W2, RN2, RB2 and LA2 have been input, but THETA 1 and LAMDAl and 

possibly THETA2 and LAMDA2 must be calculated. These calculations 

are performed starting at statement 40. After performing the necessary 

calculations, control always reaches statement 200 where the accumulator 

E is set equal to zero. 

The D0 loop ending at statement 500 is then executed twenty-five 

times. 0CCURÜZ) is tested to see if it lies between DLL(I) and DUL(l); 

statement 500 is executed next. If not, the value of PENLTY(I) is calculated 

and added to E at 500. 

Next E is tested. If E still equals zero, control passes to statement 

600. If not, ISUC is set equal to zero and control passes to 700. 

At 600, ISUC is set equal to -1, a table of values useful for checking 

the error is printed*VAL is set equal to E + D, and control passes to 

statement 700. 

At 700 control is returned to SUBROUTINE FEV. 



« 

» 

5. Other Information 

A. SUBROUTINE SCREEN is called by SUBROUTINE FEV only. 
* 

B. SUBROUTINE SCREEN references the IBM routines DC0S, DSIN 

and DSQRT and the Avco library function ASINR. 

* 

« 



SUBROUTINE REDUCE (CUP, KRED, IRED, LRED, WRF) 

SUBROUTINE REDUCE can multiply any specified element of the 

0CCUR array by the reduction factor WRF and set the first element of 

the CUP array equal to any specified element of the 0CCUR array multiplied 

by WRF. 

2. Input 

Name 

CUP, 20 

Source 

TTFV J» Xm4 V 

Common Block Description 

vector of upper bounds of 
constraints 

IC0M(3) ZREADX IXC0M 

ID 1,50 ZREADX IDNOS 

ID 2, 50 ZREADX IDN0S 

IRED FEV 

ITERM FEV END 

LRED FEV 

OCCUR, 4000 - 0CCUR 

WRF FEV 

test parameter 

array containing 0CCUR locations 
of the design variables; read in as 
IDN0 

array containing 0CCUR locations 
of the constraints; read in as IDC 

iteration counter 

test parameter; non-zero value 
indicates a penalty function which 
is undefined or zero; zero value 
indicates a non-zero, defined 
penalty function. 

iteration upper limit 

common array 

reduction factor 



3. Output 

Name Common Block Description 

CUP, 20 

IEED 

See Input 

See Input 

KR ED 

0CCUR.4OOO 0CCUR 

test parameter 

See Input 

4. Numerical Procedure 

SUBROUTINE REDUCE first defines IZ as the location in the 0CCUR 

array of the value which may be multiplied by WRF, The value of the 

iteration counter IRED is then increased by one and compared with LRED, 

the iteration upper limit. If IRED equals LRED, statement 100 is 

executed next. If IRED is less than IRED, ITERM is tested; control is 

transferred to 10, 60, and 50 when ITERM is respectively negative, positive 

and zero. 

In the D0 loop starting at 10, the first IN elements of the IDl array 

are compared with IZ. If one of these if found equal to IZ, statement 40 

is executed next. If no equality is found, the statement following 20 will 

test IC0M{3). If IC0M(3) equals one, statement 40 is executed. If 

IC0M(3) equals zero, 0CCUR(IZ) is set equal to WRF*0CCUR(IZ), KRED 

is set equal to zero and control is transferred to 200. 

At 40 CUP(l) is set equal to WRF*0CCUR(IZ). KRED is set equal 

to zero and control goes to 200. 

At 50 KRED is set equal to 1 and statement 200 is executed. 

This is intended for possible future implementation. 



At 60 KR ED is set equal to 1 and control is transferred to 

statement 200. 

At 100 KRED is set equal to -1 then statement 200 is executed. 

At 200 control is returned to the main program where KRED is 

tested. 

If KRED equals zero, MAIN sends control to the appropriate 

optimization technique for another iteration. Otherwise, data for a 

new case is read. 

5. Other Information 

A. ' SUBROUTINE REDUCE is called by the main program, MAIN, 

only. 

B. SUBROUTINE REDUCE does not call or reference any other 

subprogram. 



2. 2 Gradient of the Penalty Function 

The subroutine FCN calculates the gradient of the penalty 

function defined by FEV. The partial derivatives are cal¬ 

culated with respect to the design variables using finite 

difference techniques. 



SUBROUTINE FCN(N, G, F, X, Ml ) 

1. Purpose 

SUBROUTINE FCN must compute the function F and the gradient 

vector G (i. e., the vector whose elements are the first partial derivatives 

of F with respect to the parameters), given the N coordinates of the point 

2. Input 

* indie ates integer quantity 

Name 

F 
FM 

I0P, 90 

Common 
Location 

Source of 

DE LX, 20 DÛPT 

I0CCUR( 1 ■ 

ZREADX or 
ZPR.M 

FEV 
FEV 

* ZREADX or 
SR 2490 

Description 

finite difference increment 
for each variable (should be 
smaller than anticipated 
step sise) 

penalty fane tien value 
penalty function v 
input option code 

ITERM END * 

Ml 

MS BLKI * 

FEV integer control code; a zero 
value indicates 'that function F 
is non-zero and defined; a 
non-zero value indicates 'that 
F is either zero or undefined 

DAVD0N, READX integer control code; is set to 1 
AIM.FIRE for first call of FCN, to 2 for 

each subsequent call up to the 
list, to 3 for last entry to FCN. 

DAVDON or 
STUFF 

integer counter for the 
of random steps 



2„ Input (Concl'd) 

Name 

N 

NPL0T, 5 
X, 40 

3. Output 

Name 

F 

G, 40 

I0P, 90 

Common Source of 
Location Input Description 

- * DAVD0N number of independent 
variables 

N0CCURU4-28) READIT plotting option code 
- DAVD0N, READ Y, independent variable array 

AIM, FIRE 

Common Location 

I0CCUR(1-9O)* 

Description . 

See Input 

the gradient of F at point X 

See Input 

N 

NPL0T, 5 

NPRINT 

X, 40 

* See input 

N0CCURU4-28) * plotting option code 

N0CCUR(14) * option code controlling 
detailed printout of trajectory 
information 

- See Input 

4. Numerical Procedure 

SUBROUTINE FCN begins calculations with a D0 loop, ending at 

statement 416, which d- Tines the 14 elements of the NPSAVE array as 

follows: 



NPSAVE(l-6) 

NPSAVE{7 -11 ) 

NPSAVE( 12-14) 

I0P(64-69) respectively 

NPL0T{l-5) respectively 

I0P(l-3) respectively 

Then, if Ml equals 3, indicating the last call of FCN, the print code NPRINT 

is set equal to 1 to allow detailed trajectory printout, FEV is called to 

calculate the final value of F, NPRINT is reset to zero, and control 

passes to statement 106. If Ml is not equal t¿ 3, control passes to 

statement 5. 

Statement 5 calls SUBROUTINE FEV, then the quantity ITERM is 

tested. If ITERM is not equal to zero indicating a zero or undefined F, 

control passes to 106. If ITERM equals zero, the D0 loop ending with 

statement 417 is executed. Here the values of IÛP (1-3, 64-69) and 

NPL0T (1-5) are zeroed. A second D0 loop ending with statement 105 is 

then employed to define the N elements of the G array. This is accomplished 

by increasing the Ith element of the X array by the Ith element of the DE LX 

array to define the Ith term of new X array, then calling FEV for this 

element of X to define FM. ITERM is tested; if non-zero, control passes 

to 106? otherwise, the Ith term of the G array is defined as G(I) 
DELX(I) * 

The Ith element of DELX is then subtracted from the Ith term of the new 

X array to restore the original value to the X array before statement 105 

is reached. Statement 106 is executed next. 

Statement 106 is the beginning of a D0 loop ending at statement 418, 

which restores the values of lOP(l-3, 64-69) and NPL0T (1-5) which were 

stored in the NPSAVE array. Following statement 418, a test on Ml sends 

control to statement 1000, if Ml is not equal to 1. If Ml equals 1, first the 

internal quantities IRC and IC are set equal to 1, then statement 1000 causes 
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the quantities IC, MS, F, and the elements of the X array to be printed 

out. The WRITE statement following causes the elements of the G array 

to be printed out. Then IC is increased by 1 before the return to the 

calling program is executed. 

5. Other Information 

A. SUBROUTINE FCN is called by the following subroutines: 

1. SUBROUTINE DAVDQfN 

2. SUBROUTINE AIM 

3. SUBROUTINE READY 

4. SUBROUTINE FIRE 

n STTnuríTTTTMir »oll« i. crmDrtTT^rTMií' trirtr 
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2. 3 Search Logic 
ll'—"*"".—...88L—, 

The search logic for the four optimization techniques is 

explained in the following sections. 



2, 3, 1 Davidon Variable Metric Optimization Method 

The Davidon variable metric method is programed for machine computation 

in the six subroutines - DAVDON, READY, AIM, FIRE, DRESS, and STUFF - 

with specialized procedures of matrix multiplication and random number 

generation performed by MATMP and RANDOM respectively. 

SUBROUTINE DAVDON is the controlling routine for the calculations of the 

Davidon method. The basic procedure is as follows: In order to calculate 

the initial value of the penalty function and its gradient, DAVDON calls 

SUBROUTINE FCN which in turn calls FEV. Next, SUBROUTINE READY 

is called to establish the direction along which the search for the relative 

minimum is to be carried out and to box off the interval in this direction 

within which the relative minimum is located. SUBROUTINE AIM estimates 

the location of the relative minimum within the selected interval (interpolated 

point) and compares this with the result of taking a step perpendicular to the 

direction chosen by READY. If the perpendicular step is an improvement, 

SUBROUTINE DRESS is called to revise the metric and the process repeated. 

If not,SUBROUTINE FIRE is called to evaluate the function at the interpolated 
s 

point and to determine if the minimum has been sufficiently well located. If 

so, the rate of change of the gradient is evaluated by interpolating from its 
! 

values at the initial, interpolated, and end points before SUBROUTINE DRESS 

is summoned.. If not, SUBROUTINE AIM is recalled. SUBROUTINE 

modifies the metric on the basis of information obtained about the 

previous iterations. When the minimum has been sufficiently well 

¡!|¡ 111:111111:1 
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SUBROUTINE STUFF is called to test how well the function has been minimized 

and how well the metric approximates the matrix of second partial derivatives 

of the penalty function at the minimum. This is done by displacing the evaluation 

point from the location of the minimum in a random direction. Currently the 

random number generator is not being used and instead, at this point in the 

procedure, the current search is terminated and tests for the convergence of 

the sequential procedures are made in SUBROUTINE REDUCE. 



SUBROUTINE DAVD0N 

1. Purpose 

SUBROUTINE DAVD0N is the controlling subroutine for the calculations 

of the Davidon variable metric method of minimization, which determines 

numerically the local minima of differentiable functions of several variables. 

In the process of locating each minimum, a matrix, h which characterizes 

the behavior of the function about the minimum is determined. 

-m. 



2. Input 

♦indicates integer quantity 

Block Common Source of 
Name Symbol Name Input 

C, 400 C. BLK0 

DELTA1 ^ F0PT ZREADX 

ERR £ F0PT ZREADX 

F f BLK0 FCN or DRESS 

FACI F0PT ZREADX 

G, 40 g j BLK0 FCN or DRESS 

GS g BLK0 READY 
s 

H, 1600 h"*"0 BLK0 ZREADX or DRESS 

mift i/Aöf ’yotrÁTW XSfßjCr JL 

IRAND ♦ I0PT ZREADX 

TCTTfcT 1 A GITKTCir 'y OIS'A TW Ioü<lM X ^ SENSE ZREADX 

ITERM ♦ END FEV 

LIMIT * I0PT ZREADX 

P BLK0 MAIN 

T, 40 t'*- BLK0 MATMP 

T0 t BLK0 MATMP o 



Description 

constraints on the matrix , not currently being used 

input estimated initial value for determinant of H matrix input 
quantity is DELTA preset to 1. 0 

the program input stopping tolerance on the transformed gradient: 
preset to , 01 

the value of the penalty function at the point x‘''**~ 

corresponds to program input FAC; see text 

the value of the gradient of the function evaluated at x'* 

the component in the s direction of g ^ 

the non-negative symmetric matrix which willbe used as a metric in 
the space of the variables x^ 

the program input for the number of independent variables; preset to 1 

random step size control; preset to 0 

printout code which should be set to 0; preset to 0 

integer code: if < 0, indicates that the function is zero; if ■ 0, 
functions defined and non-zero; if > 0, function is undefined 

the maximum number of iterations allowable; where an iteration is the 
total process of selecting a direction, bracketing the minimum in that 
direction and locating the minimum; preset to 30 

multiplier; preset to 0. 0 

intermediate parameter in defining constrained h'*’matrix, never used 
in this subroutine 

Íñttu'r'duhart|uPtS«am"er Ín deiilüng h-* "matrix, never need 



3. Output 

♦indicates integer quantity 

Name Symbol 

C, 400 

DELTA & 

E 

F 

FAC 

G, 4U 

GS 

H, 1600 

IT 

K 

L 

Ml 

£ 

f 

A 

* 

* 

* 

Block Common 
Name 

BI.K0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

R T ITT 

BLKI 
TJ T |f| 

BLKI 

ta t 'i#«T 
JO Jwdl J\JL 

IQ t HTT 
JmP JLm4 XVi> 

Description 

see input 

the determinant of the h 
matrix 

yt'i. iJ 

tolerance test parameter 

the penalty function evaluated 
at 

see text 

see input 

see input 

see input 

integer iteration counter 

random step control 

internal control code 

integer control which is set 
equal to 1 for the first entry 
into FCN to 2 for subsequent 
entries up to the final entry, and 
to 3 for the final entry integer 
counter for the number of 
random steps 

integer counter for the number of 
random steps 

number of independent variables 

/ 



.¡' - '! J ‘ 

3. Output (Concl'd) 

Block Common 
Name Symbol Name Description 

NC # BLKI number of constraints 

P 

T, 4Ü t 

X, 40 

BLK0 multiplier used in SUBROUTINE 
STUFF 

BLK0 see input 

the set of N independent variables 
describing the point from which 
a step is taken to begin the 
search for a minimum 

BLK0 



^ Numerical Procedure 

SUBROUTINE DAVD0N begins with the setting of internal program 

parameters to the corresponding input values and the setting of certain 

initial values. Then, if the input quantity FAC is zero, control passes 

to statement 1066. This is the beginning of a D® loop ending with 

statement 1068 which completes the formation of the symmetric H matrix 

by defining the lower left triangular portion from the input upper right 

triangular portion of H. If FAC is not zero, control passes to statement 

106, the beginning of a D0 loop ending at 1064 which zeroes the non¬ 

diagonal elements of the H matrix and sets the diagonal elements equal 

to FAC. Printout of the initial H matrix and of the initial estimate of 

the independent variables, X(I), is executed. The counter Ml is set to 

1 at the first entry into FCN; {it is set to Z for subsequent entries up to 

the final entry and it is set to 3 for the final entry), 

In statement 1165» the function F which is being minimized is set 

equal tozero, SUBROUTINE FCN is called to compute the function F and 

the gradient G, whose elements »e the first .partial derivative* of F with 

respect 'to the parameters. If the integer code ITERM is not equal to 

zero, which indicates that function F Is either aero or control 

passes to statement 149. .If ITERM'« 0 indicating that function F is 

non-zero and defined,, then F itself is tested, . If F is negative or zero, 

control passes to statement 1393; but, if F is positive., control passes 

to statement 118 where the integer «liée L is set equal to 1, The itération 

counter integer IT is set equal to zero, before WRITE statements are 



executed. In statement 1201 the quantity NC, the number of linear 

constraints on the parameters, is tested. Presently control always 

passes to statement 121, since NC is defined as zero at the beginning 

of DAVD0N. Thus statements 1202 through 1209, which allow for the 

future application of constraints on the parameters, are bypassed. 

SUBROUTINE READY is called in by statement 121 to determine the 

search direction, s, the gradient in the search direction, ; if s 
I 8gl > Ê, * estimate the step size in x to bracket the minimum along 

-f* 

S; and to calculate f , g , and gg , which are respectively f , g and 

gs at the incremented x. If ITERM is not equal to zero for f~, control 

passes to statement 149; otherwise the value of L is tested in statement 

123 for ITERM = 0, If L equals 1, control passes to statement 139; if 

L equals 2, control passes to statement 159 where L is set equal to 4 and 

then to statement 133; if L equals 3, control passes to statement 137 

where L is set equal to 3 and then to statement 133; if L equals 4, control 

passes to statement 126 . Statement 126 calls SUBROUTINE AIM, which 

determines whether the minimum has been bracketed by the steps and, 

if it has, compares the minimum's location with the value which would be 

expected from a perpendicular step. After the return from SUBROUTINE 

AIM, ITERM is tested and, if non-zero, causes control to be sent to 

statement 149. If ITERM * 0, the integer code L is used in the directed 

G0 T0 of statement 128; if L * 1, control passes to 129; if L * 2 or 3, 

control passes to statement 133. Statement 129 calls SUBROUTINE FIRE 

to interpolate for the minimum along the search direction and calculate 

the function at the interpolated point. If the value of the function causes 

ITERM to be non-zero, upon return from FIRE, control passes to statement 

149. If ITERM is zero, the directed G0 T0 passes control to statement 

135, if L “1, there L is set to 2 before control passes to statement 133. 



* 

Similarly, if L = 2, control passes to statement 132 where L is set 

equal to 1 and then to statement 133. If L = 3, control passes to 

statement 126 which recalls SUBROUTINE AIM. 

Statement 133, calls SUBROUTINE DRESS to modify the H matrix, 

increase the quantity IT by 1, and set F equal to FB, f. Then, if 

F < 0. 0 or IT > the limiting value ITLIM, control passes to statement 

142. The directed G0 T0 of statement 134 causes control to pass to 

statement 124 if L = 1 or 162 if L = 2. Statement 124 sets L * 2 and 

passes to statement 1201 and the SUBROUTINE READY is recalled. 

If L * 2, control is returned to MAIN by statement 162. 

Statement 139 tests the parameter ISEN1, a printout code (which 

should be set to zero), which, if < 0 passes, control to statement 1395 

and, if > 0, to statement 1393. Statement 1393 causes the X array to 

be printed out. Statement 1395, calls in SUBROUTINE STUFF which tests 

how well the function has been minimized and how well the matrix H 

approximates I at the minimum. Then in statement 141, 

the directed G0 T0 sends control to statement 1165 for the next iteration 

if L ■ 1 or to statement 142 if L » 2. Statement 142 causes the title 

"FINAL VALUES" to be written. The the inte ration counter IT is tested 

if IT S the limiting value control passes to 143, otherwise, a message 

that the program has not converged is written before 143 is reached. 

Statements numbered 143 through 148 write the final output quantities. 

Statement 149 sets Ml»3 before the calling of SUBROUTINE FCN for the 

final values of F and G. The test of ISENl in statement 151 is performed 

if ISENl S 0 control passes to the CONTINUE statement 152 and 

immediately reaches a G0 T0 157 statement. If ISENl is > 0, control 

passes directly to 157, a CONTINUE statement preceding the RETURN 

statement 162. 
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Other Information 

A. SUBROUTINE DAVD<¿N is called by the main program. 

B. SUBROUTINE DAVD0N calls in the following subroutines 

1. SUBROUTINE FCN 

2. SUBROUTINE MATMP 

3. SUBROUTINE READY 

4. SUBROUTINE AIM 

5. SUBROUTINE FIRE 

6. SUBROUTINE DRESS 

7. SUBROUTINE STUFF 



SUBROUTINE READY 

1. Purpose 

SUBROUTINE READY performs the calculations of the Davidon 

minimization method which establish a direction along which to search 

for a relative minimum and box off an interval in this direction within 

which a relative minimum is located. In addition, the criterion for 

terminating the iterative procedure is evaluated. 

2. Input 

Name Symbol 

r% »T» T 'T* A A,- i j JiiJLji j, 4w3k 

FGSM 

FP 

G. 40 S yit 

GP.40 

Common 
Block 

BLKQ 

BLK0 

H t ir/k 

BLK0 

BLK0 

« r irfA Jyf Xj|\w 

Source of 
Input 

MAIN or 
ZREADX 

DAVD0N 

DAVD0N 
or DRESS 

NALTFG ZREADX 

FCN or ■ 
IPTÏÏ IT 
JE JUEKJm 

DAVD0N 
or DRESS 

FCN 

Description 

the determinant of the matrix 

input stopping tolerance on 
the transformed gradient 

the penalty function evaluated 

at the point 

input mutliplier used in 
defining A, 

the value of the function at 
tlx© point X * 

tlx© srädi©nt of tlx© function At sradient ox 
Doint x^** the point X 

t]|t 
tlx© point X 

th© function at 



2. Input (Concl'd) 

Name 

GS 

GSP 

H, 1600 

ITERM 

L 

N 

NALT 

S, 40 

SL 

X, 40 

Common Source of 
Symbol Block Input 

gs BLK0 MATMP 

g* BLK0 MATMP 

h BLK0 DAVD0N 
or DRESS 

END FEV 

BLKI DAVD0N 
or DRESS 

BLKI DAVD0N 

NALTFG ZREADX 

BLK0 MATMP 

jt BLK0 AIM 

BLK0 MAIN, 
c T* T T TT* ï?* 
Iwf JL Jm Jm 0 

DRESS 

Description 

the component of g^. in the 
s ^direction ^ 

the component of g+ in the 
S direction ^ 

the non-negative symmetric 
matrix which will be used as 
a metric in the space of the 
variables x 

integer code: if < 0, indicates 
that the function is zero; 
if = 0, indicates function is 
defined and non-zero; 
if > 0, function is undefined 

internal control code 

number of independent variables 

program input option; if * 0, 
the normal logic proceeds, 
if s 1 the procedure which 
describes the step size is used 

the direction along which the 
search for relative minimum 
is to proceed from 

the squared length of s ^ 

the set of N independent 
or variables describing the 

point from which the search 
proceeds 



3. Output 

Name Symbol 

DELTA A 

FB £ 

GB.40 

GP, 40 

IT 

Ml 

N 

S, 40 

SL 

T 40 

T0 

X, 40 

XP 40 

+ 

8 ^ 

, 

Common 
Block 

BLK0 

BLK0 

BLKjD 

BLK0 

BLKI 
BLKI 
B l>j 

BLKI 

BLK£> 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

Description 

see input 

the actual value of the penalty- 
function at the interpolated point 

the value of the gradient of the 
function evaluated at the interpolated 
point 

see input 

iteration counter 
see input 
the integer control which is set equal 
to 1 for the first entry to FCN, to 2 
for subsequent entries up to the 
final entry, and to 3 for the final 
entry 

see input 

see input 

see input 

takes on the value of XP 

1/SL 

see input 

the point described by the independent 
variables after a step of length A 
along s from x ^ 



4 Numerical Procedure 

SUBROUTINE READY begins by testing the control integer L. 

If L = 1, the iteration counter IT is set equal to one; indicating the 

first iteration, before control passes to statement 201, If L = 2, 

control passes directly to statement 201 which calls SUBROUTINE 

MATMP and utilizes statements 202 and 203 to define the search 

direction, s, as 

/JL 

g from g « 

- g is the squared s 

8>c- 
SUBROUTINE MATMP is then called to compute 

ytt. 
From the equations for s and g , one sees that s 
length of g , thus the improvement to be expected in the function is 

-1/2 g . The positive definiteness of h^^insures that r is 

negative, so that the step is in a direction which, at least initially, 

decreases the function. If the decrease is written the accuracy desired, 

i. e., g s + € > 0. 0 in test of statement 206, then the minimum has 

been determined and control passes to statement 227 where L is set equal 

to 1 and control returns to DAVDON. If g + € < 0, the procedure 
£S 

continues by passing to statement 207 where TP1 is defined using the 

input FCSM as 

.. 
¡¡Ill1: , ; I1! 1 

ass 
TP1 * FGSM{—-) 

*s 

The quantities g , 6 , TP1, and IT are then printed out, before X , s 
EL, is set equal to the smaller value of the quantities 2.0 and TP1 and 

SL, is defined as - gg. Then x +-^ the value of x after the step 

in the s direction, is evaluated from x^* x^ + A s^, Ml is 

set equal to 2, and SUBROUTINE FCN is called to compute the function 
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+it. + + 
and its gradient to , f and respectively. If the function is 

zero or undefined, the code ITERM 4 0, causing the X array to be 

equated to the XP array, i. e., x ^ = x+- K, before executing a return 

to DAVD0N. If the function is defined and non-zero, ITERM = 0 and 

control passes to statement 214, where SUBROUTINE MATMP is called 
■f Ik* 

to yield the projection of the gradient at x' in the direction of the step, 
+ 4Í. 4* "f1 4“ 

gg , which equals s ' • If g g > Ü. 0 or f > f, then there is a 

relative minimum along the direction s between x iV'and x+' ^and 

control passes to statement 22V where L is set equal to 4 and executes the 

return to DAVDON which then calls SUBROUTINE AIM to interpolate 
+ 4" 

for the point. On vhe other hand if g g < 0. 0 and f < f, control 

passes to statement 218 which writes the message'UNDERSHOT" 

indicating that the step taken was too small. The input option code 

NALT is then tested. If NALT S 0, the normal logic is pursued and 

control passes to statement 231. If NALT > 0, control passes to 

statement 10 where the step size A , EL, is doubled and then to 

statement 210 to repeat the calculations with the new step. 

Starting with statement 231, the .following quantities are defined 

f ■ f ( g « g* , and t*^** X'-iC. If the step size X is less than 

2. 0, control passes to statement 221 where L is set equal to 3 before the 

return to DAVD0N which then calls in SUBROUTINE DRESS to alter the 
4i.y 

h '' matrix,. 

If the step size X > 2. 0, control passes to statement 223 where 

A = 2. 0 A , t = 1. QlX i and L * 2 are defined before the return to o 
DAVDON which redefines L as 4 and calls in SUBROUTINE DRESS. 



5 Other Information 

A. SUBROUTINE READY is called by SUBROUTINE DAVD0N. 

B. SUBROUTINE READY calls in SUBROUTINE MATMP and 
SUBROUTINE FCN, 



SUBROUTINE AIM 

1, Purpose 

SUBROUTINE AIM, part of the Davidon minimization method, 

estimates the location of the relative minimum within the interval 

selected by SUBROUTINE READY. This location is compared with 

the value that would be expected from a "perpendicular step". 



Z. Input 

^indicates an integer quantity 

Name 

EL 

F 

FB 

FP 

GB, 40 

GP, 40 

Symbol 

A 

f 

ï 

f+ 

g 

+ 
g 

Block Common 
Name 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

Source of 
Input 

READY, FIRE, or STUFF 

DAVD0N, DRESS, FIRE 

FCN 

FIRE or READY 

FCN 

FIRE or READY 

the step 

the valu 

the actu 

the valu 

the grad 

the valu< 

GS g 
8 

GSP g + 
8 

GTP g t 
t 

GTT gtt 

H, 1600 h'“’* 

ITERM *!* 

N * 

S, 40 

SL 1 
T, 40 t 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

END 

BLKI 

BLK0 

BLK0 

BLKÍ) 

FIRE or READY 

FIRE or READY 

MATMP 

MATMP 

DAVDlCN or DRESS 

FCN 

DAVD0N 

READY 

READY 

MATMP or READY 

the com; 

the com; 

the com] 

the com; 

the non- 
the spac 

error c< 

the num 

the chos 
is to pr< 

squared 

the step 



Description 

HE, or STUFF 

DRESS, FIRE 

- 

:ady 

;ady 

:ady 

AD Y 

DRESS 

READY 

the step length along 8 from x*''* to x^'"' 

the value of the penalty function at the point x"* 

the actual value of the penalty function at the interpolated point 

the value of the penalty function at the point x’’^ 

the gradient of the function at the interpolated point 

the value of the gradient of the function at the point 

the component in the S direction of the gradient at 

the component in the S direction of the gradient at x"^* 

+ the component of g in the direction of the perpendicular step t^ 

the component in the S direction of the gradient at the interpolated point 

the non-negative symmetric matrix which will be used as a metric in 
the space of 'the variables 

error code 

the number of independent variables 

the chosen direction along which the search for the relative minimum 
is to proceed 

squared length of s ^ 

the step to the optimum point in the N-l dimensional surface perpendicular 
to aA through 



..... i i« !• lili lili i!, i! íi I iiiüiJi l! áiiíiiiliiisiiiilillllliiSlilillilliíl 
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2. Input (concl'd) 

Block Common 
Name Symbol Name 

X, 40 

XP,40 
+y4<- 

X 

BLK0 

BLK0 

Source of 
Input 

MAIN, STUFF, DRESS, the set of N 
** 

or FIRE step is takej 

FIRE or READY the set of N, 
reached by 1 



Description 

, DRESS, the set of N independent variables describing the point from which a 
step is taken to begin the search for a minimum 

-Y the set of N independent variables describing the point which is 
reached by taking a step of length A in the S direction from point 



3. Output 

Name 

EL 

F0 

GB, 40 

GP, 40 

GSS 

GTT 

H, 1600 

L 

M 

Ml 

N 

Symbol 

g 

+ 
g 

g sa 

g 

h 

tt 

* 

* 

Block Common 
Name 

BLK0 

BLK0 

BLK0 

BLK0 

BLKO 

BLK0 

BLKÛ 

BLK0 

BLKI 

BLKI 

xj Lijrvi 

BLKI 

Description 

the percentage of A by which 
the minimum in f is expected to 
precede x-1^ 

see input 

the expected value of f at the 
minimum 

see input 

see input 

the component in the S direction 
of the quadratically interpolated 
value for the gradient at the 
interpolated point 

see input 

ses input 

internal control code 

an integer code output to MATMP 
to define thr number of columns 
in MATMP input matrix and the 
number of elements in the 
resulting vector 

integer control which is set equal 
to 1 for the first entry into FCN, 
to 2 for subsequent entries up to 
the final entry, and to 3 for the 
flwn.| entry. 

see input 



."■"«i.a,. 

3. Output (concl'd) 

Block Common 
Name Symbol Name Description 

Q Q BLK0 

S, 40 s ^ BLKO 

SL X BLK0 

T, 40 BLK0 

T0 t BLK0 o 

A 
X, 40 X BLK0 

Z 

see text 

see input 

see input 

see input 

the amount by which the minimum 
in f is expected to fall below f+ 

see input 

see text BLKO 



i 

4‘ Numerical Procedure 

SUBROUTINE AIM begins with the calculation of preliminary 

quantities by evaluating the following equations: 

z = g + g + + Ü-~-* i 
sa / 

t = g /Z 
o s 

t. = g+ /Z 
i s 

Q = I sjl.0 - t t. * Z'I 
o i 1 

a = ( g + + Q - Z) / ( g + - g + 2.0Q) 
D SS 

For a step in the S direction, the amount to which the minimum in £ is 

expected to fall below f is t 
o 

V 2 + 
to * ( g + + z + 2.0Q) 

Thus the expected value of f at the minimum then is f = f+ - t . 
o o 

SUBROUTINE MATMP is called in to determine the t from t A = li^ 2 + 
xc * 

The values of t , the step to the optimum point in the N-l dimensional 

surface perpendicular to s^ through x +A are redefined so that 

i 8 s S 
1 "h » p + 1 " • SUBROUTINE MATMP is then called 

to evaluate the expression g+ » t^g + , twice the change in f to be 



If the sum 2, 0 tQ + is less than zero, control passes to 

statement 317; if greater than or equal to zero, control passes to 

statement 312. Statement 312 begins the calculations which redefine 

the t to be 

tS" = ax -'tC + (1.0 - a) x+^, 

then set the control code L =1 before returning to DAVD0N which 

subsequently calls in FIRE to perform calculations at the interpolated 

point for the minimum along S. 

Statement 317 tests the sum f + g+ /2. 0; if this is less than zero, 
t 

control passes to statement 312 and the procedure described above; if 

this is greater than or equal to zero control passes to statement 318. 

Statement 318 evaluates the function for the perpendicular step t by 

redefining t^ = t^"+ x^, by setting the integer code Ml s 2, and 

by calling SUBROUTINE FCN at point t ^ to obtain the value of the 

function f and its gradient If the error code ITERM ¿ 0; 

indicating that f is either zero or undefined, the x ^ are set equal 

to t'“' and control returns to DAVD0N. If ITERM » 0, indicating that 

f is neither undefined nor zero, control passes to statement 322. 

Statement 322 compares the values of the function at the minimum 

point, f and f^, as determined by the perpendicular step and the step 

along s respectively. If I is greater than fQ control passes to statement 

312 and the procedure described previously for the use of the interpolated 

point is utilized. If f is smaller than fo, meaning that the perpendicular 

point is to be used, control passes to statement 323. 



Statement 323 writes the message "RICOCHET". The s '' is 

redefined as s ' = t ^ - x+ , whereupon SUBROUTINE MATMP 

is called to evaluate the expression g = s ^ g , where > 
tt \M- c t. JJ. 

is the component in the s direction of the gradient at the interpolated 

point. Then modifying g , we have 3 » g ^ - 3+ . If this 
tt tt tt t 

value of gtt < 0, control passes to statement 335 where L is set to 

3 and then to DAVD0N which calls in SUBROUTINE DRESS. If g >00 
tt - ’ * 

then gss is set equal to g^, ¿ is defined as - , A is set 

equal to 1.0 and L = 2 before the return to DAVD0N which then calls in 

DRESS. 

5. Other Information 

A. SUBROUTINE AIM is called by DAVD0N. 

B. SUBROUTINE AIM calls in 

1. SUBROUTINE FCN 

2. SUBROUTINE MATMP 

C. SUBROUTINE AIM calls in the library functions 

1. DSQRT 

2. DABS 
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SUBROUTINE FIRE 

1. Purpose 

SUBROUTINE FIRE, part of the calculations for the Davidon 

minimization method, evaluates fand £, respectively the penalty 

function equation and its gradient at the interpolated point, and determines 

if the local minimum has been sufficiently well located. If so, then the 

rate of change of gradient is evaluated by interpolating from its values at 

the end points of the interval being considered and at the interpolated 

point. 



2, Input 

Ñama Symbol. 
HI fir Ir rîrtmmnn JxrXVM^JEV \«i# Vu# *1.1. AÍ Jlw 4 a 

Name 
Source of 

Input 

E 

1^ 

F 

FB 

FP 

G, 40 

GB, 40 

UqJd 

TTTD JL X JliJtv M 

N 

Q 

S, 40 

T, 40 

I-II4 

€ 

A 

f 

f 

g 

g 

A* 

# 

* 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

RT Itth nur%S4J 

END 

BLKI 

BLK0 

TÄT V/\ P) JLjl X\>lLr 

BLK0 

AIM 

DAVD0N 

READY, 
AIM, or STUFF 

DAVD0N or DRESS 

FCN 

READY 

DAVD0N or DRESS 

FCN 

MATMP 

FCN 

DAVDtÄN JLrX» Y JL/ Vf/íY 

AIM 

b B'*nv 

AIM 



Description 

the per|:entangeof A by which the minimum in f is expected to precede 
the X / point 

input stopping tolerance on the transformed gradient 

the length of step along s from x ^to x+xU* 

the value of the penalty function at the point x 

the actual value of the penalty function at the interpolated point 

the value of the penalty function at the point x4/** 

the value of the gradient of the function at x 

the value of the gradient of the function at the interpolated point 

the component in the s direction of GB 

error code 

the number of independent variables 

see text of AIM 

the direction chosen by READY along which the search for the 
relative minimum is to proceed. 

the step to the optimum point in the N-l dimensional surface 
perpendicular to • ^through x'V*4“ 



Il 

3. Output 

Name 

EL 

FP 

G, 40 

GB, 40 

GP 

GS 

GSP 

GSS 

M 

Ml 

N 

S, 40 

Symbol 

g 
/1 

5s 

88 

* 

«c 

* 

Block Common 
Name 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLKO 

BLK0 

nt ïfth JD jLJÜWfi/ 

O XjüVJL 

BLKI 

BLKI 

BLKI 

ia T vrTS 
Jö JulÜvS^ 

tiescription 

I-US 

see input 

see input 

see input 

see input 

the value of the gradient of the 
function at the point x*'*" 

the component in the s direction of 
the gradient of the function at x ^ 

the component in the 8 direction of 
the gradient of the function at x+ IC 

the component in the a direction of 
the quadratic ally interpolated value 
for the gradient at the interpolated 
point 

internal control code 

an integer code output to MATMP to 
define the number of columns in the 
MATMP input matrix and the number 
of elements in the resulting vector 

the integer counter; which = 1 for 
first entry to FCN, » 2 for subsequent 
entries up to the final entry, and 
3 for the final entry 

see input 

see input 

!: ' ' . " ' ' ■ 
I ■ 11(11 

1.'!|iÍ[;:'!¡í|;¡!l!|i!!l| 
ii. (fi     I 
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i 
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4. Numerical Procedure 

SUBROUTINE FIRE begins by setting the integer code Ml = 2 and then 

calls SUBROUTINE FCN to evaluate the penalty function and its gradient at 

the interpolated point, FB and GB respectively, If the function at the 

interpolated point is defined and non-zero, ITERM equals zero and control 

passes to statement 402. If the function is zero or undefined, the X array 

is given the value of the T array, 

Statement 402 sets integer M = 1, then SUBROUTINE MATMP is 

called to multiply the components of the gradient GB by the components 

vector S to obtain GSB, the component of the gradient GB in the s direction. 

The smaller value of f and f , F and FP respectively, is defined as TP1. 

According to statement 405, should FB, f, be greater than the sum of 

TP1 + £ , the interpolation is not considered satisfactory, and control 

passes to statement 418. At 418, f is tested against f+ to determine that 

part of the original interval for which the function at the end point is smaller, 

then a new interpolation is made within that part. If f+, FP, is smaller 

than or equal to f, F, control passes to statement 428; if f is smaller 

than f , control passes to statement 419. 

Should FB, ï , be less than or equal to the sum TP1 + € , control 

passes to statement 406. There, in the succeeding statements, the equation 

to * ® s ( ‘ ) is evaluated and the t value compared with Q. 

II JÍqI > Q, g8B. the component in the s direction ol rate of change of the 

gradient at the interpolated point times A, is defined as 2.0 * Q, since the 

interpolated point is a minimum and g «0, then L is set equal to 1 before 
s 



P 

returning to DAVD0N which then calls in SUBROUTINE DRESS. If |t | < Q, 

we define ° 

ß S 

* / £1 1 » a 

8. (~- —I +2-°Q 

b ii 
+ - ■ - 1 - a 

1 g,rg«! (rra>* <s^ - i ,,1 (^-^) 

and L » 2before returning to DAVD0N which then calls in SUBROUTINE DRESS, 

At statement 419, the message "MOVE LEFT" is written to indicate 

that the new interpolation is to be made at a point to the left of the current 

interpolation point. 

Shaded region is area in which the new interpolation will be made. 

+ The quantity EL* ^ » the length of the step, is redefined as (l-a)A ; 

f and gB , FP and GSP are given respectively the values of f and £ , 

FB and GSB; and gXP and GP, are given respectively the values 

of t^ and g^ T and GB; and L is set equal to 3 before the return to 

DAVD0N which then calls in SUBROUTINE AIM to find a new interpolated 

point, 
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Similarly, at statement 428, the message "MOVE RIGHT ' is written 

to indicate that the new interpolation is to be made at a point to the right 

of the current interpolation point. 

The quantity EL, A , is redefined as (a A ); f and gß( F and GS, 

are given respectively the values of f and g, FB and GSB; x u and 
ß y*** 

g , X and G, are given respectively the values of t ,, and g , T 

and GB; then L is set equal to 3 and control returns to DAVD0N which 

calls in AIM to interpolate for the new point. 

5. Other Information 

A. SUBROUTINE FIRE is cc.Ued by SUBROUTINE DAVD0N. 

B. SUBROUTINE FIRE calls in SUBROUTINE FCN and SUBROUTINE 

MATMP, 

C. SUBROUTINE FIRE calls in IBM function DABS. 

♦ 
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SUBROUTINE DRESS 

I» Purpose 

SUBROUTINE DRESS, part of the calculations for the Davidon 

minimization technique, modifies the metric h^ * on the basis of 

information obtained about the function along the direction under considera¬ 

tion, «, The new is to have the property that (h^ ^ ) g * A s 
JS s 

and must retain the information which the preceding iterations had given 

about the function. 

»¿4 IfY 

Nl- ... . i m.. .( 



2, Input 

Block Common 
Name Symbol Name 

DELTA 

17 
JKj 

EL 

FB 

G, 40 

GB» 40 

GSS 

A 

X 
ï 

g 

88 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

BLK0 

H, 1600 h ^ BLK0 

ISEN1 - SENSE 

IT • B LKI 

L * BLKI 

N - BLKI 

S, 40 8^ BLK0 

SL X BLK0 

T, 40 t-'*' BLK0 

Source of 
Input 

MAIN or ZRBADX 

DAVD0N 

READY, AIM, or FIRE 

READY, AIM, or FIRE 

DAVD0N or FIRE 

READY, AIM, or FIRE 

AIM or FIRE 

DAVD0N or DRESS 

7P IT AnY 

READY, DAVD0N, or DRESS 

READY, AIM, or FIRE 

DAVDON 

MATMP 

READY or AIM 

READY or AIM 

the c 

i 

inpi 

the 1 

the 3 

the y 

the V 

the c 
lor t 

the i 

in th 

n pirl 

itera 

inter 

the r 

the c 
is to 

s qua1 

eithe 
perp 

T0 t BLK0 MATMP 
o 

X, 40 BLK0 MATMP 

the p 

the i 
step 



I 
Description 

the determinant of the h ^ ^ matrix 

¿ Input stopping tolerance on the transformed gradient 

the length of step along s from x^to x+ ''' 

the actual value of the penalty function at the interpolated point 

the value of the gradient of the function at x 

the value of the gradient of the function evaluated at the interpolated point 

the component in the S direction of the quadraticaliy interpolated value 
for the gradient at the interpolated point 

the non-negative symmetric matrix which will be used as a metric 
in the space of the variables 

a printout code which should be set equal to 0; preset to 0, 

Î.ESS Iteration counter 

internal control code 

the number of independent variables 

the chosen direction along which the search for the relative minimum 
is to proceed 

squared length of s^ 

either the step to the optimum point in the N-l dimensional surface 
perpendicular to through x^-or the interpolated step along a'**' 

the product x^g ., 

f the Bet of dependent variables describing the point from which a 
! step is tàken to begin the search for a minimum 
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3. Output 

Name 

G, 40 

H, 1600 

IT 

L 

M 

N 
T0 

X, 40 

Symbol 

DELTA & 

F f 

g 

t o 
v4- 

Block Common 
Name 

BLK0 

BLK0 

BLKO 

BLK0 

BLK0 

BLKI 

BLKI 

BLKI 
BLK0 
BLK0 

Description 

flee input 

the penalty function evaluated 
at point x^*4* 

the gradient of the penalty 
function evaluated at point x"'*4" 

•ee input 

eee input 

flee input 

an integer code output to MATMP 
to define the number of column* in 
MATMP input matrix and the 
number of element* in the 
resulting vector 

see input 
•ee input 
see input 
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4. Numerical Procedure 

Upon entry into SUBROUTINE DRESS, the control code L is tested 

md directs the flow of the subroutine,. If JL has the value 1* control passes 

to statement 500; for a value of 2, to statement 525; for a value of 3, to 

statement 519; for a value of 4, to statement 510. 

Statement 500 call® SUBROUTINE MATMP first to evaluate th* 

expression 

jÍ4> „¿(á* ^ 
x = h g 

JA» 

and then to evaluate t = x^"g ., . The latter is used to define TPi 

TPl * 
y 2 
> ns 

’/l ' 

- £ 

which is tested and directs control to statement 505, if ^ 0,0, or to 

statement 524, if < 0, 0, Statement 505 begins a double D0 loop 

ending with 507 which determines an Intermediate value of h 'A ' ^ ' from 

(h 
»int. * <h > 

y. V 
previous o 

This is followed by computing a new A .and a new t from 

à * A X *Bfl/to 

t * A / g 
© ¡Si 

before passing to statement 510, 
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Statement 524 write« the message "COLINEAR", then starting with 

state me at 525 the following are defined 

t 
o 

= ( 

/ 

X JL 
4, 

i. 0} / i 

before passing control to «tatement 510. 

Statement 510 is the beginning of a double D0 loop ending with 512 

which computes the new h M' * matrix 

it, ) 
int. 

+ t 
o SJU ■ 

Statement 519» then gives the new function f at x ^ the value of f, the 

value of function f at the interpolated point. Similarly, is given the 

value of g and x the value of t 

A test for overflow is made. If an overflow exists control passes 

to statement 531, where appropriate error message» and program .quantities 

are written out. L is set equal to 2» and control returns to DAVD0N which 

ends the case by returning to MAIN. If no overflow exists, control passes 

to statement 513 where appropriate output messages are written, the 

iteration counter, IT, is then increased by 1, and ,L is set to 1 before 

control returns to DAVD0N, where L is reset to 1 and the iteration 

continues with the calling «£ SlBÄOlfTWE READY. 
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5. Other Information 

A. SUBROUTINE DRESS is called by DAVDON 

B. SUBROUTINE DRESS calls in SUBROUTINE MATMP. 

C. SUBROUTINE DRESS calls in the library routines 

1, ÖVERFL 

2, FDXPI 

f 

* 

ir:m 



SUBROUTINE STUFF 

I. Purpose .... 

SUBROUTINE STUFF, part of the Davidon minimization method, 

tests how well the function has been minimized and how well the matrix 
jup y£ "i 

li approximates || -.... f at the minimum. This is done 
{Jx 

by diqitacing the point x from the location of the minimum in a random 

direction, The displacement of point x is chosen tc be a unit length in 

terms of h as a metric. When |f -- - ----- || , such 
«)x dx 

a step will Increase f by half the square of the step length. 

2. 

^indicates integer quantity 

Symbol 
Common Source of 

Description 

GS g8 BLK0 

H, 1600 h^^ BLK0 

READY the component in the S direction 
of g 

DAVD0N 
or DRESS the non-negative symmetric 

matrix which will be used as 
a matrix in the space of the 
variable x^ 

K 

MS 

N 

BLKI MAIN random step control 

BLKI DAVD0N integer counter for the number 
or STUFF of random steps 

BLKI DAVD0N number of independent 
variables 
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i 
2. Input (Concl’d) 

Name 

P 

S,40 

TPI 

X, 40 

Common 
Symbol Block 

- BLK0 

8 BLK0 

• BLK0 

BLK0 

Source of 
Input 

MAIN multiplier used in finding EL 

MATMP or the random direction or the 
READY direction chosen by READY 

for the search for minimum 

MATMP 

MAIN, 
DRESS, 
READY 

the product s 

the set of N independent 
variables describing the point 
from which a step is taken to 
begin the search for a minimum 

Output 

♦indicates integer quantity 

Name 

EL 

H, 1600 

K 

L 

M 

Symbol 

A 
JL 

Common 
Block 

BLK0 

is r 
iO'Jm Jokit\fr 

«11 T tifT jjj JLjJfiJL 

♦ BLKI 

♦ BLKI 

thelength pfstep along S from 
to x1*^ 

the non-negative symmetric matrix 
which will be used as a metric in 
the space of the variables x^4 

random step control 

internal control code 

an integer code output to MATMP 
to of columns in 
the matrix input to MATMP and the 
number of elements In the resulting 
vector 

J* Mtiwk-f 



Common 
Block Description 

BLKI the integer control code which is = 1 
for the first entry to FCN; = 2 for 
all subsequent entries up to the final 
entry; * 3 for the final entry 

BLKI the integer counter for the number 
of random steps 

BLKI . number of independent variables 

BLK0 the product of h t^ 

BLK0 the step in random direction 

BLK0 new initial point described by N 
variables from which search for 
minimum will be initiated 

4. Numerical Procedure 

SUBROUTINE STUFF redefines K, the number of random steps to 

be taken, as K-l, then tests this quantity. If K is negative control passes 

to statement 617; if K is zero or positive »which indicates that the specified 

number of random steps tobe taken has not been reached, control passes 

to statement 602. 

In statement 617, since the specified number of random steps has 

been taken, the control code L is set equal to 2, then MS is set to zero 

before control is returned to DAVD0N which calls in FCN to determine 
JL 

the final values of f and g . 

3. Output (Concl'd) 

Name Symbol 

Ml - * 

MS 

N 

S, 40 

T, 40 

X, 40 

* 

Jim 
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In statement 602 MS is increared by 1, then the values MS and 

GS are written out. A D<# loop then defines the N values of t ^as the 

function RANDOM -O.'S. SUBROUTINE MATMPis call in first to evaluate 

the expression h^t V and then to define TP1 = s ^t 

The quantity TP1 is redefined as ^ 'b^~and used in the expression 

for A, EL, which is A = 5==--,. The 'A values of x are 
X b^“, IT' 

computer from the expression 

X^ = X^+ A 

after which Ml is set to 2 and L to 1 before control returns to DAVD0N 

where the iteration continues. 

5. Other Information 

A. SUBROUTINE STUFF is usually used to trigger the shut down 

of the optimization technique by setting the program input IRAND (which 

becomes K) to seto. 

B. SUBROUTINE STUFF is called by SUBROUTINE DAVD0N. 

C. SUBROUTINE STUFF calls in SUBROUTINE MATMP and 

FUNCTION RANSOM (which is not being used) 

S. SUBROUTINE STUFF calls in the library function DSQRT. 
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FUNCTION RANDtZ>M(X) 
.*.......»WIM««....min. 

t 

1. Purpose 

At present, this is a dummy function which merely sets RAND0M 

equal to the input argument X. It may be implemented later to actually 

calculate a random number. 

Z. Input 

Name Source of Input 

X STUFF 

Description 

dummy argument 

3. Output 

Name Description 

RANDOM dummy variable 

4. Numerical Procedure 

FUNCTION RANDOM sets RANDOM equal to the dummy input variable 

X and returns control to SUBROUTINE MISC, This function may be implemented 

later to actually calculate a random number, 

5. Other Information 

A. SUBROUTINE RANDOM is called by SUBROUTINE STUFF only. 

B, SUBROUTINE RANDOM does not call or reference any other 

subprograms. • 
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SUBROUTINE MATMF(M, N, H. G. S) 

1. Purpose 

i he vector G is multiplied on the left by the matrix H to produce 

a new vector S. 

2. Input 

NâSlÊ. 

M 

N 

G 

H 

3, 

Name 

S 

Source 

calling program 

calling program 

calling program 

calling program 

Description 

number of columns in matrix H and 

number of elements in vectors 

number of rows in matrix H and 

number of elements in vector G 

vector with N elements 

matrix with N rows and M columns 

Description 

Vector product of matrix H times vector G 

Numerical Procedure 

The nth element of the product vector S is produced by scalar 

multiplication of the nth column of matrix H by the vector G. 



5- Other Information 

A. SUBROUTINE MATMP is called by each of the six subroutines: 

AIM 

DAVD0N 

r\D tree 

FIRE 

READY 

STUFF 

B. SUBROUTINE MATMP does not call or reference any other 

subprogram. 
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?.. 3. 2 Rosenbrock Method 

i 

I 

The following section contains the subroutines ROSBRK and GRAM for 

the Rosenbrock Rotating Coordinate Minimization Technique, the most 

powerful of the multidimensional direct search techniques. 

The technique first searches for an approximate local minimum along 

a direction parallel to the first design variable axis. After a set of 

trials has been completed in one direction and an approximate local 

minimum has been established, the program searches from that point 

along the next orthogqnal direction. This process is continued until 

ail N direc tions have been treated. A new set of directions is then 

calculated by SUBROUTINE GRAM. All of the trials along the N dir¬ 

ections and the subsequent calculation of a new set of directions is 

* called a 'fetage. " 



SUBROUTINE ROSBRK 

1. Purpose 

SUBROUTINE ROSBRK is intended to minimize a function 

^Pl* P2’ ” ’ ’ PNMAX^ where P'8 are Ajustable design parameters. 

2. Input 

■¡‘indicates integer quantity 

Name 
Common Source of 
Location Input Description 

ALPHA XC0M(1) ZREADX multiplier used to obtain new step 
size from previous step size for a 
successful step; preset to 3.0 

ta a 
Düs I 

C, 400 

DEL 

10, 20 

GAMMA 

XCOMÍ2) 

BLK0 

XC0MH) 

D0PT 

XC0MU) 

ZREADX 

GRAM 

■wp H |p A 
M<iE%iJUW '«CUmt JV 

ZREADX 

Zm m a r%ir 

multiplier whose negative is used 
to obtain new step size from previous 
step size .after an unsuccessful 
step, preset to 0.5 

matrix used in defining new 
coordinate system 

multiplier used in obtaining ULIM, 
the limiting value of the function U; 
preset to 0.01 

initial step sizes in units of 
corresponding parameters 

multiplier used to redefine step 
size after a failure; preset to 0.5 



2. Ingut (Concl'd) 

Common Source of 
Name Location Input 

ITERM^ END FEV 

LIMIT* I0FT ZREADX 

NMAX* I0PT ZREADX 

P» 40 BLK0 MAIN 
RATÜ XC0M(5) ZREADX 

T0L XC0M(6) ZREADX 

Ü - FEV 

3. Output 

Common 
Location 

Description 

integer code; a value oí -1 indicates 
that ü is zero, 1 that U is undefined, 
and 0 that U is defined and non-zero; 
preset to 1. 

the maximum number of times that 
a parameter can be changed 
successively; preset to 30. 

the number of parameters (design 
variables) of which U is a function; 
preset to i 
independent variables 
input tolerance on quantity 'PRAT, 
see text; preset to 0,5 

input accuracy test parameter; 
preset to . 0001 

the function of P's being’ minimized 

BLK0 unit matrix defined in R0SBRK 

BLK® away of the change from the initial value 
of each variable necessary to reach variable 
value for nunimum in U 

BLK0 array of design variable values which define 
minimum in P 



4. ■ Numerical Procedures 

U i. a function of tb« Parameter» P,. .NMAX' P. Initial 

values for these P's are received through the BLK0 common block. A 

vector EO of initial step sizes is received through the D0PT common block. 

The elements of a vector E are set equal to the corresponding elements 

of the EO vector. This is necessary because the values of the E's may be 

changed by R0SBRK in the minimization process and the EO vector may be 

needed as input to the next case. 

R0SBRK tries to minimize the value of U by varying the P* s one 

at a time and applying test criteria to the successive values of U. 'The 

value of U for a given set of P's is calculated by the function evaluator FE¥, 

Each time FEV is called the variable ÎTERM, received from FEV through 

the I0PT common block. Is tested. If ITERM equals -1, (Is 0, and the 

minimization is complete since we know 'that U is always greater than or 

equal to zero. If ITERM equals 1, FEV has been unable to define '11, and 

'the case is a failure. In either case, control is retened to the main 

program. If ITERM equals MTR1A, 'the number of times 'the i6>3yCKI@ 

parameter has been changed successively, is tested. If NTRIA is greater 

than the input quantity LIMIT, 'the case is consMered a failure and control 

is returned to the main program. 

The general procedure is as follows. As a first step, FEV is 

called to obtain an initial value of U. If U is not zero, its value is saved 

as ULAST and the value of the first parameter is increased by the value 

of the first step size E^.. FEV is called again to compute a new value of 

U. 



If the difference between the new U and the previous U, U-UJLAST, 

is less than nr equal to an input test parameter, T0L, times ULAST 

the trial is called a success and control passes to 109. If not, the trial is 

a failure and control passes to 110. .If the trial is successful, the step 

siase Ej is multiplied bf .ALPHA to increase its value. The latest value 

rfp, i. 'then increased by the product of 'the new and 'the unit matrix C, 

then FEV is called again. If the trial is a failure, the value of is 

multiplied by minus BETA, 'the value ¡of is increased by 'the product ¡of 

the new and 'the unit matrix C, and FEV is ¡called li^gaim. 

If each of 'twenty successive trials with ¡different values of the same 

parameter result in success, the advance ¡criterion is sa> 1 to he satisfied. 

.Also, if a success if followed by a failure. As ¡advance criterion is 

satisfied. Whenever Ae advance criterion i* satisfied, .BjjBBHK steps 

cfeangiqg 'the parameter it has been usipg ¡and starts te change 'Ae 'next 

parameter, .if Ae criterion has been .¡satisfied for each ¡of 'the MMASC 

parameters, Ae end ¡of a stags ¡has been re,ached, .At 'the end of 'the 

second and subséquent stages, stopping criteria are ¡applied. If Aese 

are aE satisfied, "the entire case is called a success and control ¡Is 

returned to Ae ¡main program. If any one of 'these ¡criteria is not satisfied, 

.R'OSBBK, starts 'Ae 'Whole procedure over ¡again 'by varying Ae first 

parameter. 

When statement 115 has been reached, UPSLEV, «TAC ¡and ELAST 

are the valuéis of E at 'Ae ends ¡of 'throe successive stages. ÜPSJEV Is ¡for 

Ae first of Ae three stages completed. ESTAG is for Ae second, and 

ELAST is fhr 'the latest, 'The following requirements must all 'be satisfied 

if 'Ae latest value of E its to 'be ¡accepted as a satisfactory .minimitm. 



UPREV must not equal US TAG because URAT which equals (USTAG-ULAST) / 

(UPREV-USTAG) cannot be defined. ULAST and USTAG must both be 

greater than ULIM where ULIM is defined as UPREV-DEL#UPREV. 

Finally, URAT must be less than or equal to the input tolerance RATU. 

At statement 121, the value of USTAG is saved as UPREV and 

statement 116 is reached. At statement 116, ULAST is saved as USTAG. 

NS TAG, the number of stages, is then increased by one and GRAM is 

caUed to define a new set of coordinates. The C matrix, containing these 

coordinates as rows, is printed. Then NSUCC is set to zero, D is set to 

zero and statement 108 is reached to prepare for a new stage. At 108, 

printed output is produced before statement 125 is reached. At 125, new 

DP's are defined and these are used to redefine the P's , Then printed 

output is produced and control is returned to statement 123 for a new trial. 

5* Other Information 

A. SUBROUTINE R0SBRK is. called by the main program only, 

B, SUBROUTINE R0SBRK calls subroutines GRAM and FEV. 
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SUBROUTINE GRAM 

« 

1. Purpose 

Given a matrix C and a column vector D, SUBROUTINE GRAM 

defines a set of vectors, A, which are used to calculate an orthogonal 

set of vectors, B, to be used as the row vectors of a matrix BB. The 

input matrix C is then redefined as the inverse (transpose) of matrix 

BB, 

2. Input 

Vindicates integer quantity 
Common Source of 

Nasa® Mask. .laaf.. 

C. 400 BLK0 R0SBRK 

D, 20 BLK0 R0SBRK 

NMAX* I0PT ZREADX 

SHsätlte 

orthonormal matrix 

vector of distances 

number' of" adjustable parameters 

C, 400 

'Common 

-Biss*. 

BLK0 

Description 

redefined C matrix 



4* Numerical Procedure 

Given a matrix C, of order NMAX, and a vector D, of length 

NMAX, a set of NMAX vectors, A, each of length NMAX, is defined 

using C and D. Then a new set of orthonormal vectors is produced 

from these A vectors using the Gram-Schmidt equations to transform 

the A's. Finally, the matrix C is redefined as the inverse (transpose) 

of this orthonormal matrix. 

The Gram-Schmidt equations are as follows: 

1. Ui *» Bi/ (norm of Bi) 

2. B, 

3. B 

1 

* A. 
1+1 ~I+1 

i 

Z. 
KM 

ÏÇ dot Aj j) X B 

The quantity in parentheses is the scalar product of the Kth B vector and 
the (I + 1) a vector. 

As a preliminary step, the elements of the A vector, the B vector 

and the BB matrix are all set-equal to aero. 

Next, the D0 loop ending at 102 is entered to define the row vectors 

of the BB matrix. First, the A vector must he defined. This is don# 

in the D0 loop ending at 101, The Kth element of the first A vector is 

the scalar product ol Kth row vector of the C matrix with the column 

vector D. When I is greater than 1, a diminished C matrix and a 

diminished D vector are used. The first 1-1 columns of the C matrix 

are ignored, leaving a matrix with NMAX rows but only (NMAX - (1+1)) 

columns. Similarly, the first 1-1 elements of the D vector are ignored. 



Now, the Kth element of the Ith A vector is the scalar product of the 

Kth row of the diminished C matrix and the diminished D vector. 

After the A vector has been completely defined, the statement 

following 101 is reached and 1 is tested. If I equals 1, statement 111 

is executed next. If I isgreater than 1, statement 112 is executed next. 

At 111, the Lth element of the first B vector is set equal to the 

Lth element of the first A vector as required by the second of the Gram- 

Schmidt equations. Control then passes to statment 102. 

The sequence of statements beginning at 112 and ending at 103 

define the Lth element of the Ith B vector as required by the third of 

the Gram-Schmidt equations. 

After the Ith B vector has been completely defined, the five statements 

following 102 define BMAGS as the norm of this B vector. Then the 

immediately following D0 loop is executed NMAX times to define the Ith 

row of the BB matrix as required by the first of the Gram-Schmidt equations 

Finally, when the BB matrix has been completely defined, the D0 

loop ending at 108 is used to redefine the C matrix as the inverse (transpose) 

of the orthonormal BB matrix. Then control returns to SUBROUTINE 

R0SBRK. 

9* Other Information 

A. SUBROUTINE GRAM Is called by SUB'ROUÎINE 105BRK. 

B', .SUBROUTINE GRAM calls no other subprograms. 



2.3.3 One Variable Fibonacci Search 

The subroutine MIMAX and the function FMI MAX, described 

in the following section, are utilized in the one variable Fi¬ 

bonacci search. SUBROUTINE MIMAX controls the search 

for the minimum and calls in FUNCTION FMIMAX at each 

point in the search to evaluate the function being optimized. 



SUBROUTINE MIMAX (AA, BB, NF, NMIMAX, ACCUR, 

NFUNC, XMIMAX» YMIMAX) 

1. Purpose 

SUBROUTINE MIMAX utilizes a Fibonacci search technique to 

find the maximum or minimum of a one variable unimodal function 

within a defined region (AA, BB). 

2. Input 

Vindicates an integer quantity 

~~~ Common Sourceof 
Name Location Input Description 

AA - MAIN or 
GMIMAX 

ACCUR - MAIN or 
GMIMAX 

BB - MAIN or 
GMIMAX 

F MIMAX - F MI MAX 

ITERM END * FEV 

NF * MAIN or 
GMIMAX 

one boundary of the defined 
region within which search 
will take place 

desired accuracy 

one boundary of the defined 
region within which search will 
take place 

the value of the function being 
optimized at the current 
evaluation point within the search 
interval 

integer code; non-zero value 
indicates a zero or undefined 
penalty function; zero value 
indicates a non-zero defined 
function 

code number of the function 
to be optimized 
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2. Input (ConeI'd) 

Common Source of 
Name _Location Input Description 

NFUNC 

NMIMAX 

MAIN or 
GMIMAX 

MAIN or 
GMIMAX 

the number of values of the 
function to be utilized in the 
optimization 

integer code; value of + 1 calls 
for maximizing calculation; 
value of -1 calls for minimization 

3. Output 

Name Description 

NF »K See Input 

XL 

XMIMAX 

the smaller of the two evaluation points within 
the current search interval (A, B) 

the optimum value of the independent variable 

XR 

YMIMAX 

the larger of the two evaluation points within 
the current search interval (A, B) 

the value of the function corresponding to the 
XMIMAX value of the independent variable 



4. Numerical Procedure 

The Fibonacci search technique is an optimal sequential search 

scheme for finding the maximum or minimum of a one variable unimodal 

function within a defined region (AA, BB). The code JMIMAX is set to 1 

for a minimum and to 2 for a maximum. The quantity AA may be the 

lower bound of the region and BB the upper bound or vice versa. If AA 

is input as equal to BB, an error of type 1 exists and control returns to 

calling program. The initial inb val R is defined from the upper bound, 

B, and the lower bound, A, as R = B-A in statement 23. 

Either the number of function evaluations, NFUNC, to be made 

during the search or an end of search accuracy limit ACCUR, defined in 

terms of a number of independent variable units away from the actual 

maximum or minimum has to be given. If NFUNC is provided,control 

passes to statement 35 where the appropriate trial Fibonacci number, 

R0ACC, is defined before passing to 45. If instead ACCUR has been 

given, then NFUNC is zero, control passes to statement 40 where 

R0ACC, the trial Fibonacci number, is defined as R/ACC before control 

passes to 45. If NFUNC is negative and ACCUR is negative or zero, an 

error of type 2 exists and control returns to the calling program. 

At statement 45, if R0ACC is less than or equal to 2, control passes 

to 50 where XMIMAX is set equal to the midpoint of the interval (A, B) 

and YMIMAX evaluated for this value before the return to the calling 

program. If R0ACC is greater than 2, control passes to étalement 51, 

where it is further directed to either statement 60 if R0ACC 3 or 

statement ,61 if R0ACC > 3. 



Statement 60 begins a sequence of calculations where two evaluation 

points within the interval (A, B) are redefined. The left hand value of the 

independent variable, XL, is located one-third of the distance between 

A and B; the right hand value, XR, is located two-thirds of the distance 

between A and B. The Function FMIMAX is utilized to define YL, the 

function being optimized evaluated at point XL. If ITERM is non-zero, 

control then passes to 160; otherwise, FMIMAX is used to define YR at 

point XR. If ITERM now has a non-zero value, control passes to 

statement 150. If not, the difference, YL-YR, is tested. If this difference 

is zero or negative, X MI MAX is set equal to XR and YMI MAX to YR before 

the return to the calling subroutine. If this difference is positive, XMIMAX 

is set equal to XL and YMIMAX to YL before the RETURN is executed. 

Statement 61 begins the calculation of the actual Fibonacci number 

which is obtained through an iteration process where 

V1 

V1 

EK=EK.l+EK-2 K = 3,4. 5 ... 

The iteration process is continued until the first K is found where E > 

ROACC or until K reaches :he maximum of 40. If K reaches 40 

before EK > R0ACC, then control passes to 76 where the message 

'ERROR OF TYPE 3" i6 printed out before the return to the calling 

program. Otherwise, N is set equal to the value of K for which E first 

becomes greater than or equal to RfÖACC in statement 80. Then the 

two evaluation points in the first interval are located as follows 



4. Numerical Procedure 

The Fibonacci search technique is an optimal sequential search 

scheme for finding the maximum or minimum of a one variable unimodal 

function within a defined region (AA, BB). The code JMIMAX is set to 1 

for a minimum and to 2 for a maximum. The quantity AA may be the 

lower bound of the region and BB the upper bound or vice versa. If AA 

is input as equal to BB, an error of type 1 exists and control returns to 

calling program. The initial interval R is defined from the upper bound, 

B, and the lower bound, A, as R = B-A in statement 23. 

Either the number of function evaluations, NFUNC, to be made 

during the search or an end of search accuracy limit ACCUR, defined in 

terms of a number of independent variable units away from the actual 

maximum or minimum has to be given. If NFUNC is provide^,control 

passes to statement 35 where the appropriate trial Fibonacci number, 

R0ACC, is defined before passing to 45. If instead ACCUR has been 

given, then NFUNC is aero, control passes to statement 40 where 

R0ACC, the trial Fibonacci number, is defined as R/ACC before control 

passes to 45. If NFUNC is negative and ACCUR is negative or zero, an 

error of type 2 exists and control returns to the calling program. 

At statement 45, if R0ACC is less 'than or equal to '1, control passes 

to 50 where XM1MAX is set equal to the midpoint of the interval'(A, R) 

and YM1MAX evaluated for 'this value before the return to the calling 

program. If R0ACC is greater 'than 2, control passes'to statement 51, 

where it is further directed to either statement 60 if RtACC < '3 or 

statement 61 if R0ACC > 3. 



Statement 60 begins a sequence of calculations where two evaluation 

points within the interval (A, B) are redefined. The left hand value of the 

independent variable, XL, is located one-third of the distance between 

A and B; the right hand value, XR, is located two-thirds of the distance 

between A and B. The Function FMIMAX is utilized to d efine YL, the 

function being optimized evaluated at point XL. If ITERM is non-zero, 

control then passes to 160; otherwise, FMIMAX is used to define YR at 

point XR, If ITEEM now has a non-zero value, control passes to 

statement 150. If not, the difference, YL-YR, is tested. If this difference 

is zero or negative, XMIMAX is set equal to XR and Y MI MAX to YR before 

the return to the calling subroutine. If this difference is positive, XMIMAX 

is set equal to XL and YMIMAX to YL before the RETURN is executed. 

Statement 61 begins the calculation of the actual Fibonacci number 

which is obtained through an iteration process where 

E. * 1 

EK=EK-l + EK-2 K*3'4’5 

The iteration process is continued until the first K is found where ER > 

ROACC or until K reaches the maximum of 40. If K reaches 40 

before EK > R0ACC, then control passes to 76 where the message 

"ERROR OF TYPE 3'1 is printed out before the return to the calling 

program. Otherwise, N is set equal to the value of K for which ER first 

becomes greater than or equal to RDACC in statement 80. Then the 

two evaluation points in the first interval are located as follows 

1-148 



The corresponding functional value XL is then computed using F MI MAX. 

If ITERM / 0, control passes to statement 160; if ITERM = 0, the 

functional value YR is determined from FMIMAX. The code ITERM is 

again tested and control sent to statement 150 if ITERM / 0. If 

ITERM =0, calculations proceed and the index J is set equal to 1. 

Statement 90 begins the definitions of the following indicei»; 

NJ ^ N-J 

NJ0NE = N-J-1 

NJTW0 = N-J-2 

The code JMIMAX is tested and control passes to statement 100 for a 

minimum search or to statement 101 for a maximum search. 

Statement 100 tests the difference YR-YL and sends control either 

to statement 130 if the difference is zero or negative or to statement 110 

if the difference is positive. Statement 100 performs the same test 

but sends control to statement 110 for a zero or negative difference or 

to 130 for a positive difference. Statements 110 and 130 both test 

the quantity J- N + 3, where N-2 is the total number of function evaluations 

to be made. Statement 110 sends control either to statement 160 for 

a positive or zero value or to statement 120 for a negative value. 

Likewise, statement 130 sends control to statement 140 for a negative 

value or to statement 150 for a zero or positive value. 



Statement 120 defines the point XR to be the new end point of B 

of the search interval. The new interval R= B-A is defined, then the 

new XR is set equal to XL before a new value of XL is defined from the 

relation 

XL = A E(NJTW0) R 
E(NJ) 

The new corresponding functional values are then determined: YR is 

set equal to YL, then the new YL is defined by employing FUNCTION 

FMIMAX. The code ITERM is tested and control sent to statement 160 

for a non-zero value or to statement 125 for a zero value. Statement 125 

increases the index J by 1 and sends control back to statement 90 and the 

process of recalculating the interval and the evaluation point continues 

until the appropriate number of function evaluations have been made; i. e., 

J-N+3 reaches zero. 

A similar process is employed following statement 140. The interval 

bound A is redefined as^ XL, a. new R = B - A is calculated, the new XI# 

is defined as XR, XR is redefined as 

XR « a + Bmm r , 
E(NJ) 

YL is set equal to YR, and FMIMAX. is called to compute'the new functional 

value YR. Code ITERM is tested and: a. aero-value' sends control to 

statement; 125. A non-zero value' of ITERM sends control to statement 150. 
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Statement 160 defines the optimum value of the independent variable, 

XM1MAX, to be XL and the corresponding functional value YMIMAX to 

be YL before the return to the calling program. 

Statement 150 defines the optimum value of the independent variable, 

XMIMAX, to be XR and the corresponding functional value YMIMAX to 

be YR before returning to the calling program. 

5. Other Information 

A. SUBROUTINE MIMAX is called by either MAIN or by FUNCTION 

GMIMAX. 

B. SUBROUTINE MIMAX calls FUNCTION F MIMAX. 

C. The flow chart on the following pages illustrates the logic of 

the search technique used in this subroutine. 

0* The error messages have the following meaning; 

ERROR. OF TYPE 1 The end points of the interval, AA and 
S%.ars at the same location 

ERROR OF TYPE 2 If NFUNC $ 0, 0 and ACCUR < 0, 0, 
the routine has no way of defining' the 
accuracy requirement. 

ERROR OF TYPE 3 The accuracy requirement cannot he 
aatisfied;. 
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YL'FMIMAX (XL ,NF) 

YR« FMIMA^XR.N^ 
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FUNCTION FMIMAX (X, NF) 

1. Purpose 

In the Fibonacci optimization technique, FUNCTION FMIMAX is 

set equal in turn to each of the N unimodal functions of one variable being 

minimized (maximized) in accordance with the value of NF. 

2. Input 

^indicates integer quantity 

Name ^Input6 °* Description 

the number code indicating the function 
to be evaluated 

the abscissa for which FMIMAX is evaluated 

the value of the function being evaluated; 
argument of FEV 

■Name Description 

FMIMAX the value of the function being evaluated by FEV 

X the abscissa for the function which FEV is evaluating 
when NF * "I or 2 

xx’20 ti»« abscissa for the function which FEV is evaluating 
when NF » 3 

NF* MIMAX 

X MIMAX 

VAL FEV 

3* Qbssol 



4. Numerical Procedure 

Upon entry into FUNCTION FMIMAX, control is directed according 

to the value of NF to statements 1 (NF = 1 or 2) or 3(NF= 3). Statement 

1 calls SUBROUTINE FEV as a function of X, then FMIMAX is set equal 

to the resulting value of VAL before the return to MIMAX is executed. 

Statement 3, defines XX(1) as having the value of X. This parameter is 

then used as an argument in the calling of FEV which yields the quantity 

VAL from which FMIMAX is defined before control returns to MIMAX. 

5. Other Information 

A. FUNCTION FMIMAX is called by SUBROUTINE MIMAX. 

B. FUNCTION FMIMAX calls in SUBROUTINE FEV. 



2, 3.4 Two Variable Fibonacci Search 

The two variable Fibonacci Search involves the following 

subroutines - GIMAX, G MI MAX, MI MAX, and FMIMAX. 

SUBROUTINE GIMAX optimizes the secondary indepen¬ 

dent variable of the penalty function. At each evaluation 

point of the secondary independent variable in this search, 

FUNCTION G MI MAX is called in to evaluate the function 

for the optimum value of the primary independent variable. 

This is accomplished by calling SUBROUTINE MIMAX. 

The following section contains the descriptions of SUB¬ 

ROUTINE GIMAX and FUNCTION GMIMAX. SUBROUTINE 

MIMAX and FUNCTION FMIMAX appear in the preceding 

section. 
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SUBROUTINE GIMAX (AA, BB, NF, NMIMAX, ACCUR 

NFUNC, XMIMAX, YMIMAX) 

I. Purpose .....— 

SUBROUTINE GIMAX, the controlling subprogram for the two 

variable Fibonacci search technique, optimizes the secondary independent 

variable of the function. At each evaluation point in this optimization, 

GIMAX summons FUNCTION GMIMAX which calls for the optimization of 

the primary variable. Then, in GMIMAX, the secondary independent 

variable value and the optimum primary value are stored in a table. This 

procesa is repeated until the selected number of evaluations have been made 

on the secondary independent variable. In the main program, the table is 

then searched for the optimum secondary value producing also the associated 

primary value. The procedure is illustrated in the following diagram 

(where the subroutine or function where step is taking place is found in 

parentheses): 
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(Ml MAX) 

XXíD-Xj 
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functional Evaluation at 
XX(i) AN¡) XX(&) 

(FEVfpXKVAL)) 

GMIMAX * VAL 
STORE OPTIMUM XX(1) FOR EACH XX(ã) 
xtsAvE(i)* 

U) 

FINÙ OPTIMUM U FROM STORAGE 
TABLE FOR OPTIMUM M(A¿ 
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2. Input 

Vindicates integer quantity 

Common Source of 
Name Location Input Description 

AA - MAIN one boundary of the defined 
region within which search will 
take place 

ACCUR - MAIN desired accuracy 

ta ta D D 

GMIMAX 

ITERM END * 

NE * 

NFUNC - V 

NMIMAX - * 

MAIN 

FUNCTION 
GMIMAX 

one boundary of the defined 
region within which search will 
take place 

the evaluation of the penalty function 
at the optimum value of primary 
variable for the specified 
secondary variable value 

FEV 

MAIN 

MAIN 

MAIN 

integer code; non-zero value 
indicates a zero or undefined 
penalty function; zero value 
indicates a non-zero defined function 

code number of the function to 
be optimized 

the number of values of the 
function to be utilized in the 
optimization 

integer code; value of +1 calls 
for maximizing calculation; value 
of -1 calls for minimization 

-. M 



3, Output 

Name Description 

NF * See Input 

XL the smaller of the two evaluation points withing the 
current search interval (A, B) 

3CMIMAX optimum value of the secondary independent variable 



Numerical Procedura 

SUBROUTINE GIMAX is a duplicate of SUBROUTINE MIMAX with 

the single exception that, where MIMAX calls in FUNCTION F MIMAX, 

GIMAX calls in FUNCTION G MIMAX. This takes place a 7 locations 

within the subroutine: (a) once following each of the statements 50, 120, 

and 140 and (b) twice following each of statements 60 and 80. 

See SUBROUTINE MIMAX description for details. 

i 

5* Other Information 

A, SUBROUTINE GIMAX is called by the MAIN program only. 

B. SUBROUTINE GIMAX calls FUNCTION GMIMAX. 

C. SUBROUTINE GIMAX calls the IBM supplied functions DSQRT 

and" FBXM lexponentlatien}. 



* 

FUNCTION GMIMAX (X. NF) 

1. Pur po a e 

FUNCTION GMIMAX, part of the two variable"Fibonacci search 

technique, optimizes the primary independent variable for each step in 

the optimization of the secondary variable, i, o., for each evaluation point 

selected during second variable optimization. 

2. Input 

•indicates an integer quantity 

Name 

ALB, 20 

Common Block 
Name 

MINSK 

Source of 
Input 

MAIN 

Description 

lower bound of the range of the 
primary independent variable 
within which the minimum 
(maximum) is to be found 

EUR F0PT 

KC0UNT XXSAVE • 

ZREADX desired accuracy 

LIMIT 

NF 

UR, 20 

I0PT« 

MINSK 

MAIN, 
GMIMAX 

ZREADX 

G1MAX 

MAIN 

integer counter, number 'of times 
GMIMAX is used; used as an 
index for XISAVE and X2SAVE. 

the number of functional values to 
be utilized by the program 

the code which indicates the 
function GMIMAX is evaluating 

the upper bound of the range of 
the primary independent 
variable within which the minimum 
(maximum) is to be found 

Ip! #4 

* 

* 

.....i»...-... 



2. Input (Concl'd) 

I 4 

Name 
Common Block 

Name 

VÂL 

XX{1) MINSK 

3. Output 

«indicates integer quantity 

Name 

A Î Ä 

iff® fi ill 

GMIMAX 

Common Block 
Narne 

MINSK 

F0PT 

ITERM END * 

KC0UNT XXSAVE* 

LIMIT RJPT* 

UB, 20 MINSK 

i——,-,, h»-. 

Source of 
-JnPut Description ...*.... 

MIMAX the value of the function at 
the minimum (maximum) of the 
primary independent variable 

GIMAX the current evaluation point of 
the secondary independent variable, 
an argument of GMIMAX 

MIMAX the value at the extremum 
of the primary independent 
variable 

Deacrlption 

See Input 

See Input 

the value of the function obtained from 
MIMAX, «ame aa VAL 

integer code which indicates if function is 
defined and' non-*«»o, undefined» or zero 

See Input 

See Input 

See Input 

-—... i ——.-  

h 
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3. Output (Concl'd) 

Common Block 
Name Name 

XISAVE, 40 XXSAVE 

X2SAVE, 40 XXSAVE 

XX, 20 MINSK 

the value oí XX(1) for the KC0UNTth 
pass through GMIMAX; the optimum 
value of the primary independent variable 
for each secondary evaluation point 

the stored value of the secondary evaluation 
point 

XX(1) - see input; XX(2) is the evaluation 
point of the second independent variable 

4. Numerical Procedure 

Function GMIMAX equates XX(2) to X before calling SUBROUTINE 

MIMAX for the limits ALB(l) and UB( 1) to determine the optimum value of 

the dependent variable* V* Aht and the corresponding value of the independent 

variable XX( 1 ). GMIMAX is, then equated to VAL, the integer KG0IIMT is 

increased by one and tested. If KC0UNT is greater than 40, ITERM is set 

•qqal to 1 and control returns to GIMAX. If KC0UNT ii lee« than or equal 

to 40, it is used as the index of the quantities X1SAVE and X2SAVE which 

are respectively set equal to XX(1> and XX(2) before control passes to GIMAX. 

5» :Gth»r faformqll^. 

A, FUNCTION GMIMAX is called by SUBROUTINE GIMAX. 

B, FUNCTION GMIMAX calls In SUBROUTINE MIMAX, 



3. O BASIC ANALYSIS CALCULATIONS 



Basic Analysis Calculárteme 

The following sections deal with the basic analysis cal¬ 

culations which are performed for each vehicle, whether 

reentry vehicle or decoy. These consist of the determ¬ 

ination of the trajectory after consideration of mass loss, 

noseblunting, and angle of attack effects and the determ¬ 

ination of the radar cross section. The basic analysis 

calculations are called by SUBROUTINE F123 for the 

reentry vehicle and for each decoy. 



3. 1 Trajectory Calculatiors 

The following subsections describe ths computations 

which determine the vehicle trajectory. These are 

the initializing of trajectory and vehicle geometric 

parameters, the calculation of the derivatives of 

trajectory and vehicle geometric parameters, and the 

predictor - corrector integration of these derivatives, 

and the printout operations. 



3, 1.1 Initializing and Printout Operations 

SUBROUTINE VIXEN sets the initial values of the trajectory variables 

then calls CHNTBL to assign the initial values of the vehicle geometric 

variables and the material properties of the heatshield for either input 

or built-in material. Then VIXEN either defines the input trajectory 

or wind tunnel conditions and calls the appropriate subroutines to cal¬ 

culate drag coefficient or calls in the predictor-corrector integration 

routine, ADM4RK which in turn calle the subroutines which calculate 
% 

the derivatives. Then the detailed printout of trajectory related quan¬ 

tities is performed at the designated print interval. After the trajectory 

calculation is completed SUBROUTINE RITOUT is called to print a 

summary of the maximum and minimums at printout altitudes of angle 

of attack. 



SUBROUTINE VIXEN 

1. Purpose 

SUBROUTINE VIXEN controls either directly or indirectly the 

caUing of all the subroutines involved in the trajectory, mass loss, 

shape change, and drag coefficient calculations. VIXEN performs the 

following functions: 
* 

A. Defines plot titles 

B. Sets initial values of variables being integrated 

C. Assigns the appropriate initiàl geometry 

D. Defines the Û of integration and the accuracy limits on 

integrated variables 

E. Controls the calculations for the tabular input trajectory 

and input wind tunnel conditions options 

F. Calls in the integration subroutine which controls the 

evaluation of calculated trajectory 

G. Tests for maximums and minimums in angle of attack 

at printout altitudes 

H. Stores parameters at printout altitudes for the tape 

and plotting options. 

I. Controls the detailed printout of trajectory information 

_ 



2. Input 

NOTE: 1. quantities in Equivalence column are OCCUR locations unless 
otherwise designated 

2. *- indicates integer quantity and, unless otherwise designated, 
an NOCCUR location 

Name Symbol Common 
Location Source of Input 

A, 514 A. 
i 

ALPHA o< 

301 - 814 ZPRS or READIT 

002 ROTATE, DEREQ 

ALPRIM 

ALPTAB, 75 

ALST 

A EFT? jr&XV JC-j JC 

Air-Li 

CASE 

CD 

CDB 

CDFINF, 8 

GDI 

CDOWN, lb 
f* t*\ Ta 

CDPo 

CHIGH, 16 

CM 

CMQ 

o( 1 

•<( Table) 

003 ROTATE, DEREQ 

3646-3720 READIT 

122 F123 

001 PRELIM 

010 PRELIM 

128 READIT 

016 DEREQ ór DRAGCO 

099 DRAGCO 

2793-2800 DRAGC0 

100 DRAGC0 

3549-3564 SR2490 or READIT 

098 DRAGCO 

101 DRAGCO 

3533-3548 SR2490 or READIT 

202 PRELIM 

020 READIT or PRELIM 

'l 

i 

angl 

inpu 
i 

stojy 

refe 

sha: 

cast 

total 

b"<¡ 

skin 

tota 

low« 

presl 

j 
sera 

J 
man 

dam 

1-172 



Description Units iput 

EADIT 

DEREQ 

DEREQ 

DRAGC0 

^EADIT 

curve fit coefficients 

angle of attack 

angle of attack 

input tabular angle of attack 

stop control on envelope 

reference area 

sharp cone slant length 

case number 

total drag coefficient 

base drag coefficient 

•kin friction drag coefficient 

total induced4fag coefficient 

lower limit on variable accuracy 

pressure drag coefficient corrected for effects 

aero angle of attack pressure drag coefficient 

IEAD1T upper limit on variable accuracy 

mome nt coefficient 

in pitch 

( 

--- ■ ... 

radians 

radians 

degrees 

radians 

fc. 

1 a—W>IW>»eM-nWlWllMW,^g 



I 

il 

2. Input (Cont'á) 

Name 

CN 

DATE 

DECDFP 

DECFTC 

DEL 

DELCDP 

DELIN 

DELW 

DELW2 

DELW3 

DERIV, 16 

X# íí ÜO Jrf Xr'm* 

DVALUE, 16 

G 

GAMFO 

HSR TO 

IATM' 
f f 
JLwJLwP JE1V ' 

«Mu.* * ip mil1 jp INALPH 

I0P» 90 

Symbol 
Common 
Location Source ol Input 

n 

D p too 

(A c ) 
' D, TC 

f«o 

Ac D, 

Aw TnT AT X X xVXj 

A w. 

Aw, 

g 

Tf, 
h/ D rp 

$ wM • O' 

203 X*w% w if -f » Jf Pïv£i XdfXJML 

127 

235 

READIT 

DRAGC0 

236 DRAGC0 

234 

ADM4RK 

DRAGC0 

187 

097 

SR2490 or READIT 

PRELIM 

226 OD ITT TKÆ J» Xv m4 Xn4XXVX 

227 PRELIM 

248 

129 

027 

105 

ADM4RK 

O F ATITT 

ADM4RK 

1¾ IC A PIE T 

SR2490 or READIT 

029 PRELIM 

Oi * READIT 

I0CCUR (314)* SR2490 or ZREADX 

30 * READIT 

IOCCUR(1-90)* ZREADX or SR2490 

wtwiwmiiiipwwii 

normal 

date 

preesur 

transvejj 

j 

delta of; 

induced] 

largest ; 
i 

total ch¿ 

change 3 

changei 

derivati 

lowest a 

inte grail 
J WfcüCTlA Hi 

factor tl 

input ini 

jii «..J 2!0H'*€KÍíe 

option c opt c 

code col 
of 3 i 
preset 

option 

control 
options 



ut Description Units 

CADIT 

EADIT 

REMS' 

SR24VÜ 

normal force coefficient 

date 

pressure induced skin friction drag coefficient 

transverse curvature induced skin friction drag coefficient 

delta of integration in ADM4RK ft. 

induced pressure drag coefficient 

largest value that DEL is allowed to have; preset to -2000. ft. 

total change in weight = AW2 + A W3 lb. 

change in weight due to ablative effects alone lb. 

change in weight due to thrusting effects alone lb. 

derivatives to be integrated by ADM4RK 

lowest altitude for which read in atmosphere is used ft* 

integrated values of variables 

factor to convert slugs to lbs. mass, 32. 174 Ibm/slug 

input initial flight path angle radians 

non-dimensionalized stagnation enthalpy 

code controls units of radar cross section; a value 
of 3 indicates decibels, 4 indicates square meters; 
preset to 3. 

option for input angle of attack with calculated trajectory 

control codes; used specifically for wake plotting 
options in VIXEN 



2. Input (Cont'd) 

Name Symbol 
..»...—.-.—.......—.I 
Common 1 
Location Source of Input \ 

ITAPE 

JJHQLD 

LA La 

LAMDA 

LL m 

L0PT 

LP 

MAXVAL 

MD0T, 32 

MHEAT 

MINE 

MtDPT AV* JL 

NPL0T, 5 

NPRINT 

PO 

d "lî1* "OCï.lïl 
J. Hi SrW'JSf 

PS 

PSIO 

PSIALP 

QQ 

QO 

(P /P ). e at 

$ 4» Q 

29* 

01 * 

033 

032 

- * 

07* 

0CCUR(4OOO) * 

06* 

READIT 

CHNTBL 

DDTTT rkt* CUKTTÄT J* JkYJtljJLjJLJN/L O* v>^lilN X JLj 

PRELIM or CHNTBL 

PRELIM 

SR2490 or READIT 

ADM4RK 

D TP A FIT nr XvJmJX*X^X X 

option for i 

error codi 

axial leng] 

bluntness< 

error codii 
i 

trajectory 

error cod( 

maximum 
or wind tu 

EVIL 2708-2739 

10 * 

035 

03* 

24- 28 * 

1.4* 

109 

2801-2803 

112 

042 

047 

READIT 

PRELIM 

READIT 

READIT 

U Tp AriTT 
JCik)------1 -~'s .j'.fi. . JL JL 

M| ■**! A. FkT f*|4 
JL JL 

AER0ÖY 

F123 

SR2490 
FI Mil; IB* "f f ft J 
•ir jcvjc* xjxm 

mass loss 
¡ 

input code 

free stres 

input code 

input code 

4 Yififrf* f* m I. 1 L U .1. %«- c 

* ' II 

input initii 

A 4 r LJL'JL'0 biHr Jm:L2Up * 
dimension 
input initii 

raatítematl 

stagnation 

114 F123 

200 . DEREQ 

110 ’ READIT 
M f wfin Mt# y«, ji OS# PR'JEXiXJM!» 

input initij 

thruit off i 
J input initi 

dynamic g 

«IhlWIIIII-H'llllllllllllllllllllllllllllllllilHWIIIi 
•WMtIMHM 



í " .',v ¿ 

,lf 

Description 

option for V,¡ß , Z tape storage 

error code in CHNTBL 

L axial length of vehicle 

L bluntneas ratio, Rn/Rb 

error code in PRELIM 

trajectory option code 

error code in ADM4RK 

maximum number tabular values for input trajectory 
or wind tunnel conditions options 

mass loss rate along vehicle 

input code controlling mass loss calculations 

free stream Mach Number 

input code controlling mass loss calculations 

input code controlling plots 

input code controlling detailed trajectory printout 

input initial angular velocity P 

distribution along body of edge pressure non¬ 
dimens ionali zed by stagnation pressure 
input initial Euler angle t £ 

mathematical constant 

stagnation pressure 

input initial Euler angle, 

thrust offset angle 

input initial angular velocity, 

dynamic pressure 

Units 

ft. 

lbm/ft sec 

rad/sec 
<w 

radians 

lb/ft2 



2. Input (Cont'd) 

Name Symbol Common 
Location 

QD0T, 32 

REYL 

RN Rn 

2676-2707 

062 

052 

SMF 

SMRO 

TO 

TH 

THEALO 

THETA 

ItlS JL iUJ 

TRAJRN, 75 

TH A TT 

TRAJV, 75 

TRAJW, 75 

TRAJZ, 75 

TRJALP, 75 

TST , 

TTMAT, 3 

f 

R 

e 

R (table) n 

t(table) 

V (table 

WTOTAL(table) 

Z (table) 

o<( table) 

^TOP 

081 

111 

102 

201 

113 

076 . 

069 

1644-1718 

1344-1418 

1494-1568 

1569 - 1643 

1419 - 1493 

1719 - 1793 

123 

3565-3567 

UPBNDZ 

VO 

W1 

WTMINF, 75 

WTOTAL 

M (tablai 

w 
TOTAL 

247 

106 

133 

1119-1193 
•% ->o 

Source of Input 

AERODY 

PRELIM 

CHNTBL 

ROTATE 

READIT 

READIT 

PRELIM 

F123 

READIT or CHNTBL 

CHNTBL 

READIT 

READIT 

H F AIYTT 

READIT 

READIT 

EAD1T 

SR2490 or READIT 

TEQUAT 

»F Anï'r JCV HjxVL/X X' 

p it a n t *v rv jii/iímIX X 

READIT 

READIT 
12¾ p mm t li# 
Jr 1¾ Jim XijXJvI 

—j 
distributio 

free strea 
cone slant 

nose radiu 

frequency^ 

input initié 

input initia 

total thrus 

input initia 

cone half é 

cone half é 

input traje 

input traje 

input traje 

input traja 

input trajei 

4 finit 4* fri*' Di 4 ü AIIJJUL ÄJC 

mar t*t 

component 
coordiate i 

upper altit 
1 input initia 

input Initia 

input table 

total vel|(c 



Description Units 

‘ distribution along body of aerodynamic heating rates 

free stream Reynolds number based on sharp 
cone slant length 

nose radius 

; frequency of cycle in o< 

input initial angular velocity R 

input initial time 

total thrusting force 
i» 

input initial Euler angle, 0 , 
* o 

ïTBL cone half angle in radians 

cone half angle in degrees 

input trajectory values for nose radius 

input trajectory values for time 

input trajectory values for velocity 

input trajectory values for total weight 

input trajectory values for altitude 
» 

input trajectory values for o< 

>IT stopping control on time 

components of thrust vector in trajectory 
coordiate system 

upper altitude limit on use of input atmosphere 

input initial velocity 

input initial weight for first configuration in a case 

input table of Mach numbers for wind tunnel option 

total vehicle weight 

btu/ft^-sec 

ft. 

cycles/sec 

rad/sec 

lb. 

radius 

radians 

degrees 

in* 

flÔC* 

ft/sec 

lb/ 

ft. 

degrees 

sec. 

lb. 

ft. 

ft/sec 

lb. 

lb. 



2. Input (Concl'd) 

Name Symbol S?ocãífon 

WTPT0T, 75 

WTRINF, 75 

P^OTAL^k*6^ 1269-1343 

R /in (table) 1194-1268 

WTZ, 75 

XBAR 

XBARl 

XRO 

XUF' 
/ 

ZO 

7B AR JrXCx 

r* ■nm 1 ZPR1 

W Üf 

fSiili lip 
mU'ml' JL 

Wrm fOTW* m X iv 

ZTURNX 

Z( table) 

turn 

1044-1118 

090 

126 

107 

237 

108 

120 

118 

119 

121 

092 

Source of Input 

READIT 

READIT 

B F AHTT 

PRELIM 

PRELIM 

READIT 

_i 

_^ 

input tal 

input tal 
inch for 

i 
input tal 

interact 

rarefact 

input ini 

SR2490 or READIT 

READIT 

SR2490 or READIT 

SR2490 or READIT 

READIT 

tNMk, MMM JL MMk im 
w1 F A Ti T T* X 

T%D FT T\ Ji XrXxSLt XjXXVX 

CHNTBL 

value of 

input ini 

altitude 

initial pi 

second p 

altitude i 

transitio 

altitude ¡ 
discontir 
per case 



Description Units 

input table of total pressure for wind tunnel option 

input table of free stream Reynolds number per 
inch for wind tunnel option 

input table of altitudes for wind tunnel option 

interaction parameter 

rarefaction parameter 

input initial trajectory range 

value of A at the beginning of continuum flow 

input initial altitude 

altitude at which print increment is changed 

initial printout increment 

second printout increment 

altitude »topping control 

transition altitude 

dis continuously to the second input geometry 
per case 

lb/ft2 

1/in 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 

ft. 



3, Output 

NOTES: 1. quantities in Equivalence column are OCCUR location unless 
otherwise designated 

2. - indicates integer quantity and, unless otherwise designated, 
an NOCCUR location 

Name 

ALBARP 

ALMAX, 200 

ALMIN, 200 

Ai.PENV 

ALPHA 

ALPL0T, 160 

ALPRIM 

ALWIG'2 

BETA 

BETAP 

BETAPL, 160 

CDBPLT, 160 

CDFPLT, 

CDIPLT, 160 

CDPL0T, 160 

DEL 

DNBND, 16 

Symbol 

a' 

a 
max 

min 

enV 

a 

a 

%• 

P 
&p! A z 
p 

B 

% 

D/W A1! « w 4 #1JW 

Common 
Location 

131 

1044-1243 

1244-1443 

096 

002 

003 

130 

231 

230 
PCCUR( 641-800 ) 

ML ML 44 213 

last m: 

maxim 

minim 

envelo' 

instant 

plottin 

angle < 

maxim 

ballist 

change 

storag« 

plottin 

plottin 

plottin 

plottini 

delta o 

nfee tea 

ratio o 

----- 



1 

... • MM 

ess 

ïnated, 

Description Units 

last minimum in a1 radians 

maximums in angle of attack radians 

minimums in angle of attack radians 

800 ) 

envelope value of angle of attack radians 

instantaneous angle of attack radians 

plotting storage for printout values of angle of attack degrees 

angle of attack , radians 

maximum preceding last maximum in a1 radians 

ballistic coefficient 

change in ballistic coefficient per unit altitude ft"1 

storage for first 160 values of ß for plotting 

plotting storage for first 160 values of C 
JK# 

plotting storage for first 160 values of CL 
-¾ 

plotting storage for first 160 values of C_ 
4* 

plotting storage for first 160 values of total CD 

delta of integration in ADM4RK ft. 

SOU 

ratio of total drag force to total weight 



; 

3- Output (Cont'd) 

Name 

DVALUE, 16 

F MAX, 2U0 

F MIN, ¿00 

FREQ 

GRATE 

HSRTPL, 160 

IKMAX 

IKMIN 

LCHNGE 

LL 

LP 

LPL0T 

MD0T, 32 

MINE 

NNTAPE 

0CPLOT, 160 

PE1PLT, 160 

PE7PLT, 160 

PE8PLT, 160 

Symbol 

f 
m3.x 

f , 
mm 

h /RT 
s o 

Pe_/P 
7 s 

Pe„/P 
S1 a 

Common 
Location 

2244 - 2443 

2244 - 2643 

095 

11 « 

12* 

sjc 

J¡C 

0CCUR(4OOO)* 

I0CCURÍ3O2)* 

2708-2739 

035 

■i-lM 

integrated 

values of 

values of1 

i 
interval ä 
see A0M¿ 

multipliei 

a effects 

plotting s 

total num 

total num I 

control cc 

error cod' 

error cod 

counter fc 
ij 

mass lose 

free streíi 

counter fa 

plotting si 
quantity s 

plotting s| 
point to s 

plotting si 
diameter 

i 
plotting st 
maximum 



Description Units 

integrated values of variables 

values of frequency at altitudes for maximums in a 

values of frequency at altitudes for minmums in a 

interval at which ADM4RK returns to VIXEN, 
see ADM4RK 

multiplier for C which incorporates the integrated 
Up o 

a effects over one cycle; see text. 

plotting storage for first 160 printout values of h /RT 
s o 

total number of maximums in a 

total number of minimums in a 

control code for CHNTBL 

error code in PRELIM 

error code 

counter for plotting storage 

mass loss rate along body 

cycles/sec 

cycles/sec 

ft. 

Ibm/ £t^ sec 

free stream Mach number 

counter for tape storage 

plotting storage for first 160 output values of any 
quantity stored in OCCUR 

plotting storage for ratio of edge pressure at tangent 
point to stagnation pressure 

plotting storage for ratio of edge pressure at maximum 
diameter of blunt cone 

plotting storage for ratio edge pressure of sharp cone 
maximum diameter point to stagnation pressure 



3t Output (Cont'd) 

Name Symbol 

PLMINF, 160 

PSPL0T, 160 

PT0TAL 

QD11PL, 160 

QD41PL, 160 

QD7PLT, 160 

QD8PLT, 160 

QD0T, 32 

QPL0T, 160 

REYINF 

M, po 

total 

Hang. pt. 

some 

Rey /ft 

RN Rn 

T t , 
cycle 

T1 to T28 

TAMAX, 200 t 
max 

TAMIN, 200 t „ 
min 

THEALP 0 
a 

TIMER t 

TIXM 

TTITT JL JL *• 

TIXZ 

Common 
Location 

125 

2676-2707 

244 

052 

075 

1444-1643 

1644 - 1843 

071 

080 

i 

t 

plot 

plot 

tota 

plot 

plot 

plott 
poin 

plott 
poin 

disti 

plott 

the I 
tunn' 
beinj 

nosd 

time! 

1 
plot, 

I 
time, 

j 

time 

Eule; 
i 

insta 

plotli 

plott 



Units Description 

plotting storage for free stream Mach number 

plotting storage for stagnation pressure in atmospheres atm. 

total pressure lb/ft^ 

plotting storage for stagnation point heating rate 

plotting storage for sonic point heating rate 

BtU /ft2 sec 

2 
Btu/ft sec 

plotting storage for blunt cone max. diameter 
point heating rate 

plotting storage for sharp cone max. diameter 
point heating rate 

distribution along body of heating rate 

plotting storage for dynamic pressure 

Btu/ft sec 

2 
Btu/ft sec 

Btu/ft2Sec 

lb/ft2 

the Reynolds number per foot in the set of wind 1/ft 
tunnel conditions for which drag calculations are 
being made 

nose radius ft. 

time for a cycle in angle of attack sec. 

plot title storage 

times at which maximums in angle of attack occur sec. 

times at which minimums in angle of attack occur 

Euler angle 

instantaneous trajectory time 

plotting title 

plotting title 

plotting title 

WIWlWWIHlil'l IIHH|#I  .1   

At ühr* El W • 

radians 

At ASf* BMC? V- • 
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3, Output 

Name 

TPL0T, 160 

UPEND, 16 

V 

VÜGD0T 

VOGPLT, 160 

VPL0T, 160 

Symbol 

t 

V 

v/g 

V/g 

V 

Sommon 
ocatlon 

PCCUR( 1-160) 

08Ü 

232 

PCCUR(481-640) 

PCCUR(321-480) 

' 

\ 

plotting atora 

see text 

instantaneous 

acceleration 
i 

plotting atora 

plotting stora 

WAR 

WL1P, 160 

WL2P, 160 

WL3P, 160 

WRlP, 160 

WR2P, 160 

WR3P, 160 

WT0TPL, 160 

XR 

YR 

Z 

ZMAX, 200 

zmin, 200 

L^wake) 

(wake) 

(wake) 

R^ (wake) 

R^ (wake) 

, Rj (wake) 

W 
total 

X 
r 

Y 
r 

Z 

z 
max 

Z , min 

PCCUR(1281) 

PCCUR( 1441) 

PCCUR(1601) 

PCCUR(801) 

PCCUR(961) 

PCCUR( 1121) 

087 

199 

091 

1844-2043 

2044-2243 

dummy variai 

wake length f< 

wake length fi 

wake length f< 

wake radar c: 

wake eaaae J 

wake radar ci 

j 
plotting stora 
printout altitd 

component of! 

side range dj 
in Y direction 

altitude 
i 

altitude# at W 

altitude« at w| 

1 

1
 

1 Í
 

¡Í 

1
-

 

1 



B. 

Description Units 

plotting storage of printout values of trajectory times 
I 

0*3»*» f pvt 

» instantaneous velocity 

acceleration 

plotting storage for acceleration term 

plotting storage for velocity 

sec, 

ft/ aec 

g's 

g’s 

ft/sec 

dummy variable used in tape storage option 

wake length for first frequency 

wake length for second frequency 

wake length for third frequency 

wake radar cross section for first frequency 

wake radar cross section for second frequency 

wake radar cross section for third frequency 

plotting storage for values of total weight at 
printout altitudes 

component of range i.i X direction 

side range due to thrust offset; component of range 
in Y direction 

altitude 

altitudes at which maximums in angle of attack occur 

altitudes at which minimums in angle ofattack occur 

meters 

meters 

meters 

square meters or 
decibels, see IDBL 
square; meters or 
decibels, see IDBL 

square meters or 
decibels, see IDBL 

lb. 

ft. 

ft. 

ft. 

ft. 

ft 
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3. Output (concl'd) 

Common ^ , 
Name Symbol Location Dcscriptior^ 

ZPL0T, 160 Z PCCUR( 161-320) plotting sto; 

ZST 121 altitude sto] 

*7 TTCIT ry 
Jmj current alt^ 

i 



r 

Description Units 

1-320) plotting storage for printout altitudes 

altitude stop control 

|WMN4I4I44!IIN4IIIí|H1IIIIIII|i|I!II|I¡í¡¡Bh!I¡>Hiiiiii(Iiii’I44Iii|4IíHIIII>IWN#M 

ft. 

ft. 

current altitude being used in trajectory calculations ft. 

1-181 
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4. Numerical Procedure 

Initially, SUBROUTINE VIXEN defines the titles to be used in 

the plotting options, sets the counter NK to zero, assigns the internal 

program trajectory variables V? GAME, TIME, Z, XR, P, Q, SMR, 

PSI, THEALP, PHI their input initial values, and zeroes YR and PSIALP. 

The trajectory-related quantities to be used in the integration subroutine, 

ADM4RK, are given their initial values, i. e., ZUSE is set equal to Z, 

and DVALUE locations 1 to 4 and 8 to 15 are set respectively to V, GAME, 

TIME, XR, PSI, THEALP, PHI, Q, SMR, P, YR, and PSIALP. The 

following quantities are then zeroed: BETA BE TAP, DELBET, T, SMF, 

ALPRIM, ALPHA, ALPENV, IKMAX, IKMIN, PRINTZ, ZST<2>, LPL0T, 

and NNTAPE, Then IALP is set to 1; the quantity FREQ which controls 

the return from SUBROUTINE ADM4RK is set equal to the negative of the 

initial printout increment ZPRl. The delta of integration, DEL, to be 

used in ADM4RK is set initially to the negative of one fifth of the initial 

print increment ZPRl, The value of DEL is then tested against DELIN; 

if DELIN is greater than or equal to DEL, DEL retains its value; however, 

if DELIN is less than DEL, then DEL is initially given the value of DELIN. 

The SUBROUTINE VIXEN sets the control code LCHNGE = 1, used 

in SUBROUTINE CHNTBL, before calling in SUBROUTINE CHNTBL in 

statement 60 to define the geometric and material properties for the initial 

configuration as well as the initial values of DVALUE{5) through (7). 

The control code LP is set equal to 1, then the error code JJH0LD from 

CHNTBL is tested. .If JJH0LD in not equal to -1, control passes to statement 

50; if JJH0LD * - l, the error code LP is set equal to 6 causing the 
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# 

termination of trajectory calculations and an error message is printed 

out before control passes to statement 100. Statement 50 tests the 

current printout altitude, ZUSE which is the same as Z, against the 

output ZTURNX from CHNTBL. When the first configuration is defined 

in CHNTBL, ZTURNX is set equal to the input ZTURN. The test on 

ZUSE causes control to pass to statement 61 for altitudes greater than 

ZTURNX. When ZUSE becomes less than or equal to ZTURN, the 

integer code LCHNGE is set equal to 2 and control passes to statement 

60. There CHNTBL is called to define the new configuration and to 

redefine ZTURNX to the value -1. 0, which combined with the 

test in statement 50 prevents SUBROUTINE CHNTBL from being called 

more than two times per case. 

Statement 61 begins the block of equations which define the upper 

and lower bounds on the absolute difference that is allowed between the 

extrapolated and interpolated values of the variables being integrated in 

ADM4RK. For each of the 16 terms in the DVALI E array the following 

criterion is used in defining the corresponding UP3ND and DNBND. If 

the absolute value of DVALUE( J) is less than or equal to 1.0, define 

UP3NDU) = CHIGH(J) and DNBND(J) = CD0WN(J). If the |DVALUE(J) | 

> 1.0, then UPBND(J) = CHIGH(J) x |DVALUE(J)| and DNBND(J) = 

CD OWN'D x ID VALUE(D I, 

Next, the trajectory option code L0PT is tested. If L0PT is less 

than 3, i.e., 0, 1, or 2, control passes to statement 31., If L0PT equals 

4, control passes to the calculations for the tabular input wind tunnel 

conditions which start at statement 41, If L0PT equals 3, the appropriate 

internal program quantities are equated in turn to each set of tabular 

trajectory variables in the input table and the q1* and m's are zeroed, 

then the calculations for the .drag coefficient are performed, 
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Beginning with statement 41, an identical procedure is follow' /ith 

the quantities corresponding to the wind tunnel inputs, i. e., the internal 

variables are set equal to the (NK+ 1) corresponding set of variables in the 

input table, the drag calculations for the appropriate mass loss option are 

performed, the results printed out, then the value of the counter NK is 

increased by one, and control returned to statement 3, the procedure is 

repeated until NK reaches MAXVAL, the maximum number of values in 

input table. 

In order to calculate a trajectory, L0PT = 0, 1, or 2, following the 

CONTINUE statement 31, SUBROUTINE ADM4RK is called in to perform 

the integration of the variables and to call in DEREQ which controls the 

calculation of the derivatives. Control returns from ADM4RK after the 

designated printout interval with the new values of the variables, DVALUE. 

TIME is set equal to DVALUE(3) and Z to ZUSE, then the error code LP is 

tested. If LP is 6, an error message is printed out and the printout sequence 

(which contains the incorrect numbers) is performed before the program 

terminates. If LP is not equal to 6, control passes to statement 7. 

At statement 7, L0PT is tested. If L0PT is non-zero, control passes 

to statement 30; if L0PT « 0, indicated a three degree of freedom in rotation 

trajectory, the quantities IKMAX and IKMIN are tested. If IKMAX or IKMIN 

equals 200, control passes to statement 91; if not, the value of the integer 

IALP directs control to the appropriate statement within group of equations 

testing the maximums and minimums in angle of attack, statements 8 to 30 

where the integrated a correction term GRATE is defined. 
T- 

GRATE = f f Ã2 a + Ãj a2) dr 

VA12 + A15 6 * A1S ^ +<A21 + V 6 + A77 e2|* + <A30 + A338 
.2. ... . ~2. V 2 

A3 " A13 + A169 + Al/ + <A22 + A25e + A28*2 » +< A3 , + A349 + * 

Following statement 30, if L0PT equals 2, indicated a simplified angle 
of attack trajectory using the Bessel function model, the envelope value of o( 
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is set equal to the instantaneous «<. Following statement 91» the same 

procedure takes place for the case where L<Z>PT ® 1, particle trajectory 

option where may be read in from a table. Additional quantities 

required for calculated trajectory output are calculated, before tests of 

printout parameters are made. If L0PT is less than 3, control passes to 

statement 100; otherwise, printout quantities for input trajectory or wind 

tunnel conditions are defined and control passes to statement 80. 

Following statement 100, the counter Nil TAPE is increased by 1 (used 

with the tape storage quantities). Next, if the plotting counter, LPLÖT, has 

reached the allowable maximum of 160, control passes to statement 80, 

If not, LPLDT is increased by one, if LPL0T is now equal to 160 a 

message that plots have been cut off. Next, the plotting storage quantities 

are equated the appropriate program variables then the CONTINUE statement 

80 is reached. If I0P(74) equals 1, SUBROUTINE WAKE is called in to 

control the calculation of the properties of the vehicle wake. If the integer 

code NPRINT equals »ero, control passes to statement 90, bypassing all 

detailed trajectory printout. If NPRINT is non-aero, the detailed trajectory 

printout proceeds in the following order (1) the translational trajectory 

parameters, (2) the drag coefficient, its components, the Interaction 

and rarefaction parameters, (3) vehicle configuration parameters (4' 

then, if M0PT is non-zero, the pressure, heating, and mass loss distributions 

(5) if L0PT ■ 0 or 2, the rotational quantities, (6) if INALPH > 0 or 

L0PT ■ 1, the tabular value of angle of attack. If L0PT is greater than 

2, control passes to statement 49 where NK is tested against MAXVAL. 

If all tabular input for wind tunnel and input trajectory options has not been 

used, control returns to statement 3 after NK is increased by 1; otherwise, 

control passes to statement 834, 



Statement 90 is the beginning of the stopping tests. If neither 

the stopping time nor stopping altitude has been reached, control passes 

to statement 50 and calculations continue; otherwise, control passes 

to statement 51. Statement 51 calls in SUBROUTINE RIT0UT and then 

passes on to test the NPL0T array. It all five values of NPL0T are 

»ero, control passes to statement 833 bypassing the plotting; otherwise, 

it passes to statement 82. Following statement 82, the individual 

NPLOT's are tested and accordingly SUBROUTINE AVPLT is summoned to 

perform the appropriate plots. 

Following statement 833, I0P(74) is tested; if equal to zero,control 

passes to statement 837# bypassing the testing of quantities I0P{77) through 

10P(82> which, if’equal to 1, cause SUBROUTINE AVPLT to be called to 

plot the parameters WLIP, WL2P, WL3P, WRlP, WR2P, and WR3P 

respectively. After statement 837, the tape option ITAPE is tested; 

if equal to aero, control pasees to statement 834; if non«iero, the tape 

containing V,^tf , and 2 is written. Following statement 834, the units 

of input angles are changed from radians back to degrees to prepare for a 

new case before returning to the calling subroutine. 



5. Other Information 

A. SUBROUTINE VIXEN is called by SUBROUTINE FI23. 

B. SUBROUTINE VIXEN calls in the following subroutines; 

1. SUE'ROUTINE CHNTBL 

2. SUBROUTINE PRELIM 

3. SUBROUTINE AER0DY 

4. SUBROUTINE MASSL0 

5. SUBROUTINE T0MAL<0 

6. SUBROUTINE DRAGC0 

7. SUBROUTINE ADM4RK 

8. SUBROUTINE WAKE 

9. SUBROUTINE RIT0UT 

10. SUBROUTINE AVPLT 

C. SUBROUTINE VIXEN calls in the library function FDXFL 



SUBROUTINE CHNTBL (DVALUE, ZTURNX. LCHNGE> 

1. Purpose 

SUBROUTINE CHNTBL assigns the appropriate geometric and 

material properties as initial values at the reentry altitude ZO and at 

altitude ZTURN, where the integration of the derivatives is restarted 

after an input discontinuous change in geometry and heatshield material, 

is addition, some initial values are set, certain numerical factors are 

defined, and some tests on input quantities performed. 



2. Input 

» indicates integer quantity and N0CCUR number code 

Occur/Noc cur.. 
Name_ Symbol_ Number 

Source of 
Input 

CMQIN1 C 
m 124 RE ADIT 

Descr 

input C - firs 
m 

q 

CMQIN2 

LA 

LAI La^ 

125 

033 

138 

READIT 

VIXEN 

F123 

input Cm - seco 
(after sluíipe chang 

instantaneous vehi 

input axial length 

LA2 

LAMDA 

LAMDA1 

LAMDA 2 

Li riiN (-jr Jli 

MATLNl 

MATLN2 

MHEAT 

MXTAB1 

MXTAB2 

NGE0M 

N0SE0P 

144 

32 

137 

143 

# 

20# 

21# 

10# 

16* 

17* 

15* 

05* 

F123 

VIXEN 

READIT 

READIT 

VIXEN 

SR2490 or 
READIT 

e%T 

SR2490 or 
READIT 

SR2490 or 
READIT 

SR2490 or 
READIT 

SR2490 or 
READIT 

READIT 

input axial length - 
(after shape chang* 
instantaneous blunt 

input bluntness rat 

input bluntness rat 
(after shape chang* 

control code 

í TWltlf* Will t«IVIni I* 31 ft «S 

input material code 

í nnnf wi ft ft ft I nn ft r* nt AilJpUb MafttOO AUBO V» UU 

No, of values ln E 
« 

f-ivii t «"''Wirifi cvitviiIHI A'ffi AAJ> O I» AlwlUll- 

No. of values in X 
G 

second configurado 

Input geometry cod 

input nose blunting 



«ii>Hiaii>liMHIHII«ail!WimiM^ 

Value 
Description Preset 

WllWPIWWMlIlWlllHIWIIIWIWWIWWIfcmWWH-il     |— i.» ,n iimi . ,rm i ■».«.i.        ...-niimnnmn- II   IIII.IIIIH1IIIIIIH Ill-Ill lllllu„l .114,)4- 

input C - first configuration 
mq 

input Cm - second configuration 
(after shape change) 

instantaneous vehicle axial length 

input axial length - first configuration 

input axial length - second configuration 
(after shape change) 
instantaneous bluntness ratio 

input bluntness ratio - first configuration 

input bluntness ratio - second configuration 
(alter shape change) 
control code 

input material case - first configuration 

input material code - second configuration 

input mass loss code 

No. of values in X /D» I» I table - 
eg X 

f fvnfi tfiivjiiH fi*! A«A1I1 HP 1» V M4ím»A|}U>A'«A 

No. of values in X /D, 1,, I table- 
eg ’ X 

second configuration (after shape change) 

input geometry code 

input nose blunting code 

1 

1 

0 

1 

1 

1 

Units 

ft. 

ft, 

ft. 



2, Input (Cont'd) 

Name 

RB 

RBI 

RB2 

RN 

RN1 

RN2 

TABU, 50 

TAB 12, 50 

TABIX1, 50 

TAB 1X2, 50 

TABZ1, 50 

TAW 7? 

•"I**a «1* JU# A *% 

TfJIX1 T A 1 A IU# 1 * 

{Mn a *% 
ait ITIJu# JL [ffft¿a 

TW1 

Symbol 

Rb 

Rb 1 

Rb, 

Rn 

Rn 1 

Rn, 

Ij (Table) 

1^ (Table) 

I (Table) 
X1 

I (Table) 

Z1 «Table) 

Z ,( Table) 2 

e 

e 

Occur/Noccur11 
Number 

053 

136 

142 

052 

135 

141 

2933- 
2982 

2983- 
3032 

3033- 
3082 

3083- 
3132 

nn- 
3182 

3183- 
3232 

076 

134 

140 

149 

Source of 
Input 

VIXEN 

F123 

F123 

VIXEN 

F123 

F123 

or 

READIT or 
SR24?0 

READIT or 
SR2490 

READIT 
8R2490 

READIT 

or 

D IT AT\T T SXSUJXU A A 

VIXEN 

READIT 

d v a t nr1 jtV r-f A A 

READIT or 
SR2490 

4 
- 

instantanée; 

input base 
(alter shap 
input base 

instantanée 

input nose 

input nose 
(after shap 

input I tabl 

input I tabl 
(after shap' 

input 1 tab 
JC 

input Ix tab 

(alter shap 

input Z for 

confisuratic 

input Z foi] 

configurât!^ 

cone half ai 

input cone ^ 

input cone i 
(after shape 

input initial 
coni iff ur&tiJ 

Ä 1 

...mm 



Description 
Value 

Preset Units 

instantaneous base radius ft 

input base radius - first configuration f, 
(after shape change) 
input base radius - second configuration ft# 

instantaneous nose radius lt 

input nose radius - first configuration ft 

te“h»Pi^;)"cond ""a*“*““ ft. 

input I table - first configuration 1,0 slug-ft2 

input I table - second configuration 
(after shape change) 

0 slug-ft2 

input Ix table - first configuration 1. 0 slug-ft2 

input Ix table - second configuration 
(after shape change) 

input 2 for Xc /D, I» I function - first 
g ■* 

configuration . 

input Z for XCg/D, I, Ix function - second 

configuration (after shape change) 

cone half angle of current configuration 

1.0 slug-ft 2 

ft, 

ft, 

radians 

input cone half angle - first configuration 

te'/.ïiïôf - ■•cond «o««»«“» 
input initial wall temperature - first 1200. ’ 
configuration 

deg. 

deg. 





Description 
Value 

Preset Unit 

input initial wall temperature - second 
configuration 

input X /D table - first configuration 
eg 

input X /D table - second configuration 
CS 

initial weight - (A weight) ablation 

input weight - first configuration 

input weight - second configuration 

altitude at which configuration is changed 

1200. °R 

lb. 

lb. 

lb. 

hO pt. 

sublimation rate coefficient 

D UUaJUÍXÍLAIImíUIiI IT d. LC vl/lilílkJLAl« jLWSlJlV 

order of reaction 

activation temperature 

input Cm for current configuration 
q 

cosine of cone half angle 

specific heat of solid 

ft__ 
sec ÖR 

sec ÙR P3 

o R 

Btu 
IV« Oo IDJH W> 

Btu specific heat of gas 
Ibm °R 



3. Output (Cont'd) 

Occur/Noccur 
Name Symbol Number 

DELHC 

DELRH0 

DVALUE 

EPSIL 

F 

FACTR2 

FACTR3 

FACTR4 

023 

022 

024 

025 

191 

19,2 

FACTR5 

FACTR6 

FACTR7 

HREF H 
reí 

JJH0LD 

LA La 

LAI F La 
1F 

LAMD1F 
IF 

LAMDA X 

193 

194 

195 

030 

01 * 

033 

146 

151 

032 



Description Units 

heat of decomposition 

difference between virgin and char density 

resulting values of 16 variables being integrated 

coefficient of emission 

heat of ablation 

numerical factor used in subroutine EVIL 

numerical factor used in subroutine EVIL 

numerical factor used in subroutine EVIL 

numerical factor used in subroutine EVIL 

numerical factor used in subroutine EVIL 

numerical factofriisad in subroutine EVIL 

const int * 0 for no combustion 

control code 

instantaneous' vehicle axial length 

value of axial length for last Z before ZTHfW 

value of bluntness ratio for last Z before ¿THUN 

Instantaneous bluntnaes ratio 

Bin 
Ibm 

lbm/ft" 

B tu/Ibm 

Btu 

ft3 °R 
Btu 
TT* 
ft 

LB M/ft 

ft,' 

in. 



3. Output (Cont'd) 

—— Occur/Noccur 

Name Symbol Number 

MATLN0 

MAXTAB 

13 * 

04 * 

NGL 

NOT 

NSL 

NST 

PI 

RB 

RB1F 

O trCTWT 

RH02 

RN 

RN1F 

SINT 

SQC0ST 

TAB I, 50 

TAB IX, 50 

TP ABL 7 R n A AJD Mjf D V 

X GL 

ïl GT 

H SL 

H ST 

7T 

Rb 

Ru 
blF 

(sin O)** 

fz 
Rn 

sin 6 

(cos 0)2 

Stable) 

Stable) 

Z( table) 

039 

041 

038 

040 

042 

053 

147 

054 

058 

052 

169 

64 

066 

894- 
943 

944- 
993 

994- 
1043 

’ 

Descript^ 

..1.^ 

material numb« 

No. of values i 
configuration 

laminar transp 
i 

turbulent trans 

laminar Iran., 

turbulent trans; 

mathematical c 

instantaneous t 
i 

value of base r 

inverse of sin ( 

char density 

instantaneous i 
■ ! I 

value of Rn at: ¡ 

sine of cone ha 

square of cosii 

moment of inei 

table of. mom*» 
configuration 

Z table for X ' 



Description Units 

material number code for current configuration 
t 

No. of values in X /D, I, I table for current 
r- xi c8 x » configuration ° 

laminar transpiration factor of gas 

; turbulent transpiration factor of gas 

' 

laminar transpiration factor of solid 

turbulent transpiration factor of solid 

' mathematical constant 

instantaneous base radius ft. 

value of base radius for last Z before ZTURN in, 

inverse of sin 0 

I 3 
char density lbm/ft 

instantaneous nose radius ft, 

value of Rn at last 2 before' ZTURN in, 
» 

sine of cone half angle 
I 

square of cosine of cone half angle 

2 moment of inertia table for current configuration slug/ft 

2 table of moment of inertia about * axis for current slug/ft 
configuration 

Z table for X /D, 1, I of current configuration ft, 
eg X 



3, Otttpul (Concl'd) 

Name Symbol 
'OccwJíiõccur 

Number 

TANT 

ip tl'l?1 'T' 1 TCT* i riMâ 11 a 

TRITT A X mai X*m 

THETAD 

TW‘ % 7 X tV p J Ù 

TWO 

TWSTAG 

TXCGDt 50 

W 

WO 

W1F 

t|f 
w» X JT# 

ZTURNX 

TAN 9 

01T, 
IF 

0 

0 
D 

Tw. 
i 

Tw 
1 STAG 

X /D 
c. g. 

W 

070 

150 

076 

069 

2644- 
2675 

074 

073 

844- 
893 

084 

089 

Ilf 

204 

... .——HWillllWIWilillWII 

_DeHC^ 

tangent of cone hi 

value of 0 at last 

cone half angle of 
i 

cone half angle of 
i 

matrix of wall ter 

initial wall tempe' 

wall temperature 

X /D table for o 
eg 

initial weight - (X 

initial weight for < 

value of total weijj 

AiKAXwAíInX \ Aw j 

altitude control c<i 



Description Units 

tangent of cone half angle 

value of 9 at last Z before ZTURN 

cone half angle of current configuration 

cone half angle of current configuration in degrees 

matrix of wall temperatures along body 

initial wail temperature for current configuration 

wall temperature at stagnation point 

XCf/D table for current configuration 

initial weight - (Aweight)^^ 

initial weight for current configuration 

value of total weight at Z just before ZTURN 

Initial weight ( A weight) thrusting 

altitude control code 

degrees 

radians 

degrees 

o^ 

'T) 
jCV 

lb 

lb 

lb 

lb 

ft. 



4. Numerical Procedure 

The equations in SUBROUTINE CHNTBL may be grouped into four 

main sections as follows: (1) definition of initial geometry at reentry, (2) 

definition of initial geometry at input altitude ZTURN, (3) definition of 

heatshield material properties, (4) miscellaneous calculations of numerical 

factors, setting initial values, and tests on inputs. The subroutine is called 

in at the reentry altitude ZO, where code LCHNGE » 1, to define the initial 

geometric and material properties. The subroutine is again called in at 

the first altitude which is either £ ZTURN, to define to the new initial 

configuration. 

The subroutine initially sets JJHQLD » 0, then using a directed 

G0 T0 statement proceeds to statement 100 of LCHNGE * I, initial 

reentry altitude, or to statement 200 of LCHNGE ■ 2, at or just below 

altitude ZTURN. Statement 100, the beginning of the first section, sets 

ZTURNX « ZTURN, then the tables for X /D, 1, I as a functions of Z, 

to be used Lx the remainder of program, are set equal to tables (Xc /0^, 

Ij, Ixj as functions of Z j. CMQIN is set ■ CMQ1N1, MAXTAB » 

MXTAB1, TWO « TW1, MATLM0 » MATLN1, and JJ - 1S1. The directed 

G0 T0 statement controlled by the value of NGE0M causes the How of the 

subroutine to be directed to the group of geometry calculations consistent 

with, the input quantities. If MGE0M « 1, the flow of the subroutine is directed 

to the group of equations beginning with statement 102. Here the input 

quantities Wl, TH1TA1, »Ml* »11 are respectiyely set equal to internal program 

quantities W* THETA, RN, RB, the quantity LAI ia calculated for use in 
SUBROUTINE AER0DY. and finally skips to statement 100, 

For the other input geometry options, a similar procedure Is 

followed. When NGE0M is 2, the group of equation# starting with statament 

103 is utilised. The internei program quantitiee W, THETA, RB, and RN 

art respectively set equal to the input quantities Wl, THETAl, RBI and 

M!3 

#M!!ili|!|l|llDMil^ .i.|¡te|yMé|do»,ii""M>iiwiW'iww|W|'i|>»is»|'|0>|>M|mi»ewi|||||||'ii»»i|iip»!WwewiiwiHiiw»ewiwiMiii>igiitw!;|ff|fiitg|WiginiieM>i0i. 



RBI ♦LAMO Al,and LAI is calculated before proceeding to statement 

300, The NGE0M a 3 option utilités the group of equations beginning 

with statement 104, The internal program quantities W, RN, RB are 

respectively set equal to the input quantities Wl, RNl, RBI. The cone 

half angle, THETA is calculated from the input LAl, RNl, RBI, then 

control goes to statement 300. 

If the parameter ECHANGE is equal to 2, the directed G0 T0 

statement causes control to go to statement 200, which marks the beginning 

of the equations defining the second initial configuration. Here, ZTURNX 

is set equal to a negative number, which prevents this subroutine 

from being called again, The final values of RN, RB, THETA, LA, 

LAMDA, WT0TAL at altitude just before ZTURN are stored under 

respective designations RNl F, RBlF, THETIF, LA1F, LAMDIF, and 

WlF. After these definitions, the remainder of this section of equations 

up to statement 300 exactly parallels the geometry calculations of the 

initial configuration* 

The assignment of material properties for both configurations 

begins with statement 300, The material number code MATLN# ie 

tested and if It is larger than the allowable maximum value of 6 then an 

error message is written out, MATLN0 is set equal to 1, and the calcula¬ 

tions continue. The directed G0 T<0, statement number 55, causes 

control to go to the appropriate set of material properties based on the 

value of MATLN0. If MATLN0 • 1, control is directed to statement 

number 31 and. the teflon propertiea; MATLN0 * 2 to statement 37 and. 

LT properties j. MATLN0 ■ 3 to statement 32 and 0TWR properties( 

MATLN0 • 4 to statement 3® and phenolic nylon properties; MATLN0 ■ 5 

to statement 39 and carbon phenolic propertiea; MATLM0 * 6 to' statement 

33 and the input materia! properties. The sixteen input material, properties 

are «et equal to OCCÖ1 values 0CGUR(JJ + H, 0CCÜRIM ♦ 2), etc, where 

the appropriate JJ ie defined with the configuration geometry ae JJ« 151 for 

- i - ...« 
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the first configuration and JJ * 170 for the second configuration. After 
the material properties are defined control is directed to statement 34. 

The last section of the subroutine performs the following functions: 

(1) Tests to ensure that THETA is within the range of a pplicability; if not, 

writes an error message and stops program; (2) sets THETAD equal to 

cone half angle in degrees, changes units of THETA to radians, and 

defines useful trigonometric functions of THETA; (3) sets the initial values 

of geometric quantities to be integrated; (4) sets initial values of TW matrix; 

(5) calculates numerical factors to be used in SUBROUTINE EVIL; and 

(6) tests program input options. 

5. Other Information 

A. SUBROUTINE CHNTBL calls in the following functions: 

1. ASINR 

2. DSIN 

3. DC OS 

4. DSQRT 

5. DL0G 

B, SUBROUTINE CHNTBL is called by SUBROUTINE VIXEN. 



SUBROUTINE R1T0UT 

1. Purpose 

SUBROUTINE RIT0UT prints out a summary of the maximums 

and minimums in angle of attack as determined by the testing in 

SUBROUTINE VIXEN. 

ISBH? See VIXEN for locations in OCCUR array of input quantities. 

* indicates integer quantity 

Symbol Description 

maximums in a1 from VIXEN 

Name 

ALMAX, 200 

ALMIN, 200 

FMAX, 200 

F MIN, 200 

I KM AX 

IKMIN 

N PRINT 

TAMAX, 200 

TAMIN, 200 

ZMAX, 200 

ZMIN, 200 

max 

min 

max 

mm 

* 

* 

♦ 

max 

t . mm 

z 
max 

Zmin 

minimums in a' from VIXEN 

frequencies corresponding to a' 's 
max 

frequencies corresponding to q' , 's 

number of maximums (max. 200) 

number of minimums (max. 200) 

printing option code 

times corresponding to a' 's 
a max 

times corresponding to a' 's 
mm 

altitudes corresponding to a' 
m.ax 

altitudes corresponding to a' , 's 
min 

' 

¡lili ¡lili ;il!)fÍ!|l!IÍ!l!Í 

li! I, 

!! § 
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3. Output 

None 

4. Numerical Procedure 

SUBROUTINE RITOUT begins by testing the printing code NPRINT 

If NPRINT equals zero, control returns to the calling subroutine; if 

NPRINT is non-zero, control passes to statement 51. Statement 51 

causes the program to printout the titles in FORMAT statement 1051. 

Then the D0 loop including all the statements through 52 is executed for 

all values of J from 1 through IKMAX. Inside the loop each value of 

ALMAX(J) is multiplied by 57. 29578 to change units from radians to 

degrees for the printout, then a write statement causes each set of 

t , z , f , a’ to be printed out in form of FORMAT 
max max max max 

statement 1052. The printout of the minimums follows an identical 

procedure in the DO loop encompassing all the statements through 53, 

before returning to the calling subroutine. 

5» Other Information 

A. SUBROUTINE RIT0UT is called by SUBROUTINE VIXEN. 

B. SUBROUTINE RITOUT calls in no other subprograms 
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... 

Numerical InteiairatiQn of Trajectory Variables 

The following section describes the operation of the 

predictor - corrector integration routine, ADM4RK, 

which summons SUBROUTINE DEREQ, the control¬ 

ling subroutine for the derivative calculations. 
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t 

c SUBROUTINE ADM4RK (NZ. ZDEL, VALUE, PERN, UPBND, DNBND, 
FACTOR, FREQ, HLIMIT, LZ, ZXINDE, DELMIT) 

1, Purpose 

SUBROUTINE ADM4RK performs the integration of NZ first order 
^Yi 

differential equations of the form _¡_ = Ur. y,.yNZ) i=l....NZ 

by a four point predictor-corrector method which will alter the integration 

interval to maintain a required accuracy. 

2. Input 

Name 

DELMIT 

DERN 

DERNN 

DNBND 

FACTOR 

FREQ 

Source of 
InPut 

VIXEN 

DEREQ 

DEREQ 

VIXEN 

VIXEN 

VIXEN 

Description 

the minimum value that the delta of integra¬ 
tion is allowed to have 

the array of NZ derivatives 

the array of NZ derivatives 

the lower bound on the absolute difference 

the fraction by which the delta of integration 
is increased or decreased; must be less 
than 1. 

the Interval of the independent variable, XINDEP, 
at which control is returned to the calling 
program (if L = 1 initially) 
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2, Input (Concl'd) 

Name 

HLIMIT 

L 

LZ 

NZ 

UPEND 

VALUE 

ZDEL 

ZXINDE 

3. Output 

Name 

L 

TINDEP 

—~ ™ —»J-111,1 ... 

Source of 
Input 

VIXEN 

DEREQ 

VIXEN 

Description 

the upper limit of integration; if L was 
initially 1, control returns to calling 
program when this value is reached 

the control parameter; the value input 
may be either 1 or «5. It is reset by 
ADM4RK and should not be modified by 
user. See other information. 

same as L 

VIXEN the number of equations to be integrated 

VIXEN 

VIXEN 

If ï VIT NT 
VlJVÜilM 

VIXEN 

the upper bound on the absolute difference 
that is allowed between the extrapolated 
and interpolated values 

the array of NZ integrated values; on 
the first pass, this array is input from 
the initial conditions in VIXEN 

the delta of integration supplied initially 
by VIXEN and modified by ADM4RK 

the value of the independent variable 

Description 

see Input and Other Information 

designation for the independent variable in Runge 
Kutta evaluation 
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3. Output (Concl'd) 

Name Deacription 

VALUE the array of NZ integrated values 

VALUEN the array of NZ function values evaluated by the 
Runge Kutta calculation 

XINDEP same as ZXINDE 

ZBAR the extrapolated functional values of the Adams- 
Bashforth method 

ZXINDE see input 

4. Numerical Procedure 

The initial value Xo( ZXINDE) of the independent variable and the 

corresponding initial conditions Y^ Y2... . YNZ (the array VALUE) for 

the NZ equations is supplied to SUBROUTINE ADM4RK by SUBROUTINE 

VIXEN. The routine first calculates 'the derivatives at X , then immediately 

returns control to the calling program to allow printout* When ADM4RK 

is reentered, It uses a fourth order Runge-Kutta method to start the 

integration by obtaining values of each function and its derivative at 3 

equally spaced points X,, X » X, separated by the interval ¿X (DEL). 

Next using the Adams »Bashforth method, the functional values at X^ and 

the derivatives at all 4 points are used to extrapolate new functional 

values at ■ 3C3 + À X, The: associated derivatives at X4 are 

computed, and new interpolated functional, values at X. calculated from 
tI1 



the derivatives at X^, Xj, X^ and the functional values at X^. This 

repeated extrapolation and interpolation process is carried on until the end 

of the integration interval (HLIMIT) is reached. 

The differences between the extrapolated and interpolated results are 

used to control the accuracy of the integration. If, at any point, this 

difference for any of the functions is larger than the specified upper limit 

UPEND, the A X of integration is reduced by the chosen factor FACT0R 

(i. e. DEL becomes DEL#(1, -FACT0R), Similarly, if this difference is 

smaller than the specified lower limit DNBND, ¿X is increased by the factor 

FACTOR (i.e. DEL becomes DEL*(1, + FACTOR)), The minimum A X 

used by the routine is DELMIT, specified by the VIXEN. If the required 

accuracy cannot be maintained, the control code L is set to 6, and control 

is returned to the calling program. 

SUBROUTINE ADM4RK begins calculations by defining the quantities 

N, L, DEL, XHŒEP which are respectively eipftl to N2, LZ, ZDEL, 

ZXIMDE. The Input DELMIT, 'the minimum allowable delta of integration, 

is tested. M DELMIT la aero, it la set equal to DEL/1000. before control 

paaaea to statement 9002, Next, the control parameter L is tested. 

A negative L, causes L to be redefined ae the absolute value of L before 

control passes to statement 23, which begins the calculations appropriais 

to the initial pass through the subroutine. For a aero value of L, control 

passe« to 201 where L la reset to 4 before control la directed to atitoment 4, 

The directed O# T# of statement 1211 le executed when L ia positive. 

From atatement 1211, the subroutine flow ia dlreetad to •tatement 23 for 



initial pats calculation« when L is 1, to statement 204 for calculations 

preliminary to integration calculations lor L values of 2, 3, and 4, or 

for L 5 tO' statement 24 which is the beginning of the integration 

calculations, 

The calculations following statement 23 for the initial pass consist 

of: ( 1) the definition of XFREQ (=XINDEP + FREQ), the next value of 

the independent variable for which control will be returned to the calling 

program, (2) the control code LL is set to 2, (3) the values of DEL and 

XINDEP are saved for the next pass as SAVDEL and S1NDEP, respectively, 

(4) the value 41 la assigned to M which causes the entry into Runge Kutta 

routine from the assigned G® T£> of statement 24,(5) SUBROUTINE DEREQ 

is called to calculate the derivatives which correspond to the initial values 

of the dependent variable»,(6) If L has the error value of 6 control is sent 

to 220, otherwise if L 4 6 to statement 40, 

Statement 204 is the beginning of a D0 loop which sets the N values 

of tte derivative DEIN and the N integrated values, VALUE, equal to the 

appropriate saved values SAVD and SAVE, respectively. The independent 

variable XINDEP la then set equal, to the stored value SINDEP and. control 

nasses to statement 24. 

Statement; 2* is an assigned. O# T# statement which directs flow to 

statement 41 and the Runge-Kutta starting integration scheme when M 

has been assigned the value 41, When M has the assigned value 42, control 

la directed to statement 42, the beginning of the Adams-Bashforth 



The calculations using the Runge-Kutta procedure begin with 

statement 41, Statement 41 is the beginning of a O0 loop which defines 

the N values of DERNM3 the derivatives at the initial point Xq from their 

counterparts in the DERN array, the derivatives at the initial value of 

the independent variable. Then the calculations contained in the D0 

loop ending with statement 43 are performed. Each of the three passes 

through this loop represents the determination of the N functional values 

and the N derivatives at one of the three points - X , X , or X - which 
A Ù J 

are separated by the interval DEL. The calculations involved are as 

follows: First W1 is set equal to DEL/2. 0 then the BO array is zeroed. 

The D0 loop following statement 44 which ends with statement 50 nested 

inside the D0 loop ending at 43 evaluates the following set of equations, 

where the index J represents the subscript of the K quantities,X is 
o 

initial point of the independent variables, F^x) is dy^dx (DERN), and 

h is the delta of integration (DEL): 

K. = f.(x ) h j = 1 i = 1,.. 
li to 

K2 = h j * 2 i* 1,.. 
¡jll| 

k3 = fi(xo + j- ) h j - 3 i - 1,... 
i 

Ka * f(x + h) h j ■ 4 i ■ 1,.. 
\ 0 

(Ay)i = £■ [Kj + 2K2 + 2K3 + K4] 

x1«Xo + h, (y^ « (y^ + (à y)i h 

N 

.N 

.N 

.N 



himimhMHMMIIWI#: 

Each pass through this loop represents the evaluation, o£ one of the K 

factors for each of N quantities being integrated, the incrementing of the 

f used in the K calculations (done by calling DEREQ to calculate derivatives 

at half steps h/2), and the evaluation of the new values of y.'s and the 
'i 

new X. The statements 45 through 49 define the appropriate numerical 

factors for use in the evaluating the K's and new y^'s. Following 

statement 50 is a DO loop ending at 61 which stores the W derivatives 

calculated for each of the points X1 and X2 - DERNMZ and DERNM1, 

respectively - and redefines the VALUE array to equal the final 

VALUEN array of the preceding D® loop. Following 61, the independent 

variable XINDEP is set the final value of TINDEP from the preceding 

D® loop before statement 43 is reached, 

When the calculations of the functional values and derivatives for 

the points Xj, X^ and Xj are completed (D® loop ending with 43 has 

been executed), the quantities Hl, H2, and H3 are each given the value 

of DEL, The quantity M is then assigned the value 42, this «anses control 

to pass directly to the Adams-Bashforth integration from statement 24 for 

all subsequent passes through ADM4RK, unless the integration is restarted 

by setting L equal to 1 or -5, Control sMps to atatement 9042 bypassing 

statement 42 and the definition of XFREQ. 

Statement 42 marks the 'beginning of the Mams-BasMorth predictor- 

corrector integration scheme. Following 42, the quantity XFREQ Is 

increased by the amount FREQ before 9042 is reached, The directed 

G® TO then sends control to statement 1406 if L * 1, to 1207 if L is 5, 
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or to 1407 If L is 2t 3, or 4 (indicating respectively that a FREQ interval, 

HLIMIT, or both have been reached). The block of calculations between 

statements 1407 and 1406 describe the FREQ and HU MIT testing. Statement 

1407 tests the absolute alue of the difference between XINDEP and. 

XFREQ (to determine if a FREQ interval has been reached) against the 

absolute value of DEL. If |XINDEP - XFREQ| > (DEL), a FREQ 

interval has been reached and control passes to 1408; if < |del|, a 

FREQ Interval has not been reached and. the test in 14060 is performed. 

Statement 14060 determines whether HLIMIT has been reached by testing 

[XINDEP - HLIMIT 1 against [DELI. If [XINDEP - HLIMIT| > |dEL|, 

the limiting; value has not been reached and control passes to 1406 where 

the integration continues. If [XINDEP - HLIMIT| £ [DELI, the 

limiting value has been reached and control is sent to 1408. 

The CONTINUE statement 1408 la followed by a D0 loop ending 

at 1410 which sets the N element arrays ZBAR, DEINN, DERM, DERNM1 

and DERNM2 equal respectively to the arrays VALUE, DERN, BERNMl, 

DERNM2* and. D'IRNMI. The code LL is •et to 1, then statement II 

defines the quantity TEMP « (XINDEP - XFREQ (, which is subsequently 

tested against |DELI* If TEMP > [DELI, indicating that a FREQ 

Interval has not been reached, control passes to statement 15. On 

the other hand, if TEMP < (DELI, the following quantifiée are defined: 

L • 2, SIMD'EP - XINDEP, SAVDEL « DEL, TEMPI ■ |DEL|/DEL, 

DEL ■ TEMF*TIMP1. before reaching IS, Statement 15 redefines 

TEMP to he | XINDEP - HLIMIT |, This quantity is then teeted to 

determine whether the limiting value oi úm independent verisble has been 

».ached. If TEMP < ¡DIL), L Is set equal to 1 before control paeaee 

to 18; if TEMP » |DEL¡, control sktpe to 17; if TEMP * (DELI, 
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control passe# to 18, Statement 18 increase# the value oí L by 2 then 

the following are defined; SAVEDEL = DEL, TEMPI = |DEL|/DEL, 

and DEL = TEMF*TEMP1 before 17 i# reached. Statement 17 direct# 

control to 22 if L * 1 or 5 or to 6 if L = 2, 3, or 4 (after passing through 

the previously described block of equations L must be either 2, 3, or 4, 

The block of equations between statements 1406 and 2 performs 

the Adams-BasMorth predictor-corrector integration calculations. 

Following the CONTINUE statement 1406, LL and L are both set to 1 

before CONTINUE statement 1207 is reached. After 1207, the following 

factors are defined beginning at statement 12 where H'a are distances 

between the points 

W1 * HI + HZ 

W'Z - (Hi + HZ»2 

W3 - 2H1 + HZ 

W4 ■ HI + HZ + HI 

W5 = 2( HI + HZ» + H3 

W6 ■ 4H1 + 3HZ * H3 

W7 » 2H1 + HZ + H3 

W8 - (HI + HZ) HI 

W9 * (HI + HZ) M3 

W10 = HZ + H3 

Wll ■ M2*M3 

W12 - H1*H2 

W16 » (HI + HZ)2 + H3(H1 + HZ) 

,1! L is 2, 3, or 4» control passes next to «ítatement: 202, U L is 1 or 5, 

TEMP Is defined as XINDEF 4 DEL In statement 14 and DEL is set to 

TEMP - XINDEP. If J DEL I < DELMIT (indicating that the delta of 

integratioa la einaUi» than the specified minimum), control passea to 201 



where L is set to 6 and then to statement 4. If ¡DELI > DELMIT 

control passes to 202. Beginning with statement 202, the following 

additional quantities are defined: 

XINDEP = XINDEP + DEL 

W13 = DEL/2.0 

W14 = DEL3/2.0 

W15 =DEL2/3.0 

W17 * HI + DEL 

W18 * HI + H2 + DEL 

W19 * (HI + H2) DEL 

W29 » (2H1 + H2) DEL 

IJÍÍiMm 

These foregoing factors are used In the equations for determining the array 

of predicted values for the integrated variables, ZBAR, 1. e. 

mi) • (W14 + W15*W6 + W13+ÍW2 + 2.0 H1*W4 + Wll) + H1*W6) 

B1U) » (W14 + W15*W5 + W13* W16) 

B2 * .Ijffi. (W14 + W15*W7 ♦ W13*H1*W4) 

B3 - (W14 + W15*W3 + W13*W8) 

“**1 ■ ln» „.dkted * ‘V prmriau. + B0<1' 1 + ««» ^ 
* » « X. ***** X* ***' xe-X.,. 

+ B2(¿[i) + B3(ÜS> 

K-Xj ^*-X0 

mUkw 

111 
% 



* 

* 

SUBROUTINE DEREQ is then called to determine the N derivatives 

DERNN associated with the ZBAR values and XIMDEP, If L has the 

value 6 indicating an error, statement 220 receives control. Otherwise, 

the N corrected integrated values, VALUEN, at point are determined 

from 

A - (W14 + W15*W3 + W13*W8) / (W17*W18) 

AO = - (W14 + W15*{W3-DEL) + W13^W8-W29) - DEL*W8)/W8 

A1 * 

A2 * 

DEL 
W12+WT7 

DEL 
H2+W1+W18 '1,0 

(W14 + WISnWl - DEL) - WBI-Wn) 

, W14 , HI *W15 . 
1 n + 2,0 

dy 4 
VALUEN ■ (y ) ■ (y ) + A( g-) 

1 corrected 1 previous dx x *X. 
■ X, y ■ y predicted 

dy, dy, 
+ AO«—) + Al«-— ) 

* * X» *■ X, 
3 2 

dy, 

+ A2 <-37 1 
at * 3C- 

Tlten DIF the difference between the predicted and corrected value of each 

variable is evaluated DIF ■» | VALUEN • ZBAR |, This quantity is then 

tested against the upper accuracy bound specified for this difference, UFBND» 



If the difference is within the limit, control passes to statement 13. If 

not, X1NDEP is decreased by DEL, then DEL is decreased by the amount 

FACTOR*DEL after which L and LL are set to 1 for L < 5. Then control 

returns to 14 to perform the predictor-corrector calculation with the 

new delta of integration when L S 5, or control passes to 220 for L = 6. 

After the CONTINUE statement 13, which is reached when the difference 

DIF < UPEND, control passes to statement 5 if L = 2. For other values 

of L, the following quantities are redefined 

H3 ■ H2 

H2 « HI 

HI « DEL 

and control passes to 11 for L ■ 1, to 5 for L » 2, 3, or 4, or to 22 for L * 5. 

Statement 22 compares the N values of DIF with the specified lower 

accuracy bound DNBND; if DIF £ DNBND, DEL is increased by the amount 

DEL*FACT0R before reaching 7010; if DIF > DNBND, 7010 is reached 

directly. Statement 7010 sends control to statement 6 if L < 5, to 200 

If L ■ S, and to 220 :ifL* 6, Statement 200 sets SAVDEL = DEL then 

•ends control to 21, 

Statement 5 marks the beginning: of the subroutines output procedure. 

It ie followed by a D0 loop ending at 1040 which sets the N elements of 

the arrays VALUE and DERN respectively equal to ZBAR, the predicted 

values, and DERNN, the corresponding derivatives. Statement 21 then 

seta LL equal to 2. Then if L is either 1 or 5, the N elements of the 

following arraya are defined 
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DERNM3 = DERNM2 

DERNM2 = DERNMl 

DERNMl = DERN 

BERN = DERNN 

VALUE = ZBAR 

before statement 40 is reached. The code L is again tested. If L = 1, 

for a value of LL = 1 control passes to 1407, but for a value of LL = 2 L 

is reset to 2 and control passes to 206. If L = 2, 3, or 4, for LL = 1 

control passes to 206 but for LL = 2 control passes to statement 4. If 

L = 5, a value of LL= 1 causes control to be sent to statement 12, but 

LL = 2 sends control to 4. Following CONTINUE statement 206, a D0 

loop stores the N derivatives BERN and the corresponding integrated 

values VALUE in the arrays SAVB and SAVE respectively. Then, if 

LL is 1, control passes to 12 or if LL® 2, to statement 4. Statement 

4 sets BEL equal to the saved value SAVBEL and is followed by statement 

220 where 

NZ = N 

LZ = L 

ZDEL * DEL 

ZXINDE = XINDEP 

before the return to the calling program. 



5. Other Information 

A. SUBROUTINE ADM4RK is called by SUBROUTINE VIXEN. 

B. SUBROUTINE ADM4RK calls SUBROUTINE DEREQ. 

C. The control parameter L may have initial input values of 1 

and -5 only. It is reset by ADM4RK and should not be modified by the 

user. The values 2, 3, 4, and 6 are those returned by SUBROUTINE 

ADM4RK under the following conditions. 

1. L = 1. Indicates initial pass; must be aet when 

FREQ and HLIMIT testing is desired. 

2. L = 2. Indicates that a FREQ interval has been reached. 

3. L a 3. Indicates that HLIMIT has been reached. 

4. L 3 4. Indicates that HLIMIT and FREQ interval have 

been reached simultaneously. 

5. L * -i>. Indicates that return to the calling program must 

be made after each successful integration step. This will be set to + 5 
during the initial pass. No tests are made for FREQ or HLIMIT, 

6. L * 6. An error return indicating that the integration 
interval is less than DELMIT, 

D. Special care must be taken in modifying any elements of the 

ADM4RK calling sequence during a return to the calling program. In 

particular, it is impossible to modify any of the variables calculated 

within ADM4RK-DEL, VALUE, DERN, XINDEP, L— since the routine 

saves its own values. In addition, if L is initially 1, FREQ must be 

set at least four times as large as the initial DEL, or no returns will 

be made before HLIMIT. 
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3, 1. 3 :I..yi3.M»tion of Dirivativc» for Trajictory 
Calculation.. « 

SUBROUTINE DÏREQ rantrols th# compufatlofi ef th# 

derivatives which are uaed In determinlng the trajec¬ 

tory. To accomplish thia taafc, DER1Q calla for the 

preliminary calculation«, heating and mm» loa« cal¬ 

culation* where required, angle of attack calculation« 

where required, the drag coefficient calculation*, and 

the calculation of the tranalational quantifie«. 



SUBROUTINE DEREQ(PVAL, ZUSE, DER1V, LL) 

''* phiisíí 

SUBROUTINE DEREQ; »«I« I,he 16 virimblt» to their inte grate*! 

value* m determined In SUBROUTINE ADM4RK and cilia In the «ubroutine« 

according to the option» being exerciied to calculate the derivative« of 

the»e variable« for the neat step in the integration. 



♦ indietlti iatiftf quantity and an N-DCCUR numbar 

*- ■ - OccurTÑoccur 

Na«,* Symbol Number 

ALPTAB, 73 a(TABLE) 
3646 
3720 

à 'Hü irr 
'&* m 

A ff 

r. 
D 

CD TAB, 75 

DEWY, 16 

DVAL, 16 

HT AB* 15 

INALPH 
f 

LA.MDA 

LL 

MAXCD 

MAXWCD 

MP#?, 12 

M'WV'iV 1* 

Ü JTM'V1 

A mil i*Hk 'Jk rti 

AW ref 

C 
D 

CÊ m awl V IT \ I X.A-D Jwll» ) 
D 

001 

188 

016 

3383- 
3547 

Z| m A 'Vi I ri I A AD AJiAu7 

A 

* 

'i 

H TI"! «# mJl ml m 

3307 

30 • 

032 

« ♦ 

II * 

19 ♦ 

2708- 
2739 

10 ♦ 

035 

Source of 
Input 

Ui W' A FIT T1 rv, MJ L A 

PRELIM 

READIT 

DRAGC0 

D T A ’Fl T TT* A A 

TEQUAT and/or 
R0TATE 

ADM4RK 

READIT 

RE.ABIT 
ODITT TAA 'jr mX-je* ajaiva 

ADM4RK or 
no vt .taa —i** JC—tf AiiA D/! 

READIT 

D IT À Fl T T XVIwilwAr A A 

MASSL0 

READIT 

VIXEN or 
'fÜfH u*T TO1 .Jr A»(#AJwl(i 

E 

input a tab! 

reference s 

reference s¡ 

drag coeffi< 

tabular inpv 

derivatives, 

integrated ' 

input tabula 

input angle 

bluntness " r 

4ntdm A.niwj£V&>ir to** 

input Cg cc 

Input Cp 
A Ui|ir Tf 

mase loss 

input mass 

free streatr 



Description 

input a table 

reference area of vehicle 

reference area corresponding to WCDTAB 

drag coefficient 

tabular input drag coefficient 

derivatives with time of quantities to be integrated 

integrated value« of variables 

input tabular altitude for use with CD TAB 
iif- 

input angle of attack code 

bluntness ratio 

integer error code 

input Ccode 

input C_ code 

mass loss rate distribution 

input mass loss code 

free stream Mach number 





Unit® 

input 'heating/m*®fl loss code 

input no««blunting code 

rate of cbange of base radius 

rate of change of nos« radius 

Initial wall tempsrature 

tabular inptit drag coefficient increment 

weight increment due to ablation 

tabular altitud« corresponding: to C 
B, w 

interaction parameter 

upper iiiriiit on Interaction parameter 

altitude 
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It/sec 

ft/sec 

Ibm/see 

ft* 

» 

ft. 



♦indicate» integer quantity 

Name Symbol 
"Occur? Nw'cnr 

Number 

ALPHA a 002 

ALPEIM a« 003 

CD CD 016 

DERIV* 16 

gamf yr 026 

♦ 

'IQ' Hr 

PHI 

PSI 

PSIALP 

Q 

RB 

um ■Km 

SMR 

THIALP 

TIMER 

TWIT AG 

IF 

¥ 
w Jra 

R 

I 
« 

t (time) 

STAG 

043 

044 

045 

200 

050 

053 

052 

065 

071 

080 

073 



Deacriptiö» Unit« 

iastant&Mou* angle oí »ttmck radian» 

instantaneous angle of attack radian» 

total drag coefficient 

derivative» with altitude of quantities being integrated 
in ADM4RK 

flight path angle 

integer error code 

angular velocity 

Euler angle. § 

Euler angle* ^ 

till! tIMt offatt angle 

ang'ular velocity 

haae radlu» 

at»« radlua 

ang'ular velocity 

Euler angle. 

radians 

rad/«ec 

radian» 

radians 

radlita» 

rad/»ec 

ft. 

ft. 

rad/aec 

radians 



Na*«# Symbol 
'OccurjNoccur 

Nombtr 

V 

w 

W TH 

'VB 
ï iü\ 

Z 

V 

w 

yf 
TH 

R 

082 

084 

204 

087 

199 

091 

velocity 

(initial weight * b 

(initial weight - ¿ 

range distance ( 

side range distam 

altitude 



D««ctiption Units 

velocity 

{initial weight - A ablative weight) 

(initial weight - A thrusting weight) 

range distance 

side range distance due to thrust offset 

altitude 

ft/sec 

lb. 

lb. 

ft. 

ft. 

ft. 
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4. Numerical Procedure 

« 

ti 

SUBROUTINE DEREQ begins by setting the internal program 

variable names equal to their corresponding integrated values, DVAL, 

from ADM4RK. These ate transferred from ADM4RK as arguments of 

SUBROUTINE DEREQ, The variable names, their DVAL designations, and 

definitions are given below-. 

Name 

V 

GAME 

TIME 

XR 

W 

DVAL 

1 

2 

3 

4 

5 

RN 

RB 

PSI 

TIXIF ATO jL nAi/iJLijr 

pm 

Q 

SMR 
TPS 
fjr 

YR 

6 

7 

8 

9 

10 

11 

12 

13 

14 

PSIALP 15 

WTH 16 

Definition 

velocity- 

flight path angle, negative number 

time 

component of range in X direction 

difference between the initiai weight 

and weight loss due to ablation 

nose radius 

base radius 

Euler angle 

Euler angle , (¾ 

Euler angle, ^ 

angular velocity, Q 

angular velocity, R 

angular velocity, P 

side range (component of range in Y direction) 

due to offset thrust 

thrust off set angle 

difference between the initial weight end 

weight loss due to thrust. 
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The altitude Z is set equal to ZUSE, an argument of DEREQ, 

and TIME is set equal to TIMER. If Z is less than zero, control passes 

to statement 2 where an error message is printed out, the error code, 

LL, set to 6, and control returned to ADM4RK. If Z is greater than 

zero, SUBROUTINE PRELIM is called to perform preliminary calcula¬ 

tions of geometric, flow field, and thrusting parameters. If the error 

code LL is set to 6 in SUBROUTINE PRELIM, control is returned to 

ADM4RK. Otherwise, the quantity MINE is tested; if MINE, M , is 

less than 5. 0, the LL is set to 6, an error message printed,and control ' 

passes to ADM4RK. If MINE > 5. 0, control passes tn statement 2U, 

where LAMDA, A , is tested. If LAMDA < 0.6, control passes to 

statement 22; if not, the error code LL is set to 6, an error message 

printed, and control returns to ADM4RK. Following statement 22, X 

is tested against Xup. Since heating and mass loss calculations are 

performed only in the continuum flow regime or in the region of fairing 

between continuum and strong interaction flow's, iî X < X , control 
up 

passes to statement 3 the beginning of the mass loss block. Ifj( > Jf 

the wall temperature at the stagnation point is set to Tw , and the 

mass loss rates is used in DRAGC0 as well as the derivatives pertaining 

to mass loss and shape change are zeroed in the group of equations 

starting with statement 8. Then control passes to statement 4 bypassing 

the mass loss calculations. 

The block of mass loss calculations begins with the testing of the 

input code M0PT in statement 3. If M0PT equals zero, controlasses 

to statement 8 where the pertinent quantities and derivatives are zeroed 

before passing to statement 4. If M0PT t 0, SUBROUTINE AER0DY 



is summoned to compute the aerodynamic heating along the body. Then, 

if the input option code MHEAT equals zero, control passes to statement 

8. If MHEAT # 0, the mass loss calculations continue with the calling 

of SUBROUTINE MASSL0 which controls the calling of SUBROUTINE 

EVIL, where the mass loss rates, surface recession rates, and wall 

temperature are calculated. The mass loss rates are integrated 

in SUBROUTINE T0MAL0 to obtain WD0T, the rate of change in weight 

due to ablation of the vehicle heatshield. Then DERIV(5) is set equal to 

WD0T. If input option code N(DSE0P equals 1, control passes to state¬ 

ment 7 and the shape change calculations. If N0SE0P t 1, the derivatives 

of the nose radius and base radius, DERIV(6) and DEPIV{7) repectively, 

are zeroed, before control passes to statement 4. Statement 7 calls 

SUBROUTINE N0SEBL to perform the shape change calculation, then 

DERIV(6) and DERIV(7) are respectively set equal to RND0T and RBD0T 

before statement 4 is reached. 

After statement 4, input option code 1NALPH is tested. If INALPH, 

number of values in the input angle of attack table, is greater than zero 

control passes to statement 17. There m( and «{'are set equal to a 

value determined, -using FUNCTION TABLE, by linear interpolation of 

the input angle of attack, ALPTAB, as a function of HTAB? altitude and 

the time derivatives 8 through 13 for rotational angles and velocities are 

zeroed just before statement 18. If INALPH * 0, SUBROUTINE ROTATE 

is called to calculate angle of attack effects, if any. If the error code LL 

is set to 6 by R0TATE, control returns to ADM4RK; otherwise, control 

passes to statement 18, 
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Following statement 18, the integer code MAXCD, the number of 

values in the CD TAB table, is tested; if MAXCD = 0, SUBROUTINE 

DRAGC0 is called to compute the drag coefficient before control passes 

to statement 14. If MAXCD f 0, control passes to statement 13, where 

CD is determined, using FUNCTION TABLE, by linear interpolation of 

the input table CDTAB as a function of altitude HTAB, before reaching 

statement 14. The quantity MAXWCD, the number of W CD TAB values 

input, is tested after statement 14; if MAXWCD ■ 0, control passes to 

statement 15. If MAXWCD t 0, the increment in the drag coefficient 

WIRECD, is determined from a linear interpolation of input table WCDTAB 

as a function of WHTAB. This increment is corrected by the ratio of the 

reference areas and added to the drag coefficient obtained either from 

DR AGCO or from the input table, CDTAB, 

CD » CD = CD + WIRECD * 
AWREF 

À Ö 134134 

Statement 15 precedes the calling of SUBROUTINE TEQUAT which 

evaluates the time derivatives of the particle trajectory and thrusting 

variables, DERIVO 2,4) and DERIV( 14-16), and the derivative of time 

with altitude, DERIV{3). The derivative of time with altitude, dt/dz, 

is used as a multiplier for redefining the 15 time dependent derivatives to 

make them altitude dependent before the return to ADM4RK where the 

integration is performed. 



5. Other Information 

A. SUBROUTINE DEREQ ia called in by SUBROUTINE ADM4RK. 

B. SUBROUTINE DEREQ calls in the following subprograms: 

1. SUBROUTINE PRELIM 

2. SUBROUTINE AER0DY 

3. SUBROUTINE MASSL0 

4 CT T Pi O ATT T1 TXT IT XT ACTTia T « dUÜKUU JLXJNÜ* JNwölLioL» 

5, SUBROUTINE T0MAL0 

6, SUBROUTINE R0TATE 

7. SUBROUTINE DRAGC0 

8. SUBROUTINE TEQUAT 

S). FUNCTION TABLE 
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3, 1.4 Preliminary Calculations 

The preliminary calculations of aerodynamic coefficients, 

additional geometric parameters, flow properties in the 

free stream, and certain edge properties are carried out 

by SUBROUTINE PRELIM. In performing these computa- 

tions, PRELIM employs FUNCTION TABLE to do inter¬ 

polation ill certain tables, SUBROUTINE ARFDT2 to call 

in the calculation of the 1962 Standard Atmosphere of 

SUBROUTINE COMP62, and SUBROUTINE LNTERP which 

is used to interpolate in the table of input atmospheric 

properties. 



.:. . ' 
—--——--- 

SUBROUTINE PRELIM(LP) 

l. Purpoae 

SUBROUTINE PRELIM performs preliminary calculations of 

geometric, flow field, and thrusting parameters for use in calculating 

derivatives of quantities to be integrated. The subroutine may be 

divided into the following sections: (1) geometric definitions, (2) 

aerodynamic coefficients Cn^ , Cm , X^/D, and , (3) 
a -r q 

atmosphere free stream quantities, (4) wind tunnel quantities, (5) 

thrusting quantities, (6) stagnation and edge properties, (7) definition 

of transition altitude, (8) definition of specific heats, (9) calculation 

of H and Zi , (10) calculation of weight increments. 

K« 
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2, Input 

♦indicates integer quantity and N0CCUR number code. 

Source of 
Input Name Symbol 

Occur/Noceur 
Number Dencript 

A, 514 

AE 

AS0UND 

CMQIN 

C0DLAM 

C0ST 

CPSZET 

CTHZET 

V Jmp JCa JL«/ I 

Umlrnh fmt 

DNBNDZ 

G 

GAMMA 

IATM0S 

IKCMQ 

a a irma a 

XjA 

LAMDA 

a 

'mfí 

cos 0 

cc? 
r 

cos 0. 

AY 

Az 

g 

A 

301. 
814 

214 

196 

094 

008 

216 

215 

219 

220 

248 

027 

028 

08 * 

09 * 

23 ♦ 

033 

032 

ZPRS 

READIT 

ARFDT2 or 
T MTÏPD "D AjXN A JliAV Jr 

CHNTBL 

F123 

CHNTBL 

F123 

F123 

F123 

F123 

Hl ¾,l, A T*lT T* r\ iXLtjnLjL/ A X 

SR2490 or 
H <m a 1¾ # nhi! 

SR249Ö or 
READIT 
*¡1 A |"\ Tf rifl1 
jcv JEuf JfíÊkJLáiJF Ah JL 

O IT À T\t T1 
JmiS A PP 

nrariTT XV JUiStfpAApJ' A JL 

PRELIM 

PRELIM 

curve fit con 

thrusting noz 

speed of som 

input Cm^ fo 

numerical fa 

cosine cone' 

cosine of thr 

cosine of thr 

component o: 

component of 

lower altitud« 
I» LlfaU B ill# IT w 

X pp. jL a m pp pp. i^p « lactoir to com 

ratio of spec 

input atmospl 

input Cm^ oj 

number of va. 

! 
4 nm+mntmnmntv i XIID b4B*JIAI« wUIkw Lr Iw D 

instantaneous 
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Description 
Value 
Preset Unit 

curve fit constants 

thrusting nozzle exit area 

speed of sound in atmosphere 

input Cm for current configuration 
H 

numerical factor used to calculate C0DRAG 

cosine cone! half angle 

cosine of thrust angular misalignment component 

cosine of thrust angular misalignment component 

component of linear thrust offset 

component of linear thrust offset 

lower altitude boundary on use of input 
atmosphere 

factor to convert slugs to lbs. mass 

ratio of specific heats 

input atmosphere option code 

input Cm^ option code 

number of values in thrust table 

ft/sec 

2 
lbm/ft 

ft. 

ft. 

ft. 

32. 174 ft/sec2 

1.4 

instantaneous axial length 

instantaneous bluntness ratio 

ft. 



Z, Input (Cont'd) 

Name 

L0PT 

MAXTAB 

MINF 

NTHRST 

PI 

PT0TAL 

R 

RB 

RESIN T 

REYINF 

RH0 

RN 

SINT 

SPSZET 
*1 

SQC0ST 
Ü r 

CJ lip TW ITl f lu, 
ml <l> AAmjJmà X 

TABRH0, 50 

TABSND, 50 

Symbol 

Moo 

7T 

p 
TOTAL 

R 

Rb 

(sin 0)”* 

Rey 

ßm 

Rn 

sin 8 

sin 

(eos 0)2 

sin 0^ 

TABLE) 

ft (TABLE) 

Occur/Noceur 
Number 

07 * 

04 * 

035 

22 * 

042 

245 

057 

053 

054 

244 

052 

064 

218 

066 

217 

3771- 
3820 

3821- 
3870 

Source of 
Input 

SP2490 or 
READIT 

CHNTBL 

VIXEN 

READIT 

SR2490 

VIXEN . 

SR2490 or 
READIT 

DEREQ 

CHNTBL 

VIXEN 

LNTERP or 
ARFDT2 

DEREQ 

Vw* rwi X JD Xai 

F123 

CHNTBL 

F123 

READIT 

READIT 

Descrintid 
P 1 

trajectory option c 

number of values i 

current configurât 

freestream Mach i\ 

thrusting option co 

mathematical cons 

total pressure in fij 

gas constant j 

instantaneous base 

inverse of sine of (j 

free stream Reyno] 
I 

free stream densib 

instantaneous nose 

If 
sine of cone half ar 

sine of thrust angu 

square of cosine oi 

sine of thrust angu 

input atmosphere c| 

input atmosphere a 

j 



Description 
Preset 
Value Units 

trajectory option code 

number of values in X /D, I, I table for 
eg X 

current configuration 

freestream Mach number 

thrusting option code 

mathematical constant 

total pressure in free stream 

gas constant 53, 5 

instantaneous base radius 

inverse of sine of cone half angle 

free stream Reynolds number per inch 

free stream density in atmosphere 

instantaneous nose radius 

sine of cone half angle 

sine of thrust angular misalignment component 

square of cosine of cone half angle 

sine of thrust angular misalignment component 

input atmosphere density 

input atmosphere speed of sound 

lb/ft^ 

ft-lb 

lbm°R 

ft. 

1/in. 

lbm/ft3 

ft. 

lbm/ft3 

ft/sec 



; 

2* lnPut (Conci'd) 

Name 

JrlXJ ÜU# í/ W 

TANT 

TBATMZ, 50 

THO 

THDELT, 25 

THDELZ, 25 

'TUTT 'P A X X XiiCii X 

THETAD 

THTHO, 25 

TIMER 

T0FF 

T0N 

r|*|% m ípu 
X X» aLi X *V 

TW, 32 

TXCGD, 50 

UPENDZ 

V 

W 

WTH 

Z 

Z0FF 

Z0N 

Symbol 

.. 
fjp i** p / M tsf* i"* 11 v Mil» f J|t| Win* I# Um* 

Number 

Z(TABLE) 

TAN 0 

Z (TABLE) 

Th, ‘0 

At (TABLE) 

AZ (TABLE) 

D 

Th/Th (TABLE) 
o 

off 

on 

trane. 

Tw, 
i 

X/n t T ART ITT f U \ l J%D JuSL ; 
eg 

V 

w 

w 
TH 

off 

on 

994- 
1043 

070 

3721- 
3770 

207 

3618» 
3642 

3593- 
3617 

f 76 

069 

3568- 
3592 

080 

209 

208 

243 

2644» 
2675 

844 *• 
893 

247 

082 

084 

204 

091 

206 

Source.of 
Input 

205 

n IP AnTT ili \ XUJnJJX X 

CHNTBL 

READIT 

READIT 

READIT 

READIT 

CHNTBL 

CHNTBL 

READIT 

VIXEN or 
DEREQ 

D F AHTT hE\ XIl JraX^X X 

W F AHTT 

R F AfiTT JHii. JI&ijr*X«rX X 

CHNTBL or 
MASSL0 

tJKT Pía T UOLN XDJm 

READIT 

ipilw-D 
X^JIiXvJmM 

DEREQ 

DEREQ 
TT» A 

Xm J\XUVX 

n F AnTT JESa JL Jb 

P F AHTT Xv JíM/TJL/X X 

altitude func 
c ur r e nt conJ 

fia nraai«*«^ nf ff L cL* a g¡ VS £11« UX 

input atmofl] 

reference tl 

change in tii 
of THTHO. 

change in al 
M q-i rjP LIA Ox i ri X rlv « 

cone half ani 

cone half an 

non-dimenei 

time 

time for thn 

vXalXVS XUX tfaXt 

input transit 

wall tempen 

X /D table 
eg 

upper altitud 
option 
velocity 

initial weigh, 

initial weigh 

altitude 

altitude for t 

altitude for t 

; 



Description Preset 
Value Units 

altitude function for X /D, I, I table for 
current configuration 8 x 

tangent of cone half angle 

input atmosphere tabular altitude 

reference thrust 

change in time from t for tabular input 
of THTHO, (t - t ) °n ' ' on' 
change in altitude from Zon tabular input 
of THTHO, Znn - Z) on ' 
cone half angle for current configuration 

cone half angle for current configuration in degrees 

non-dimensional thrust table 

time 

time for thrust shut off 

time for thrust onset 

input transition altitude 

wall temperature distribution along body 

Xcg/D table for current configuration 

upper altitude bound for use of input atmosphere 
option 
velocity 

initial weight * (Aweight 

initial weight - (Aweight). • V 
thrust 

altitude 

altitude for thrust shut off 

altitude for thrust onset 

ft. 

ft. 

sec 

ft. 

radians 

degrees 

sec. 

sec. 

sec. 

ft. 

o R 

ft. 

ft/sec 

lb. 

lb. 

rt. 
ft. 

ft. 



3. Output 

* indicates integer quantity and N0CCUR number code number 

Name 

AREF 

CAPL 

CMALP 

CMQ 

CNALP 

C0DRAG, 

C0SLAM 

CPE 

CPW 

D 

DELW 

DELWZ 

DELW3 

HS 

HSR TO 

HWBAR 

LP 

Symbol 

ref 

C m , 

m. 

n, 

X cos 9 

C 
Pe 

w 

D 

Aw 

Aw2 

Aw, 

H 

H /RT m f * V db 

S 0 

H w 

La 

A 

Occur/Noccur 
Number 

001 

010 

013 

020 

012 

009 

011 

017 

018 

021 

097 

226 

227 

031 

029 

225 

033 

032 

Descri 

reference ai 

sharp cone 

partial deri^j 
i 

damping in j 

partial derix 

numerical fa 
in rarefied £ 

product of b 

constant pre 
cone boundai 

constant pre 

base díamete 

total weight 

total weight 

total weight 

stagnation ei 

non-dimensi 

non-dimensi 

instantáneo« 

instantané ou 

error code 

mm.. 



'ur 
Deecription Units 

reference area - area of vehicle base ft2 

sharp cone slant length ft. 

partial derivative of moment coefficient with a 

damping in pitch 

partial derivative of normal force coefficient with a 

numerical factor used in DRAGC0 for drag calculations ft. 
in rarefied flow 

product of bluntness ratio and cosine of cone half angle 

constant pressure specific heat at edge of the sharp Btu 
cone boundary layer lbm-°R 

constant pressure specific heat at wall ^- 
Ibm - °R 

base diameter ft, 

total weight change lb, 

total weight change due to ablation lb. 

total weight change due to thrusting lb. 

stagnation enthalpy Btu/lbm 

non-dimensional etagnation enthalpy 

non-dimensional wall enthalpy 

instantaneous axial length ft. 

instantaneous bluntness ratio 

error code 



3, Output (Cont'd) 

Name Symbol 

M 

ME 

MINE 

MUE 

MUINF 

MUW 

MX 

MY 

MZ 

PE 

PIN F 

PIN FPS 

PS 

QD 

D IT VT XVjCj I Xj 

RHÙE 

RH0IN1 

m 

M 
I 

M 

oe 

>< w 

M 

M 

M 

00 

Poo/P 

p 

a 

d 

Rey 

Occur/Noccur 
Number 

037 

036 

035 

034 

210 

211 

212 

048 

049 

046 

047 

051 

062 

061 

056 

i 

Oeaci 

vehicle rr 

Mach nun 

Free atrfl 

viscoaity 

, 1 
free atrea 

I 

viacoaity 

thrusting , 

thrusting ! 

thrusting 

pressure 

free atrea 

ratio of fr 

stagnation 

dynamic p 

free atrea 
alant leng 

density at 

free atrea 



Description Unite 

vehicle mass 

Mach number at edge of sharp cone boundary layer 

Free stream Mach number 

viscosity at edge of sharp cone boundary layer 

free stream viscosity 

viscosity at wall 

thrusting moment about x axis 

thrusting moment about y axis 

thrusting moment about z axis 

pressure at edge of sharp cone boundary layer 

free stream pressure , 

ratio of free stream pressure to stagnation pressure 

stagnation pressure 

dynamic pressure 

free stream Reynolds number based on sharp cone 
slant length 

density at edge of sharp cone boundary layer 

free stream density in lbm/ft^ 

slugs 

Ibm 
ft-sec 

Ibm 
ft-sec 

lbm/ft 

ft-lb 

ft-lb 

ft-lb 

lb/ft2 

lb/ft2 

lb/ft2 

lb/ft2 

lbm/ft^ 

lbm/ft^ 
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3. Output (Concl'd) 

Name Symbol 
Occur/Noccur 

Number 

RH0INF 055 

S S 198 

SIN TM 

TBMAT, 3 

TE 

np rjr X n 

THINF 

TINF 

VE 

WT0TAL 

XBAR 

XBARl 

XBARST 

XCPD 

sin 8 
©o 

T 
e 

Th 

Th oo 

V 
e 

W 
TOTAL 

X 

Xi 

X st 

p. 
/D 

067 

3643- 
3645 

079 

201 

213 

072 

083 

228 

090 

126 

089 

088 

Descri 

...—i 

free stream den 

total surface dis 
point to maximu 

product of free i 
half angle i 

components of tl 
system 

temperature at < 

total thrusting f< 

thrusting force i 

free stream tern 

velocity at edge 

instantaneous to 

viscous interact 

rarefaction para) 

numerical factoi 

axial distance fr 
pressure non-di 

transition altitus 

liPiiiiiiiiiliraiiiiPiiwwwww1« * ) i ilHWPIêiNil#lil<lW||l(|j| 'ii ill ¡!i il l'ii il.. r'NM'itH#iWW»itl»Hll|»liiiW>Wff»f^ 



Description Units 

3 
free stream density in slug/ft 

total surface distance along vehicle from stagnation 
point to maximum diameter 

product of free stream Mach number and sine of cone 
half angle 

components of the thrusting force in body coordinate 
system 

temperature at edge of sharp cone boundary layer 

total thrusting force 

thrusting force in vacuum 

free stream temperature 

velocity at edge of sharp cone boundary layer 

instantaneous total weight of vehicle 

viscous interaction parameter 

rarefaction parameter 

numerical factor used in rarefaction parameter 

axial distance from stagnation point to the center of 
pressure non-dimensionalized by base diameter 

transition altitude 

3 
slug/ft 

ft. 

lb. 

o„ 

lb. 

lb. 

o 
R 

ft/sec 

lb. 

ft. 
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4. Numerical Procedure 

SUBROUTINE PRELIM begins calculations with the geometric 

definitions of reference area surface distance, base diameter, bluntness 

ratio, axial length, sharp cone slant length, etc. for the instantaneous 

configuration. It then proceeds to calculate Newtonian values for Cn^ 

and Cm using the input tabular value of Xc.g/D. If Cm is positive 
•C 

an error message is printed, LP is set equal to 6 and control returns to the 

calling subroutine. If Cm < 0, the quantity X /D is calculated, A 
cp 

test is made on the input Cm option code, IKCMQ, which, if greater than 

zero, causes control to pass to statement 43 where CMQ is set equal to 

the input quantity. If IKCMQ is zero, CMQ is set equal to the value 

calculated from Newtonian equations, then control goes to statement 44 

circumventing statement 43. Input code L0PT is tested; if equal to 4, 

control goes to statement 79 for wind tunnel option calculations, other¬ 

wise, it continues with the atmosphere calculations. 

The input code IATM0S is tested. If IATM0S equals zero the 

SUBROUTINE ARFDT2 is called in to define the free stream density 
3 

RH0, in slugs/ft and speed of sound, AS0UND, inft/sec. Then 

the control goes to statement 48. If IATM0S is greater than zero, 

which means that the input atmosphere option is exercised, control 

goes to statement 47 and SUBR0UTINE LNTERP is called in. SUBROUTINE 

LNTERP defines the quantities RHD and AS0UND from input atmosphere 

tables when DNBNDZ < Z S UPBNDZ or by calling in SUBROUTINE 

ARFDT2» if Z is outside the range. Following statement 45 there are 

free stream flow properties defined,then control goes to statement 

89, bypassing the wind tunnel calculations. 

■■ i----- 
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Following statement 79, the free stream flow properties 

and the velocity are calculated from the input wind tunnel conditions. 

Statement 89 follows these calculations and, if L0PT is greater than 

or equal to 3, which indicates use of input trajectory or input wind 

tunnel option, control passes to statement 16. If the trajectory is 

being calculated, L0PT of 0, 1, or 2, the quantity NTHRST, which 

corresponds to the input quantity NTHRUST, is tested, If NTHRST 

is equal to zero, the thrusting calculations are bypassed and control 

passes to statement 16, Otherwise, the directed G0 T0 statement 

passes control to statement 11 if NTHRST * 1, then thrust is function 

of altitude, or to statement 12 if NTHRST a 2, then thrust is a function 

of time. 

In statement 11, if the instantaneous altitude, Z, is > Z0N 

+ ,0001 ft. ) control passes to statement 16. If not, Z is tested 

against Z0FF, where if Z < Z0FF control passes to statement 13; 

otherwise the free stream thrust is read in from tabular input as a 

function of the altitude, the printing codes JJTHR and KKTHR are 

defined, and control passes to statement 14, In statement 12, if the 

instantaneous time, TIME, < T0N + 1.0 D-4, control passes to 

statement 16. If not, TIME is tested against T0FF. where if 

TIME > T0FF control passes to statement 13, if not, the free stream 

thrust is read in from tabular input as a function of time, the printing 

codes JJTHR and KKTHR are defined. 

Statement 14 continues the calculating of the thrusting parameters 

by correcting the thrusting force for back pressure, resolving the 

thrusting force into components in vehicle body coordinate system, 
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and calculates the moments it produces before passing control to 

statement 10, 

Statement 13 tests the printing code JJTHR, which if non¬ 

zero causes control to pass to statement 16, II JJTHR is zero, 

which occurs only at the first altitude or time encountered after 

thrust shutoff altitude or time, the message indicating shutoff time 

and altitude is printed out, then JJTHR is set equal to 1. The 

group of equations following statement 16 zeroes out the components 

of the moment and thrusting force body coordinate system, the 

thrusting forces, and the printing code KKTHR when the thrusting 

option is not utilized or the thrust has been shutoff. 

Statement 10 is the start of the calculations for stagnation 

enthalpy, stagnation pressure, free stream dynamic pressure, and 

sharp cone edge properties. The calculations are straightforward 

with the exception of the evaluation of Te/T^ , that is TETINF: 

* 

If M sin 0 <5.7 ¿—=1. + M sin 0 (.0966 + . 2267 M sin 9) 
O® T eo 00 

If M ‘90 + 11 +5KK 

KK 

(M^ sin 9) 2116. 

The quantify TRZTR is then tested and if non-zero, the transition 

altitude ZTR is set equal to input TRZTR and control skips to statement 

45. If TRZTR I« equal to zero, control passes to statement 46 where 

the following equations are used to evaluate ZTR 

41 
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TEMJ 

TEMI 

TEML 

(L) 
JJ 

(6 ) 
' d' 

II 

(15. ) 

Â 

0. 3 

II 

2 1 1 
ZTR = S 2 E A 

if 0D < 15. 

if eD > is. 

if X < o. 3 

if X > °‘3 

JJ=0 11=1 11=0 300 + JJ + 3II + 6KK 
(TEMJ) (TEMI) (TEML) KK 

\ 

These calculations are followed by statement 45. Then the 

flow regime index J is defined as follows: 

Z > ZTR J = 2 

Z > ZTR J * 3 

laminar flow 

turbulent flow 

These are used to indicate the appropriate value of TW(J,8), the sharp 

cone value at maximum diameter point, which is used in the equations for 

S? ’ **wy^w ’ an<^ Ce ‘ ^16 BPec^c keat at constant pressure is 

then calculated for the edge of boundary layer conditions and for the 

wall conditions, under the following restrictions: 

T > 5000. C * A,,. T A. „ _ T 
e p "111 112 e 

TJJ.8)> 5000. Cp =Am + Am TU.8) 
w 

700. < I. < 5080. Cp/¿0 A105+IIlTe 
.II 

700. < T ( J, 8) < 5000. C « E A (T(J,8)) 
W Pw E . o m a W 

H 
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y.2398 T < 700. C 
e Pfe 

T (J, 8) < 700 
w 

C * 0.2398 
P„r 

* 

Next the dimensionless, and the viscosityx«.w are defined. These 

are followed by the evaluation of jL and the viscous interaction 

parameter and the rarefaction parameter, respectively. 

If L0PT Is not equal to 3, the weight increments due to ablation - 

DELW2, thrust - DELW3, the sum of these - DELW, and the total weight 

are calculated, then wTqtaL is testecl t0 en8ure that it has a positive, 

npnrzero value. If W 
TOTAL 

0. 0 then calculations are terminated 

and a warning message printed out. If L0PT equals 3, control skips to 

statement 91, where for all L0PT M is defined. 

5. Other Information 

A. SUBR0UTINE PRELIM is called by either SUBR0UTINE 
trTVTTTvT CTTO tí flfrl Î 'TtMTT niTISirri VJUiii'JmIiN or oU-dKOPU XxJNJIí UJIsiíÍiiJíiUI# 

B. SUBROUTINE PRELIM caUs in the following other program 

subroutines and function 

1. SUBROUTINE ARFDT2 

2. SUBROUTINE LNTERP 

3. FUNCTION TABLE 

C. SUBROUTINE PRELIM calls in the following library functions: 

1, DSQRT 

2. FDXPD 
3tr*r\ ytht 

« J» A*/«An* I» 
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«•Mili 

* 

SUBROUTINE ARFDT2 (H, AS0UND. RHd) 

1* Purpose 

SUBROUTINE ARFDT2 calls in the SUBROUTINE C0MPÒ2, which 

performs calc «latió«» to obtain the free »tream. deoaity and aound »peed 

for the 1962 Standard Atmosphere, and changes the «nits of the denaity 

output of C0MP62. 

2. Input 

Name Symbol 

AS0UND à m 

H Z 

RH0 

3, Output 

ASOUND a m 

RH0 
X-*' 

Source of 

J2E2Î— 

COMP62 

LNTIRP or 
PRELIM 

C0MP62 

C0MP62 

C0MP62 

.. ....— 

SiáHliSaS!1 

free stream speed of aound 

Ur 

It/etc. 

altitude lor which Iree stream 

conditions to he determined 

It 

Ire# S'tteam. pteseut* divided dimension!#* • 

by sea level value 

tree • tream density divided by dimensionleee 

sea level value 

°R Its# « 

1res stream «peed ol sound 

Ire* stream density 

It/ sec 

■lugs/It 

«St 

"—"»■'mi.. 

llililii 



4, Nu,m»rlc>l ProctiM.«* 

SUBROUTINE ARFDT2 seta the quantity RHOO,^, equal to 

0. 0023769 which ia the .ea level density in -lug- per cubic foot. Then 

SUBROUTINE C0MP62 ia called for the altitude H to calculate the free 

■treat» propertle« — P** ' T**|t of 016 196 
Atmosphère. The non-dimenaional free stream density obtained from 

C0MP62toimitiplied by ^ to obtain^. RH®, in units of aluga per 

cubic foot, before the return to the calling subroutine. 

5. Other jgfeflBlËfflL 

A, SUBROUTINE ARFDT2 may be called by either SUBROUTINE 

PRELIM or SUBROUTINE LNTERP* 

B. SUBROUTINE ARFDT2 calls in SUBROUTINE C0MF62, 



«.«iihiMMMMHIMlniHmiU MMMMWllliMnWMMMMNIMMiiMIlHi- 

1, Purgo» t 

SUBROUTINE C0MP62 computes the non-o’mensional density 

and pressure,, temperature in degree* Rankine, and the speed of sound 

in feet per second for the 1962 standard atmosphere. 



Name Symbol Deacriptioi. Units 

Source 
of 

Input 

H ARFDT2 altitude ft. 

3. Output 

AS0UND a 

p /F t ar 

RHO I p 

sound speed in free stream 

non-dimensional free stream 
pressure 

non-dimensional free str ¡am 
density 

ft. 



4. Numerical Procedures 

SUBROUTINE COMP62 has the following 26 value data tables stored 

for use in calculating the atmospheric properties: 

TB 

HB 

BM 

molecular scale temperature, T^K), in degrees Kelvin 

geopotential altitude, H^(K), in meters 

gradient of molecular scale temperature with geopotential 

altitude, L' (K), degrees Kelvin/meter Mb 

R 

PB 

density, *? J K1 in kilograms/cubic meter 

6 21 2 
pressure parameter, (10 Pb/PQ ) in ft /lb, where P (K) is 

TWTM 

atmospheric,ores sure and P is pressure at sea level 
both i¿ lb/ft2. ° 

molecular weight, M^, gram/mole 

In addition, the following constants are defined: 

AG 

AMO 

gravitational constant g , 9.80665 m/sec 

sea level value of molecular weight, M , 28,9644 gm/mole 

ARR 

AR 

C0N1 

CON2 

C0N3 

'31 311 
universal gas constant, R*. 83,4,32 gm-m /( K mal sec ) 

radius of earth, R, 6356766, meters 

conversion from feet to meters, . 3048 meters/foot 

conversion from °K to °R, 1,8 0R/°K 

conversion factor for 

PQ/106 where Pq is sea level pressure, .0021156 lb/ft2 

C<JN4 factor lfifl*7cQÑP used in calculating speed of sound 

..— —-- 



Th« calculation» begin with the testing of the input geometric 

altitude, fortran symbol H, If H exceeds upper altitude limit 

2275000, 000001 It., control passes to statement 3 where the quantities 

RHO, ABOUND, T, and F are set equal to constant values before «• return 

to the calling subroutine is achieved. If H is less than or equal to the 

limit, control passes to statement 2, The geometric height in meters, 

ZZ, is computed from H and used to determined AH, the geopotential 

height. A D® loop is then utilized to determine the appropriate tabular 

values to be used in calculations for atmospheric properties. This is 

accomplished by testing the geopotential altitude AH against the tabular 

values HB in the following tests: 

ÍF<AH - HB(D) 7,8,9 

9 IF (AH - HB(I+1)) 8,7,7 

where I first has a value of i and is increased by I each tíme statement 

7 is reached. The máximum value 1 can have is 2ê, If AH is less 

than the tabular value 10(1) control goes to statement 7, 1 Is increased 

by 1, and, this teat is performed again until AH ia either equal to or 

greater than, HB4X), 1' AH » HB(I) control passe« to statement 8 where 

K Is set equal to current value of 1 and, G® T® 10 statement is executed. 

If AH is greater 'than HB(I), the second IF statement Is employed to 

test AH against the next value in the table MB(1 + 1). If AH ÿ HB(I+ 1) 

,statement 7 ia utilised and testing continues* but* if AH < HB(I + 1)* 

control passes to statement 8* where K is set equal to I, and is then 

directed to statement 10, 

Maternent lu 10 tne beginning ot tne calculations tor tree itream 

temperature. First the difference between the current geopotential 

altitude, AH, end the tabuler geopotential altitude, HB(1) is determined. 



« i... 11 iiihiiihMIMMIIIIIMI! 
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This quantity is utilized in evaluating the following equation for 

molecular scale temperature, TM in degrees Kelvin, 

M * VK> + L'Mb<K> <H " K) ) 

Then the integer KK is set equal to K, but if this gives a KK * 26 

KK is reset to 25, for use in the following equation for molecular 

weight in grams/mole 

tjr n 
M 

1^( KK) 

VKK) * lÿKifrirnÿKK) (Mb(KK+1' - 'VKKI1 

which is used to find the free stream temperature in degrees Rankine 

M 
T “ T * Tm(CON2) m 

Statement 12 tests the gradient of molecular temperature L' M 
If Is non-zero, control Is directed to statement 15; however, if 

is aero, control passes to statement 16. 

Statement 15 begins the evaluation of the non-dimensional density 

and pressure for the non-constant temperature regime using the 

, Mo 

.K. R* L'JTk) 
P K) Mu 

RH0 

el density , ßo 

! 

üüiHtiÜyil 



(C0N3) p m ~ » pb (K) 
p 
m 

o 

Then control pai«ee to statement 17. Statement 16 evaluate» the non- 

dimensional pressure and density for constant temperature region using 

the following equations 

P s% p ■ -p«, m P^(K) exp » P (K) exp 
o 

CON3 

p . (K) 

«*p 

Control then passes to statement 17, where the speed of sound, ABOUND 

in ft/sec, is calculated form the equation 

where T Is In degrees Rankine. 

5. O^her Information 

A, SUBROUTINE C0MP62 has the restriction that the altitude 

input, H, must Be a positive number. The subroutine uses the first 

set of equations from "U. S. Standard Atmosphere 196211 with some 

modifkaUMti over the entire rang« of altitude. The' subroutine 

compares with the standard atmosphere model in the following way: 



i 
From 0, 0 to 300, 000. feet, the aubroutine is exact. 

From 300, 000, to 2. 275, 000, compares to leas than 1/2 of 1% 

Above 2*275, 000. the aubroutine computes constant value, 

B. SUBROUTINE CÓMP62 is called by ARFDT2. 

C, SUBROUTINE C0MP62 calls in the following library 

functions: 

1. DEyP 

2. DSQRT 

3. FDXPD 

'• -—»*»■*»-Oi—ni«'»»■"^ '»■»»-HI ... —«*j ......J 



LNTERP (TBATMZ. TABRH0. TABSND, UPBNDZ, 

DNBNDZ, Z. RH0, AS0UND) 

1, Purpose 

SUBROUTINE LNTERP does a logarithmic interpolation to obtain 

free stream density and a linear interpolation to obtain the free stream 

sound speed from the input tables when UPBNDZ > Z > DNBNDZ. 

Outside these limits SUBROUTINE LNTERP calls in SUBROUTINE 

ARFDT2 to calculate the 1962 Standard Atmosphere values. 

2. Input 

HiES. Symbol Description Units 

DNBNDZ ZDNBND 

TABRH0 TABLE) 

TABSND mm (TABLE) 

TBATMZ Z (TABLE) 

UPBNDZ ZufbND 

Zm 
f .m 

lower altitude boundary on use of ft. 

tables 

free stream, density table must be lbm/ft3 

In ascendini order with altitude 

free stream sound speed table must 't/sec 

be in ascending order with aMtade 

tabular altitude in ascending order ft 

upper altitude boundary on use ft. 

of 'tables 

altitude for which free stream ft. 

conditions are desired 



3. Output 

Name. Symbol Description Units 

AS0UND a ^ free stream sound speed ft/sec 

RH0 j^*o free stream density speed slug/ft^ 

4. Numerical Procedure 

SUBROUTINE LNTERP begins by testing the altitude Z to determine 

whether the tabular input atmosphere properties or the calculated 1942 

Standard Atmosphere properties are to be used. If Z < UPBNDZ control 

passe;* to statement 10» if 2 * UPBNDZ 'to statemeht 40» ud if Z » UPBNDZ 

to statement 30. In statement 10» Z is tested against DNBNDZ. If 

Z £ DNBNDZ' control passee to statement 30, M Z :> DNBNDZ control 

passes to statement 40. Statement 30 calls SUBROUTINE ARFDT2 to 

calculate 'the free stream properties of 'the 1962 Standard Atmosphere 

before returning to the calling subroutine. 

Statement 40 begins the interpolation of the 'tabular values with a 

D0 loop which determines toe appropriate tebular points to he used. The 

D0 loop sets I • 1 .and teste "TBA'TMZ(I| ¡«gato«« 2 for I from 1 throufh SO 

or until TBATMZ(I) 2 Z. If no value of TBATM(I) Z, control calls 

EXIT. At toe point where TBATMZtl) first is greater "than or sfttál to Z» 

control passes to statement 46 and the Interpolation equations with I 

equal to 'the last :L 



.. mMMiiiiHiiiiiii! 

The evaluation of the interpolation equations is performed following 

statement 46. 

EX a exponent tap equation ■ (Z-TBATMZ(J-1))/(TBATMZ(J)-TBATMZ(J-l)) 
-—EX 

T) 

RATI® ■ (TABSND(J) - TABSND(J-l))/(TBATMZ(J) - TBATMZ(J-l)) 

ASÛUND - a^ = TABSND(J-l) + (Z - TBATMZ(J-l))*RATI0 

Then control returns to the calling subroutine. 

5. Other Information 

A. SUBROUTINE LNTERP is called in by SUBROUTINE PRELIM. 
*< 

oHiS= « = TABRHO(J-l) , pABRMjJ) 
RHW - JJm 32.174 |_TABRH0(J- 

B _ «I « 
• DUoKUU XJlXvJBLi uN C&JLLS in. 

1. SUBROUTINE ARFDT2 



FUNCTION TABLE (X, XTAB, Y TAB, KMAX, L) 

1. Purpose 

FUNCTION TABLE performs a one dimensional table look up 

using linear interpolation between table values. 

2. Input 

* indicates integer quantity 

Name 

KMAX * 

L * 

X 

XTAB 

Y TAB : 

Description 

integer code indicating the maximum number of 

values in the XTAB, Y TAB table 

integer control code 

the value of the independent variable for which 

the corresponding dependent variable is desired 

tabular values of independent variable 

tabular values of dependent variable 

IIS Output 

Name 

TÄBLJB 

Description 
...i»—...i. 

value of the dependent variable which corresponds 

to the value of independent variable X*. 



4. Numerical Procedure 

The calculations of FUNCTION TABLE begin with the tenting of 

KMAX. If KM AX, the maximum number of values in the XTAB, Y TAD 

table, is 1, control passes to statement 6 where TABLE is equated to 

the singular Y TAB value. If I KMAX is not equal to 1, then code L is 

tested. If L is greater than aero, control passes to statement 2 

where a linear interpolation is done between the L and (L-l) values of 

the tabular input to obtain ANS which is set equal to TABLE. 

If L is less than or equal to aero, then the subsequent calculations 

search for the appropriate tabular values to use in the interpolation, 

regardless of whether the tabular values are in descending or ascending 

order. This is accomplished by first setting the code IG0 equal to 1, 

for ascending order, then testing the first tabular value against the second. 

If this test shows a descending order then IG0 is reset to a value of 2. 

AD® loop encompassing the statement» through statement 1 is utilised 

to determine the proper tabular values for use in the linear interpolation 

of statement 2. The loop la executed for values of K from 2 up until the 

appropriate K£ KMAX ie reached. Within the loop the value of the 

quantity IG0 directs control to either statement 3 1100« 1) or etatement 

4 (IG0 « 2). 

In statement 3, if X > XTA1(K) control pasee* to elatement on* 

causing K to be Increased by one. Then the procedure ie repeated until 

X i§ XTAB(K), which send*' control to etatement 5, where L ie eel equal 

to that value of Ki and control leaves the loop passing to statement 2. 

In etatement 4 a similar procedure ie foEowei if X*< XTAB(IQ control 

passe* to statement ote» but il' X: i XTAB(K) control pasees 

to statement 5 then to etatement 2» If K reaches KMAX without 



aatítlyinf the Appr opr inte teat« then L la «et equal to KMAX. 

Statement 2 évaluai«:!» the equation for the linear interpolation 

ANS - iTABtL-U + * {YTAB(L) - YTAB(L-l)) 

then TABLE ia aet equal to ANS before the return to the calling subroutine. 

5* Other Information 

A. FUNCTION TABLE la called by SUBROUTINES DIR,IQ, PRELIM, 

and, ROTATE, 

B, FUNCTION TABLE eallA no other aubprogramat 



‘3. 1.5 Heating and Mase Loss Calculations 
■in-....a.—..i.... 

The following section contains the descriptions of the subroutines which 

perform the heating and mass loss calculations. The cold wail aero¬ 

dynamic heating distribution along the body is computed by SUBROUTINE 

AERODY. These results are then used in the determination of the mass 

loss rate, wall temperature, and surface recession rate distribution by 

SUBROUTINE EVIL which is called in for each body station by SUBROU¬ 

TINE MASSLO. TOMALO is then used to integrate the mass loss rate 

along the body to obtain the rate of change of vehicle weight due to heat- 

shield ablation. The wall recession rates are then used to determine 

the time rate of change of nose radius and base radius where cone half 

angle remains constants in SUBROUTINE NOSEBL. 



SUBROUTINE AER0DY 

1. Purpose 

SUBROUTINE AER0DY calculates the ratio of edge pressure 

to stagnation pressure and the cold wall aerodynamic heating rafes for 

the body stations appropriate to the configuration. For the sharp cone, 

these stations are the stagnation and maximum diameter points. The 

blunt cone is represented by the stagnation point, the tangent point, the 

20, 40, 60, 75, 90 per cent stations based on Initial axial length, the 

maximum diameter point,and, in turbulent flow only, the sonic point. 

In addition, the maximum diameter point sharp cone values are evaluated 

for purposes of comparison with the blunt cone results. 

-- •" " .. .—.....WW, 

_ i _ _ 



2, Input 

Name 

A, 514 

CAPL 

FAC TR1 

HSR TO 

LAI 

LA2 

LA MD A 

MIN F 

PIN FPS 

PS 

RH01NF 

p KT 

SIN'T 
T'A'WT1 i# «Hi#* A 

T'HFTA 
t ft?* «fi a r% 

i|ii in Am a i/IiaI 

t 

2 

2TR 

2 TURN 

Symbol 

h /RT 
t o 

Lal 
La ~ 

2' 

A 

E/13 _ I 
n 

p 

A. 
Rn 

•ia 0 

lnAffl w 

9 

V 

1 
m 

A I\" 

5r: 
TURN 

1^1** 1111 %c» Iw IA A 

Number 

301- 
814 

010 

189 

029 

138 

1 il 4 «Ti T« 

032 

035 

04b 

047 

055 

052 

064 

07 0 

076 

069 

082 

091 

092 

145 

Source of 
Input 

ZPRS coefficient« o; 

DO 1TÎ TkJ It ^J!l\ Jm JUi«I«1 • harp cone ai 

SR2490 

PRS LIM 

F123 

F123 

numerical lac 

non-dimenaioi 

ï 
input Initial aj 

input initial u 

PRSLIM inatantaneous. 

PRELIM free »tream IM 

PRELIM ratio of free • 

130 ITf V1J Jr IUD JliXJVL ■ tagnation pre 

DO Iff*1! TRJ Jr .UV Jw JuiAM 

\jrm idJb 

AfaUPi' X JmÍ Jb 

CHNTBL 

CHNTBL 

CUNTIL 

ir%.«po JJr 

DEREQ 

DO VP I XXÆ i, JiiJAJvil 

READ1T 

free atream d< 

inatantaneoua i 

«ine of cone ha 

*“*•"*01 toni 
cone half apgla 

cone half aii|l«J 

velocity 

altitude 

tranaition altit 

i 
altitude at whli 



Description Units 

coefficients of curve fit equations 

sharp cone slant length 

numerical factor * (sea level density)0, 8 

non-dimensional stagnation enthalpy 

input initial axial length of first configuration 

input initial axial length of second configuration 

instantaneous .bluntness ratio 

free stream Mach number 

ratio of free stream pressure to stagnation pressure 

stagnation pressure 

free stream density in slug/ft^ 

instantaneous nose radius 

sine of cone half angle 

tangent of cone half angle 

cone half angle in radians 

cone half angle in degrees 

velocity 

altitude 

transition altitude 

altitude at which configuration changes 

ft. 

. , 3 °*8 (siug/fr) 

ft. 

ft. 

ib/ft2 

slug/ft3 

ft 

# 

radians 

degrees 

ft/sec. 

ft 

ft. 

ft 

V 



3 Output 

Name Symbol Occur Number 

PEPSB, 8 (P /P ) 
e 6 . 

i 

2801- 
2808 distributi' 

pressure 

QD0T, 32 2676- 
2707 

XLA.8 (X/La). 
l 

815- 
822 

cold wall, 

body stati' 



hber Description Units 

distribution along body of ratio of vehicle edge 
pressure to stagnation pressure 

cold wall aerodynamic heating along body 

; 

Btu 
”2 ” 
ft - sec 

body stations for heating and mass loss calculations 



4* Numerical Procedure 

SUBROUTINE AERODY may be divided into three main grouping® 

o£ equation® (1) stagnation point heating, designation of station location®, 

and evaluation of the distribution of the ratio of edge pressure to stagnation 

pressure, (2) laminar cold wall heating, (3) turbulent cold wall heating. 

Each group contains calculations for both sharp and blunt cones. 

The indices of the q array have the following significance in 

indicating flow regime and body station: 

QD0TU, 9 k * stag 

QD0T( 2, J) * B j laminar flow 

QD0T(3, J) ■ . j turbulent flow 

QD0T(4, 1) a %ONIC 

where J • 1 represents the tangent point 

J ■ 2 through 7 correspond to the 20, 40, 60, 75, 90 per cent 

stations and the max. diameter point 

1*8 the maidmuiB diameter point on sharp cone having 

cone half angle 0* 

These etatiott location indices also apply for Ä« pressure distribution 

and per cent axial distance, (X/La^. 

The stagnation point heating is obtained from 

X < i0*3 Rs • 1.0 

X 1 10"3 Rs * Rn 



QD0T{ 1,1) = q = 17600 
stag 002375 R 26000. ' 

Using a DO loop the ratio PEPSB(J), (P /P )., is zeroed for 

J = 1, 7» The sharp cone Pe/Ps at the maximum diameter point is 

computed. 

0.85 
0. 00648 - 0. 33(M -¾ 

D w 
p e 

PEPSB{8) = { = 0.0331 e 
P 

8 i * 8 

1.88032 
4 0.000468 e 

D 

and, if A < 10“3, control passes to statement 1. If A si 10*3, the 

blunt cone station locations are defined for the current configuration and 

the corresponding pressure distribution evaluated. ■ 

XLA(l) » (X/La). * R (1.0 - sin i) /La 
i n 

2 > ZTURN DLA * Laj/La 

DLA ■ La,/La 
m 

z s z 
TURN 

XLA(2) « 1.0 - 0.8 DLA = (X/La)2 

XLA(3) * 1.0 - 0.60 DLA ■ (X/La>3 

XLA(4 ) =1.0 -0.40 DLA ■ (X/La)4 

XLA(5) = 1.0 - 0. 25 DLA ■ (X/La^ 

XLA(6) * 1. 0 - 0. 1 DLA ■ (X/La 

XLA(7) = 1.0 = (X/La)? 



The geometric quantity TEST is used to determine whether the boundary 

layer at a given point on the blunt cone has been swallowed, i. e., flow 

is conical. 

TEST 1.13 R n 
..— Jÿ ' 

La tan*1 9 

The calculations for the blunt cone pressure distribution proceed 

with the evaluation for each index 1 through 7 of the equations nested between 

the D0 2 statement and statement 2. Initially, the value of (X/La)^ is 

tested. If (X/l4j, for i # 1, is less than or equal to (X/La)j , control 

pas... to .tateme« 21 where the (X/La). ie .et equal to (X/La), and 

the corresponding pressure ratio (Pe/Ps)^ set to 0. 0. This test is 

necessary for cases of severe noseblunting where the nose ablates past 

the indicated station. For X/La^ or when i # 1, X/La. > X/La^ the 

X/La^ (for all i) is tested against the parameter TEST. If (X/La) £ 

TEST, control p..... to .tat.na.nt 3. wh.r. (P./P.)1 1» act «qual to 

the conical pressure ratio (Pe/Ps)fl. If (X/LaK < TEST, the blunt 8’ 
cone pressure ratio is computed as follows: 

xp • xp * o. 174 eD 

YD - Yp » 1. 

Zp . Zp - 0. 2 log. (X/LaK La tan2 8 IQ4 

1 
0 > 20 O WP « W » X T I A YNN YJJ 7 KK eD> 20. WP Wp nnEo ^ A41+NN+2JJ+6KK XP ZP 

eD< 20.° wp * wT 2 ^ 2 NN JJ y* y* y\ A Y YJ J 7 
NN*0 JJ=0 KK»0 135+NN+3JJ+9KK AP V ^P 



PEPSB(I) = (Pe/P8). = Wp tan 0 + — 

The altitude Z is tested against transition altitude ZTR; if Z < ZTR, 

control passes to statement 5, the start of turbulent calculations. 

If Z ¿ Z_D* the laminar equations are evaluated. 
TR 

QBL * 10. 00’5142 

0. 9736 

K1L ■ K1L “ 0.9664 + 0.00528 9D + .000288 ^ 

K2L « K « 1.0 + 1.782 X - 2. 008 X 

LAPS » La/P. 

If X < 10"3» the laminar sharp con« healing la obtained from 

QPtTU, 8) » (q8> 
L mSSm 

i O» / D \ ir«/ lr I|jl 

W' ® 
. . m,,111.1111111)1 iiihiii   i 11 iiiii iiiii i |ii|!iii|iii¡ii¡i 11 in iiiii|iiiiii»k . 

LAM *4 Kj 4 (La/PB)(2n6.) (X/La)8 
** 'JWf 

bafore control is raternad to 'tha calling »nbrontiiia* M1 X 1 10 ,. the 

heating dlstvlbntlon is 

QD'fird» I)'1 ^TANG. PT. t a %'IAO' 
UfiM a l 

p p 
U. »49 + i A (.1,,. 6832 + 0* «41 ( » 

* 1 *' 



and, for 1*2 through 8, 

QD0T(2,I) » q * — 
K1L K2L 

The return statement is then executed. 

(F /PJ i e s _ 

(2116.) (La/Pffl) (X/La^ 

Statement 5 is the beginning of the 'turbulent flow heating rate 

calculations. The reference heating state and the geometric 

constants K^, K^. K^T, and K4T are defined. 

0.745 (log. h/RT-) 0,8122 
QBTC ■ Qjç - 10,0 

KIT » K1t - 0,9 + 0,02 8d 

K2T - K2t * 0.6 

KJ'T * KST . 0. 69 + La (0.0318 . 0. 00069La) 

mt ■ k4t « i, o 

If' k>wm\ 
begimtiitg at etateiiient 8« 

point heating tale I« e 

TM « F./1116, 

*•**. 

turbulent calculatioae 

coins muimum 

Wm 

QDWt3,,,MVTUM ' / 

[' Eiî ht Kit ht* 
0. 165— 

* 8 J 
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Tb« blunt cob* turbttlMt heating ratea evaluatton begins in 

atatemtnt 8 with 'the cnminitatioia of Bo.nlc point heating, The heating 

rate» for the tangent point and the pointa on the conical frustum are then 

computed. 

if Z * 115000. ft MB ■ m * 3.45 

lí z > mo'O'O.ft, 

MB -m- 2.2S40 + Z(2.2«,10‘5 ,7.(-146.4, lo‘J2 + 367. 1 x lo'18a) 

QD®TI4.l). (,S0N1C 
PT, 

FITANG » f 
TANG;, PT. 

3760. /^0,8 Vm 

"'H""1.Ö..2.. . .. ' aft 
R ’ FACTR1 10,0*m 

'll 

P 

* ( X5 > 

4.1 
IT 

i [' 
0,4 

1,0-t x1} It 0 

QD#Ttll(l 1» ■ 4TAMGt pT 

TURB. 

1,346 10* 
( 

0 
Jlsl 

2, 375 * IO"3 

0,8 
ï 

(, oooiV)m f 
TANG, 

Tht; d«ntoni4tftio<r'» telated to 

ealuee might fell eve deftaed In pvepatattai lev 

vetea on the eonclel late 

into which PC/La) 
i 

of 

ie redefined. 

TUf'T * 1,13 1,/(3,0 La Tan4 



K3T = K3t * 0. 69 + IMO. Ö318 - . 00069La) 

K4T * K, _ ■ 1.0 
4T 

DEN0M1 = K1t K2t K3t K4t 

Then defining the denominator for the second region 

K3T ■ K3T * 0. 69 + La(0. 0318 - 0. 00069 La) 

DEN0M2 = K1t K2t K3t 

and for the third possible range of (X/La), values 

K2T - K2T * 0.6 

K4T ■ K * 1.0 
4T 

TEM “ La - Rn + Rn/sin 0 

K3T ■ K3T - 0. 69 + TEM(o. 0318 - 0.00069 TEM) 

DEN0M3 - Rjiji k2t Kj r£ R| 

Using' a 0# loop which includes all statements through 9, 

each value for (X/La)^ the non-dimensional station location, is tested 

against the parameter TEST and the appropriate ^ defined according to 

the category into which (X/La)i faUs. If {X/La). ¿ TEST, control 

passes to statement 10. If (X/La). > TEST, but < (3*TEST), control 

passes to 
r 

II. However, if (X/La)^ TEST and > 3*TEST, 

the is defined as 



0.8 

..,.....,.. « 

QD0T(3,I) » (¾.) 
TURB L ■ i 

jDEN0M3 

then control passes to statement 9. In statement 10, the quantity DEM0M 

is set equal toDEN0M1, before passing to the définition of ^ in statement 

12. 

QD0T( 3,1) » (q ) 
TURB 

DEN0M 

which is followed by statement 9. Statement 11» defines the following 

TEM ■ (X/LaJj, ^ TEST 

K4T « K, - 0.901 + TEM (-0.867 + 0. 9660 TEM) 
4T 

DEN0M« DEN0M2*K4T 

before utiUaed the equation for ^ of eUtement 12. When heating rato» for 

all (X/Lalj have been calculated, the return to tile «.ailing *uhwi*tt*ie la 

A. SUBROUTINE AER0DY le called by either SUBROUTINE 

mm CTmO /ÄfTTTWIT IfTWÏÎM JCeifciJiliU Oif oU JDJn. VIU ¿XJNJSe V JmaJuIwi« 

B. SUBROUTINE AER0DY calla in the internal functions 

1, I3SXR 

2. DSORT 

3* DL0G 

4. FDXPD 

5. FDXPI 



SUBROUTINE MASSL0 

1, Purpot* 

SUBROUTINE M.ASSL0 control* the callto| of SUBROUTINE 

EVIL. MASSL0 call* In EVIL for «ach body atatlon required according 

to the particular *hapo and. flow condition. 



! y'!' !1 

2, Input 

•lisdictti» latiftr quantity and N0CCÜÃ, ttumbar cod*, 

ÔccïïrTSôccûr.."Source of 
Nam* Symbol Number Input 

READIT or 
SR 2490 

t-an 'Iff* f » IrKlli JLIM 

AER0DY 

Jmi V illJLl 

DEREQ 

DDVf tu 111 Jt\iJw JUi UV® 

«4 Ifft 
Jh4 V li iiHiiit 

, Outstif. 

f iftrtT n J J ilwLêU 

KKH0LD 

QD0T, 32 

Ipilli ,)2 

TW. 32 

TW1TA6 

n * 

*1, 9411:4 I Äff*' 
ij,!^ 26i44'* 

1 2473 

TAG 073 

115 

LAMDA 

QD0T, 32 

SPD 

m 
'M* 

mmr% 
'Mn* A1 Jjwjj 

m *w 
'Mm# «# 

A 

.»Mi z 
«9 
MM1 

TR 

032 

2676- 
2707 

06« 

091 

092 



Description Units 

stagnation point heating multiplier for changing 
mass loss effects on nose 

instantaneous bluntness ratio 

cold wall aerodynamic heating at specified stations - 
ft -sec 

surface recession rate calculated in subroutine EVIL ft/sec 

altitude ft. 

transition altitude ft, 

wall temperature calculated by subroutine EVIL °R 

code for body" poeitiom» flow condition 

code for body position, flow condition 

cold wall aerodynamic beating at specified station« 

surface recession rate at specified stations 

wall temperature at specified stations 

•tacnation point wall temperature 

ft -sec 
ft/sec 



4» Numerical Procedures 

This subroutine employs ASSIGN statements and an ASSIGNED 

G0 T0 statement to control the flow of the subroutine. The indices 

J and K indicate the flow regime and body station as follows; 

J = 1 K « 1 

J = 2 K * 1. 7 

J = 2 K = 8 

J“ 3 K* 1,7 

J ■ 3 K « 8 

■ 4 K * l 

stagnation point for all Z 

blunt cone laminar conical frustum points 

sharp cone laminar maximum diameter point 

blunt cone turbulent conical frustum point 

sharp cone turbulent maximum diameter point 

turbulent blunt cone sonic point 

Initially J and K are both set equal to 1, value 2 la assigned to 

NEXT (used in ASSIGNED GO TO statement), q(l, 1) is set equal to 

4(1, 1)*C (adds effect of stagnation point multiplier), then control is 

directed to statement 100. 

Statement 100 is the beginning of the mass loss rate calculation* 

Here JJH0LD is set equal to J and KKH<2)LD is set equal to X, since these 

are designations used to common, Then SUBROUTINE EVIL is called to 

¿or the current value of J and K to calculate the mass loss rate êcéj$ X), 

wall temperature 2Z» and surface «'«cession rate SPD for each station 

required. T (J. K) is set equal to ZZ and £(J, K) to SPD, Then the 
w 

ASSIGNED GO TO statement - G0 TO NEXT, (2,200, 20,6, 30) . causes 

toe subroutine' control to' be directed to the statement number having the 

the sam« value as NEXT. When the flow Is directed to statement 100, 
I, 

the return to the calling subroutine Is accomslished. 



Alter performing, the calculations for J * 1, K ■ 1 the subroutine 

continues to statement l, T is set equal to T {1,1) and 
WSTAG W 

q{ 1, 1) = q(l, 1)/C. Then Z is tested against ZTR to determine whether 

fluid flow is laminar or turbulent. If Z < ZTR, the laminar calculations 

are circumvented by skipping to statement 3,the beginning of turbulent 

calculations. 

If Z > ZTR, the calculations proceed to the testing of bluntness 

ratio, LAMDA. If LAMDA is less than or equal to 10 3, then J * 2 

and K = 8, 200 is assigned to next, the subroutine proceeds to statement 

100 and doea the laminar sharp cone calculations. 

The assigned G0 T0 statement goes to the RETURN statement 200, 
-3 If LAMDA > 10 , the control goes to statement 4 begins the laminar 

blunt cone calculations. In. statement 4, J is set equal to 2, K is 

initialized to 0. In statement 20, & is set equal to K + 1 and in the next 

statement tested to see if the maximum, allowable value has been reached. 

If K equals 9, control passes to RETURN statement 200. If K is less 

than 9fvalue 20 is assigned to NEXT .and the GO T0 100 statement exercised. 

The mass toss calculations are performed and subroutine flow returns to 

statement 20 where value of K is increased by 1 causing mass loss calculation 

to be performed for the next body elation. This sequence is repeated until 

the calculations for all the blunt cone stations and sharp cone maximum 

diameter point have been performed at which point K » 9, 

The turbulent flow calculations proceed in an analagous manner 

with the addition of . a sonic point calculation performed for the 

blunt cone. In. statement 3, LAMDA le tested and if less than or equal 
»I 

to 10 proceeds with the sharp cone calculations, J is set equal to 3 

and K to I* 200 ia a j signed 'to NEXT, the mass loss calculations are 

In# Hiin ttm ifäIiifii to the calling subroutine is executed. .If LAMDA 



N 
is greater than 10 subroutine flow proceeds to statement 5, which 

begins the turbulent blunt cone calculations with the sonic point 

calculation. J is set equal to 4 and K to 1, 6 is assigned to NEXT, 

mass loss calculations are called in, after which the ASSIGNED G0 

T0 statement causes flow of subroutine to go to statement 6. Statement 

6 is the beginning of turbulent calculations for points on conical frustum. 

J is set equal to 3; K to 0; then, in statement 30, K is set equal to K + 1; 

if K is less than 9, 30 is assigned to NEXT and mass loss calculations 

called in. The ASSIGNED G0 T0 statement causes, the return to 

statement 30, where value of K is increased by one causing a repetition 

of the procedure until the value of K is 9, indicating that calculations for 

all the stations on the blunt cone and for sharp f one maximum diameter 

point have been performed. 



SUBROUTINE EVIL (ZZ) 

» 

1. Purpose 

SUBROUTINE EVIL is called by MASSL0 to calculate the mass 

loss rate, m., the wall recession rate S., and the wall temperature, 

T^y , for each of the body stations for which aerodynamic heating rates 

were obtained in SUBROUTINE AERQtDY. The method of calculation is 

a function of the material being considered. For OTWR in turbulent flow, 

as well as LT , teflon, and the input material in both laminar and a 
turbulent flow, an iterative steady state solution is used. OTWR in 

laminar flow, carbon phenolic, and phenolic nylon employ curve fits 

t m and S as functions of the cold wall aerodynamic heating, q , 

from SUBROUTINE AER0DY, and T^. as a function of S. 
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2. Input 

N Ame 

BETAI 

BETA2 

BETA3 

BETA4 

CP2 

DELRHO 

EPSIL 

F 

FACTR2 

FACTR3 

FACT14 

FACTR» 

FACTR6 

FACTR7 

URBE 

110 

HIRTO 

JJH0LD 

Symbol 
Occur/Noecur 

Number 
'Source o! 

H «AU Ai U )É- «put 

004 CHNTBL 

P 2 

F 

ln( 1.1105 X 107) 

12, 7657 + 2« 9984 

A f A«c 

fil Ast +4/>^oT 

^RIF 

Ml/RTo 

005 

006 

007 

014 

022 

024 

025 

190 

191 

192 

193 

194 

195 

030 

03 K 

029 

01 • 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL' 

CHNTBL 

CHNTBL 

CHNTBL 

CHNTBL' ei«e Ahü'1! A1 liWi «Mf 

GHNTSL 

PRELIM 

PRELIM 

MAifflj# 

Oeil 

•uMimation rj 

•ubllnatlon ri 
î 

arder a! reuet 

eettvatten tem, 

•pec Ui« beettj 

dille rene e bem 

caefficleat al1 • 

he«t of ebletlat 

numerteel lee ti 

aumerkel Item 

nmeriC'Al lecti 

«umerlcal lafl'ti 

aumerlcal facitij 

numerical factc 

aumerlcal lacla 

•lagaatftoa eatL 

at»»-din«na:k«ma 

code lor body pi 



D*»criptiöi! Umil» 
input 

«TBL 

«TBL 

«TBL 

«TBL 

«TBL 

«TBL 

«TBL 

«TBL 

Kimv 
Üh| Mil 

SN TBL 

If TUL 

Il I 041 

il IOm 

N TBL 

NTBL 

miHl; 

¡UM 

iáMHiitfÉiiMÉi ijHÉL 1111¾.¾. 

■ubllre«*tlon, rat* conlfkknt 

•ublimation rat« co«ffki«nt 

or4,tr ol rtaction 

»cttvatto« t«:aip*ratura 

•pacific baat of .olid 

dlffarancu batwaan, 'filrglii and char danalty 

coaffictaut of aaifaioa 

baa* M ablattcw. 

awmaurto.al factor vaad :1a Itarativa loluttoa 

HlftKIiÉïKlilî.ftl Íñíttítfi'r 'itMiiiiitfl 4mi ■ «a«»» wmm livmiR, »i* *PI«ÄC1V# i#ll,ltiDlit 

aiuiMtltál factor uo^ad la Itarattoa aoiutltj« 

ñamarle al factor «i»id la Itaratlva aolnttoo 

aunarle .al factor uaad la itaratlra aolutloia 

Mimarle:al factor mwé la Itoratlva aolutlon 

aumarlcat factor uaad in Itorattwa aolutlon 

■mu-dimanaloiaal. «tainaHm aatoalpr 

•«la for My poekÜMi* .fto»' condl.tloa. 

it 

o» •ac R 

• acV 

°R 
lis_ 
lbm-0,R 

Ikm/f»1 

Btu/tom 

Ibm/f«1 

lbm,/lt, 

Btu/lbm. 

Btu/tom 



I. iami iConeI'd) 

Symbol 

KKI!#LD 

MATLN0 

NST STT 

Md 
It 

S 

AFiiàl'i" ta 1 UUW1 f '3 £ 
i 

RH02 

TWIT T. 
WIT 

■% i% « W i # >1« 

TWO 

11T1 

Z 

Z mm Jp lil 

fV* Alii» / «• 
Vh/v I«* U * f W%.. Iiv U A 

Nwmbtr 

02 * 

13 * 

040 

047 

267b- 
2707 

058 

132 

2644* 
2675 

074 

091 

092 

Source of 
Input 

masslo 

RE ADIT or 
SR 24 90 

#** VIM Tia T 
V** JrU. i J, D Jwj 

OD ITT Ifcjf 

AER0DY or 
MASSLO 

CHNTBL 

READIT or 
SR2490 
CHNTBL or 
MASSLO 

CHNTBL 

1"% TEl IBt ilJLIlJLrU 

«H wif ft,# ■If*a\ CrfinllM 

J 

De1 
_^ 

code for body 

material optio 

turbulent trans 
( 

stagnation pre1 

cold wall aero« 
along the body 

char density 

initial Internal 

wall temperate 

initial wall ten 

altitude 

ti»Anaitirtn L* ÄlwlB ®AI*A I» 

l, Outout 

lyiiif'ijl a mi 'WIiW 0JU|i 

mo#t. M 

IPO 

EE 

eil 'fji a 229' 

2708- 
2739 

061 

non-dimen* ion 

mass loss r«te 

wall recession 
EVIL Is oeffer 

wall teitiperatv 
is performing 



Description Units 

code for body position, flow condition 

material option code 

turbulent transpiration factor of solid 

a t’Auarnjskt'í Afi a a B JÍAIJ>MIhL jwIJT c b d ui> c 

cold wall aerodynamic heating distribution 
along the body 

char density 

initial internal body temperature 

wall temperature distribution along body 

initial wall temperature for configuration 

altitude 

transition altitude 

Ib/ft 

Btu 
2 

ft sec 

lbm/ft3 

o„ 

ft. 

ft. 

non^din^ennional wall enthalpy 

mass loa# rate distribution along vehicle lbm/ft *aec 

EVIL is performing: calculations 

wall temperature at point on body for which EVIL 
la performing calculation; 



4. Numerical Procedure 
« 

The equations of SUBROUTINE EVIL may be grouped into four 

main sections : {1) s teady state ablation iterative solution, (2) laminar 

OTWR calculations, (3) phenolic nylon relations, (4) carbon phenolic 

equations. The steady state ablation method which entails the Iterative 

solution of simultaneous equations for the surface temperature and the 

wall recession rate, includes the following energy considerations - 

convective energy, conduction flux, surface radiation loss, and sublimation 

energy. The results for surface temperature and wall recession rate 

are then employed to determine the mass loss rate. For OTWR and 

carbon phenolic in laminar flow, and phenolic nylon in laminar and 

turbulent flow, curve fits of m and S as functions of the cold wall 

aerodynamic heating and T^ as a function of S are utilized. The 

turbulent carbon phenolic m is obtained from the conduction flux, the 

radiation loss, and a calculated q*; è is a function of m, and T^ 

a function of S. 

SUBROUTINE EVIL calculations begin by setting the quantities 

J and K equal to JJH0LD and KKH0LD, respectively, and IC0UNT 

initialized to aero* Then, if J is equal to 2 (value of 2 indicating laminar 

flow for points of conical frustum), the turbulent wall temper *ture for the 

point on the conical frustum being considered, TW(3, K), is set equal to 

TW(2, K) laminar wall temperature at that point and the turbulent sonic 

point wall temperature TW(4,1) is set equal to laminar tangent point 

value, TW( 2, 1). This is done in order to start the turbulent calculations 

with a reasonable wall temperature when the-laminar calculations precede 

them. If the program is started in turbulent flow, the Input initial wall 

temperature is used as a first value. If J is not eeual to 2, the pre-st^ting 
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of the turbulent wall temper«u«» !• untieeeeeary and the equation» are 

bypiJ*ed, 

Next, the material number code, MATLM#, 1» tested in order to 

direct control the the appropriate method ol calculation. If MATLM# < ï, 

which indicate* une ol either teflon for MATLW0 ■ 1» or for 

MATLM® * l, control passe* t» »tätement 14, If MATLM® > 3» the 

quantity i» te»t»d to «te if it ha» the value 4, If MATLM® ■ 4 for 

phenolic nylon, control pa««ee to statement 52, If .MATLM® > 3, hut 

I* 4' (that is. It ha* value of either 3, 3, or 6J» it is »fain, tested. Mow, 

if MATLM® ■ 6 for an. Input material, control paeses to étalement 14, 

If .MATLM® equal.* either 3 for OTW'l or 5 for carbon phenolic, the 

altitude Is tested to determine whether the Clow ie laminar, Z > ZTR, 

in which case control pásete to *tatement 52, ov turbulent, Z j ZTA, 

in which cast control proeeetia to etatement 14, 

Statement 14 ie the beginning: of the Iterative solution of the eteaity 

state ablation model. The wall, temperature eymbol need in thu iteration, 

ZZ, ie set equal, to TW(1, K) which, at time ■ 0 la equal, to 'TWO and. at 

time > 0 is equal, to the previous »olution, for the value of wall temperature 

at toe point belaf considered, The quantity 08, the increment added to 

wall temperature for each. Iteration, is defined as 

DS • T„ • 0.005 T«, , h=ï2l£ Wl W1 Tw, 

Statement 1, which is the beginning of 'the iterative loop', tncreoees 

the value of IC0UNT by one. The well recession rate SPD Is defined ae 

WTJ 



Th« iittnwrteai i*ctof* n«e*»i**r)r to calcul.it* Hw are d«t«rmln*<l 

TKl « FACTR2 - 1. 1112 x 103/ZZ 

Kl * K, * EXP (TKl) '1 

1Í Kl < 1.0'* 10' 
•36 

Kl » 0. 0 

PAAR ■ P * P /2117, 

K2 « (Tz. 7659 Kj*Kj * 4, Kj * 2,9984<K. +4, P| F/XTRj] 
1/2 

12. 7657 K 

Th« 

II'H* 

Kl » K2 - 0.» Kl / (Kj +4.0#) 

T ■ U. 654 + 469. 585 K. 
i « 

r2 ■ 0.156012 + ,5558 IO'2 ^ 

fj « 0. §945 IO'* - Q, 427 IO*6 Kj 

mini iiif § § 

I1W miP, +r3 izQ/jj.»*. 

C «Hill. IC I« Mil nMll 

E1B.AR #' ,»• /3»,8| 

x:c#m - ICOi| ■ o. M9 

EZB AR » ll ■ * 0, § ÎÜ / (X-.^ * 17,945) 

coniincttciii 

Vif" 
./RTJ 



I 

Thttt, if JJ'HOLD ■ 2 which Imtteat«» a point on th* conical iruitmm in 

laminar flow, control pause* to statement 2, there El * 0,0 and E2 ■ 

*0,185 are defined before passing to statement 4, If JJH0LD t 2, 

but is ? 3 indicating either turbulent sonic point or turbulent conical 

frustum, point* control passes to statement 3, there El and E2 are 

respectively set equal to Ö, 0 and -0,502 before control passes to statement 

4, If JJHOLD satisfies neither condition* indicating: a value of 1 for 

stagnation point, then El * - 0,037 and E2 ■ 0,0 and control passes 

to statement 4, 

Statement 4 begins the evaluation of the terme of the simultaneous 

equations, 
El E2 

QD0T0F • 40r » 1¾. (JJH0LD, KKH0LD) B « 

If Ijjy <0.0 control passes to statement Î7» otherwise II» following 

quantities are defined 

Till » ZZ - Tmj 

Z > ZTR r»AE » f - BPD h- FACTR6/ti0F 

Z< Z FBAR * f * SPD h< FACTII/^ 
& m 

* sap [If (1,0 +0,618 fj 

The swfaee radiation term1 of heat .fltm. la 

QD0TT- - 0,47883 10-1¾ (ZZ)4 

The conduction flint term is 

ODOTC ■ 4C ■ *i0F 

1-177 

Plfliiilli. -,,----1-- 



If MATLN® * S, al this point control pas««» to »tatoment 15# the 

beginning ol the turbulent carbon phenolic equations. Otherwise, 

iterative solution is continued with the definition of the sublimation 

energy 

QD0TS ■ k9 m SPE> f>2 F 

and the convective energy 

LBAR - L » 4 * SPD(TEM*FACTR4 + FACTR5). 
K 

In solving the simultaneous, equations, the convective energy 

must be balanced against the fallowing sum of the other energy terms 

REAR *R-i| - 4 - 4 
■ * ms *' i € f § 

The quanti'ty ARGU which must be aero or miniatstd to obtain a 

Is 

Aft 011 ^ JL# * ft.. 

The quantity ICOUNT is testedj if it is > 100# indicating 100 passes 

through the evaluation of the equations# the last value of U is taken 

as the solution as control passes 'to statement 50, 1' 1C00NT < 100, 

the quantity .AROV Is tested — if tAlGtl| « 1.0, control passes to 

stsiomsnt SO ow, If |Ai.Gllf 2e 1,0# but < |0,01 L|, control passes 

te statement 10 -.»d the current value of ZZ is &■ the solution. 

If I ARGU ! I 1.0 sad > 10,01 £ |# ARGU Is again tested > if < 0.0, 

control peases to statement 8; if • 0,0# control passes to statement 

S0{ if > 0,0, control passes to' statement f. Statement 8, for ARGU < 0,0, 

tests Ihs increment la wall temperature DSt 1) If DS < 0, 0, control 

passes to atstsmsnt 11 whare Oft is set equal to -0,$ DS, a positive 

W?8 

—-*- 

_ 



number, which causee an increase In wail temperature ZZ In statement 
10 where ZZ * ZZ + DS, Z) if DS «* 0, 0, control passes to statement 50, 

3) if DS > 0, 0, control passes to statement 10 where wall temperature 

ZZ is increased by DS, i. e., ZZ * ZZ + DS. Statement 9, for ARGU > 0. 0, 

tests the wall temperature increment: 1) if DS < 0,0, control passes 

to statement 10 where wall temperature ZZ is decreased when ZZ is 

set equal to ZZ * ZZ + DS, 2) if DS ■ 0, 0, control passes to statement 5ft 

3) if DS > 0. 0 control passes to statement 11 where DS is set equal to 

-0, 5DS, a negative number, which causes a decrease in wall temperature 

In statement 10, ZZ ■ ZZ + DS, After passing through statement 10, 

for all case* where DS t 0. 0, control passes to statement 1 where 

1G0UM'T is increased by 1 and the procedure repeated with the new value 
# *7 W CpX duJw« 

In statement 50, ZZ is set equal to whichever value is larger 

of ZZ or 0,0, l, ZZ cannot be negative, In statement 77,, if q0F S 0.0, 

SPD la «et equal, to 0.0. If 40J1 > 0,0, SPD is set equal to either 

SPD or 0,0, whichever ta the larger of the two (cannot have a negative 

SPD), Then, using the aolution Cor SPD and ZZ, 'the mata loa a rate 

MD0TU K) ■ m » SPD [pz + àf» 

before the return to the calling aubrouttne Is executed, 

Statement It,, which ia reached when the MATLN0 • 5 or 5 in 

laminar flow or when MA TUN#1 ■ 4 lit laminar and turbulent flow, passes 

control to statement 14 when MATLN# « 5, Otherwise, It calculate« the 

él, SPD, and ZZ for OTWR in laminar flow if .MATLN# * 3, or 'the laminar 
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* 
QTWR m and SPD for use in phenolic nylon equations when MATLN0 = 4. 

Defining the quantity 

QD0TCW = Î!cw = QD0T (JJH0LD, KKH0LD) 

to be used in the evaluation of m and SPD. 

The value of q^,^. is tested and accordingly the appropriate 

equation is utilized to evaluate m(J, K), after which control passes 

to statement 57. 

qcw < 13.0 m(J, K) * 0.0 

!3. 0 < qcw < 15. 6 Ai(J, K) * . 00021 + . 00015 {c. _w - 13. 0) 

15.6 S <lcw < 25a m(J, K) * -1.27424339 x 10"3 11. 36071670. 10-4 qcw 

- 1. 09091516 X 10'6 2 + 7.98275747x10-9 . 3 
cw *cw 

- 1.65210579 x 10*11 q^w 

25a< qcw < 3000. m{J, K) * -1.05650025 x 10*3 + 7.61118699 x 10'5qcw 

+ 3.34251700 xlO’8 6 - 6.91682422 x 10*12 ^ 

qCW > 300°* m(J, K) ■ qcw(l. 0 - 1500. /^)/ (3440.+ 8.1 h^/RT ) 

1« «tatement 57, the quantity M0TWR (n^TWR) is set equal to *î( J, K). 

then is tested in order to direct control to the appropriate equation 

for SPD after which control is directed to statement 73. 
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q < 1000.0 SPD = 1.61l5xl0"6 q_„- 5. 23741x IO"4 
CW CW 

1000. < qcw < 3000. SPD = -1. 11196760X 10’4 + 4.03376719x10“74cw 

- 2.45527504 x 10“U 4 3 
c w 

5CW S 3000' SPD= “o™« ' 

-13 
In statement 73, if SPD <1.0x10 , then SPD is set equal to 

-13 
1. 0 x 10 . The quantity S0TWR (S ) is set equal to SPD, then if 

QTWK 
the material number code, MATLN0, is equal to 4 (phenolic nylon), 

control passes to statement 53. If MATLN0 f 4, the SPDL is defined as 

logjQ SPD for use in the equation for wall temperature. The lowest 

allowable value for SPDL is -12. 583, if a smaller value for SPDL results, 

then SPDL is set equal to the limiting value. 

ZZ = 6. 34634912 x 103 + 5. 50628796 x 102 SPDL + 1. 96585366 x1o1 (SPDL)2 

If ZZ > 4850. , ZZ is set equal to 4850. 0 before the return to the 

calling subroutine. 

Statement 53 is the beginning of the phenolic nylon m calculations. 

The quantity q_w is tested and control directed to the appropriate m 

equation after which control passes to statement 61. 

(-2.52288 + 7.3759 x 10*3 q_w) 
^CW “ 100*° m(J, K) a 10. 0 CW 
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iöo. < qcw S 3000. 

6 > 3000. 
4CW 

m{J, K) » - 1. 62367642 X 10'J 

+ 1. 78922793 X 10“4 + 1. 32113696 x 10“8¿ cw cw 
-1 ? 3 

- 5.08747513 x 10 qcw 

mU.K) = qcw( 1. 0- 1700. 0/hs) / 

(1845. + 11. 1 h /RT ) 
B O 

.4 -4 
lf hntJ.K) < 1.0 x 10 , then m(J, K) is set equal to 1.0 x 10 . 

-5 
If the previously defined ^ < 1.0 x 10 , then “qtWR 8et 

equal to 1. 0 x 10 '. The wall recession rate for phenolic nylon is 

determined as a ratio of the S for OTWR from the following: 

SPD * Hl. a. s 
m 

OTWR * 
OTWR 

If SPD < 1. 0 x 10 5, then SPD is set equal to 1. 0 x 10 5. The quantity 

SPDL is defined as the k g10 SPD for use in determining the wall temperature 

G PD <1.0x10 
•4 

ZZ* 250.0 + 1756.0 (SPDL + 5.0) 

-4 4-3 +2 
SPD > 1.0 x 10 * ZZ s 6.94474035 x 10 3 +6.45367146 x10 SPDL 

- 1.48589173 x 10+2 (SPDL)2 

If ZZ > 4850, then ZZ is set equal to 4850. 0 before the return to the 

calling subroutine. 
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Statement 54 marks the beginning of the carbon phenolic calculations 

in laminar now. Ih. quantity QD0TCW (^„1 i. ... equal to 

QD0TÍJJH0LD, KKH0LD) and tested to determine the appropriate m 

equation. After the evaluation of m(J, K) control passes to statement 

68. 
6 < 8. 0 <lCw " m{ J, K) * 0.0 

8. 0 < q < 11. 3 
- ^CW 

fh(J, K) “6. 5788 X 10"4 - 1. 59773 x 10*4 q 

+ 9.8485 x 10-6 q^w 

CW 

11. 3 < qcw< 23, 1 m(J, K) = 1. 1 x 10*4 + 9. 78022 x 10‘5 (q - 11. 3) 
CW 

23. 1< q-... < 1000 
* CW 

Äi(J, K) = - 1.73043255 x 10 
-3 

+ 1. 25965766 x 10 
•4 

-8.56939032 x IO*8 q* +4.65548312 x 10-1¾ 8 
C W CW 

Statement 68 is the beginning of the calculation for SPD; qcw is tested 

to determine and evaluate the appropriate SPD equation before control 

passes to statement 69, 

qCw K M'7 SPD ■ 1.0 x 10 
-1C 

24.7 * 9CW<275* SPD ■-2. 212296558 X 10"6 + 1. 18955951 x 10“7 4 
CW 

+ 1.40098706 x Uf10 q^w 



275. O í kcw < 1000. SPD - 7.66757321 x 10‘5 - 4. 95033115 x 10*7 4 cw 

+ 1. 55581653 x IO-9 

-13 3 
- 8.49239390 x 10 q 

CW 

kcw > 1000. SPD " -3. 186484 x IO'4 + 3.869 x lo’7 qcw 

+ 2. 171792 x 10‘10 qc^ 

Following statement 69, SPDL is defined as log10 SPD for use in evaluating 

the wall temperature 

+3 +2 
ZZ * 6.68741134 x 10 + 4.46431845 x 10 SPDL 

+ 1. 20991623 x 101 (SPDL)2 

If ZZ > 6160. 0, then ZZ is set equal to 6160. 0 before control returns to 

calling subroutine. 

Statement 55 is the beginning of the mass loss rate, wall recession rate, 

and wall temperature calculations for carbon phenolic material which are 

dependent on some of the quantities calculated in the iterative solution. 

QDNET - imt* llc -kt 

ABAR * A * C_ (6160. - Tw ) + F 
P2 W0 

BEAR « á' ■ Í 
' ST 

QSTAR » q* « À + B hs/RT 
o 

m(J, K) ■ q net / q- 
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K q net < 0.0, n<J, K) = 0,0 

SPD = 0.8 m( J, K) '^2. 
-10 -10 

If SPD <, 1,0x10 , SPD= 1.0x10 

SPD s log10 SPD 

If SPDL < -18. 058, then SPDL is set equal to -18. 058. 

The wall temperature is then calculated from 

ZZ = 6.68741134 x 10+3 + 4.46431845 x 102 SPDL + 1. 20991623 x 101 

SPDL2 

before the return to the calling subroutine is accomplished. 

5. Other Information 

A. SUBROUTINE EVIL is called by SUBROUTINE MASSLO. 

B. SUBROUTINE EVIL calls in the following functions: 

1. DEXP 

2. DSQRT 

3. DL0G 

4. DL0G1O ‘ 

5. FDXPD 
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' SUBROUTINE T0MAL0 

1, Purpose 

SUBROUTINE TOMALO integrates the mass loss rates along the 

body to obtain the time rate of change in vehicle weight attributable to 

ablation effects. Both the laminar and the turbulent equations for the 

sharp cone are a result of integrating analytically. On the other hand, 

the integration of laminar and turbulent blunt cone mass loss is carried 

out by a trapezoidal rule integration. 



2 T in fit il* • AU IJ u i» 
«MMIIMHIMHIIMIMi'iH 

Name 

C0ST 

LA 

LAMDA 

MD0T, 32 

PI 

RN 

SIN T 

TANT 

XLA, 8 

Z 

mmJ A JCV 

3, Output 

WD0T 

Symbol 

cos 6 

La 

A 

m. 

TT 

Rn 

sin 6 

TAN 9 

(X/La) 

Z 

Z 

i 

TR 

W 

Occur/Noccur 
Number 

008 

033 

032 
2708- 
2739 

042 

052 

064 

070 

815- 
822 

091 

092 

086 

Source ol 
Input 

CHNTBL 

PRELIM 

PRELIM 

EVIL 

SR2490 

FIFO TPO JJilt tv&w 

CHNTBL 

CHNTBL 

AERODY 

DEREQ 

PRELIM 

Desc] 

cosine of cj 

instantané 

instantané« 

matrix of r\ 

mathematic 

( 

instantáneo; 
[ 

sine of con; 

tangent of t 

body statio 

altitude 

transition i 

change' in v 
result of it 
in tímÜ AU IAW10 \ 

't 



Description Units 

« 

rce of 
Jut 

^TBL 

DLIM 

SLIM 

L 

490 

tEQ 

4TBL 

^ITBL 

IODY 

tEQ 

;lim 

cosine of cone half angle 

instantaneous axial length 

instantaneous bluntness ratio 

matrix of mass loss rates at prescribed body points 

mathematical constant, pi 

instantaneous nose radius 

sine of cone half angle 
» 

tangent of cone half angle 

body station in percentage of axial length 

altitude 

transition altitude 

ft. 

lbm/ft2 - sec. 

ft. 

ft. 

change in weight per unit time due to ablation only - 
result of integrating Ai'e over the body at any instant 
in time 

lb/sec 



4, Numerical Procedure 

The equations of T0MAL® may be grouped into three main 

sections (1) sharp c on© calculations, {2) laminar blunt cone calculations, 

(3) turbulent blunt cone calculations. 

The first statement of the subroutine tests the bluntness ratio 

in order to direct the calculations to the appropriate set of equations, 
•3 

If LAMDA i 10 , the integration of mass loss along a sharp cone is 

determined by from the following equations: 

Z > ZTR M ■ 2,9618 fz? A<2,8) L 2 
¿ a cos 0 

Z < ZTR M =3.04(¾0,2 ní3,8)L2 
T a cos 6 

The flow of the subroutine then circumvents the blunt cone calculations 
-3 

and goes to statement 3, If LAMDA ^ 10 , subroutine flow skips 

to statement 2 and performs the blunt cone calculations. The geometric 

factors TEM, TEMI, TE M2, and TE M3 are defined as 

TEM » TTLa* La/ (cos 9 * cos 0) 

TEMI ■ R (l-sin 0)/La n 

TEM2 = 0. 5 sin 0 

TEM3 =(.766 - sin 0)/ .234 

If Z is less than ZTR, control i* directed to statement 4, the beginning of 

the turbulent calculations. If Z is greater than or equal to ZTR the 

subroutine proceeds to the laminar calculations. 



A trapeisoidai rule integration ie used to obtain the blunt cone 

laminar mass loss rate. First, the contribution from the vehicle nose 

cap is calculated using the equation 

M * 7TRn( 1, “sin 8) (mU, 1} + AR 1)) Rn. 
n 

Next, the contribution of the conical frustum segments are determined 

from the equation 

M = TEM ( T- c. I L; 
_X 
La 

TEMI + TEM2 ({ 
i + 1 

i+1 

M = M * (m(2, i) + m(2, i + 1) ) 
Ci i 

for i » 1, 2,... 6 

Then, subroutine control skips around the turbulent blunt cone calculations 

to statement 7. 

The turbulent flow equations for integrating blunt cone mass loss 

rate are similar to those for laminar flow* The nose cap contribution is 

M - ,7351*R * R (m(l, 1) + m(4, 1) + (Ai(4, 1) + Ai(3, 1)) TEM3) 
n n n 

For the conical frustum segments. 
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Mc « TEM* TEMI + TEM2 ( ( 
t La i + 1 

Mc « Mc (m (3, i) + m(3, i + U) 
1 i 

for i ■ 1, 2,... 6 

The summation of the contributions from the nose cap and conical 

frustum segments is done in the equations following statement 7. 

6 
M * M + M 

T T fTi c 

to statement 3 W is ... equal to (- then the retorn to the 

calling subroutine is accomplished. 

5nth*T Tnfmt-inn 

A. SUBR0UTIK^ T0MAL0 calls in the functions 

Incoo t • X^OUl!\ 1. 

2. FDXPD 

BCf TOO/ÄTT'T'TMtr* WlfkXÃ A t fk t m t ÖUJd*\i/rU TJLIN» 1 ^IVlAJLivtr Í.B CBJULCCl Dy 

1. SUBR0UTINE VIXEN 

ZetfQOrfkTTTTKTIP TMPOIPín • £)UJt#l\wU XJUNJw ÍmtIíUiKImU 

t 

... 



SUBR0UTINE N0SEBL 

1. Purpose 

SUBR0UTINE N0SEBL calculates the derivatives of the nose 

radius and base radius with time, using body geometric parameters and 

surface recession rates at the stagnation point and at the maximum 

diameter point of the cone. The shape change calculation, which assumes 

a constant cone half angle and retention of sphere cone shape is performed 

only in continuum flow. In the rarefied flow regime, the derivatives 

are set equal to zero. 
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2- Input 

^indicates integer quantity and N0CCUR number code. 

Name Symbol 
Occur/Noccur Source of 

Number Input 

C0ST cos 9 008 CHNTBL 

LAMDA X 

SD0T, 3 2 s 
i 

SINT sin 0 

032 

2740- 
2771 

064 

PRELIM 

MASSLO 

CKNTBL 

XBAR % 

XUP X up 

Z . 2 

090 PRELIM 

__ READIT or 
¿ SR2490 

091 DEREQ 

ZTR 092 PRELIM 

3. Output 

RBD0T áb 

RND0T Rn 

060 

059 

i 

Desc 

cosine of < 

instantané 

surface rn 

sine of co' 

viscous in 

value of X 

-altitude 

transition 

time rate < 

time rate i 

1-292 



Description Units 

cosine of cone half angle 

instantaneous bluntness ratio 

surface recession rate along body ft/sec 

sine of cone half angle 

viscous interaction parameter 

value of XBAR at start of continuum flow 

altitude £t 

transition altitude ft> 

time rate of change of nose radius ft/sec 

time rate of change of base radius ft/sec 



Numerical Procedures!- 

In statement 1, the quantity XBAR is tested against XUP, 

If XBAR > XUP, which indicates non-continuum flow, the control 

is directed to statement 2 and the subsequent, zeroing of the derivatives 

RND0T and RBD0T and return to the calling subroutine. If XBAR < 

XUP, continuum flow, the numerical calculations for the derivatives 

proceed. 

First the quantity RND0T is calculated from the stagnation 

point surface recession rate and the sine of the cone half angle. 

Rn « S (1, 1) .t .. 
I - sin 9 

The bluntness ratio, LAMDA, is then tested and for values greater 

than 10 , control is directed to statement 3. Here, the altitude Z 

is tested against transition altitude. If Z > ZTR, the quantity TEM 

is defined as the laminar blunt cone side wall recession rate at cone 

maximum diameter. If Z < ZTR, the quantity TEM is defined as the 

turbulent maximum diameter side-wall recession rate. 

Z < ZTR TEM « S (3, 7) 

z5 ZTR TEM “ S (2,7) 

Then in statement 4, RBD0T is defined as ftb « -TEM/sin Ö 

and is followed by the return to calling subroutine. 

If the bluntness ratio is less than or equal to 10”3, the sharp 

cone maximum diameter sidewall recession appropriate to the flow 

regime is used in defining the parameter TEM. 
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« 

Z < ZTR TEM = 0.8706 *SD0T{3, 8) 

Z > ZTR TEM * 0, 7071 * SD0T(2, 8) 

The calculations are directed to statement 4, where ftb is defined, and 

then returned to the calling subroutine. 

5* Other Information 

A. SUBROUTINE N0SEBL calls in no other subroutines 

or functions. 

B. SUBROUTINE N0SEBL is called by SUBROUTINE DEREQ. 

» 
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3, 1, 6 Rotational Calculations 

The calculations for angle of attack are contained in SUB¬ 

ROUTINE ROTATE. Two methods for determining angle of 

attack are available. The first is an uncoupled three degree 

of freedom in rotation calculation. The second is a simp¬ 

lified model for calculating the angle of attack which employs 

Bessel functions of the first kind and Neumann functions 

(Bessel functions of the second kind). 
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SUBROUTINE ROTATE (DERIV, LP) 

1. Purpose 

In order to incorporate the effects of angle of attack on the drag 

coefficient, SUBROUTINE ROTATE may be employed to determine angle 

of attack used in SUBROUTINE DRAGC0 calculations. The solution may 

be accomplished by either of two methods, where the value of the input 

quantity L0PT is the- control parameter. When L0PT equals zero, an 

uncoupled three degree of freern in rotation calculation is performed in 

which the following derivatives are calculated: 

t 

DERIV(8) ■ y 

DERIVÍ9) = Ö 
a 

DERIV(IO) * '<j> 

DERIV(ll) * Q 

DERIVU2) * R 

£)ERIV{ 13) * P 

A simplified angle of attack solution requiring no integration is substituted 

when L0PT is equal to 2. 
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2. Input 

* indicates integer quantity and an NOCCUR number. 

Occur/Noccur Source of 
Name Symbol Number Input 

ALBARP 0’ 

ALST 

ALWIG2 

ARE F 

CD 

CMALP 

aSTOP 

A 
o TT F tv Jijr 

c 
D 

a 

131 

122 

130 

001 

016 

013 

VIXEN 

SR2490 or 
READIT 

VIXEN 

PRELIM 

DRAGCO 

PRELIM 

CMQ 

CNALP 

D 

G 

L0PT 

MAXTAB 

MX 

MY 

MZ 

P 

PHI 

PI 

C m 
q 

^n a 

D 

M 
y 

M 
* 

P 

p 

7Í 

020 PRELIM 

012 

021 

027 

07 * 

04 * 

210 

211 

212 

043 

044 

PRELIM 

PRELIM 

SR2490 or 
READIT 

SR2490 or 
READIT 

CHNTBL 

PRELIM 

PRELIM 

PRELIM 

DEREQ 

DEREO 

042 SR2490 

i 
'i 

De 

last minime 

angle of att^ 

maximum p 

reference ai 

total drag c| 

partial derij 

damping in 

partial derij 

base diametj 

conversion : 

trajectory dl 

number of J 

' ! 

thrusting mj 

thrusting m' 

thrusting m¡ 

component c 

Euler anglej 

mathematiicj 

I HIIIIIHMI'I ¡III MMHItMlli. m I.!RI||«|||UNIII>MI>KIIJ M m ! »»iwaWllilllllWimiMMIIWIlllWMmilllW^ .Ill win Wfttwwwwpi 



Input Description Units 

,XEN 
» 

12490 or 

2 ADIT 

-V-ÎT'M 

iE DIM 

i AGCO 

ÎELIM 

IELIM 

IELIM 

IELIM 

12490 or 

Í ADIT 

i2490 or 

jiADIT 

INTEL 

IELIM 

IELIM 

IELIM 

IREQ 

¡REQ 

2490 

last minimum in a' 

angle of attack stop control 

maximum preceding last maximum in o' 

reference area 

total drag coefficient 

partial derivative of moment coefficient with a 

damping in pitch 

partial derivative of normal force coefficient with a 

base diameter 

conversion from slug to Ibm 

trajectory option code 

number of values in I, I table 
CG X 

thrusting moment about X axis 

thrusting moment about Y axis 

thrusting moment about Z axis 

component of angular velocity 
r 

Euler angle (p 

mathematical constant 

radians 

radians 

radians 

ft2 

1/radian 

1/radians 

ft 

Ibm/slug 

ft«* lb 

ft-lb 

ft-lb 

rad/sec 

radians 
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2. Input (Concl’d) 

Name Symbol 
Occur/Noccur 

Number 
Source of 

Input 

PSI 

0 

QD 

RH0IN1 

RH0IN.F 

SINGO 

SMR 

T 

TAB I 

TAB IX 

tart 
mIh «ml 

'HT11 tO T J- X 

TEC0N 

THEALO 

THEALP 

V 

w 

XBAR 

XUP 

z 

ZQ 

VJ^ 

Q 

qD 

JP«1 

çin (TÍq) 

R 

t 

^TABLE) 

If T A R T TT \ 
\ I ^**,1«» pXk«I / 

X 

z{ TABLE) 

rp 
GRIT 

tecon 

6 
a 

o 
e 

a 

V 

W 

1 

I ** ![JP 

tm 

045 

050 

051 

056 

055 

221 

065 

075 

894- 
943 
944- 
993 

994- 
1043 

077 

078 

113 

071 

082 

084 

090 

,237 

r> fpD ÏT/1'» Xm# 'Awi JES. X»"í w 

dereq 

PRELIM 

PRELIM 

PRELIM 

Fl 23 

DEREQ 

VIXEN V «Im» «k iiliM« 4 'I 

CHNTBL 

r UM TRT \y Xxi. t X *13 Xj 

CHNTBL 

READIT 

SR2490 or 
READIT 

p IP A HT T Jt\, Jm «fjJLi' X X 

rs irp tro 

DER EO JM- hImm! nffmi I JrJL 

JL/ tJwM Xv Jtni MfC 

PRELIM 

PRELIM 

DEREQ 

REAMT 

Euler angl^ 

compone ut, 

dynamic pr^ 

J 
free streaill 

free strean 

sine of füg] 

component 

time for co 

moment of 

transverse 

altitude tab 

limit on cyi 

limit on c] 

value of 0 
c 

instantanée! 

velocity 

initial weig 

viscous iitl| 

'Viacom* .int« 
on continmu 

I 

altitude 

initial altii 



Description Units 

tee of 
put 

I 

REQ 
► 
ÜREQ 

<ELIM 
, 

tELIM 

IELIM 

23 

SREQ 

XEN 

iNTBL 

3NTBL 

iNTBL 

CAD1T 

12490 or 

ÊADIT 

:adit 

CREQ 

GREQ 

Euler angle ^ 

component of angular velocity 

dynamic pressure 

3 
free stream density in lbm/ft 

3 
free stream density in slag/ft 

sine of flight path angle at reentry 

component of angular velocity 

time for complete cycle of angle of attack 

moment of inertia table 

transverse moment of inertia table 

altitude table for X /D, 1, I tables 
V»/ Cnjr ÜJC- 

limit on cycle time 

limit on cycle time 

value of 9 at reentry 

instantaneous value of 

velocity 

radians 

rad/sec 

lb/ftZ 

lbm/ft^ 

3 
slug/ft 

rad/sec 

seconds 

2 
slug-ft 

slug-ftZ 

ft 

seconds 

seconds 

radians 

radians 

ft/ sec 

1REQ. initial weight - ablated weight lb. 

LELIM 

.ELIM 

CREQ 

I AD IT 

viscous interaction parameter 

viscous interaction parameter 'value for supper hound 
on continuum How 

altitude 

initial altitude 

I-MB 

ft. 

fit 

t  .I   II» Willi' « m Ml I rtf» 1 í ll«W‘ 
!llllHIIIIIWI'lll*W'WlMlll'lli 



i! 

3. Output 

Name Symbol 

ALALI a/ Initial 

alpha a 

Occur 
Number 

229 

002 

Desd 

ratio of a t 

angle of att 

ALPRIM 

CM 

CN 

DERIV, 16 

LP 

SMF f 

003 

202 

203 

- * 

081 

angle of att 
i 

moment co 

normal fon 

derivatives 

error code 

frequency c 

■ 

.,1,,,,....1............. " - .— )-Ll~~r I 



Description Unit» 

ratio of a to a at initial condition 

angle of attack for use in Cn / C« relation 
UP Dp 

O a 0 

angle of attack used in maximum-minimum tea ting1 

moment coefficient 

normal force coefficient 

derivatives to be integrated ln ADM4RK 

error code 

frequency of angle of attack cycle 

radian* 

radians 

cycies/sec, 
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Numerical Procodur« 

The control parameter, L0PT is tested in the firot statement of 

the subroutine, if L0PT i« non-aero, the derivative* of the Euler 

angle* and of the angular velocities, DERIV(J) for !■ 9 through 13, are 

«eroed by statement 9, which í» called for each value of J by a D0 state¬ 

ment, Then, for L0PT equal to 2, control passe* fo statement 15; for 

other non-aero value* of L0PT control return* to the calling subroutine. 

When L0PT is aero, the lerolag of the derivative* is bypassed and 

control pa*«®» to statement 8. 

Statement 8 is the beginning of the three degree of freedom, in 

rotation calculations. First the sines and cosine* of the Euler angle» 

fr “Ÿ , and 8 are determined. The derivatives of the Euler angle* 

are then found from the following formulation*: 

DERIVW ■ |R cos f + Q sin f) co* 8 
a 

BJEÉIVW ■ Q co* f •» R sin f 

DERIV( 101 - P + DERIV(8) sin 8 
a 

The product cos cos Ÿ is testedj If less than aero, an error code LP 

is set equal to 6, an error message is printed out by statement 100, and 

control returns to the calling subroutine. If cos 8 cos 'Ÿ la greater a 
than or equal to aero, the angle of attack a1 is 

a ® co« 'l [co,,a 
and using this result 
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Bypassing the error message and going to statement 4, the moments of 

inertia I and are determined from the tabular inputs, using FUNCTION 

TABLE, and tested. If l equals aero, control passes to statement 13 

where an error message is printed, error code aei to 6, and return to 

calling subroutine enacted. If equals ee**o, control goes to statement 

14 where a similar procedure occurs. If both I and are non-aero, 

the following terms are defined in preparation for calculation of the 

remaining derivatives: 

C - C a' mm a * i 

if o’ » 0 

if a- # 0 

TEMI 

TEM2 

TEM2 

q A D/I 
D reí 

0,0 

C / sin a1 
IB. 

TEM3 ■ sin 8 cos Y Ü 

TEM4 ■ 0, 5 D C /V 
ij*C| 

TEM5 - 11 - U P / I 

These are used to find 

DERIV( 11) » TEMl(TEM2(TEM3c0S# + einf sin*) + (TEM4)Q) +(TEM5)SMR4 

DERIVt 12) « TEMl(TEM2<sin feos * - TEMÍ sin # + (TEM4)SMR) -(TEM5) Q + 

DERIV(13) • 
M 

a 
I 

The viscous Interaction parameter is tested. If the XBAR is 

greater than or equal to XUP, indicating rarefied flow regime, the quantity 

a, ALPHA., is set equal to a1, ALFRIM, In statement 11 and controrreturns 

to the calling; subroutine. 11 XBAft Is less than XUP, continuum flow, 

M01, 

... 

1-
5-Í

F 



control passee to statement 10, where the cycle time T is tested. If 

T equals zero, which indicates that a complete cycle has not been 

completed and a maximum and minimum defined, control passes to 

statement 11, a is set equal to a', and return to calling subroutine is 

executed. If T is non-zero and greater than or equal to the input 

TCRIT, control passes to statement 11. If the non-zero T is less 

than TCRIT, but greater than or equal to TEC01S^an integrated angle of 

attack effect is used in DR AGO 0, control passes to statement 12, 

which returns it to the calling subroutine. If the non-zero T is less 

than TCRIT and less than TEC0M, the angular velocity P is tested to 

determine the appropriate definition for effective angle of attack as 

follows : 

p a o a 3 2, 0 -~- 

P # 0 a 3 0. 5 {o' + ã') 

** flfcf » 

where a' is the last minimum and a is the maximum preceding the 

last maximum, a'. The control passes to statement 12 »-rich returns 

it to the calling subroutine. 

In place of this rather complicated and time consuming calculation, 

a simplified angle of attack model is available in the equations beginning 

with statement 15, when L0PT is set to 2, Statement 15 defines code 

LL used in function TABLE, If altitude, Z , is less than or equal to 

100, 0 feet control passes to statement 90, where a1 is zeroed, the 

trajectory option code L0PT is set to 1 for a particle trajectory, and 

return to the calling subroutine is executed. If Z is greater than 

100. 0 feet, calculations continue with the determination oí I from the input 

table using FUNCTION TABLE. If I is zero, the error code, error message 
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«imhmmiiMiiMMIMNIW 

and return to calling subroutine following statement 13 are summoned, 

When I is non-zero, calculations continue by defining the quantity BE TAZ 

BETAZ - - loge (/Lj/- 076474 lbm/ft ) 

unless BETAZ £ .0001 then BETAZ is set equal to . 0001. Then, 

if Z equals ZQ since no value for C_ has been determined yet, C is 
D D 

set to a nominal value of 0. 8. The constants AK1 and AK2, and the 

cycle time TBAR are defined as follows: 

Cm 1)2 W 
AK1“ArefgZ(2-° CD ‘ Cn + —3_> 

I g 
J (4.0 BETAZ W |sin yj ) 

AK2 - Arcf g z‘<{Cna - CD) BETAZ 
sin Yr 'm, DW 

I g / 

(2.0W (BETAZ* sin V )c ) 
o 

TEAR» - Z.Q7TZI (BETA*V sinJT /ÃKZ * fo) 

If the cycle time t, TBAR, is less than or equal to input 

quantity TEC0N, preset to 2, 0' seconds, or is less than I, 0 x 10 
-10 

control passes to statement 16 and a non-oscillator y envelope calculation 
-10 

for angle of attack. If TBAR is greater than both TEC0N and 1. 0 x 10' 

an oscillatory solution employing Bessel functions is performed as described 

below. The frequency F, SMF, Is determined from t as 1/t. The 

argument of the Bessel functions, TEM, is defined by 

TEM- 2 .0 / (AK1 + AK2) 
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and the subroutines BESSEL(TEM, 0.0 DO, i. OD-5, XJR, XJÍ, 1) 

ari NEUMAN (i. 0 D-5. TEM. 0.0 DC, 10, 1.0D1, XNR, XNI, XJR(l). 

XJI(l), XJR(2>, XJI(2), 1) are called in to calculate the Beeael functions 

of the first and secón*, kind of the zeroth and first order. Following 

these calls is a group of equations for quantities defined at the reentry 

altitude Z0 which are bypassed when Z # Z0, When Z * Z0, 

d(TEM)/dZ - -0.5 TEM(BETAZ/Z) 

DENAC2 « denominator of AC2 - ^(TEl^d^(-Y^TEM) x Jj,TEM) 

+ JjfTEM) + Yo{TEM)) 

NUMERI * first part of numerator of AC2 ■ 

(MIEM) AK1 9a 2. 3769 x 10*3 BETAZ) / (Z exp (AKly^ 

+ BETAZ)) 

NUMER2 ■ second part of numerator of AC2 * 



alter which control in returned to the calling subroutine, 

Statement 16 is the beginning of the nan-oscillatory envelope 

A calculation 

a/oQ * exp (AK1 /V 

for Z ■ ZO a/ a, , , , « a/ a 
initial o 

(a/a ) 
o' * 0,63661 6 j.■;... , a Wa. ,,. J o initial 

f «* 0,0 

However, if a' jÿ 'aSxOP * a* is set equal to »ero arad L0PT, the 

trajectory option code, ia set to 1 so that only a particle trajectory will 

be calculated henceforth. If o' > <i , control passes to statement 
STOP 

92, where these quantities are defined 

o' 

C * C o' m m o 

a » o' 

before the return to the calling subroutine is executed. 

.....11 



5, Other Information 

A. SUBROUTINE ROTATE la called in by SUBROUTINE DEREQ. 

B. SUBROUTINE R0TATE calls In the following program 

subroutines and functions; 

1. SUBROUTINE BESSEL 

2. SUBROUTINE NEUMAN 

3. FUNCTION TABLE 

C. In addition, the following library functions are utilized: 

1. ACOSR 

2. DEXP 

3. OSIN 

4. DC0S 

5. DSQRT 

6. DL0G 



miimmM'IMM 
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Be«»el Function Calculation* 

The calculations for the Bessel function of the first kind 

are contained in subroutines BESSEL, JNXBES, and DRUM. 

The Bessel function* of the second kind (Neumann function«) 

are calculated by subroutine« NEUMAN, NEUMPO, NE'UMOO, 

DIVMLT, NEUMNO, and NEUMN1. 



SUBROUTINE BESSEL (XR, XI, C, N, ZNRQ, ZNIO, IT) 

1, Furpcne 

SUBROUTINE BESSEL calculates for complex argumente the 

Beeeel functittoi of integral order «ero through N, where the maximum 

value for N is twenty-four. 

I, Input 

Fortran Symbol 

C 

IT 

N 

XI 

XR 

Source of Input 

ROTATE 

ROTATE 

ROTATE 

ROTATE 

ROTATE 

Description 

■convergence criterion 

integer code * 1 

integer indicating maideottm order 
to he calculated 

imaginary argument of Bessel 
fttACfiom 

real argument of Bessel function 

1. 'Output 

Forfran .Symbol Peseriptlon 

ZNIO imaginary part of solution vector 

ZMliO real part of solution vector 

4. Numerical Frocedurie 

The descriptive use o£ Ute argument* for effective .and proper use 

■of the subroutine are a* follows: 

MM 



XR real argument of the Beseel function 

XI imaginary argument of the Bessel function 
-5 

C convergence criterion for power series (10 gives 
good results) 

N maximum order of Bessel function (24 is maximum 
allowed ) 

ZNRO real part of the solution vector (dimension 25, 
ZNRO ( 1, IT) is zero order,, ZNR0(2, IT) is first order, etc,. ) 

ZNIO imaginary part of the solution vector {dimension .25,, 
ZNIO (1, IT) is zero order, ZNI0(2, IT) is fir st order, etc. ) 

IT integer code 

The sum of the squares of XR and XI is calculated .and designated as 

B and the Integer Mil is set equal to N -4 1., Then B is tested. If IB = 0, 

subroutine continues to statement: 4, where the real ..and .imaginary parts of 

the solution vector* for orders M and M + 1 are set «qual it® aero. Control 

then passe:« to statement S,, where the .reciuirsive formula is used ito ¡aero 

the real and imaginary parts of the solution vectors for all remaining orders 

down to aeroth order. KB# '0, the gropp of equations beginning with 

statement 4 .is 'bypassed and control passes to statement „2, fier® .SPBROü'HME 

.IM1CB.CS is «.ailed in to generate,, using fftaa ¡standard power series,, the 

real ;and imaginary parts of the solution vectors ((¡Bessel functionsi) '«of Nth 

and tl-l order, i.e,, ZNR0(N + 1, IT), ZNI0(N + 1, IT) and ZNR0(N, IT), 

ZMIÛIlM, IT) respectively. The 'quantities ,UtB and XIB are then defined 

as 

XR + XI2!) 

- xi/iXR2 4 xi2:) 

XRB 

XIB a 

before control passes to 

are then used to calculate the real 

5, following recursive formulas 

parts of thi 
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vectors for all remaining orders down to zeroth order. 

ZNR0(N-1+1, IT) = 2. 0 (N-I+l) [zNRO (N-I+2, IT) í XRB 

- ZNI0(N-I + 2, IT) * Xm] - ZNR0(N-I + 3, IT) 

ZNI0(N-I+1, IT) = 2. 0(N- I + 1) jzNRO (N-I+2, IT) =(= XIB 

- ZNI0(N-I + 2, IT) * XRbJ -ZNI0(N-I + 3, IT) 

for 1=2 to N 

For real arguments between 1 and 10 there is better than 6 place 

accuracy. For complex arguments of increasing absolute value, there will 

be diminishing accuracy. However, the lower orders will have more 

significant figures. In order to obtain accurate results for the lower orders, 

it is necessary to use large N. Real arguments will give answers with more 

significant figures than complex arguments. 

5. Other Information -, 

A. SUBROUTINE BESSEL caUs in SUBROUTINE JNXBES. 

B. SUBROUTINE BESSEL is called by SUBROUTINE ROTATE. 
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t SUBROUTINE JNXBES (ZR, ZI, NN, C, ZNR, ZNI) 

1. Purpose 

SUBROUTINE JNXBES is called by SUBROUTINE BESSEL to 

calculate the Bessel functions of the maximum order specified, N, and 

of the N-l order. 

2. Input 

* indicates integer quantity 

Name 

C 

NN 

ZI 

ZR 

3. Output 

ZNI 

ZNR 

Description 

convergence criterion 

the order of the Bessel function to be 
determined 

imaginary component of the argument of the 
Bessel function 

real component of the argument of the 
Bessel function 

imaginary component of the Bessel function 

real component of the Bessel function 

4. Numerical Procedure 

All variable names having Q as first letter are designated as 

complex numbers in SUBROUTINE JNXBES. The calculations of this 

subroutine begin with the definition of the complex number Q* from the 

input real and imaginary components, ZR and ZI respectively, by the 

use of function DCMPLEX. The variable Z is then defined as the absolute 
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value of Q . 
X 

Both the real and imaginary parti of QXXI (Û ) and 

QXNU (Q ) are set equal to 0, 0. The absolute value of Q , Z, is 
X y X 

tested; if Z is less than 19.9999999999, control passes to statement 10; 

if Z is greater than or equal to the specified value, then control passes 

to statement 11. 

Statement 11 is the beginning of the calculations of the Bessel 

function for large values of the argument. Preceding the statement 

D0 12 I a 2, 4000, 2 are initial definitions of quantities used both in 

the DO loop ending with statement 12, and in the D0 loop beginning with 

statement 13 and ending with statement 15. The D0 loop ending with 

statement 12 evaluates the series 

M 
QP»Pnn(Z)*¿ (-l)k 

ka0 (2Z) 
2k 

1 . (4NN2-1) (4NNZ-9) (4NN2- 1) (4NN2-9> (4NN2-25> (4NN2-49) 

2] (8Z) a! 4' <8Z 1 

and the D0 loop beginning with statement 13 and ending with statement 

15 evaluates the series 

M i——.* -2 

QQ* 
^ (NN, 2kM) 4Nl£ . 1 
£ (-1) ,, _.2k + 1 ■ NN (2 Z) 8Z 

(4NNZ-1) (4NN2»9) (4NN2 - 25) 

3 I (8Z)3 

J» 
1 • * i 

until the convergence criterion is satisfied or M is 2000. 
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The«« quantities are used in the following equation 

QANS ■ JNN(Z) - ¡mr i 
y Tf Z 1 

P„JZ| cos (z - { ~ + -Í- )7T ) 
NN 

NN 1 
* qnn(z* <z' < T * 

l -w ) 
r)7T }r 

The Bessel function is separated into its real and imaginary 

componente by employing SUBROUTINE DRUM* into which QANS is fed 

and the 2 value array TEMP le produced, TEMPO), the real» and 

TEMP!,2), the imaginary component of J^IZ*. are utiiieed to define 

reipectlvely ZNR and ZML 

Statement 10 mark* the beginning of the calculations for the 

Bessel function having an argument Z» whose absolute value is lees 'than 

19, MttWWtf. The following quantities to be used in the determination 

of the Beeeel function of order NN are then defined 

A • nn; 

■I 

„i 2 „ 2 
ejl.:¾. I + I Zi 1 

2,0 

Z. 
TUET *• * arctan ( ) 

NN 

1C2NR • 3C»W, • coa (NNeXZ 2 + Zs2) 
2W f 1 

r NN 
» * TT 

X2NI « XZN - sin (NN#) íz/ * Z. ) 

/ (2 
NN 

NN Î ) 

/ (2NN NN! ) 
1 

as well ae 'the series 

Mill 
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V 

kí3¿000 {.1)1 (Z_2 + Z;2 ) (eos 2 16) (NN¡) 

SUMR =1.0 + / 
1= 1 (4) I.' (NN + I) ! 

and 

K-í 32000 
SUMI = 2" 

1=1 

(-111 (Z 2 + z,2) 
r 1 

(sin 2 10) 

(4)1 (NN + I) 

where the number of terms in the series is dependent on the convergence 

criterion C. The absolute value of the difference between the last two 

terms of the series must be less than C. Using the previously defined 

terms and series to define the real and imaginary parts of the Bessel 

function, respectively 

Z„ * SUMR - X,M SUMI 
2Nr ZNj 

Zm * x,m SUMI + X,m SUMR Nj 2NR 2Nj 

These components, if simplified, would yield the following expression 

for the Bessel function 

■*NN * '2 

k 

L 
1 = 0 

(1 ^NN I <-ïz > V "5“ I = 

IJ {NN +1) ! 
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5, Other Information 

Acimorm'rTMir tmvotre im *»■>%%%**** 4« citod r\tinrtKTt? otrcciri ■ otJiOxvv-íU 1 XINJtl* Jl IN <rihl3JmiCi 1® CwtllXw'tft ¿Hi Hy o uOJni.. JLilNIli» 0^00111)111^1111 

B. SUBROUTINE JNXBES call® in 

1. SUBROUTINE DRLIM 

2, external function ATANOR 

3, internal functions 

a. CD AB S 

b. DSIN 

c. CDSIN 

d. DC 08 

e. CDC0S 

f. DSQRT 

g, CDSQRT 

h. FDXP1 

i. F CDXI 

« Im# V ial 

k. CD MP Y 



... li i nMMèi .. 

DRLIM<C, R) 

I. PiirppBc 

SUBROUTINE DRLIM »«t« tà« r«al and imaginary part» ol a 

complex number C and let* them equal to the real number» ol the two 

value array R. 

2, Input 

Sgmfif.flUaatf 
JNXBES 

Deacription 
«IMIHIHiaiHIIIMnWMIMMIMMRMMMMIIMMIMMIWM*1 

complex number which la to be used 

to form two real number» 

3. Outwit 

NaS* 

R(l) 

R12I 

.amalgita 
real number which corre»pO'iid.* to the real, part 

ol the comporte 

real number which correspond« to the Imaginary 
«Hk. Mh HWÉiSm H^JT Hk. — — S — hiih HHfcllkMH «kMMk Hlk Jtk tÉA part ot til# complex ntimoer» k* 

4, Numerlcai Procedure 

The two real two*valued arrays R and A are used in conjunction with 

the two complex number» C2 and C in SUBROUTINE DRUM. The 

C2 and. A are placed in equivalence which givee A(l) the value of 'the real, 

part of Cl and All) the value of the Imaginary part of Cl. Then C2 



is given the value of C, which because of the equivalence gives value* 

to A( 1 ) and A(2). The real numbers R{1) and R(2) are then set equal 

respectively to A( 1 ) and A(2). 

5, Other Information 

A. SUBROUTINE DRUM (C, R) is called by SUBROUTINE JNXBES 

using the arguments IOANS, TEMP), 

B. SUBROUTINE DRUM call, in no other functions or subroutines. 



f 
I 

SUBROUTINE NEUMAN (C. XR, XI, N. XL. ZZNR, ZZNI, 
XOR, XOl, X1R, XII, IT) 

1. Purpose 

SUBROUTINE NEUMAN calculates for complex arguments the 

Neumann functions of integral order zero through twenty-four. For 

arguments of magnitude less than XL, the standard power series is 

used to calculate the Neumann functions of order zero and one. For 

arguments whose magnitude is greater than XL, an asymptotic series 

solution is employed to obtain the Neumann functions of order zero and 

one. A formula is then used to generate each increasing order until 

the Nth order is determined. 

2, Input 

* indicates 

Name 

C 

IT 

N 

XOI 

XOR 

XII 

X1R 

XI 

XL 

XR 
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integer quantity 

Symbol 
•MMMMMWMMMNM 

* 

* 

Description 

convergence criterion for power series 

integer code “ 1 

maximum order of Neumann function 

imaginary part of zeroth order Bessel function 

real part of zeroth order Bessel function 

imaginary part of first order Bessel function 

real part of first order Bessel function 

imaginary argument of Neumann function 

solution value option, see explanation in part 1. 

real argument of Neumann function 



Í!!IMl|!ÍIMI!W!ÍlMWii!!ll|#W»!W 

3. Output 

Name 

ZZNI 

ZZNR 

Symbol 

V 
i 

yn 

Description 

imaginary part of solution vector 

real part of solution vector 

4. Numerical. Procedure 

SUBROUTINE NEUMAN defines the quantity D as the absolute 

magnitude of the argument, - 

D = jx* 
Z 2 

+ X, i 

If D equals zero, control passes to statement 10 where the real and 

imaginary parts of the zeroth and first order Neumann functions are 

zeroed, before passing to statement 11, If D is non-zero control 

passes to statement 8. D is then tested against XL. If D Í XL, 

control passes to the power series calculations following statement 1. 

If D > XL, control passes to statement 2» which marks the beginning 

of the asymptotic series solution. 

The asymptotic series for the zeroth order Neumann function is 

Y (Z) = 
o fF[ P <Z) sin (Z - ?) + Q (Z) cos (Z . 

O 4 O 4 
,. H. 3 

where 

p (z)a !. iiiiidj + .+ .,,, 

° 21 (8Z)2 41 (8Z)4 

Qo(Z>“ 8Z - 
.tm + 

1¾ T ♦ * i 

31 (82) 
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Employing the definitions Z = + iX^ , Pq{Z) * PN + IP, N N. 

Û (Z) = Qm + i Q., , to expand the expression for Y (Z) 
O W W. a r i 

Y (Z) 
o 

•1/2 7T (PN +iPN) sin(Xr - ÍJ- MX.) 
r i 

7T 
+ (Qn + i Qn ) cos (Xr - Y" 4 1 Xi^ 

r " i 

Using DeMoivre's theorem, and expanding the sines and coaines 

-1/2 

Yo(Z)^~r Z Qpn +i PN ) |sin(Xr - cos (iX.) 

+ sin(i X.) cos(Xr - ^ ) J + (Qn + i Qn ) 

•MMM| 

|cos(Xr - -3-) cos (iXj - sin (i XJ sin (X^ - ^ 

then 

Y (Z) » 
o 

rr 
/ n 

cost ^ ) 1 *in. tip) 

(X2+ X.2) 1/2 
tpN + i PN » 

r i 

f X| * *1 
YsintX^ - ) .g.*.. ) + . co« (3C, 

w ■ x* -x0 

iy—y 

Y -Y A. *A. 
Jl A' 

+ (Qn + íQn I ^cos(Xr- J) ( .. 

sin (X - 
r 

i 
X. -X ~ 

i • 4 - « >) T} ' 21 'J 
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The expression for Y J. Z) is evaluated in the computations beginning 

with statement 2. 

First SUBROUTINES MEUMPO and NEUMQO are called to 

evaluate the real and imaginary parts of Pq{Z) and Q^Z), respectively. 

The the following quantities are defined 

PI2RT = 

XRP = X - ■—= X - 0.7853982 r 4 r 
X. - X. 

^MS* ]b 1 

C0SR = cos(R| = cos (X - -¾ ( ~- ! 
r 4 2.0 

COSI = cos(I) = - sin (X - ( 
r ** 

X. -X. 
i i 

e - e 
2.0 

Xi 'Xi 
SINR = sin(R) » sin(Xr - -) 

Xi '* Xi 
SINI « sind) « cos (X --2 ) (-2-- 

JT •% 2.0 

0R « X / (X2 + X2 ) 
ir r i 

¢1 * - X. / (X2 + X2 ) 
i r i 

If the imaginary part of the argument, X^, is zero, define 

X0R Jx /(X2 + 
» r r 

2 . 

Xi ] 

X0I » 0. 0 
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and control passes to statement 7. If is non-zero, define 

THTHO = 0= tan“1 (0Ï/0R) 

, , -1/2 
cos (0/2) 

sin (0/2) 

These quantities are used to define 

ZNINR = Q cos(R) - QN cos (I) + PN sin(R) - PN sin(I) 
1 r i r i 

ZNINI = Q cos(R) + Q coa(I) + PN sin(R) + ?N sin (I) 
^r i r 

which are employed in the equations for the real and imaginary parts of 

Y (Z) 
o 

X0R (X + X ) 
r i 

X0I (X2 + X2 ) 
r i 

1/2 

ZZNR(1, IT) = 

ZZNI( 1, IT) = Y - /X 
/7Í 

(X0R * ZNINR - X0I * ZNINI) 

(X0I * ZNINR + X0R * ZNINI) 

To determine the first order Neumann function from the Wrpnskian 

W { J0(Z), Yq(Z)J « JjtZ) Yo(Z)-J0(Z) YjtZ)»^ which gives 

YjtZ) * 
Y (Z) J,(Z) - 2/0TZ) 

J (Z) 
O 

f 

* 

0 
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The D® loop which includes statement 4 compute» the quantities 

ZZNR(It IT) » Yj 1 

ZZNIil, IT) - Yj l 

for all orders from 2 to the maximum N, i, e., for all 1 from 3 to N + 1, 

before returning to the calling iubroutine. 

Statement I obtains control when the absolute magnitude of the 

argument of the Neumann function is less than or equal to the input XL. 

Here SUBROUTINE NEUMNO la called to determine the power series 

representation for the »eroth order Neumann, function, and SUB'MOUTIME 

NEUMN1 for the first order function. Control then passes to statement 

3 where the higher orders are computed using the recurrence formula, 

5. Other Information 

A, SUBROUTINE NEUMAN is called by SUBROUTINE RÍTATE, 

B. SUBROUTINE NEU,MAN calls In. the following subroutines; 

K SUBROUTINE MEUMPU 

2. SUBROUTINE NEUMQO 

I, SUBROUTINE DIVMLT 

4, SUBROUTINE NEUMNO 

5, SUBROUTINE MEUMNl 

C, SUBROUTINE NEU,MAN calls in 

1, ATANOR 

2, BEXF 

3, D'SXN 

4, DC OS 

§. D0ÛRT 
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SUBROUTINE NE U MPI) (XR, XI, C, PNR, PNI) 

1. Ptirpoit 

SUBROUTINE NEUMPO évaluai«» lh* real and imaginary components 

of the quantity Po(EJ which i» «»id in the asymptotic solution for the 

Be»»*! function of the second kind of seroth order: 

YoWmJwz |P01Z) »in(Z -Ç-) + Qo<Z) cos (Z - 

where 

P ,z, . , . JclLbî) + (-1)(-9)(-2^)1-49) , 
o' 2 4 * . » 

2! (8zr 4! (8Z)4 

Qjz) « ¿i-, tn.+ iziitsi.|i|ÜIfeit 
îî (azi* 5! {BZ)' 

l. 

Mama 

c 
XI 

XR 

J* 

Waw 

PNI 

PNR 

V%(isa as as iMiluaMiáldli Mia». 

.ill—it 
cottviirgenc* criterion for series 

inagiitary component of argument of Bessel function 

real component of argument of Bessel function 

imaginary part: of series for F (XI 
o 

teal part; of aeries for P ( X) o 

was 



4* Numerical Procedure 
t 

The series for Pq(Z) may be represented in the following manner: 

P (7)=1.0 +X (-y s (k-1) 

k=l (2k)(2k-l)(82 Z2) 

where S(k-l) represents the preceding term in the series, i. e. 

5(0)=1.0, 5(1) 
.(4(1)-3)2 (4(1)-1)2 (-1) 

|2(l)][2(l)-l](8Z2) 

S(k-1) = s (k.2) 3,.-3, 
(2(k-l))(2(k-l)-l) (8z ) 

Quantity Po(Z) and its representative series are divided into real 

and imaginary components, ?N and P respectively, to avoid the 
r i 

use of complex arithmetic in the subroutine. 

P (Z) = PM + i PKT 
o N N. 

r i 

(S_{k-l)R_ - Sjk-DRJ = 
Nr I mult r r i i k,0 

S (k) 
r 

no 
PN “ Z X ,JSJk-l)R. +S(k-DR ) = 21 S(k) 

^*i k®l mult r ii r kaeji 

where 

S(k-l) ■ 5 (k-1) + i S(k-1) 
r i 

-= R + i R., and X ■ <4k~3) 
Z r 1 mult (2k) (2k-l) 64 
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The calculations of SUBROUTINE, NEUMPO begin with the defining 

of quantities RR (R^) and RI (R.), and the .setting of initial value for 

SR (S ), SI (S.), PNR (P ) and PNI (PK1 ), The statement D® 1 
r 1 N N. 

r i, 
1 = 1, 32000 whete 1 corresponds to the k of the previous equation is the 

beginning of the evaluation of P., and P„ as well as the sertes for 
N N. 

f t 

Sr and S^. The integer 1 is tested; if an even number, then Integers 

MM ■ 1 and M. ■ 2; if an odd number, then integer® MM * 2 and M. ■ 1, 

Then M. replaces the K-l and MM the k counter on S and $,, P„ 
r i N _ r 

i* act equal to the aiun of tha V.»t «d St(M»; PN 1. ... .,».1 
IT I,, 

to the sum of the last P and S (M). The absolute value of the difference 
i 1 

between the last two ternas of the aeries representing $ is tested against 
r 

the convergence criterion C. If this value Is greater than C control 

passes to statement 6 and another term is added to the series for and 

for $ a and control returns to the 00 statement where 1 is increased 

by 1 and the entire procedure repeated. If this value is less than or 

equal to C, control passes to statement 5 where a similar test is performed 

on the terms of $.. If the absolute value of 'the differ snce between the 
i 

last terms in is less than or equal to C» control passes to statement 7 

and back to the calling subroutine. If this value la greater than C, control 

passes to statement 6 where the process of adding terms to the series 

continues. 

S. Other Information 

A. SUBROUTINE NEUMPO functions properly for pure real argument 

Z; hut. for < omplex or pure imaginary Z, an error In the definition of R 
r 

causes erroneous results. The program, under consideration uses this 

routine for real arguments only. 



C, SUBROUTINE NEUMPO call* ia no oth*r iukroutlnfl* or 

Int«rati functions 



SUBROUTINE NEUMQO (XR, XI. C. QNR. QN1) 

1* Pugpoae 

SUBROUTINE NEUMQO1 evuluatfl* the re*I aiKl, imaginary components 
of the quantity Q^ZJ which 1« tumi in the asymptotic aolutioa for the Bessel 

function of the second Mud of «eroth order: 

Y ÍZ) 0 m[E [po,z> + q„'z* '»■«z- -îj 

where 

P ,2,. 1 .+ (-111-0 (-Zi) Mit 
2' |8Z) 41 (8Zj 

°o,ZI ■ ÏZ 
bill,=21 MU' + MU-91 fclB (-49) (-81) 

31 (8Z> SÎ (SZf 

Oms. 

c 
M 

II 

3. 

a«!- 
QNI 

QNR 

convergence criterion for aeries 

imaginary component of argument of Bessel 

real component of argument of Beeeel Function 

Imaginary part of seriee for Q f Z) 

real part of seriee for Q (£) 
0 

Mlf 

... 



4» Numerical Procedure 

The series for QjZ) may be represented in the following 

mranni»** * Uli <8.1 AlalS IT • 

Q (z) ■ - o 8Z 
i_ + Z (-d 

k"1 (2kl (2ktl| (82 Z2) 
S (k-1) 

where S(k-l) represents the preceding term, in the series, i. e., 

s(o> ■ S(i). 'mum! 
(2(1)) (2(1) + 1) (8Z2) 

S(k-1,. s(k.2| 
(2(k-l)) (2(k-l) + 1) (8Z¿) 

Quantity Qq(Z) and tie representative series are divided into real and 

Imaginary components, Q and Q respectively, to avotó the use 
r i 

of complex arithmetic in the subroutine. 

Q (Z) ■ 
o 

O ■ 
W v 

Q + I Q 
WN mN. 

r i 

* t, x»«u 'V“-1’R, ■ si <k-‘' «i» 
r ' i 

■ 21 s Ik» 
k* 0' r 



* 

+z 
Ni 8{X^ + X*) k>l 

X u (s (k-1) R + S (k-1) R ) 
mult r il r 

<w ■ z 
k at 0 si<k' 

, X - IX 
where S(k-l) - S (k-1) + i S.(k-l), ~ ■ -¾-\ 

r i Z 2 + x2 
r i 

R + i R,, r i* 
n'"u (2k) <2k-l) 64 

Th* calcula Hons of SUBROUTINE NEUMQO begin, with the defining 

of quantifie a RR (R^) .and RI (RJ, and the Betting of initial value* for 

SR(Sr), SI(S.), QNR (0N Í, and QNI(Qn). The statement DO 1 

1*4 32000 where 1 corresponds to the à 1 of the previous equation is the 

beginning of the evaluation of ?N and ?N as well as the series for 

S'r and Sj, The integer I is tes&dj if an ^evea number, 'then, integers 

MM* 1 and M * 2j If an odd number, then integers MM * 2 .and M * 1, 

Then M replaces the K-1 and MM. the k counter on S and S.« CL. is 
r IN 

r 
set equal to the sum of the last and Sy(M); is set equal to the 

sum of the .last QKf and. SIM). The absolute value of the difference 
Ni 1 

between the last two terms of toe series representing is tested against 

toe convergence criterion C, If this value Is greater than (^control 

passes to statement 6 and another term ie added to the series for S and 
i 

for 9r then control returns to toe .00 statement where 1 is increased by 

1 and the entire procedure repeated. If this value is tees than or equal 

to C, control pas sus to statement 9 where a iinntÏJtr t®® fc 4® 

i-»! 



If the absolute value of the difference between the last terms in 

Sj is less than or equal to C, control passes to statement 7 and back to 

'the calling subroutine. If the value is greater than Ct control passes to 

statement 6 where the process of adding terms to the series continues, 

5» Other Information 

A. SUBROUTINE NEUMQO functions properly for pure real 

arguments Z; but, for complex or pure imaginary Z, an error in the 

definition of causes erroneous results. The program under considera¬ 

tion uses 'this routine for real arguments only. 

B'» SUBROUTINE NEUMQO calls in no other subroutines or 

.internal functions. 



SUBROUTINE DIVMLT (A, B, C, D, E, F) 

1, Purpose 

SUBROUTINE DIVMLT is used to perform certain divisions and 

multiplications involving the input quantities to obtain the output quantities. 

2, Input 

Name 

A 

B 

C 

D 

Source 

NEUMAN 

NEUMAN 

NEUMAN 

NEUMAN 

Description 

input quantity used as a multiplier 

input quantity used as a multiplier 

input quantity 

input quantity 

3. Output 

Name Description 

E output quantity 

F output quantity 

4. Numerical Procedure 

The quantity R is defined as the sum of the squares of quantities 

C and D. If R is zerotcontrol passes to statement 2, where the output 

quantities E and F are defined as zero before the return to the calling 

subroutine. If R is non-zero,control passes to statement 1 and the output 

quantities E .and F are defined as 

E * A*(C/RJ - B*(-D/R) 

F * A*(-D/R) + B*(C/R) 



5. Other Information 
« 

É 

■ 

A. SUBROUTINE DIVMLT is called by SUBROUTINE NEUMAN. 
\ 

B. SUBROUTINE DIVMLT calls in no other subroutines or 

functions. 



SUBROUTINE NEUMNO (ZR. ZI, XR, XI. ZNR, ZNl, C) 

I. Purpooe 

SUBROUTINE NEUMNO csikulne# the real and imaginary cornpowmt* 

of the wrath order. Neumann repre#eatatlon of the Be»»*l, function of 

the aecond kind from the power serie» 

Yo(Z» » ~ I \n(j Z) + TI Jo(Z) + ~ I ilí¿i> .(i +1, 
ui) mr 

+ ( i + j + -» .. 
2 3 (3! I2 

,(-11141 M +7+ r + ¿ i * T 1 

tZ^/4)1 

U! )2 } 
2, Input 

n«bsl_ Biiiiiatt» 

c 

XI 
convergence criterio», 

imejinary part of »eroth order Bt,»*el function, of 

the first Und, J 

XR reel, part of «trotil order Beset:! function of the 

first kind., JL 

ZI imaginary part of argument Z of Bessel function, 

of second Und,i Z 
I 

ZR real part of argument Z of Bessel function of 

Und, Z 

MS5 

I 

.... ...i»...",... 



J. OlltPBt: 

Mâimt PfcylptioiB, 

ZM 

ZNR 

IramflÂârf p*,ri ol th« »«rôtit orûm B«*rc1 toactfon 

of ihi* • «cond Uni,. Y 

r«*l part of tï» ■•rollt orttor B«a«*l .funelltta of 

II»« ••cowl kind. Y _ 

4. Hmm lie»! Prm|||t 

Thu« torn« of th* ••rka r«p<r«««nttn« Ye<ö m«f b« •up«««**4 ln 

tormt «í it« »Mi mm! iiMfistaity ««anpr^nto, wl»:rt Z/2 ■ Z'r ^ IZI » 

it 
tr/11 • • ifcoai * + i rin 0). I il) • I +J 

O Ofl Oj Y ■ 0. !MT2I5M% 

r.'1'■ Y»r *' \ ■ I {»-»»i. + rj^ . i 

* m 

* :i.f Jam.î.i.i.lififft. . h+4, msÙ 

n[ un2 2 un2 

(i + I * ^ i 

«i <% ■# 

iJLma J ._ 
2' 

i-if u ■+ ^ +1 ^ + **,» * j" ^11.■ I I «ln ikt2 

W »' 

* " * 



m 
Uulng DiMolvrt’i theorem (coe « + i #|n §)" » co# (n«) + i *in (n8) and 

■•paratiuf the real and Imaginary part#, we obtain 

y ■ 
0' 

r 

2 / 

M 
( If + In R) J - 0 J 

o o, r i 

+ ^ + <£2Ü4ïi_S. 
W* I J V* I ^ 

tI3 ) 

21 

I»1 } 

J - 01 
0, 0 
i r 

+ Z. <-i)I+i h + 4 +...+4-) —.-1^R 
21 

(13) } 
Theae equation# for Y and Y are evaluated in SUBROUTINE NEUMNO. 

°r °i 

The 'calculation# of SUBROUTINE NEUMNO' begin# with the definition# 

ftjuf thf fottowing quantities 

f R . ÿ Z2 + 2 /2 0 
W li 

RLG • ln R 

THET • 0 « tan*1 (2 /2,) 
r i 

and sets the values of % and Y Initially to 
r °1 

ZNR - Y ■ Z. 0 ( T + In R) J - 2. 0 0 J 
0 r °r c 

ZNI - Y - 2, 0 ( J* + In R) J - 2. 0 9 J 

i 

"i 'i 

The initial value# of ff ACT and T are set to l. 0 and SR(1) and 8« 1) to 

1. O a 106S. 
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The statement D0 1 1 * 1, 32000, where I corresponds to the 

I in the summations, is the beginning of the evaluation of Y and Y . 
°r °i 

The integer lis tested; if an even number, then integers MM = 1 and M=2; 

if an odd number, integers MM=2 and M = 1. The quantities SR{M) and 

SI{M) respectively represent the terms of the series in the definitions 

of Yq and Yq . As each term of SR(M) and SI(M) is calculated it 
r i 

is added respectively to Yq and Y until the convergence criterion 
r i 

is satisfied, then control passes to statement 7. To satisfy the convergence 

criterion the absolute difference between the term just calculated and the 

last series term must be less than C for both SI and SR. If the convergence 

tests are not satisfied I is increased by one and the process repeated. 

Starting with statement 7, the final values of Y and Y are 
o o. r i 

multiplied by the factor (2. 0/7T ), then control passes to the calling 

subroutine. 

Other Information 

A. SUBROUTINE NEUMNO is called by SUBROUTINE NEUMAN. 

B. SUBROUTINE NEUMNO calls in the functions 

1. ATANOR 

2. DSIN 

3. DC0S 

4. DSQRT 

5. DL0G 
ÓirnvDPk • J? JLIAJrJLI 

7. FDXPI 
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SUBROUTINE NEUMNl (ZR, ZI, XR, XI, ZNR, ZNI, C) 

1. Purpose 

SUBROUTINE NEUMNl evaluates the real and imaginary components 

of th'. power series solution from the first order Bessel function of the 

second kind (Neumann function) 

Yi<Z)= 'é + Tf CiMi/zzMfJjjlzi+i-Z 
(-1)1 Ají--) 

21- 1 

7T iTi i!(i-i)¡ 

where Aj = 1.0 if 1=1 

2. 0 

'l-l ) 

Z (ii 
U=i j ) 

if I > 1 

2. Input 

Name 

C 

XI 

XR 

ZI 

ZR 

Symbol 

X. “ r sin Ü 
i 

X * r cos 0 
r 

Description límUSAímXSSSS 

convergence criterion 

imaginary component of first order Bessel 

function 

real component of the first kind Bessel 

function 

imaginary part of the argument Z 

real part of the argument Z 
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# 

3, Output 

Mmma 

ZN1 

ZN R 

Symbol 

Y, 1 
i 

PfcrtptiOB 

lm*|:ln*fy part oí íi:r*t order Ntpmann 

íunction 

rea! part o! lint order Neuman,n function 

4, Num,erica!, Procedure 

The real and the imaginary parta of the power aeries solution 

for Y,(Z) are 

Yi,' ^L<lí* i1 J',' ÏT ,1‘1 " 7T ^* 

.Ml“ 

V «• 
A, t “ ) 

,11 2 

21 -i 
cos (21 - 1) i 

^ I-l, II (1-1)! 

„Ü 
\ TT 

W 

W • \ * -7^ 

21» l 
(-1)1 A.,(4)i sint 21-D# 

Ijj 

I! (I - 1) ï 
•ff» .. 

I -1 

where Y* 0.57721566 

AJ ■ 1, 0 if I « 1 

A. * 2. u 

(I-l 

Í, 5 *T “ !>t 
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The summation of Y will be d«Ignited Z S <I> and, «imilarly, 

for Y, the 
HWiimiiiiiii» 

•umroatio'ii it JL SJi). 

I » I 

!;■ i 

SUBROUTINE NEU'MNl, which i* very »imitar to SUBROUTINE 

NEUMNO, begin« computation« by defining the following quantltiei 

R « r/2 ■ (x: + XT /2.0 
T-r 
T + X“ 

r i 

THET ■ • ■ tan“1 (X./X ) 
I r 

B ■ r2 * X 2 + X2 
r l 

X * X /r ■ coa t/r 
•* i|«| 'ST D 

X « . X,/r - - .in e/r 
Kyi, 1 

B 

The otitjwt qmntlrtM 2NB «nd 2NI are given the following initial value» 

601 '0 ZNR « 2. 0 ( Y+ In R) J. - 2.0 0 J. - 2, 0 
I I. r r t 

ZNI • 2.0 ( Y + In R) J, - 2.0 0 1, + Mg|l|.| 
I* 1 f 

1 r 

The ad'ditional initial value« «••igneé are 

FACT *(I-l»! -1.0 

SERS « Aj » 1.0 forl-l 

SR(1) » 1.0k 10 

SR(1) • 1.0* 101 

,65 

65 

I-Mi 



► 

P 

* 

Th* D® loop tailing with itatemtnt 1 evaluate* the term* SR(M> * S (I) 
I* 

and S1(M) * S.U), where M * 1 il 1 i» un even number and M " 2 il I, 

i« odd, With each pa«i through the loop ZNR and ZNI are increased 

respectively by 8^(1} and 8.(1), the convergence of the serie# tested, and. 

the parameter* FACT and SERS defined for the next pass through the 

loop before I la increaaed, Thti process continues until the series 

converge or I reach«« a value of 32000. Each series is considered to 

be converged when the absolute value of the difference between the current 

series term and the term determined on the last pass in less than C, 

When convergence is indicated, the current values for ZNR and ZNI are 

divided by 7T to yield the input ZNR and ZNI. 

5, Other Information 

A. SUBROUTINE NEUMMi is called by SUBROUTINE NEU,MAN. 

B. SUBROUTINE NEUMN1 call* the function. 

1. ATANOR 

2. DSIN 

3. DC 08 

4„ DSQRT 

*. DL0G 

6. FDXPD 

7, FDXPI 

1-342 

* 

• 



3. 1. 7 .Drag.Calculation» 

SUBROUTINE DRAGCO parformi the calculation» for 

determining the vehicle drag coefficient after account¬ 

ing lor the effect« of ma«i loss, noseblunting, and 

angle of attack. 



SUBROUTINE DKAGC0 

i 

* 

ï» Purpoae 

SUBROUTINE DRAGCO I» employed to calculate the total drag 

coefficient of tue blunt or »harp cone portion of the vehicle, when the 

option to input the drag coefficient CD TAB is not used. In the rarefied 

flow regimes, the total drag coefficient is calculated as a single entity. 

The total drag coefficient in the continuum flow regime is the sum of 

the component pressure, skin friction, base, and induced drag coefficients. 

* 



2, Input 

* indicates integer quantity and N0CCUR number code 
► 

Occur/Noccur 
Name Symbol Number 

Source of 
Input 

A, 514 A. 

ALPHA a 

ALPRIM a' 

301- 
814 

002 

003 

ZPRS 

DEREQ, 
ROTATE, 
VIXEN 

DEREQ, 
ROTATE, 
VIXEN 

AREF Aref 

B, 21 B. 

CAPL L 

001 

823- 
843 

010 

PRELIM 

ZPRS 

PRELIM 

C0DRAG 7.6489 * ) 

C0SLAM À cos 0 

CPE C p 
e 

009 

011 

017 

PRELIM 

TaOTT1? 
Jr JUV Jwi JwixJX^L 

PRELIM 

CPW 

D 

T? A C T0Q JC **Vu# J> *% / 

GAMF 

GAMMA 

GRATE 

HSR TO 

HWBAR 

h /RT 
s o 

ur 

018 PRELIM 

021 PRELIM 

197 F123 

026 

028 

095 

029 

225 

DEREQ 

SR2490 or 
READIT 

VIXEN 

PRELIM 

EVIL or 
PRELIM 



Description Units 

coefficients for curve fits! see ZPRS for more detail - 

angle of attack for use in CD / CD relation radians 

angle of attack for use in maximum-minimum testing radians 

reference area 

coefficients for probability distribution between 
free molecule and continuum flow regimes 
sharp cone slant length ft> 

factor used in finding mean free path X 
W 

product of bluntness ratio and cosine of cone half angle 

constant pressure specific heat at edge qf boundary 
layer 

constant pressure specific heat at wall 

base diameter 

numerical factor used in finding free molecule 
drag on spherical nose 

flight path angle 

rutio of specific heats 

factor used in correction CD for averaged angle 

of attack effect, see VIXEN P 

non-dimensional stagnation enthalpy 

non-dimensional wall enthalpy 

ft. 

Btu 

lbm°R 

BTU 
Ibrn^R 

ft. 

radians 



2. Input (Cont'd) 

Name Symbol 

LA 

LAMDA 

L0PT 

MD0T, 32 

ME 

MHEAT 

MINE 

M0PT 

PE 

PI 

PINE 

REYL 

RH0E 

RH0INI 

RH0INF 

SINT 

SINTM 

La 

M 
e 

M eo 

P 
e 

7T 

P«« 

^»L 

Po J e 

fo. 

ain 9 

M sin 0 

Occur/Noccur 
Number 

033 

032 

07 * 

2708 - 
2739 

036 

10 * 

035 

03 * 

048 

042 

Ó49 

062 

061 

056 

055 

064 

067 

Source of 
Input 

PRELIM 

PRELIM 

SR2490 or 
READIT 

EVIL 

PRELIM 

SR2490 or 
READIT 

PRELIM 

READIT 

PRELIM 

SR2490 

PRELIM 

PRELIM 

PRELIM 

PRELIM 

PRELIM 

CHNTBL 

PRELIM 

_, 

Da, 

axial length 

bluntness r« 

trajectory o 

mass loss rt 

Mach numbe 

mass loss o] 

Mach numbe 

mass loss o] 

pressure at 

mathematic a 

free stream' 

free stream 
cone slant lej 

density at edj 
i 

free stream 

free stream 

sine of cone 

product of fr 
cone half an{ 

..um. 
|HÜIIllliWi!MHSlfHipiaitm'lHII 



D#*cription Units 

axial length of vehicle 

bluntness ratio 

trajectory- option code 

mass loss rate distribution along body 

Mach number at edge of boundary layer 

mass loss option code 

Mach number in free stream 

mass loss option code 

pressure at edge of boundary layer 

mathematical constant 

free stream pressure 

free stream Reynolds number based on sharp 
cone slant length 

density at edge of boundary layer 

3 free stream density in lbm/ft 

3 free stream density in slug/ft 

sine of cone half angle 

product of free stream Mach number and sine of 
cone half angle 

ft. 

Ibm 
f 2 
ft -sec 

lb/ft 

Ib/ft 

Ibm/ft“ 

lbm/ft 
' 

slug/ft“ 
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2* *nPut (coat'd) 

Name 

T 

TANT 

TCRIT 

TE 

TEC ON 

THETAD 

TIMER 

TINF 

TW, 32 

TWO 

TWST 

V 

VE 

WD0T 

X1L0W 

XlUP 

XBAR 

Symbol 
Occur/Noc c ur 

Number 
Source of 

Input 

t 

tan 0 

ter it 
T 

e 
t 
econ 

D 

t (time) 

T oo 

T 
W i 

1 w 

w 

V 

V 
e 

W 

Xi 

Ji 

ST 

LOW 

075 

070 

077 

079 

078 

069 

080 

072 

2644- 
2675 

074 

148 

082 

083 

086 

240 

239 
UP 

VIXEN 

CHNTBL 

RE ADIT 

PRELIM 

READIT or 
SR2490 

PRELIM 

DEREQ 

PRELIM 

MASSL0 

CHNTBL 

READIT or 
SR2490 

DEREQ 

PRELIM 

T0MAL0 

READIT or 
SR2490 

READIT or 
SR 2490 

090 PRELIM 

I 
1 
\ 

time fog 
* 

tangent | 

limit on* 

tempera; 

limit on 

cone hal 

instantai 

free stn 

wall terr 

initial w 

effect*"« 
moleculi 

velocity 

velocity 

rate of c 

value of 
of fairin) 
interact 

value of 
of fairin* 
interact] 

interact 



Source oí 
Input Description Units 

VIXEN 

CHNTBL 

RE ADIT 

PRELIM 

READIT or 
SP 7.490 

PRELIM 

DEREQ 

PRELIM 

MASSL0 

CHNTBL 

READIT or 
SR2490 

DEREQ 

PRELIM 

T0MAL0 

READIT or 
SR 2490 

READIT or 
SR2490 

time for one complete cycle in angle of attack 

tangent of cone half angle 

limit on cycle time, t 
'cycle 

temperature at edge o£ sharp cone boundary layer 

limit on cycle time, t cycle 

cone half angle in degrees 

instantaneous time 

free stream temperature 

wall temperature distribution along body 

initial wall temperature 

effective wall temperature for use in free 
molecule drag calculation 

velocity 

velocity at edge of boundary layer 

rate of change in weight due to ablation 

value of rarefaction parameter which is lower boundary 
of fairing region between free molecule and strong 
interaction flow regimes 

value of rarefaction parameter which is upper boundary 
of fairing region between free molecule and strong 
interaction flow regimes 

Tint'iftT* Ar* on nA t* a fY~i ♦■ö t* 
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sec. 

sec. 

°R 

sec. 

degrees 

sec. 

o. 
R 

R 

ft/sec 

ft/sec 

lb/sec 

PRELIM 



2. Input (Concl'd) 

Name Symbol 

XBAR1 

XBARST 

XL0W 

XUP 

-?ST 

^ LOW 

XUP 

z 

ZETA 

ZTR 

it' 

Occur/Noccur Source ol 
Number Input 

126 PRELIM 

089 

238 

PRELIM 

READIT or 
SR2490 

READIT or 
SR2490 

091 

093 

092 

DEREQ 

READIT or 
SR2490 

PRELIM 

i* a i» r* 1*4 /vr 
J» C*«t IrJiV#A 

factor usee 

value of inj 
boundary 
and contim 

value of inlj 
boundary ol 
and contint: 

altitude 

accomodat 

transition 



''irtiiiÉiÂijiiiMi! MWMiMNNMMMin 

re oí 

■IM 

IM 

'IT or 
0 

IT or 
0 

Q 

IT or 
0 

IM 

Descriptioh Units 

rarefaction parameter 

factor used in determining XBARl 

value of interaction parameter which is lower 
boundary of fairing region between strong interaction 
and continuum flow regimes 

value of interaction parameter which is upper 
boundary of fairing region between strong interaction 
and continuum flow regimes 

altitude ft> 

accomodation coefficient 

ft transition altitude 



2* InPut (cont'd) 

Name Symbol 
Occur? Noccur 

Number 
Source of 

Input 

TANT 

TCRIT 

TE 

TEC ON 

npurip rv AT\ X X AXJ 

TIMER 

TINE 

TW, 32 

TWO 

TWST 

V 

VE 

WD0T 

X1L0W 

X1UP 

tan 0 

^rit 

T 
e 

t 
econ 

C> 
D 

t (time) 

T oo 

T 
W. 

l 

T 
W„ 

T. 
W 

ST 

V 

V 
e 

W 

X i 
LOW 

UP 

075 

070 

077 

079 

078 

069 

080 

072 

2644- 
2675 

074 

148 

082 

083 

086 

240 

239 

VIXEN 

CHNTBL 

RE ADIT 

PRELIM 

READIT or 
SR2490 

PRELIM 

DEREQ 

PRELIM 

MASSLO 

CHNTBL 

READIT or 
SR2490 

DEREQ 

OD ITT TXjí X' Xv jl>4 XjXJVI 

T0MAL0 

READIT or 
SR2490 

READIT or 
SR2490 

XBAR 090 PRELIM 

... 



r Source of 
Input Description Units 

> 

VIXEN 

CHNTBL 

RE ADIT 

PRELIM 

READIT or 
SR2490 

PRELIM 

DEREQ 

PRELIM 

MASSLIÖ 

time for one complete cycle in angle of attack 

tangent of cone half angle 

limit on cycle time, t 
cycle 

temperature at edge of sharp cone boundary layer 

limit on cycle time, tcycle 

cone half angle in degrees 

instantaneous time 

free stream temperature 

wall temperature distribution along body 

sec, 

sec. 

°R 

sec. 

degrees 

sec. 

°R 

i 

CHNTBL 

READIT or 
SR2490 

DEREQ 

PRELIM 

T0MAL0 

READIT or 
SR2490 

READIT or 
SR2490 

PRELIM 

initial wall temperature °R 

effective wall temperature for use in free °r 
molecule drag calcul? tion 

velocity ft/sec 

velocity at edge of boundary layer ft/sec 

rate of change in weight due to ablation lb/sec 

value of rarefaction parameter which is lower boundary 
of fairing region between free molecule and strong 
interaction flow regimes 

value of rarefaction parameter which is upper boundary 
of fairing region between free molecule and strong 
interaction flow regimes 

interaction parameter 



i.imiiiMMIHIWIIIiI'IIMM ««mnimmmiimímmwí 

2, Input (Concl'd) 

Name Symbol 

XBAR1 

XBARST 

XLQSW 

XUP 

X. 

% LOW 

Xup 

z z 

ZETA £ 

ZTR 

Occur/Noccur 
Number 

126 

089 

238 

237 

091 

093 

092 

Source of 
Input 

PRELIM 

PRELIM 

READIT or 
SR2490 

READIT or 
SR2490 

DEREQ 

READIT or 
SR2490 

PRELIM 

\ 

Deecr 

rsa t* J» í a r1 An al CK J. CLL.' l>JLiUll |J <* IT a 

far* tnt* ii ß aH In rlii Idlw IfUl HO CUJI Hli U| 

i 

value of inte rae 
boundary of fair 
sam#î r»Anflntinm i* (XliAtjL Vr (>>H1i|»1«1IwIuhlX1i 1J 

value of interact 
boundary of fair 
and continuum Î. 

altitude 

accomodation cc 

ZTR transition altitr 



irce of 
nput Description Units 

ELIM 

ELIM 

ADIT or 
¿490 

ADIT or 
2490 

REQ 

ADIT or 
2490 

ELIM 

rarefaction parameter 

factor used in determining XBAR1 

value of interaction parameter which is lower 
boundary of fairing region between strong interaction 
and emtinuum flow regimes 

value of interaction parameter which is upper 
boundary of fairing region between strong interaction 
and continuum flow regimes 

altitude 

accomodation coefficient 

transition altitude 
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3, Output 

Name Symbol 
Occur 
Number 

CD 

CDB 

CDFINF, 8 

CDI 

CDP 

CDPO 

DECDFP 

DECFTC 

rwT rrio U JEjXjKjUXt 

T2TEST 

0 

(Ac ) 

f p 

( A c ) 

Df 

Ac_ 

TC 

Zrpp 
X JCV 

+ t 

016 

099 

2793 
2800 

100 

098 

101 

235 

236 

234 

246 

J 
N 

D< 

total drag ca 

base drag ctf 
i 

skin friction1 

total induced ' 

pressure draj 
averaged a ¡ 

pressure draj 

pressure indi 

transverse ci 
coefficient 

j 

induced press I 

sum of last ti 
in fairing reg 



..I.I i.. 

Description Units 

total drag coefficient 

base drag coefficient 

skin friction drag coefficient 

total induced drag coefficient 

pressure drag coefficient corrected for a non- 
averaged a 

pressure drag coefficient for a = 0 

pressure induced skin friction drag coefficient 

transverse curvature induced skin friction drag 
coefficient 

induced pressure drag coefficient 

sum of last time in fully laminar flow and total time sec. 
in fairing region between laminar and turbulent flow 
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4. Numerical Procedure 

The computationsof SUBROUTINE DRAGCO may be grouped in 

the following manner to facilitate description of the numerical calculations: 

Miscellaneous Definitions 

B. Calculation of C 
D, 

1) evaluation of equation for C 
D, 

a = 0 

2) evaluation of equation for (C 
Dp j r'Dp ) ratio 

a = 0 

3) product of 1) and 2) is C D, 

C. Rarefied Flow Drag Coefficient Calculations 

1) strong interaction drag coefficient 

2) free molecule drag coefficient 

3) fairing between free molecule and strong interaction 

flow regimes and definition of total drag coefficient. 

D. Continuum Flow Drag Coefficient Calculations 

1) Base Drag Coefficient 

2) Turbulent Calculations 

a) evaluation of turbulent induced and skin 

friction drag coefficients. 

b) determination of averaged a effect 

c) computation for fairing between laminar and 
turbulent flow regions 
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d) definition of total drag coefficient 

3) Laminar calculations 

a) evaluation of laminar induced and skin friction 

drag coefficients 

b) determination of averaged a effect 

c) definition of total drag coefficient in fully 

laminar flow 

d) definition of total drag coefficient in fairing 

region between strong interaction and laminar 

flow regimes. 

The flow regimes are defined by the values of the interaction 

parameter -X and the rarefaction parameter X ^ in the following way: 

Typical Cp Curve with Flow Regions 

X i > X , transitional free molecule flow 
AUP 

X i > X, >Xj fairing between free molecule and strong 
UP ’ LOW 

interaction flow 
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strong interaction flow regime X J > X . and X > X 
LOW F 

X up î X > JC LOW 

X > X and Z > Z 
LOW - ÏR 

fairing region between strong interaction 

flow and continuum laminar flow region 

fully laminar flow 

^LOW >X. Z< ZTR| and time < + tF 

fairing between laminar and turbulent 

regions. 

X, >X, Z < Z f and time > t + L 
LOW TR - Z^ZTR F 

fully turbulent flow 

It is conceivable that the above definitions may not be sufficient to define 

the flow regime unambiguously in certain unusual cases; i. e., X j > X ^ 

but Xyp > X . Therefore, the following priorities are observed: 
LOW 

1) If Xj > Xj but X p > X , the fairing between free 

molecule and strong interaction regimes overrides and the value of X 
is reset so that the X, 

UP 

begins just after reaches Xj 

X- and fairing into continuum flow 
V *1 

UP 

LOW 

2) If X > XLqW but Z < ZT£> the fairing between 

laminar flow and strong interaction region overrides then when X reaches 

Xlow * the fairing of laminar into turbulent flow begins. 
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3) if X < X for any value of A appropriate 
LOW 

continuum calculations are performed depending on the value of Z 

tested against Z . 
X K. 

The following description of SUBROUTINE DRAGC0 is presented 

in accordance with the outline of the introductory comments. 

A. Miscellaneous Definitions 

The following quantities to be used in drag calculations are 

defined: 

PEPINF = P /P 
e 0® 

SORT 3 = 1. 732050807568877 

TEMLAM = 1. 0 - ( A cos 0 ) (A cos 0) 

P1k = 0.9 + Moo sin 8 (-0. 119 + 0.01C8 sin 0) 

= 180.o o</ 7T 
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B, Calculation of Cq 

The pressure drag coefficient at zero angle of attack is then 

determined from the curve fit expression as follows: 

if eD > 20. tr N = 312 

if 20.° > 0D >10.° N = 247 

if < 10 
D * 

N = 211 

'D 

2 
S 

2 
iru 

3 
L 

Pa = 0 11=0 JJ=0 KK=0 

II 

AN+II + 3JJ + 9KK ( 'ivi. ) 
00 

(A )JJ ( 
KK 

0. 
D 

A sharp cone pressure drag coefficient is then determined for the given 

cone half angle from 

2, 0 P 

D, 
A = o 

The value of angle of attack is then tested; if the absolute value 

of áp > 4. 0°, control pasees to statement 220, If the absolute value of 

< 4.0° the following equation is evaluated to obtain the angle of attack 

correction ratio C 
D_, / 

The ratio C n / p ' 
a a = 0 * a a = 0 

is set equal to 1, 0, then, if aD is zero, control passes to statement 230. 
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* 

/ 

♦ 

lí 4. O > ! aD! >0.0, the following equation is evaluated to obtain 

the ratio Cn / C : 

0 

3 2 2 
E'lip 

11*0 JJ=0 KK=0 A421 + II + 4 JJ + 12KK 

(V11 <|aDl)JJ (A)KK 

If the equation yields a value less than 1. 0, C 
JL«/ jp 

a 
equal to 1.0. Then control passes to statement 230, 

is set 

0 

Statement 220 is the beginning of the computation for C / C 
Dp ' Dp 

a 

when I I > 4. 0 , The quantity TEML is set equal to the absolute 

value of qd; however, if TEML is greater than 40. 0, it is set equal to 

40. 0 . The following parameters are then defined: 

X = lo8l0 0D 

Y = log10 (TEML) 

zz = A 

and used to evaluate the following curve fit equation 

FUN-^,0 1C /C , 

a a * 0 

3 2 2 
mJ mmt 

11*0 IJ*0 KK*0 

‘348 + II + 4JJ + 12KK 
X‘ 

II ,, JJ 
ZZ 

xtxt 
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If FUN is less than 0. 0, it is set equal to 0, 0, 

we obtain the ratio 

From the above, 

Following statement 230, the pressure drag coefficient at zero 

angle of attack is multiplied by the angle of attack correction ratio 

to obtain the pressure drag coefficient with non-averaged 

angle of attack effects. 

control passes to statement 1, the beginning of the continuum calculations. 

Otherwise, the rarefied flow calculations are performed. 

C. Rarefied Flow Calculations 

The following definitions are made preparatory to computing the 

sharp cone strong interaction drag coefficient: 

^ (1.0 + 0.5 ( I---'-0) m2^ T a T 
o 

TEM = T / T 
Wc*rr, o 

TEM3 = log ( X,J 
®e ST 

If '6 < 15.0 , control passes to statement 204; if not, the following 

equations are used to evaluate the sharp cone strong iteraction drag coefficient: 
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1 3 1 
SUM = S S 2 A 

11=0 JJ=0 KK=0 384+II+2JJ+8KK 
(TEM3)11 (eD)JJ (TEM)KK 

CDST = C 
SUM 

D 
ST 

Control then passes to statement 3. In a similar fashion, C is 

determined for values of > 15. 0° beginning with stateme nt 204. 

1 1 1 
SUM = S 2 SA 

11=0 JJ=0 KK=Q 200 + II + 2JJ + 4KK 
(TEM3)11 (0D)JJ (TEM)KK 

CDST = C 
SUM 

D 
= e 

ST 

Statement 3 is the beginning of the drag calculations for the transitional- 

free molecule flow regime, where the mean free path of the molecules is 

of the same order as a typical body dimension. The sharp cone transitional- 

free molecule drag coefficient is obtained from a probabilistic model which 

takes into account the continuous variation in aerodynamic properties 

between continuum and free molecule flow regimes. The free molecule 

drag coefficient, a continuum drag coefficient based on Newtonian results, 

and the probability function indicated below are combined to yield the sharp 

cone transitional-free molecule drag coefficient. 
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CDN = C = 2. 0 sin 0 
dn 

LAMWD 
X W _ C0DRAG / 2. 25 7T WsT 
D M 0© 

A - X W AW 
> 0,04 CAPP = P = 2 B (log (-“)) 

I jl "" ^ 
D 

0. 04 
X w < 0.04 CAPP = P = 0. 506 - 0. 147 log (-r0 , 

D 10 

CDTRFM = C 
D 

Trans. -FM 
sharp. 

P(C - C ) + c 
FM 

Henceforth, the transitional - free molecule flow regime will be referred to 

merely as t1 e free molecule regime for the sake of brevity. 

The bluntness ratio is tested and a value less than IO-" passes 

control to statement 30, where the total free molecule drag, CDFM, is 

set equal to the sharp cone value, before continuing to statement 32. 
. -3 

If A > 10 , the contribution o spherical nose in free molecule 

flow is calculated and included in the calculation for total in free 

molecule flow: 

TEM * log 

Rey D 
»L 

L M FAC .'R9 
ao __ 

if |tem| < io”4 then TEM is set equal to 

if TEM > 5. 298 then TEM is set equal to 5. 298 
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CDFMS = C 
D 

FM 

20 
>wnmw4 

2.0 

sphere J=1 
A TEM 

1 ?3 + J 
J-l 

CDFM = = 
D D 

FM ^ , UFM 
total sphere 

k 2 2 
X cos 0 

+ C 
D 

(1.0 - Xz) 
Trans-FM 

sharp 

Control these passes to statement 32 where the sharp cone strong interaction 

CD is corrected for bluntness and angle of attack effects. 

CDS Cn = (C - 
l) _ F) T") 

S UST P 
) ( 1. 0 - X ) cos a' + C 

A = 0 
D. 

This is followed by the defining of the total drag coefficient according to 

the regime indicated from the testing of X and ^ 

If X.IX 1 C = c 
UP FM 

total 

“ ?. <1 UP ’ " 1 < I ’ an<I ^ *> ^iTr» 
UP LOW UP D DS 

“ Xi , , and X < X 
UP ' ‘LOW * - - UP 

passes to the continuum flow calculations following statement 1. 

control 

1-359 

pi 





if M < 7. 0, N = 487 

If > 7. 0, N * 499 

The base presiure ratio i* then found from 

PB PINT ■ P,/P * S 2 A , - T xI1 yJJ b m j|sQ jj«0 N tnt 4jj 

which is used in determining base pressure drag coefficient, C 
'D 

B 

CDB » C, (1.0 - PJP_ ) / (0.7 M ) 
B 

to The interaction parameter, JE, Is tested against JÍ :Lqw 

determine if full continuum flow conditions have been reached or If the 

appropriate flow regime is that determined by 'the fairing between 

continuum, and strong interaction regions. If X > A. Indicating 

■the fairing region, control passes to statement 10 and the laminar flow 

calculations. If -¾ < Jf_ full continuum flow, Z is tested 

Against 2, 
'TR* 

If jÈ < X . full continuum flow, 
LOw 

I Z > Z_R, control passes to statement 10 and 

laminar flow calculations; if Z < ZTR, subroutine proceeds with 

the evaluation of the turbulent equations. 

In the continuum calculations, the skin, friction drag coefficient 

is represented by the following array: 

CDFINFd, J, K) where 

I » 1 sharp cone, 

J ■ 1 turbulent. 

1*2 blunt cone 

J*2 laminar 

K * 1 w ith blowing, K * 2 without blowing 
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Turbulent Flow Calculations 

The flow properties needed for the computation of »kin friction 

and induced drag are determined from subroutine inputs by the following 

relationships: 

Pw wi - 8 + 0, 099 M2 (V- 1. 0) 
-h- 

e 

h 
e 

,If the reference enthalpy h* £ 1110.0 Btu/lbm control passe« to 

statement 21, where T* is set equal to 3.5964 h*. If h* > 1110. 

Btu/lbm, the reference temperature, T*, is defined in the following manner: 

TEM* P /2116,0 
e 

If TEM > 10, then TEM - 10,0 

h » C T 
e p e 

# 

SÎ . 0. 5 t 

h* * (h*/h ) 
'C 

T* E i A {h*lU <TEM}JJ 
II. 0 JJ.0 ^3 + U + 4JJ 

If the value of T* < 0,0, control passes to'EXIT, For positive or 

sero T*, the rernMnltig reference flow properties are defined: 

2,27 a IQ^tT*)1, 5^ 

T* + 198.ó J ^/1* * 32,2 

T * |Ç- [l.o . O'. 125 log10 (Pe/2116.ÎJ 



ta 1 .'i" ■ 

' 

ZT = 2- 5 + °* 1 tan h (j~-0 - 7. 0) + 0. 4 tan h ( - 7. 0) 

+ tan h ( 25QQ- - 5.8) 

ß* = J9.65 

2116.0 z T* 
* 

If L, sharp cone slant length, is less than 2. 0 feet: 

A,, „ = - 4. 4666 
118 

A119 = 156.0 

A120= ^66^0 

If L > 2.0 feet 

A, * S A , L 
118 ijaQ 400 + 11 

II 

6 

A!19 = „So A407 + II L 
II 

A120= uÏ0 A414 + IIL 
II 

These coefficients are used to evaluate the quantity TEM2, which is used in 

conjunction with REYSTA to define the sharp cone skin friction drag 

coefficient, CDFINF(1, 1, 2) 

'1 
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.... 

Using these resulta, the turbulent blunt, no blowing is determined 
f. 

from 

CDFINFU, 1, 2) « CDFINF(2, !,!>■«< 
CDFINF( 1, 1, 2) 
CDFINFf l, 1, 1) 

Next, the induced drag coefficient, which for turbulent flow consists 

only of the induced pressure drag coefficient, is computed. First, H, 
W 

is set equal to , the non-dimensional wall enthalpy; however, if no 

mass loss calculations have been performed, H is undefined and 
w 

is set to (0. 24 T / 33,86), The recovery enthalpy is calculated, 

as H * 0. 9 h /RT , for use in ratio the ratio hllr/ h and TEM is 
r s o W» r 

defined as Cf ) 

Using the above, to find induced effects 

DTHE1 “ Â 0, » Cfo (2.0+ *1*8 ^ 1. Q 
3.8 

DTHE2 » A®, « A®. (0,547T 
2 1 h 

eftfr* 11* 
i Hi JV1 1.0 + 1.2 m = 8/TEM 

w 
+ M (0.53 + 0.68 

+ M (0,083 + 0. 106 ) ) 
e h 

DTHE - A« * Ae + 1,6 ■ 8 
3.6y»eVe 

CDLCDP ■ A = 1. 11(1.0 + A2 cos 2 8) M 

Ab 0 
K 

GDI * C ■ CDLCDP -A C 
D1 P 
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, CDSUM, The contribution to the total of and C 
D, I I i» 

ifl defined a§ the sum of the turbulent induced and skin friction drag 

coefficients, L0PT > 3, or, if L0PT < 3, when TIMER 2> TZTEST 

(no fairing is done under these circumstances representing fully turbulent 

flow). If L0PT < 3 and TIMER < TZTEST the contribution of skin 

friction and induced C^'e is a value, CDSUM, faired between the laminar 

and turbulent values. The components of the following fairing equation® 

are defined in the laminar drag calculations of this subroutine, and 

correspond to laminar values at the last altitude before Z becomes<Z 
TR 

PBAR 
’fo 

ZTR 

La 
1.5 

(1.0 

t 1.5 nr «-rip 

- C, 

/f 

La 
1.6 t - t 

1.8 (1.0 
<7 »"ftp 
4L* Jli ic\> i 

fo 
4L* J> 

La 
1.5 

f 

La 
1.8 

1.6-t 

1 J 
■ C. P + (l.o - P) c 

D. 
LAM 'TURB 

CD * CD * ^ 
f" BL, TURB.WB ‘“BL. LAM. WB 

+ (1.0 - P) * c. 

BL, TURB, WB 

CD * P 

Q I TflDTt M R O J. w aVD'i lv,0 BL, LAM, NB 

+ (1.0 - I») * c. 
D, 

1-366 
o i «Trrn ti «kit» BL# TURB# NB 

- . 



Then the contribution to total drag is 

CDSUM ■ C 
DSUM ’ Cdi + Cd£ BL, TURB, WB 

Tests of T, time for one cycle, are made with quantities TCRIT and 

ÏEG0N to determine whether the pressure drag component of total drag 

coefficient should be corrected by the averaged angle of attack effect 

or by the ratio / ) . 

P«C Po<= 0 

If TCRIT < T or if TCRIT > T, but T < TEC®N, then 

C * total drag coefficient * C_ + C + C 
13 dsum db dp 

otherwise, 

C„ » c„ + c_ + c_ 
D D SUM B P_ 

. . GRATE , 
( 1,0) + .“r.. i 

•t* 0 

Then the return to the calling subroutine is executed. 

Laminar Flow Calculations 

The ratio of reference enthalpy to sharp cone edge enthalpy, 

h*/he, is computed prior to evaluating the sharp cone, laminar, no 

blowing skin friction drag. 

cp... V 
HSTAHE ■ — “ 0. 5 + 0, 5 "w "i-8 t 0.0935 IT - 1. 0) Mg 

CDFINFt 1, 2, 2) - C, 

CP T. 
e 

sh, LAM, N. B. 
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I, 53 
tan 8 

1. 5 

P_ Rey 

C<-p 

Ji* 1 e e ) 
h 0. 2398 T 

e oo 

0. 185 

Correcting for the effects of blowing 

CFO = Cfo = j-— tan 8 CD 
JÛ V 

ah, lam, N. B, 

jO V * 
e e 

CDFINFO, 2, 1) = C s c 
Df Df 

•• eh, lam, WB tm eh, lam, N. B. 

2* 0 m- « « 
1, 0 + _1.* S 

fe Ve Ci0 

and then for bluntness with blowing 

A > 0,2 N ■ 472 

A < 0, 2 N * 457 

CDFINF( 2, 2, 1) = CT » C 

bl, LAM, WB 
D, 

eh, LAM, WB 

[¡ 

u. n"»o An + 5JJ + u ^JJ Uogio Reyoo L) 11 
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.... 

DELCDP = A CT s 1. 33(1.0 - X2 cos¿ e) A B F, fTu 
Dp Dp lK e 

F = 0 K 

DECDFP=(Acr, ) 1. 5 À8{1. 0 ->2 cos2 6 ) C 
D 1 

í K 
sh, lam, N. B. 

0. 823 + 0. 524 i = 8 + 
w. „ . 0.438 M 

{T 

0. 968 
DINE * = 0. 058 + 

w 
i * 8 

t_ m: 

BEC F TC = (Ac^ ) =1.5 (0. 517 + 0.913 Wi-8 + 0.0484 M2) 
Df T“ 

•* TC e 

(d - X2 CO*2 e I) A e c 

* sh, lam, N. B. 

/ (Me2 tan 8 d— fSL ) 

coi ■ c “Ac + (Ac i + ( A c ) 
i up p îi-b. TC 

U the 'trajeetory option code, L0PT, is less than 3, the quantities 

needed lor the fairing equation with turbulent flow are defined as: 
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CFOZTIi = C = C 

0 ZJX 
LAM 

TZTR = t Z~ ZTR 

TF = = 1.0 /(0.48667 x 10" V |siniff|) 

CDILAM = C,. 

LAM 

TT'TPÎTCT =: f + f rZTEST - tz^ ZTR T rf 

If L0PT > 3, the above definitions are bypassed. Next X is tested, 

if > 3f control passes to statement 33 where the equation for fairing 
“ LOW — 

into the strong interaction flow is evaluated. If X is < X lqW* 

indicating fully laminar flow, the angle of attack cycle time, T, is tested 

against TCRJT and TEC0N. This test is made in order to determine 

whether the angle of attack effects on C are to be found from the 
Up 

averaged effect or from the ratio C / C . If TCRIT < T, 
•I»/ / -pj 

F*<= 0 

or if TCRIT > T, but T < TEC (ON, the ratio correction is used and the 

total drag coefficient is obtained from 

CD C = C„ 
D D 

+ + CT 
B bl, lam, WB 

before returning to calling subroutine. 
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If, on the other hand, TCRIT > T, but T > TEC0N, the averaged 

effect is used and total drag coefficient is 

CD = C = + + C_ 
D Dß Dj Df 

“*bl, lam, WB 

Then the return to calling subroutine is executed. 

+ C (1.0 + GRATE) 
Dp T 

ot = 0 

Statement 33 begins the evaluation of the total drag coefficient in 

the fairing region, i. e. 

CDLAM * C = cn + Cn + Cn + Cn 
° DAM UB Ul P f 

cd = = ( ~ - ) + c (1.0 
LAM 

bl,lam, WB 

X "Xlow 

D D''' - X _ ”dlam ' XTT -XT_ 
UP LOW 

before returning to the calling subroutine. 

UP LOW 
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5. Other Information 

A. SUBROUTINE DRAGCO is called in by SUBROUTINE VIXEN 

or by SUBROUTINE DEREQ. 

B. SUBROUTINE DRAGCOcalls the library functions 

1. EXIT 

Z. DEXP 

3. DSIN 

4. DC0S 

5. DSQRT 

6. DL0G 

7. DL0G1O 

8. DTANH 

9. FDXPD 

10. FDXPI 

N 
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3. 1,8 Derivaftive« of the Translational Parameter» 

SUBROUTINE TEQUAT calculate* the derivative» of the 

translational trajectory parameters with the assistance 

of SUBROUTINE MATMPY' which perform* matrix mul¬ 

tiplication. 



SUBROUTINE TEQUAT (DERIV) 

1. Purpose 

Subroutine TEQUAT calculates the derivatives of the particle 

trajectory parameters and of the thrusting parameters indicated below: 

DERIV(J) - V 

DERIV(2) = 

DERIV(3) = dt/dz s d(time) / d (altitude) 

DERIV(4) = X 
r 

DERIV( 14) = Y 
r 

DERIV( 15) = ÿa 
DERIV(16) s 

th 



2* Inpat 

Name Symbol 

ALPRIM 

AREF 

CAPG 

CD 

REF 

G 

C 
D 

Occur/Ñoccur 
Number 

003 

001 

019 

016 

Source of 
Input 

"1 
D» 

ROTATE, DEREQ 
or VIXEN 

PRELIM 

SR 2490 or 
READIT 

DEREQ or 
DRAGC0 

ini tantaiu 

inatantanf 

gravitatid 

total drag 

CN 

FTMAT, 3 

GAMF 

ISP 

M 

PHI 

PSI 

PSIALP 

QD 

RE 

TBMAT, 3 

m 

H' 

* 

fi1* r|Wi 

A If 1 ^ V * ^ ^ 
o o o 

203 

026 

222 

037 

044 

045 

200 

05! 

063 

3643- 
3645 

ROTATE 

MATMPY 

DEREQ 

READIT 

PRELIM 

DEREQ 

DEREQ 

DEREQ 

PRELIM 

SR24990 or 
READIT 

PRELIM 

normal lo: 

componen 
iyatem 

instantané 

input spec 

ins tutano 

Euler «nji 

Euler angJ 

thrust mic 

dynamic p 

radius oí 1 

thrusting i 
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Units 

■c« of 
lut 

ATE» DEREQ 
• VIXEN 
» 

:lim 

190 or 
PIT 

EQ or 
,GC0 

ATE 

"MPY 

EQ 

DIT 

:lim 

EQ 

EQ 

EQ 

Dei.criptlon 

instantaneous angle of attack 

instantaneo'us reference area - area of base 

gravitational acceleration - preset 32. 21852 

total drag coefficient based on A 
ref 

normal force coefficient 

component# of body force in trajectory coordinate 
•yitem 

Instantaneous flight path angle 

input specific impulse of thrust 

instantaneous mass of vehicle 

Euler angle, $ 

Euler angle,^ 

thrust misalignment angle 

ÍL1M 

1990 or 
DIT 

DIM, 

dynamic pressure 

radius of the earth 

radians 

ft2 

fi/sec2 

lb. 

radians 

sec, 

slug, 

r ad, 

rad. 

rad. 

Ib/ft2 

ft. 

•It)« thrusting force components in body coordinate system 



2, Input {Cond'd) 

Occur/Noceur ' Source oí 
llame Symbol Number Input 

THEALP 

THINF 

nr nn Ik i1 a *t* k X IJVIA X i 3 

V 

z 

e 
a 

Th 

V 

071 

213 

3565- 
3567 

082 

091 

ntpn tta 

PRELIM 

MATMPY 

DEREQ 

DEREQ 

3, Output 

CMAT, 9 

DER IV,, 16 

FBMAT, 3 

TBMAT, 3 

f 

C , C , C , 
» jcy X* 

C/-» /*• 
» Vi* i V-* • 

yx yy y* 

C,r r«' J # 'W*1 
EX »X EX 

Ft?» u* t r i r 
XB *B *B 

Ter» «V» 
# * , » * 

XB yB *B 

3643. 
3645 



Description Units 

> 

Euler angle, |5) 

thrusting force in vacuum lb. 

radians 

thrusting force components in trajectory coordinate system lb. 

velocity ft/sec 

altitude ft 

matrix for converting components in 
body coordinate system to trajectory 
coordinate system 

derivatives of the 16 quantities being integrated • 
by ADM4RK see VIXEN 

components of body force in body coordinate lb. 
system 

components of thrusting force in body coordinate 
system 

lb 



4, Numerical Procedure 

The subroutine may be divided into three main sections: (1) 

calculation of components of thrusting force in trajectory coordinate 

system, (2) calculation of body force components in trajectory coordinate 

system, (3) calculation of the derivatives. 

The calculation of the components of the thrusting force begins 

with the evaluation of the sines and cosines of the Euler angles - 9 , , 
Q 

and The nine components of the 3x3 C matrix fox converting 

components in a body coordinate system to those in a trajectory coordinate 

system are then defined as follows: 

C * CMAT( 1 ,1) * cos 0 cos ^ XX a 

C » CMAT(2, I) 3 cos 9 sin ^ xy a r 

C « CMAT(3, 1) » - sin 9 xz a 

* CMATtl, 2) 3 cos y Bin eQ sin 0 - sin ^ cos * 

C ■ CMAT<2, 2} 3 sin sin » »in f + cob y cob f 
yy a 

C ■ CMAT(3, 2) 3 cos 8 Bin d yz a r 

C * CMAT( 1, 3) 3 cob yy sin 0 cob $ + ain \L sin <p 
zx a r 

C « CMAT(2, 3) * sin y sin 8 cob f - cob "p sin ^ 
ssy 

C ^ « CMATt3f3) * cob 8 cob é 
ZZ Q 



f 

SUBROUTINE MA TMP Y is called In to multiply the conver «ion 

matrix, CMAT, by the components of the thrust vector in the body 

coordinate system, TBMAT, to obtain the components of the thrust vector 

in the trajectory coordinate system,, TTMAT. 

The components of the velocity vector in the body coordinate 

system are then determinad using the relations: 

X = c V 
B XX 

Y = C V 
B yx 

- C 

These values are used in conjunction with the calculated value* 

for the normal force and for the axial force coefficient, 

F._ ® C A . 
N N D ref 

Sc * + a ^ ^ cos Q' 

to calculate the components of the body forces in the body coordinate 

system, as indicated below: 

F - FBMAT(l) ■ q A e C 
x„, D ref X B 

RMT J.y'í + if 
“ B B 

. “10 
lí R00T < 1,0x10 , set F « 0, 0 and F * 0.0; otherwise, 

r fj. 
JCf B 
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FyB = FBMAT<2> = - Fn // ''b + 4 1 

% = FBMAK3) = - FN(ZB / /ïfTlf , ■ 

SUBROUTINE MATMPY is again employed using FBMAT and the conversion 

matrix, CMAT, as input to obtain the components of the body forces in 

the trajectory coordinate system, FTMAT. 

The body forces and thrusting forces are then used in the 

determination of the trajectory-related derivatives using the following 

relations: 

DERIVU) * V = 

DERIV(2) = Y, 
I 

DER1V(3) = ji-* 
az 

DERIV{4) » X 
r 

DERI V( 14) = Yr 

- qD CD Aref - G ( 
m 

cos IT * , V2 
= _£ /- 

V Vr + z " e 

* 1. 0 / V sin Tf 

.2 . Y e ) sin * 
R + Z * e 

G Re¿ \ / 
(R + Z)V “ \ e 

■ cos ^ V cos T —S- 
a f R + Z e 

* sin V' Y cos ï Re 
a R + Z 

e 

m 

F + T 
z T _ 

mV 

DERIVO5) »W * 
* a 

DERI V( 16) = WTH 

- (F + 
yT 

Th 

T ) /(mV cos F J 

sp 

These values are then transferred to the calling subroutine as 

arguments of SUBROUTINE TEQUAT. 
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5, Other Information 

A. SUBROUTINE TEQUAT is called by SUBROUTINE DEREQ. 

B. SUBROUTINE TEQUAT calls in SUBROUTINE MATMPY. 

C. 

TEQUAT: 

The following library functions are utilized by SUBROUTINE 

1. DSIN 

2. DC0S 

3. DSQRT 

...Hiwi""»»»-« 
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SUBROUTINE MATMPY( A, B, C) 

l- pHP°s.e 

SUBROUTINE MATMPY performs the multiplication of a 3 by 3 

matrix B by a 3 component column matrix C to obtain the 3 component 

matrix A. 

2. Input 

Name Symbol 

B» 9 B1Q TÜl 

11 *ßi2 ^13 * 

B , 
21' 22 * 23 * 

B31’B3rB33 

3, Output 

Name Symbol 

A, 3 Aj .*A|*Aj 

Description 
mmmmtrnmmmmKmmmmmmmi 

square 3x3 matrix 

3 component column matrix 

Descflptioa 

matrix resulting front multiplication 
-jr isi jn 01 D J£ 

4, Numerical Procedure 

SUBROUTINE MATMPY utiUaea tiro netted ,00 loop* to perform, the 

matrix multiplication which la the «valuation of 
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3 
A. = B.. X C, for i = 1, 2, 3 

J=1 

The inner D0 loop performs the summation in j, then the outer D0 loop 

changes the integer i to obtain the value for for each i to replace the 

initial value A, s 0, 0, 
i 

5» Other Information 

A. SUBROUTINE MATMPY is called in by SUBROUTINE TEQUAT. 

B, SUBROUTINE MATMPY calli in no other subroutines or 

internal functions, 

* 

§• 

IIIIWMIMMWIMMMIWMMWIW 



W»k« Cakulmtion« 3* I 

SUBROUTINE WARE perform» prtliminary calculation® 

ulilJitd by iubroutia« FLOW F and RCSEC» SUBROUTINE 

FL0WF p'trlorrn,» flow ÜtM calculationi and uses SUB¬ 

ROUTINE AR2DIM and FUNCTION AR3DIM to interpolate 

in 2 and 3 dimom.iomal tables respectively. SUBROUTINE 

RCSEC determine» the peak wake radar aro»» section and 

utilité» SUBROUTINE FIBi, a one variable Fibonacci »«arch 

which optimise» FUNCTION FUN!, in determining the wake 

length. 



« 

3, 2, 1 Preliminary Calculations 

1-385 

....... 



SUBROUTINE WAKE 

1. Purpose 

SUBROUTINE WAKE calculates some quantities needed by 

SUBROUTINE F LOW F and RCSEC, then calls, these »ubroutln« to calculate 

the vehicle wake length and cross section at each of three radar frequencies. 

2. Input 

Unless otherwise specified, all numbers in COMMON LOCATION refer to 
positions in the OCCUR array. See part 5 for tables used. 

Common ■ Source of 
Name Location. ..IgpilL- Description 

rnmmmmmmimmmmmmMmim 

A, 514 

AREF 

BZ 

Bl 

CD 

CDB 

CDI 

CDP 

CPE 

D 

301-814 

001 

FRLTNK 

016 

099 

100 

098 

017 

021 

ZPRS 

PREL.M 

INTERP 

FL0WF 

DR AGCO or 
DEREQ 

DRAGCO 

BRAGC0 

DRAGCO 

PRELIM 

PRELIM 

preset constants 

reference area, ft^ 

scale height (10001 ft, ) 

exponential decoy constant (I/meters) 

total drag, coefficient 

base drag coefficient 

total, induced drag coefficient 

pressure drag coefficient 

specific heat at comatant pressure 
at the edge of boundary layer of 
sharp cone, Btu/lbrn - °R 

base diameter in. feet 



2, Input (Cont'd) 

Name 

ENET 

G AM,F 

IDBL 

I0P. 90 

LPL0T 

M,E 

MIN F 

M#PT 

MU INF 

PE 

PINT 

RH0E 

1,H«NI 

RNNX 

TE 

Common. 
Location 

026 

Source o! 
Input 

FL0WF 

VIXEN or 
DER.EQ 

I0CCUR(314) 2READX 

I0CCURU-9Ü) ZREADX 

I0CCURI302) VIXEN 

036 

035 

N0CCUR(O3) 

034 

048 

049 

061 

056 

052 

079 

PRELIM 

PRELIM or 
VIXEN 

READIT 

PRELIM 

PRELIM 

PRELIM. 

PRELIM, 

PRELIM 

DEREQ or 
CHNTBL 

PRELIM 

1-381 

De ac rip lion. 

transition point election density,e/cc 

flight path angle in radian« 

code which determine» 
radar cros» »ectlon, see 

option parameter 

ADX 

index, of altitude at which VIXEN 
has just produced output 

Mach number at the edge of the 
boundary layer 

Mach number in the free stream 

option parameter 

fret •trta.m viscosity, lbm/ft-sec 

preamre at edge of slyirp cone 
boundary layer, lb/ft¿ 

2 
free »tream pressure, Ib/ft 

density at t;h«i edge of the boundary 
layer., Ibm/it® 

free stream, density in Ibm/ft: 

nose radins, same as Rn„ ft. 

temperature at *d.ge of sharp' 
con* bonndary layer, R 

3 

§ i« li# itiiWHl WHiii^if li 4»i|i||«!!i|HH|i|||||iHi|||||iilM||l||||i|| 



Input (Coitcl'dJ i 

Nume 

THETA 

TINF 

V 

V'E 

WD©T 

XBAR 

XL0W 

ZNX 

ZPLOT, 160 

ZTR 

3, Output 
rnmmmmmmmim 

AMABLD 

A MB LSD 

AMINFC 

AMU 

Common 
Location 

076 

072 

082 

083 

086 

090 

238 

091 

FCCUJl 
<161-320) 

092 

Source of 
input 

CHNTBL 

PRELIM 

DEREQ or 
VIXEN 

PRELIM 

T0MAL® 

PRELIM 

MAIN or 
READIT 

VIXEN or 
DEREQ 

VIXEN 

PRELIM 

Deicription 
«WW.... 

cone half angle, radians 

free stream temperature, °R 

velocity, ft/«ec 

velocity at edge of «harp cone 
boundary layer, ft;/nee 

weight loa® due to ablation, lb/sec 

interaction parameter,./ 

the value of X which in the upper 
limit of fully laminar flow regime 

altitude, aame a« Z, ft. 

output: altitude b, It, 

tranaitlon altitude, ft. 

Common 
Bloch 

FRLTNK 

FRLTNK 

FRLTNK 

FRLTNK 

.Deicription 
..Ill* 

ablated (Ibm/ttc) 

IKIA i® ® •wallowed by bouMary layer (Ibm/eec) 

cone Mach number 

upatream Mach number 
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3, Output (Cant'd) 

Common 
Name Block   

AMUU FELTNK 

Description 

lb rn 
free stream viscosity, ft. -sec. 

t 

* 

BZ 

Bl 

COTA 

CD VA 

Cl 

C2 

C3 

C4 

/"•Iff 
Vh#Ï) 

DB 

DDW 

EN ET 

F 

GAMMAE 

HÏNFC 

HH 

HU 

PHI 

FRLTNK 

FRLTNK 

FRLTNK 

CRCSEC 

i/"* 'D /*"’ C2 'IT11 
V«^1 O J«M# 

CRCSEC 

CRCSEC 

/•»«a 
iffii.. ö 'JL* 'V# 

FRLTNK 

CRCSEC 

CRCSEC 

FRLTNK 

FRLTNK 

CRCSEC 

FRLTNK 

CRCSEC 

See Input 

See Input 

2 
total, drag times area, ft 

, 2 
viscous drag times area, ft 

preset constant 

preset constant 

preset constant 

preset constant 

preset constant 

base diameter (ft) 

wake diameter (meters) 

See Input 

frequency (cycles/sec) 

entry angle (rad) 

2 2 
cone enthalpy, ft /sec 

altitude (1000 ft,) 

i2 jfr' 
upstream, static enthalpy, ft /sec 

look angle (degrees) 



3. Output (Gout'd) 

Name 

PICIPU 

PU 

RH0IC 

RH0U 

RN 

SC 

SIGMDS 

TAU 

THETAC 

UNIFC 

uu 

WLIP» 160 

WL2P, 160 

WL3P» 160 

WRIP, 160 

WR2P, 160 

WR3P, 160 

XBZ 

Z 

Common 
Block 

FRLTWK 

FRLTNK 

FRLTNK 

FRLTNK 

FRLTNK 

FRLTNK 

CRCSEC 

CRCSEC 

FRLTNK 

FRLTNK 

FRLTNK 

PCCUR( 1281) 

PCCUR0441) 

PCCUR( 1601) 

PCCUR<801) 

PCCUR(961) 

PCCURUUl) 

CRCSEC 

FRLTNK 

Deacriptlon 

ratio of cone to upstream pressure 

upstream pressure (ib/ftS 

cone density (lbm/ft^) 

upstream density (lbm/ft^) 

nose radius (ft) 

length of conical frustum (ft) 

noise level to which wake length is 
measured (square meters) 

pulse length sec) 

cone angle (rad) 

cone velocity (1000 ft/sec) 

upstream 'velocity (lOOOft/sec) 

wake length at radar frequency 1» meters 

wake length at radar frequency 2, meters 

wake length at radar frequency 3, meter* 

cross section at radar frequency i, 
see 1DBL 
cross section at radar frequency 2» 
see ÏDBL 
cross section at radar frequency 3» 
see ÏDBL 
scale height 

altitude ( 1000 ft) 



3» Output (Concl'd) 

Common 
Name Location 

ZBLT FRLTNK 

'y it jf tr f*1' id z""' C2 ip /"* JVl Jc«* ’W ö *«4 

Description 

boundary layer transition altitude (1000 ft) 

Mach number (upstream) 

4, Numerical. Procedure 

WAKE first tests IWPRNT, If IWPRNT equals zero, the WRITE 

statement following the test is omitted and statement 10 is executed. If 

IWPRNT equals one, the WRITE statement is executed and statement 10 

follows. The test at 10 determines whether the conditions are satisfied 

to permit the wake length and cross section c alculations at the given altitude. 

If they are, control passes to 30, If they are not, the three wake lengths 

are set equal to sero and control is returned to VIXEN. 

At 30, the value of BZ is found by linear interpolation in the tables of 

BETAZ vs. WKA.LT at the altitude ZPL0T. 

In the sequence of statements beginning at 30 and ending at 102, 

quantities required by RCSEC and FL0WF are calculated. After 102 

FL0WF is called to gat B1 and ENET which are needed by RCSEC. 

The next two statements produce printed output, if IWPRNT «quais one. 

Then, if I0P(67) plus I0P(76) «qual zero go to 40. Otherwise, the next 

four statements calculate quantities needed by RCSEC for calculating the 

vehicle wake length and cross section at radar frequency one. Next, RCSEC 

is called to perform the calculations, if WL1P (LPL0T) is not equal to 

zero, control passes to 35. If it equals zero, set WR1P (LPL0T) equal 
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to zero, then change it to one if IDBL equals four. This is done because 

it may be necessary to plot the log of WRlP. 

At 35, IDBL equals three, WRlP is converted to decibels. 

The sequence of statements starting at 40 and ending just before 

50 provides for the calculation of vehicle wake length and cross section at 

peak frequency three. 

At 50, control is returned to VIXEN. 

5. Other Information 

A. SUBROUTINE WAKE is caUed by SUBROUTINE VIXEN only. 

,. * 

B. SUBROUTINE WAKE calls 

1. SUBROUTINE FL0WF 

2. SUBROUTINE RCSEC , 

C. SUBROUTINE WAKE calls in the IBM suppUed routine DlOdO. 

D. Tables of 10 values each used in this subroutine which are transmitted 

from SUBROUTINE ZREADX through labeled common CWAKE are: 

BETAZ, scale height (1000 ft) 

PHI1, look angle for first radar frequency in degrees 

PHI2, look angle for second radar frequency in degrees 

PHI3, look angle for third radar frequency in degrees 

which are a function of altitude, WKALT. 
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3. 2, Z Flow Field Calculations 





Nam* 

AKW 

AM AB LD 

A MB LSD 

AMlNirC 

AMU 

A MU U 

B Z 

B|l, 

B 22 

B 23 

CD IA 

CD VA 

CRH0W 

CI 59) 

CléO) 

am 

cm¡ 

Symbol 

w 

rfr âW! ill.O JL# 

|Í|t 1% f € O « Lu» # Cf * 

M 
•«* c 

P 
b 

b 
22 

b 
23 

C«. *p A 
DT 

C67 

C6» 

Somo« of Input 

ZREADX 

WAKE 

WAKE 

WAKE 

WAKE 

WAKE 

WAKE 

ZREADX 

ZREAD'X 

ZREADX 

WAKE 

WAKE 

ZREADX' 

ZREADX 

ZREADX 

ZREADX' 

ZREADX 

h,#»t»ht*ld cow 

ma*» *'blAt«d " 

ma.«» •w'*How' 
i 

com Mach, au 

up«tr»4m Mac 

fr«* *tr#a;m vl 

•cal* height 

•caiiftg conttaj 

•cali«| ccmita.i 

•e aliai co:a»ta: 

total drag tlm 

vlaeoua drag 

htatahlali «f«i 

pr««*t coa*tan 

pr««at cor.*tan 

pr***t con*tan 

pxaaat coa*tan 



I 
Dilcflpliott Units 

^ h«ttahi«!d conductivity 

mm§ âblftttd 

L m»*i »wêltowid by boundary layer 

cone Mach, nuraber 

«fi»trearn Mach, number 

h I»tt •tream vljfbiity 

•cal« hiigbt 

• callng: con«tant 

•callng con«tant 

•callng con«taut 

total drag tima« area 

viicou« drag tima« ar«a 

:htat»M«ld •pacific heat 

prt»«t con»tant;» 

praant corn»tant» 

pr'«a«t con»tanta 

pr»a*t con»tanta 

B tu / ft - °R-Hr 

Ibm/aec 

Ibm/sec 

Ibm/tft-aec) 

1000 ft. 

. 2 it 

ft 

B tu/ lb • R 
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input tCont'd) 

Name Symbol Source of Input 

; 

C(83) - C(93) 

CUOO) 

C( 115) - C(125) 

C( 130) - C(136) 

C( 159) 

C( 160) 

C( 164) 

C(165) 

C( 169) 

DB 

DELWH 

DHCHEM 

GAMMAE 

HINFC 

HU 

IND 

83 “ 93 

100 

C 115 ' C125 

C - r 
130 ^136 

'159 

'160 

'164 

165 

'169 

B 

¿ 

Ah 

WH 

chem 

ife 

( 

hu 

ZREADX 

ZREADX 

ZREADX 

•7 D 17» A n V 
X\» X..J jltii JL(«r ank 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

WAKE 

ZREADX 

ZREADX 

WAKE 

WAKE 

WAKE 

WAKE 

PICIPU WAKE 

PU 

RH0 

u 

P 
u 

ßn 

WAKE 

WAKE 

preset coi 

preset cor 

preset cor 
i 

preset cor 

preset cor 

preset cor 

preset con 

preset con 

preset con 

base diam< 

heatshield 

chemical e 

entry angli 

cone entha 

upstream ¡ 

IND = 1 : / 
IND f 1 : I» 

Ratio of co 

upstream t 

upstream c 



Description Units put 
mmmmm 

i preset constants 

^ preset constants 

¡ preset constants 

preset constants 

preset constants 

preset constants 

preset constants 

preset constants 

preset constants 

base diameter 

* heatshield thickness 

chemical enthalpy of heatshield 

entry angle 
j 

cone enthalpy 

upstream static enthalpy 

IND * 1: All calculated quantities are printed; 
IND #1: No print out 

Ratio of cone to upstream pressure 

upstream pressure 

upstream density (identical to RH0U) 

P 

j . 
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l!jlil|¡|¡j||||¡j¡ft¡ 

.       |i|||!!!i|!i[|!!i!H|iWi|||i|iM#WMii^ .. .,.. ||r ■ 

mmm 

ft, 

in. 

,2, 2 
ft /sec 

deg. 

, 2. 2 ft /sec 
,2, 2 
ft /sec 

Ib/ft2 

Ibm/ft** 



2, I h pu i t Coni'd) 

Name Symbol So«*« • of Input 

IRH0IC 

RH0SL 

RH0U 

RH0W 

RN 

RIO 

TABL 

THETAC 

UINFC 

uu 

V 

m 

}.#-» e 

f'SL 

w 

R. 
N 

RT 

"ABL 

i*c 

U 
we 

U 

U 
u 

«•I* f rfn 
iS«« O JU' JL 

Hi 

wake 

2READX 

WAKE 

2READX 

WAKE 

2READX 

WAKE 

ZREADX 

WAKE 

WAKE 

WAKE 

WAKE 

WAKE 

WAKE BLT 
#*.**# XABULAI INPUTS #♦*•’##*♦♦♦♦*♦♦♦♦*♦!*.*#:♦*♦*♦♦!#f#***#.** 
D ZREADX 

EMCTBL 

EN TABL 

ernrtb 

ERNTBL 

M 

n 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

s 
D« 

cone 4«iiai> 

mí level d 

up «ream <1 

heal» hie ki I 

no»e rad lui 

reference t 

length of e( 

»blation of 

cone angle] 

con* veloci' 
l J 

uprtream v 

upitr*»:m. vi 

altitud* Í 

boundary la 

«laetfoa di| 
enthalpy an 
•etd (Table 

argunwnt i| 

.ttCjuillbrium 

equilibriuri'i 
tabla (Tabli 



D*«cripticm Unit# 

cone deniily 

■ o# level denuity 

upitream deniity 

heat*hi«lci density 

note radius 

relerence enthilpy 

length ol conic»! íruitum (along: cone) 

ablation oí temperature of heat»Mtld 

cone angle 

cone velocity 

up»tream velocity 

upatream, velocity (identical to UUJ 

Ibm/ft^ 

3 
lbm/ft 

lom/ft^ 

lbm/ft"^ 

ft, 

ft sec^" 

ft, 

°K 

deg, 

l,OÖÖ£t/«ec: 

1000 ft/a ec 

1ÖÖÖ ft/»ec 

altitude 

bou,nd,ary layer tranaition altitude 

electron density aa a function of nor malt ted, 
enthalpy and air denalty for 1000 PPM aodlum 
seed (Table D) 

argument In table E ir Mach number on cone 

equilibrium electron denalty table (Table B» 

denaity argument in Table F 

equilibrium normal a hock electron denaity 
table (Table F) 

1000 ft. 

1000 ft. 

•lector ona/cc 

electron»/« 

lbm/ft’* 

electrons/cc 
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2, Input (ConeI'd) 

■ 

Wii me 

ERWUTB 

ETABL 

US TAB I. 

RSTABL 

THTTBL 

XI) TAB L 

YDTABL 

ZDTABL 

Symbol 

V or U 

M 

h/RT 
o 

« 
c 

r/f (ATM) 
J ö 

h/RT 
o 

mrat 

Source of Input 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

ZREADX 

Di 

velocity trgumJ 

Table ol M va, 

non-dimen sioiij 
,i 

non-dimeiwioiii 

com angle .argi 

air deiwitfiargi 

nor mail ted ent) 

argument: in Ta 
rate to the ma 



velocity argument in Table F 

Table of M vs, M and 0 {Table E) c c 

non-dimenaionâl enthalpy, argument in Table B 

non-dimensional denally, argument in Table B 

cone angle »argument; in Table E {cone half angle# 

air denaity. argument in Table D 

nor mall *ed enthalpy .argument in Table D 

argument in Table D, the ratio of ablated mas« loas 
rate to the mass lone rate in the boundary layer 



3, Output 

Name 

AI 

AKE 

AK'V 

AMBLDS 

AMNOS 

AM.RAT 

AMS 

AMSS2.D 

AM2 

AM2C 

Bl 

B5 

Bl I 

B35 

CDSS2A 

Mia t am« p Jo JLl 

ENEB'L 

ENEN 

ENEQH 

Symbol 

K 
:e 

Kv 

m* 

m* 

BL 

N 

M 
r»t 

M 

m ï S2 

M. 
2C 

’n 

35 

"DI S2*1 

N 
BL 

Description 

additive term for second entropy layer 
shock angle 

Gf , fac tor 
Krhem 

heating constant 

mass flow boundary layer 

mass flow nose 

ratio ablation to boundary layer air 
mass flow 
M»cb number shoulder 

mass flow 2nd entropy layer 

mass number 2nd entropy layer 

Mach number cone - 2nd entropy layer 

decay rat« 

net scaling factor 

electron decay rate factor 

N---,. factor 
5RN 

drag times area for 2nd entropy 
layer 

number of electrons leaving boundary 
layer 

n „BL electron density in the boundary layer 

n electron density at the neck 
en 

'"'eQli equilibrium electron density 

Units 

Ibm/sec 

lom/sec 

ibm/sec 

Ibm/sec 

e/sec 

e/cc 

e/cc 

•fee 
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3. Output (Cont'd) 

Name Symbol Description Units 

ENERN 

ENET 

ENSRN 

ENRN 

ENS 

GT 

GTCHEM 

HC 

HN 

HNIHS 

HS 

HW 

H2 

H2C 

PC 

P2C 

n 

n 

eRN 

et 

N 
SRN 

NRN 

N 
s 

tchem 

h 
s 

h 
w 

h2 

h2C 

electron density at the nose cap 

transition electron density 

number of electrons e at shoulder 

number of electrons produced by 
nose cap 

number of electrons entering wake 
neck 

function aero 

function chemical 

enthalpy cone 

enthalpy neck 

ratio neck enthalpy to total shoulder 
enthalpy, H “h + 11^/2 

S 8 

enthalpy shoulder 

enthalpy wall 

enthalpy 2nd entropy layer 

enthalpy cone - 2nd entropy layer 

pressure cone 

pressure cone - 2nd entropy layer 

e/cc 

e/cc 

e/cc 

e/cc 

e/cc 

2 2 
ft /sec 

2, 2 
ft /sec 

ft /sec 

2. 2 
ft /sec 

^2/ 2 ft /sec 

2, 2 
ft /sec 

lb/ft2 

Ib/ft2 



3. Output (Cont'd) 

Name 

RES 

REUD 

RETS 

RH0C 

RH0S 

RH02 

RH02C 

SC HEM 

SR AT 

THTBLS 

THETSI 

THETSS 

THETS2 

THTS2B 

TW 

TWC 

TWSP 

Symbol Description Units 

R 
es 

R 
eud 

R 
e6s 

fc 

fis 

fZc 

s 
chem 

rat 

BLS 

S#0 

e* 
s 

S2 

S2 

w 

wc 

WSP 

Reynolds number shoulder 

Reynolds number upstream 

shoulder Reynolds number based on theta 

density cone 

density shoulder 

density 2nd entropy layer 

density cone - 2nd entropy layer 

chemical length 

ratio boundary swallowing to nose 
mass flow 

initial wake momentum thickness based 
on shoulder conditions 

shock angle universal 

shoulder wake momentum thickness 

shock angle max. 

average shock angle for second entropy 
layer 

temperature wall 

temperature wall cone 

temper atare wall sphere 

lbm/ft3 

lbm/ft3 

lbm/ft3 

3 
lbm/ft 

ft. 

ft. 

deg. 

ft. 

deg. 

rad. 

K 

K 

'K 
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* 
4. Numerical Procedure 

The Fortran listing of SUBROUTINE F LOW F is numbered in 

the following manner: At the end of each line is written FLOW F i 

where i refers to the number of each line. 

The actual calculations of this subroutine begin on line 185. 

The following is a line by line account of the equations calculated in 

the subroutine. 

Lines 185, 186 

R 
eud Mu 

K 
V 

Lines 187 - 197 

T 
wc * 

if Z > Z. 
BLT 

if Z < Z. 
BLT 
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Line 198 - 199 

WSP 
278 + 

C, (K Z) 
60 V 

K Dr 
w B 

c59 

172 (z74JT 

3/2 f 

Uu «WH 

Line 200 

m* = mßr a + 
JD Ju D Xmiö AJ3 Imt 

Lines 201 - 204 

tabl : ,tabl - Twc“d 2RN ^99¾1 ”(tabl s ■ 

and 2R., >. 99 D_ 
N - I 

Twi Twc ’ 2Rn '-99 db and Twc 9 tabl 

\ TWSP ’ 2RN - • Dn and Twst> T B WSP ABL 

Lines 205, 206 

hw = 1.087(10 ) Tw 

Sr S2A CDTA- CDVA 
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i* 

Lines 207 - 211 

The subroutine prints out the quantities: R ,, K , T , T 
eud V WC WSP 

^ ^bl’ ’ hW’ *^D£S2^ ^ 8u^rou^ne argument IND equals 1, 

Line 212 

M, 
m* 

ABL 
RAT 

m* 
BL 

Lines 213-217 

sin“1 ( -j- 
M ) if 

An c 19 

ft 3 
B«o 

sin 
-1 — 

7 P ] hoc 
if P 

u 

19 
> 6 

Lines 218 - 226 evaluate the following group of equations: 

8 = Max (ft , ft ) 
6*0 S*o c 

m* 
XS2 2000 P U R* cot2 © 

J n u N 

U, » U 
2c u 

so* 

500 A Z » cDr S2a 
m* 

X s2 
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imiilIIlililí INI) llliiillHlilli’JlilllM 

U » Max (U , 1) 
2c 2c 

Aj= .286 + 1.029 M 

= "tol ( M 
u 

e.2 = M“ (e»2' 9c> 

8,= .5(8+ 8 ) 
s2 s2 sod 

t ■ <ÿ] 
l/2‘ 

Ax + (2.86 + A ) 

1/2. 

b_ = C.1Q U 
35 119 u 

'120 

Lines 227-231 

The subroutine prints out the quantities: M„ 6 , m* , . 
RAT soo X s2 

u2c • Ar 9.2 • 9 »2 • »35 “ IND 1 

Line 232 

- ^RN C116 Pu Uu 

Lines 233 - 236 

RAT 
T cs 

OLiO 

1 if JUik V JU* 
1 “ rfBLS » m N 

“ «"'els < 
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Line 237 

Using Ÿ and V in SUBROUTINE AR2DIM, this line interpolates 

linearly in the Equilibrium Normal Shock Electron Density Table to obtain 

neRN 

Lines 238 - 241 determine the following quantities: 

N 
RN 

(30.48) m N Srat neRN 

(7 M sin 0 -- 1) P 
u s ¿ u 

2C 

l2c 

h P (P + 6P ) 
u ^2CV^2C ° u^ 

P (6P + P ) 
u 2C u 

f2c, r£ he : PJ 
P,_ + 6 P 

2C u 
Lines 242-254 

“ *BLS ¿ ”£52’ the i°U°wi“* 

A =A.C 

h = h 
C HOC 

p * p 
c ooc 

U * U 
Me 

117 * 
S m 

117 
2C TS2 

chem 
U__ _ 

2C BLS 

•oC 
C / JU 3¾ JtrjSt 

c( BLS ’ "^TS2 
mmmmmmmmmmmmmmmtmmmmmmmmmmmMmSSmmrnmtm 

U«C dl*BLS 
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lí m* 
rs2 > ™*BLS ’ th* fallowing quantities are defined. 

fs |Ö" 

c rzc 
ha K 

** -¾ /-• 
Ct £t vji 

p * p 
2C 

U = Uor, 
c 2C 

ehern 

p^CH7 s m * 
J 2C c BLS 

U__ m*— 
2C Z S2 

Lines 255 - 257 

N 
C.22NRN ”*N } ~ C121+Nrn ^chem' ^121 * 

{-b 35 ^chem) 

SRN 
m* + C S NT 
m N ^123 chem 1NRN "w 

'124 

Lines 258-262 

The subroutine prints out the quantities: 

mV SRAT’ neRN' NRN’ PZC' h2C’ vPzC* i£ IND * 1 

Lines 263 - 269 

S Xm! ® 
one of the following tablea: 

A MrAT and is interpolated from 

TABLE B 

TABLE D 
1 

if M * 0 
RAT 

if “ 0.01 RAT 

TABLE D. 

TABLE D, 

if 
“rat 

= 0.1 

if M,,* * L 0 
RAT 

by using FUNCTION AR3DIM and SUBROUTINE AR2DIM. 
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WMMMiM.«i..... 

Linea 27C-Z7I 

neBL = neQH 1 1 [■ ( ^22 ^chen* a ] [ 
K -f h ( .. 

21 °23 ' 22 

Uc - 22 I 
_ )J 

Line 272 

N 
(30.48) n tJT ih* T 

eBL BL 
BL 

Lines 273 - 277 

The subroutine prints out the quantities: 

h» V, U , S , N_ , N , n , N if IND = 1 
c c C chem SRN eQH e BL BL 

Lines 278 - 280 

N ; N + N 
s " BL SRN 

U,„ M h 
M. _ = —¿2-2. ( —2. i 

U '■zc 
U 

1/2 

M2C = Max(M2c, 1) 

Lines 281-282 

m2 depends on M2C> «c and is obtained by using the linear 

interpolation SUBROUTINE AR2DIM in Table E. 
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» 

i li iiiwMait»»» » i » i lit i »1 ..... 

Line 283 

M m dependa on and ie obtained by using the linear 

interpolation SUBROUTINE AR2DIM on Table E. 

Lines 284-291 compute the values: 

.2 -,2.5 

-P“ = A P Li +. 

2M 
W c 

2 M. 

= h 
tw c 

[i + . 2 M2 *1 
Qoc I 

1 + .2 J 

U. 
U A/L 

•o c ** 

M 
MC 

1/2 

fl'-f 2C 
1 + • 2 mZ2c] 

1+ .2M2 J 
2.5 

1 + . 2 M 
2C h = h (- 

¿ ¿c i +. z Mr 

U2S 

U,^ M- 
2C 2 

M 
2C 

1/2 
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Une g 292-301 

M = M 
CK» 

fs'f' 

h = h, 

OO 

CO 

if m* , „ > 
BLS - IS2 

u = u >, us u*5 

M * M_ 
s 2 

fk~f 2 

h = h_ 
s 2 

U = U. 
s 2 

A 

> iî Ai* < 
BLS XS2 

Line 302 

p MR , C,, _ 
. Jb s eud 169 

es ß M J u u 

-C 

L u 

67 

Lines 303-307 

The subroutine prints out the quantities: 

'V M2C “i' if IND = 1 

Lines 308-312 

1/4 -3/8 

Cs = C164 + C165 8in (ec)Res Ms 
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h = h + C 
n w s 

th - h 
s w 

+ . 5 (106) U2 ] A b 
chem 

2 h 
n 

h /H = . , 
n 8 2h + io6 u2 

8 s 

p N h 
JS S 6 

I 

eN (30.48) nÿQT h 
o Lj n 

Lines 313-317 

The subroutine prints out the quantities: 

h , U , R , h , h / H , N , n if IND - 1 
s s es n n s s eN 

Line 318 

BLS [ 
CDTA /u 

2ir/( 

1/2 
U 

u 
U 

Lines 319*323 

'BLS if m*BLS > ^ÎSZ 

8* s ■ 
s P„ CDZS2A 

- (CLVA+ —^- ) 

2r?B ^BLS 

i/2 
U 

u 
U 

ii &*£S2 > m.BLS 
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Line» 341 - 344 

Gt, ic hem 

**chem 

1 + JL 

4 CQn h K P 8* E _ 
90 a eje » e®» 

» 1 

Z > Z 
BLT 

» 1 if Z < Z 
BLT 

Line» 345 • 348 

10 
-3 '134 

Ct 

133 r 
1 

et e* U ^134 
6 S 

.«p(-ihj(c13i.+c136ihj 

+ c 
131 I h i C'3Z)) 

n / 
,27 

+ 1, 11{10 ) D C,n„ + a ^ G 
J a 100 eN tchem 

Line» 349 - 352 

The subroutine print» out the quantities: 

Gj * ß . if IWD • 1 
chem et 

Line» 353-355 

The return to the calling subroutine is accomplished. 
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5. Other Information 

A. SUBROUTINE FL0WF is called by SUBROUTINE WAKE, 

B. SUBROUTINE FL0WF call® In SUBROUTINE AR2DIM and 

FUNCTION AR3DIM. 

C. The following internal function« are called: 

1, DEXP 

2, DSIN 

3, DC0TAN 

4, DARSIN 

5, DMAX 
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TABLE D 

ELECTRON DENSITY AS A FUNCTION OF 

NORMALIZED ENTHALPY AND AIR DENSITY 

FOR 1000 ppm SODIUM SEED, mkat , 0.oi 

n„ n„ <_ , p/p„} [clcclrotis/ccl 
4 * t RT0 I 
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ft TABLE D 

# 

ELECTRON DENSITY AS A FUNCTION OF 

NORMALIZED ENTHALPY AND AIR DENSITY 

FOR 1000 ppm SODIUM SEED, Mr at 0-1 

RÏ 
, p/p0 l [electron«/eel 

. 1 .—..- -■ ■ ——- ■  ..——1. '' ———, 



TABLE D 

ELECTRON DENSITY AS A FUNCTION OF 

NORMALIZED ENTHALPY AND AIR DENSITY 

FOR 1000 ppm SODIUM SEED, mrat - l.o 

RT. 
, p/p0 Í (electrons/cc] 

'Ml® 

..- ' ...... .,--- ---- ---,-- .. - -- ' - . 
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TABLE E 

TABLE OF M VERSUS Mc AND 0C 

Mill 
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TABLE F 

EQUILIBRIUM ftOlWL SHOc/ ELECTRON DKNSITï 

0 

P Vo Ht1 
Velocity 
].0k fps llikfps ]Skips 22 kfps 26 kfps 30 kfps 

.OÍ'O’i 
' ip 
l.lj X 15 5 X ló4'' 

Hit? 
9.1 X 10a' 3/ X 10ií ]. X 3.018 

T.“ir 
2 X 10 

.mm 
1P 

2.3 X 10 8.1 x-1011' l.li X lo16 5.)1 X 1016 1.5 X 10lf 2.2 X 101 

, 

.om,o?8 6 X 10n 1.1 X 1011' D .9 X 10lrj 7 X 101^ 1.8 X 1016 2.8 X 10^ 

- 

.00033 1.2 xlOJ° 9.2 X Km 
l'li 

1.7 X 10 7.)* X 10W 1.8 X 10^ 3 X 10^ 

3..I32x)0J‘ 6.7x10^ 
_ _ 

7.7 X 10 
IT 

2 X 10 3 8.8 X IO13 2.1 X lO1'1 
ii 

3.5 X 10x 

Il .Pulxio"^ I1.3 xlOf 
-T-^-p 

1 X lo 
— .. 

3.5 X 10 ^ 1.5 X 1013 h X 1013 7 X lO13 

I.T X 10”" 2x10 2 X 10iu ' 7.2 X 10U 
.p. 

3.1 X 10 
.TÏÎ 

7,.2 X Hm 1 X 10J3 

2.í?6xl0“b lasxio6 >1 X 10? 
Tr 

2.1 X lo14- 
ÏÎ 

7 X 10XJ- 
12 

1.3 X 10 2 X 10*12 

FOH:f és 2.26 X j 0"^ Use Vi lue for * 2.26 X 1C 
-6 

• - 

.. 'f ?» .080)1 { se Velue fe r ' * .08C k 

V < 10 Us< Linear Irá erpolation 
11 """.1 IT"IM 111 ÿ 

to n » 10 

y ï. 30 Use Value for \ »• 30 kfps 

• 

■ i 

— 

- 
. j ■ . : i| 

* . .á ^ ' } 

. 
IIK 

.....:..'i.Äumwuman*!»)*.... ' .. 
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FUNCTION AR3DIM (D, NZO, M20, NIO, R<Z>W, H, EM. XYZTBU 

1. Purpose 

FUNCTION AR3DIM is the result of a table look-up employing linear 

interpolation to determine the value of a dependent variable which is a 

function of three independent variables, i.e. f(X, Y, Z) 

2. Input 

♦indicates integer quantity 

Name Description 

the dependent variable table D(N20, MZO.NIO) 

EM the value of the independent variable Z for which 
f is desired 

the value of the independent variable Y for which 
fis desired 

the number of Y values used in forming the table 

the number of Z values used in forming the table 

the number of X values used in forming the table 

the value of the independent variable X for which 
f is desired 

the table containing the three independent variables; 
the second integer indicates the related independent 
variable in the following mannet! 

1 indicates X tabular values 
2 indicates Y tabular values 
3 indicates Z tabular values 



3, Output 

■íliSH. PeBcrlption 

AR3DIM the value oí the dependent variable I »eauiting 
from 3 dimensional linear interpolation 

4, Numerical Procedure 

FUNCTION AE3DIM utüiaea a D0 loop to test the values in the 

XYZTBL(iv, 3) array, Z tabular values, starting with the second, value until 

it reaches the first value which either exceeds or equals, 'the input .EM, the 

specified Z value. This value is XYZTBLU, 3). If this criterion is not 

satisfied, the last value in the array is used, as the appropriate value in 

subsequent calculations. 

SUBROUTINE AR2D1M is calls* for the (I-1) value In the table of Z 

values to interpólate for the value of f at the specified X and Yi thi* is 

called AN»1. SUBROUTINE ARIOIM Is celled in a second time to porten» 

the same function for the 1th value in the table of Z values} this result Is 

designated ANSI, Thèse quantltlas are than need to define AR.3D1M fr etti 
tfi® fialteadttär anitaMnni 

5» ^||h,ir 

A. rUNCTHM AR3DIM U utUi.H by SUBROUTINE FLOWF. 

B, FUNCTION AR1DIM cUl. SUBROUTINE ABIOIM. 



SUBROUTINE AR2DIM (N. M, X. XTB, Y. YTB. Z. ZTB> 

1. Purpoo 

SUBROUTINE AR2DIM perlomii a linear Interpolation in a two* 

dimenalonal table lor Z aa a function of X and Y, 

2, Input 

♦indicate» integer quantity 

Name 

M * 

11 * 

X 

XTB(N) 

Y 

ï tit Ml 

ZTBtHW 

Pteaitefeg 

number of Y value» meed In forming the table 

number of X value» u»ed in forming: the table 

the value of the lint indenendent variable for 
»Hl*Ik V la Wäiicn me vaine ot ¿ i» ueaireci 

tabular value» of the it^enenátisf variable X " " ■ e* we* ewww ■jvwwwiiffweHPtei v weP*eieaw hp»* 

the value of the aacnnil iitdeiMi^iern# wrwieble fr V'ww-ww W» weiiw www wiimpi wgpwaieie'w1##®' v »■(» aiewieUBî Hiwi 

which the< vaine of Z I» deeired 

•lihMillM» VéIiíHiÉ üitf ijjihdi ltíMÍ'áillil!lMÍMtlÉ MÜhildl1 Itf" »œi^wo, ™ ^awaeiuew awa woaw oiai^aipwe.gwuwieiwiipw * aw w* midi B 

tiMitlllliillif ' iififlll>MdhÜ ’tttlA ziMUMiÜilldlH^'ill1 BiMiiflAillil db JP wwww w am eweur wewrgimff'ææ-wiaale11 “'wWWiwWWwwlp 'Wie1 

« 

M 
Mi the value of the dependent variable Z at the point 

X, Y obtained by a double Unear interpolation in 
the table of ZTB as function of XTB and YTB 

SUBROUTINE AR2D1M utilité» a D0 loop to test the values in the XTB 

«» •«('»uta *K» toau'» V »PL.J _ v<t>B -( VIOBJU 1( or »xcejos the input value X. Thi» appropriate XTB valúa XTB(I+ 1) 

together with the preceding tabular value XTB(I) 1» then need to define 



* if - if tu! f i 
FZ XTBÍI+ l) - XTB(I) 

An Idtntieal procnduf « i« undertaken with the Y variable and the YTB table 

in order to define 

p. i • um_ 
1 ÏTB(J*1) - YTB(J) 

There «pantMee are then need in the calculation of Z from the equation 

2 • <1.0 - Pj - P2 + P/P2» ZTB(J,I) + <P2 - Pj* P2t ZTB(J* 1+ 1) 

+ <Pj - Pj * P2) * ZTB(J♦ 1.1) ♦ Pj* P2*ZTB(J+1, 1+1) 

A. SUBROUTINE ARZDIM ia called from FUNCTION AR3DIM. 

B. SUBROUTINE ARZDIM calla no other aubprograma. 

C. If either X or Y should exceed reapectively all the tabular inputr for 

XTB and YTB the laat value ia the effected table ia uaed in the deffnitiona* 



3.2.3 Radar Crons Section Cakulationa 



RGCEC 

I. Purpoae 

To compute radar croes section and pulse shapes from the 

given observing radar and the transition point electron density of 

the vehicle and also compute wake length. 



2, Input 

Name Symbol Source of Input Deec 

B 1 

ZNET 

N0PT* 

F 

TAU 

SIGMDS 

PMI i» ru 

vm m 

Z ME 

DDW 

Cl 

'WJ1 

C4 

CS 

itEl'é 

ftl 

D1 

11« 
t 

W0PT 

f 

MDS 

f 

B 

M 

h 

D 
ï 

C» 

C i«! 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE ZREADX 

exponential dec 

transition poin 

N0PT * 0, co| 

N0PT ■ 1, eO 

frequency 

pulse length 

noise level to 

look aiigle 

scale height 

Mach »umber (t 

wake diameter 

constant 

input constant 

input constant 

Input constant 

scaling constat 

scaling Mt** 



Description Units 

'AKE 

kAKE 

AKE 

AKE 

AKE 

AKE 

AKE 

AKE 

AKE 

â VI* 

âlfi» flhfM# 

A Hfl* prlkHilJb 

AKE 

AKE 

AKE 

AM 

AKE 

REAM 

exponential decay constant 

transition point electron density 

N0PT * 0, compute SIGP only 

N0PT * 1,, compute SIGP and WAKEL 

frequency' 

pulse length 

noise level to which wake length is measured 

t / 
look angle 

scale height 

Mach number {upstream) 

altitude 

wake diaafi'Ser • base diameter 

input cons taut 

input constant 

input constant 

input constant 

input constant 

•caUüg constant 

scaling eonitant 

1/meters 

e/cc 

dimensionless 

CPS 

sec, 

(meters)^ 

degrees 

1000 ft. 

dimensionless 

1000 ft, 

iWMiiiLjaiÉiüiÉi m se me sers 

dlmensloiile s s 

dime nslonle s s 

dtei<Ét<ii<É»> s 

diiwÉpiiiiiii s s 

dimensionless 

dimens ionle s s 



2. Inpttt (Cont'd) 

Mame 

B3 

B TWEN 

B 24 

DX 

ZNUS 

CME 

OSB 

X2B0D 

X3B 

IIID2* 

tismm. 

Symbol 

b„ 
3 

b20 

b24 

¿X 

9 Sh 

MET 

X ^ 
2Bj0D 

'Hf 
3B 

ÎMD2 

MSTWL 

Source of Input 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

Deecrl 

Scaling cons 

•eali&g con« 

«cali;ng conn 

Step in aerial 

sea level col 

trM«:ition el 

prioáitactlott U 

adálttcHial Ri 

'production t< 

2 'body <oven 

:S»kdt.tlon wber 

dominate tin 

IND2 • «ï no 

IMD2 * I; Ini 



t Description Units 

EADX 

> 
EADX 

EADX 

EADX 

IT AlW 

EADX 

ËADX 

EADX 

ËADX 

EADX 

EADX 

scaling constant 

scaling 'Constant 

scaling constant 

step :ln 'axial coordinate 

sea level collision íreqnency 

transition eleclron ieiis'ity wlhen .non^liaieiar 

production 'terns .are consMered In tertmleni wake 

Mdlttoaai .XCS doe to consider alien on 

prodoctton terns in torkdlent wake' 

2 fciocj? 'Overdeme le;iif A 

'dimensionless 

dimensionless 

dimensionless 

CPS 

•/ce 

IMDI * ij no owtpjt fenerafted by Ais reicfitte dlmensiaaÉes« 

IND2 * 1| .laternedinie steps printed out 

Aiktnsam wmAer M stops »'«d to «otopM» <dlneik*loaiesiS 



Name Symbol Source of Input 

B1 

ZNET 

N0PT* 

F 

TAU 

£MB 

HM 

Cl 

C3 

C4 

Bacn# 

m 

NQ&PT 

f 

'ir 

^'MOS 

# 

» 
« 

M 

la 

w 
Cj 

C„ 

c„ 
C« 

'K 

1 
Di 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

'SUBROUTINE WAKE 

¡SUBROUTINE WAKE 

¡SUBROUTINE WAKE 

SUBROUTINE WAKE 

¡SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

SUBROUTINE WAKE 

¡SUBROUTINE WAKE 

SUBROUTINE WAKE 

¡SUBROUTINE WAKE 

*nB*Qo nM: arjua: 

SUBROUTINE Z8EADX 

exponential 
f 

transition :pj 

NÖ&PT • 0, l|i 
! 

N0PT = ¡1, i 
frefueacy 

pula« length 
• t 

noise lewel i 

/ 
look ¡Mingle I 



Description Units 

exponential decay constant 1/meters 

transition point electron density 

N0PT * C compute SIGP only 

N0PT * 1,,, compute HOP and WAKEL 

frequency 

iitdiee leîwril to 'Which wahe length Is measured 

Mach nunibcr liKpsimaM!) 

altitude 

wake diameter * base diameter 

input cons tant 

e/cc 

dimensionless 

CPS 

jß* ¡»¡ec„ 

ilhiitiear 

1000 ft. 

dimensionless 

1000 ft. 

dimens lonle s s 

dimensionless 



2, Input (Cont'd) 

Name Symbol Source of Input Descrif 

B3 

BTWEN 

B24 

DX 

ZNUS 

CNE 

DSB 

b3 SUBROUTINE ZREADX 

b?0 SUBROUTINE ZREADX 

b24 SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

'ígL SUBROUTINE ZREADX 

NET SUBROUTINE ZREADX 

A«raia SUBROUTINE ZREADX 

scaling const 

scaling const 

scaling cons} 

step in axial’ 

sea level coll 

transition ele 

production te 

additional RC 

production te 

X2B0D 

X3B 

1ND2* 

NSTWL* 

X 

X3B 

IND2 

NSTWL 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

SUBROUTINE ZREADX 

2 body overd' 

station when 

dominate the 

IND2 = 0; no 

IND2 = 1; int 

maximum nw 

wake length 



Description Units 

5X 

)X 

)X 

!>X 

)X 

)X 

)X 

)X 

ix 

)X 

)X 

scaling constant 

scaling constant 

scaling constant 

step in axial coordinate 

sea level collision frequency 

transition electron density when non-linear 

production terms are considered in turbulent wake 

additional RCS due to consideration on non-linear 

production terms in turbulent wake 

2 body overdense length 

station where linear production terms first 

dominate the non-linear production terms 

IND2 * 0; no output generated by this routine 

1ND2 » 1; intermediate steps printed out 

maximum number of steps used to compute 

wake length 

dimensionless 

dimensionless 

dimensionless 

meters 

CPS 

e/cc 

(meters) 
2 

meters 

meter s 

dimensionless 



3. Output 

Name Symbol Description Units 

SIGP 

WAKEL 

LP* 

w 

LP 

radar cross section 

wake length 

(meters) ' 

meters 

set to 6 if number of steps required dimensionless 

to compute wake length exceeds 

NSTWL 



4. Numerical Proctdar« 

Compute ^ ■ atmoapheric density 

- h_ 

C - R®■ e BZ 

Compute eCR * electron density at wàich plasma becomes overdenae 

n* CR 
ZNCR ■ (-'4> [. + 1 >1 

10 ^ ^ J| 

c5 

Compute X( » transition, pt. onset of overdanat ra.glon 
Q Q 

■ XTT ■ (1 * ...'^g'1 ) + C4 

Teat on pt If # * 0,0, cl 

If # > t0,0, c 

H'U 3 • ^ 

to 0.01 

'to 10O» 0 - f. 

Compute X^ * onset of constant multiple scattering region 
*_ i r 4,, H 

x®° ■ bj L 1® ) J i X2B0D > X3B 

**CR J 

X0D « X2B0D ; X2B0O < X3B 

Compute X^Dp which replacea XOD in all equatlona 

XODP - X0D; X0D > 0 



Compute Xgs * pt. of onset of single scattering region 

XSS £ln 
'CR *in¿» 

Compute Xgsp which replaces XSS in all equations 

XSSP = Xgg ; XSS ï 0 

XSSP * 0 XSS < 0 

Compute Lgg * smaller of distance to XSS and the range resolution 

Lss * CLSS ■ °‘ (r^TT XSSP 

Compute Dw* = surface scattering correction term for base diameter 

'K V3 
Dw* * DWST * 

L 2sin2p + (Kb Dw)3 

where K^zlfr x 109 

Compute XMg * pt. of onset of variable multiple scattering region 

* X0DP; b,_ * 0 
20 2 2 

? r, / f . „ 4 b (—y ) D 
2 0 1n8 w 

XMS =-^- In A ---- 
bi b20 r ,z TPT 

_ lE+b2,-^8) V] 



XMSP • XMS; XMS > X0DP 

XMSP « X0DP; XMS < X0DP 

XLM0D « MAXIMUM (XMSP, X0DP) 

150t . 
XLMSD » MINIMUM (XLM0D, > 

Compute Lms « a mallest of half the length from X0DP to XMSP or hall of 

the range resolution minus XÛDP 

LMS * XLMS » 0, 0; XMSP < X0DP 

XLMS - MINIMUM ( J . X0DP) # j (XMSP - Xi»?» ) 

Compute * radar cross section 
f 

Intermediate steps: 

**1) i L0D 
Ej ■ e ; E2 ■ e 



(T - SIGP * TRMl + 4 b, 
P l 

) * é He 
w v i t 

(1.CR) E, 

+ 2 D * 
w 

r*. 2 

( ~ ) D 4 
° IQ8 w 
...™ p1* 1 ù 

2 i2-b20l 

V't 20 f 

^ I' 

* bl b20 LMSD 

bl b20 

«Kb 1L 
1 20 SS 

) 

SIGP * ram * Dw 

4ki VÍ7 

+ D, 

*2 2 j, 
b I -1«, I D * 
° I06 

w 

,2 

( ö 
'll iL 

pç I (LSS-LMSD) .in’f 

h20*° 

b20-° 

If N#Pf - 0, return to calling jirogram (WAKE) 

If N#PT « l, computa wake length (WAKED 

Compute wake length 
I 

The (f re, 1'curwe haa a maiKlaititt or peek ani 1» 

Increaaing and decreasing curve Ihr X < XPEAK and. X > XPIAK 

respectively, Therefcie, starting at X^ and increasing X hy 4x, 110' 

is found for each value of X usine function FlWl until XPEAK Is reached, 



Using the valuta of X on either side of the peak as arguments, the subroutine 

FIB I is called to determine exact if peak and corresponding XPEAK. 

If if'PEAK $ (r^g, WAKEL is set to 0. 0 and control is returned 

to the calling subroutine WAKE. Otherwise, routine starts at XPEAK 

and moves along‘in step« of ÁX, computing CT for each X, until 

< ffype « it then calls subroutine FIBl using as arguments the value 

of X Just found and the previous value, to determine X^ 

WAKEL » XNL - XPEAK 

RETURN TO CALLING PROGRAM WAKE 

5. Other Information 

A. SUBROUTINE RCIEC is c-alled by SUBROUTINE WAKE 

», SUBROUTINE RCSEC calls in function FUNl and 

SUBROUTINE FIBl 

C SUBROUTINE RCSEC calls the library functions 

1. OSIN 

2. DCOS 

3. DL0C 

4. DMIN1 

5. DMAX1 

6. ÜEXP 

7. DABS 

8. DFL0AT 



SUBROUTINE FIB 1 (AA, BB, NF. N MI MAX, ACCUR, NFUNC. 

XMI MAX, YMIMAXt 

1. Purpose 

SUBROUTINE FIBl utlizee a Fibonacci search technique to find the 

maximum or minimum of a one variable unimodal function within a defined 

region (AA, BB). 

Z. Input 

♦indicates integer quantity 

Source of 
Nftipe 

AA 

FUN1 

NMIMAX 

Input 

RCSEC 

ACCUR RCSEC 

BB RCSEC 

Function FUN1 

NF RCSEC* 

NFUNC RCSEC* 

RCSEC* 

Description 

one boundary of the defined region within 
which search will take place 

desired accuracy 

one boundary of the defined region within which 
search will take place 

the value of the function being optimized at the 
current evaluation point within the search 
interval 

code number of the function to be optimized 

the number of values of the function to be 
utilized in the optimization 

integer code; value of +1 calls for maximizing 
calculation; value of -1 calls for minimization 



... 

Paacriptlon 

see input 

the smaller of 'the two evaulaüon points within the 
current search .interval (A,B) 

the optimum value of indepetKie.tit variable 

'the larger of the two evaluation points within the 
current search interval (A, B) 

XMIMAX value of iniepende:nt variable 

4* ..Mwmerfaai gr'OC'edure 

SUBROUTINE FIB1 is a duplicate of SUBROUTINE hUMAX with 

the following exceptions: 

(1) where hUMAX calls in FUNCTION FMIMAX, FIB1 calls 

instead F UNCTION FUN1 at locations following statements 50. 
60, 60, 120, and 140. 

(2) the common block END containing the variable ITERM 

is not us ed in FDB1 

(3) ITERM is set equal to aero at the beginning of FIB1 

(4) the Fibonacci number E is dimensioned for 40 elements in 

FIB1 instead of the 100 elements specified in 

3. Output 
....Ml.. 

Name 

NF* 

XL 

XMIMAX 

XR 

Y hUMAX 



•*W Milifciii*«»«..ni' 

t 

I 

I 
\ 

5. Other Mornaatloa ' 

f 

A. SUBROUTINE FIB! is called % SUBROUTINE RCSEC only. : j 

B. SUBROUTINE Fill calls FUNCTION FUNI. < 
j 
4 

C. SUBR'OUTINE FIB I calls 'lite IBM routines DSQRT .and FDXPI 1 

(exponentiation). ; 



--- .--- -... 

i 

ff 

a function of '¡distance 



2. Input 

Name Symbol 
. 

Source of Input 

XX X 

N* N 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

XTT 

WS1 

X0DP 

DWST 

SPH2 

XLMS 

XMSP 

XSSP 

B1 

ZCR2 

ZCR4 

XB20 

DWBST1 

ppm 

150t 
COS 0 

X$DP 

D* 
w 

sin ^ 

L 
ms 

X 
msp 

X 
ssp 

h 
1 2 

ŸeCR 

(ÈSL j 
?( eCR 

b20 

(Dw* sin2 

tin f 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

axial coordij 

N = 1; = S 

N = 2; =(] 
t 

transition p< 

range resolí 

! 

see RCSEC 

surface scat 
I 

intermediate 

see RCSEC 1 

see RCSEC : 

see RCSEC | 

exponential. < 
i 
i 

intermediate 

! 
i 

intermediate 

sealing: cons 

intermeáiati 



T
T

^
T

T
 

:sEc 
r-cirr 

SEC 

SEC 

Description Units 

axial coordinate meters 
N * 1¡ * SIG 

N = 2; = (SIGMDS - SIG)2 dimensionless 

transition point onset of overdense region meters 

range resolution /4 8ec< 

• DjCjKj 

;sec 

;sec 
cirr 

:sec 

' ctpjm 
i'öXU.'w 

SEC 

DSEC 

; 

CSEC 

;sec 

:sec 

SEC 

see RCSEC 

surface scattering correction term for base diameter 

intermediate calculation 

see RCSEC 

see RCSEC 

see RCSEC 

exponential dec au cone tant 

intermediate calculation 

litternMdleti calculation 

scaling 

meters 

meters 

dimensionless 

meters 

meters 

meters 

1/meters 



2. Input (ConeI'd) 

Syn bol Source of Input 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

I 

SUBROUTINE RCSEC 

SUBROUTINE RCSEC 

F UNI ^ - For N 3 I 

fe-MDs-irt2; For N*2 

BO 

DDW 

SIGMDS 

WS4 

IND2* 

w 

g-'mds 

) 
^¿eCR 

INC 2 

b 
2,0 



'1' 

..—....1.......»MW« 

Dcocriptlon Unit8 
..............—.—............. . 

Healing constant dtaonnlonl... 

wak» diameter ■ bane diameter meters 

noiae level to which wake length is measured (meters)2 

intermediate calculation dimensionless 

INDÏ ■ Oj no output generated 
dimensionless 

IMD2 ■ 1¡ intermediate steps printed out 



-_ „il_ 

c 

4‘ Numerical Description 

Given a value of X, compute FUÑI where 

FUÑI * <r N = 1 

FUN! = (cr^g - «r)2 ; N = 2 

and 0- = 0-. +o*, + <r. + <rA 
* 2 3 4 

Compute Yj = region affected by overdense scattering 

Y1 * Y1 = minimum of the following: 

1 15qt 
cos^ 

2* XéDP 

3. (X - X ) 
T 

4‘ K + Xfftnr, + —* - X T ©DP COS <P 

Compute *■ j * portion of pulse shape due to overdense return 

0 

150t 

0-. = SIG1 = 0 (X - X ) 
T 

* o : f(X-XT) - 

= Yi D* sin2 ¢: (X-XT)Z0 and ( (X - X^ 

cos ^ “ ÙDP 

- X 
©DP 

Compute Y2 * region affected by first part of multiple scattering 

= Y2 = minimum of the following: 

>1 

> 0 

150t 
cos 0 

S 0 



Comput* t2 * portion oí pul«« »tape due to con»tunt portion of 

multiple «eutteriag region 

«• 2 ■ SIG2 - 0 (X - xt> < x0Dp 

- ° ! DX ■ \> - - *MSPJ > 

■ f YZDW* »in2 p: (X-Xt> > X0Dp 

„j If-V* up i ISOt «J-, ftHlQ I VJI. .Jlii I • » .JC, 
1» T COS f MSP >] f 0 

Compute Y31 * uj^per limit of region aileeted by ««cowl, perl of multiple 

•«uttering 

« YS1 ■ X - —^ - X i 
31 cot # T 

m W 
mp 

Compute Yj2 * 

!12? < [x . xt * Xj^pj 

f > [x # *t - xMifJ 

PM 

Y32- 

x„_ 
SSP 

Comnute v 

V « S1G3 ■ 0 3 

* 0 

î X < [xT + 

: X > CY 

Xi 

: xt) < X MSP 

: (X - XJ > (7—J + Xggp) 



D ♦ sin f 

^ s,í-~-» (EXl+EX2),+ (y32.Y31)ain%b„D, 
0 w (X-X ) > Xwcr> 

T - MSP 

/ v_y \ j. v « 
t nco*|i XSSP 

b.« « 0. 0 
20 * 

ÍlDw* «in2*) (EX! + EX2) + 2 
'"‘'""‘Kl... f«C 

(* 

20 

Vlg Y3l - b. b - ¥ 
1 20 r32 

• ^ 

(1' * b|0j 

b «ii» * 
» F 
T7Î- B * 

w 

1 tx-xt) > Xj^up 

ÍTÊmlÊ I Hf # iiSliäJL 4. 'I#" \ 
1 T1 - + XSSP 

b|0 ^ 0 

r ’bl Y31 *bl Y3Z7 M -, ¡ 
* [• • « J {Í2I ) 
---- fleCR 

16 

where EX1 

- !i'iüiiüN : 

, 



Computf Y41 ■ upper limit of region affected by single scattering 

Y41 - Y41 - XSSP 1521 > /y V \ V 
COM f - "* * XSSp 

» (X - X ) 
T COM f < <x-V-xssp 

Compute Y4a * lower limit ol region affected by single scattering 

Y42 " y42 » (X - Xt) 

Cotnpute ■ portion of return due to single scattering region 

r 4 « SIG4 » 0 

n. V ♦,..., i?.T • «Ir (.I BxuJitl.) + 
hl I.CR 

t (X-X ) » 



r 

’ 

5. Other Information 

A. FUNCTION FUN1 is called by SUBROl TINE FIB1. 

; B. FUNCTION FUN1 calls the library functions: 

1. DMIN1 

2. DEXP 

3. DABS 



3.3 Miscellaneous 

Miscellaneous calculation« are performed by subroutines 

POLCAL and MÏSC. 



SUBROUTINE MISC(N, X, VALI 

l. Piirpci»« 

At present MISC can call SUBROUTINE P0LCAL to calculate the 

free space radar cross section of a vehicle. However, the first three 

arguments of P0LCAL have been generaUsed so that any three elements 

■of the OCCUR array can be used. It calculates the elements of the CD 

array of generalised differences between up to twenty pairs of elements 

of the OCCUR array, 

MISC is intended. In general, to perform any tasks srtiich do not 

seem, to lit readily lato «y of the «tíitf subroutines. Ik Is «Hf ected to 

grow in the future. 



«itaMHKMMMIWMllilliwWliWu 

Zi* .iSESÍ 

UnloiM ofterwi»« •pecified, all numbers In the COMMON LOCATION refer 
to position® in the OCCUR array. 

Name Source Common Location 

AC0E, 140 

LAMDAI 

LAMDAZ 

LAMD1F 

LAI 

LA2 

LA1F 

PI 

RBI 

RB2 

RB I F 

RNI 

RN2 

RNI F 

THfctAl 

THE'tAi 

THETIF 

m 

W2 

W1F 

3CC#M, 200 

It TURN 

. The following 

1C #11,, 200 

100¾ 20 

IGDL.20 

in addition, any 

ZREADX 

READIT 

READIT 

CHNTBL 

READIT 

READIT 

CHNTBL 

SR2490 

READIT 

RENDIT 

CHNTBL 

RE, AD IT 

RE,ADIT 

CHNTBL 

READIT 

RÉ4DÏT 

CHNTBL 

READIT 

READIT 

CHNTBL 

ZREADX or ZPRM 

READIT or SR2490 

integer 'quantities are also inRut: 

ZREADX 'or ZPRM 

ZREADX et ZPRM 

vo náriüP: Mt» *004» ZKEADA or plrflpl 

POCUR (5881) 

137 

143 

138 

144 

146 

42 

136 

142 

147 

111 

m 

:1169 

134 

140 

150 

133 

I,J9 

It'O 
iXÜtöM 

Ml 

IXC0M 

iCDaL 

IGDHL 

Talue in the #CC0R array may a*to he 



Description Units 

coefficients for calculating free space radar cross sections 

the input initial bluntness ratio for the first configuration 

the input initial bluntness ratio for the second configuration 

the value of bluntness ratio just before shape change 

the input initial vehicle axial length for first configuration ft. 

the input initial vehicle axial length for second configuration ft. 

the value of axial length just before shape change ft, 

the input initial value of base radius for first configuration ft. 

the input initial value of base radius for second configuration ft. 

the value of base radius just before shape change ft. 

the input initial value of nose radius for the first configuration ft. 

the input initial value of nose radius for second configuration ft 

the value of nose radius just before shape change ft. 

the input initial half cone angle for the first configuration degrees 

the input initial half cone angle for second configuration degrees 

the last value of cone half angle before shape changé degrees 

the input initial weight for the first 

the input initial weight for the second configuration ■ lb. 

the last value of weight before shape change lb, 

miscellaneous input quantities » 

altitude at which vehicle shape change occurs ft. 

Integer option codes 

input integer code which specifies' 0ÇC1IR locations, 

input integer code which specifies 00CUR locations 



3. Output 

N&me 

ACDE 

Ti IT T nr* u 
Iw# Uri JÜA Iw ö 

Co':m,man Block 

PC CU R( 5881) 

0CCUR (3964) 

,1**** T\ Ti A GDf 2v 0CCUR( 3921 - 3940) 

Dancrlptlon, 

S«« Input 

d*lt* of frt* apte* radar 
croa» aaction 

fana r&li**d élfla ranea • 



4* ííbbsiIeií pgjSÆiaii 

Ai « Ilrtt »t»p, .MISC tilt* tfc* pïoctact «f ¡tli« ••vab.IIi» «ighl And 

«¡tath •ItiM.iila al tita IC#,14 »rrif ■ tf IM« pradwet tquAla »aro* ANS la 

•at aqml to •'•to and autement 40 la «Mcutad mxt, U the product la not 

«tuai to mm, th* ate atataxmiat,* aterttni *t SO na* th* atMitth* «Ightli 

And ttlit'th *i|*n«.tttai ol th« l€#M Array to datar min« which ihr** «lamaata ol 

tJw #CCUR array will b* uaed aa th« Clrat Ihr«* argnmanica ol P0LCAL., 

That» P#LCAL In callad, to «aAcnlata 'th* ira* «pace radar «roa* «action, 

At; 4ê, D,«Lies la airalaatad, than la tha ,00 loop ending at 111 th* 

g«»«*alisad dlflaranca« ba'twaat» •paclllad, palra of •k.iaaitta in the iDCCtll 

array ara calculatad, and 'thaaa aaloaa ara aarad In tha GO array, Th* 

lODH 'Bad ICOL arraya ara Input Integer a which apectly locationa in tha 

0CCO1 array, II an •laniant of tlthar oí ¡thaa* arraya la atro, «'tatottiant 

111 la aita«oftad and no mare dlifarattcea ara aaaad, 

Tha low atatananta following atatonant 11 calculata tha 

Mluma ol tha Mhtela firat c onflgwaten. Than »AW# (7) 1« defined 

aa th*' ratte af lha Ixupit ilaltftali •fight ¡ai Mia Aval conilgiivatlion to tkla roltHta, 

Naat ZTURIii la ItiM to datartaiiM «hatha« a ahapa «.hange I« 

^aagtottod, U not, control paa.a. to 200, Otherwi.., V2, «he initial 

voluiate of '«ha •a«oiitf conflgmatton la calculated .and AAlliW la dalliaad 

at 'tha,« aMn «I tha Initial ilapat weight of 'the •leciMl. coillgiraMon to '«Me 

wolimta, Tha nemt ata!, atotaaneal« •whftract the value« of «ta; vehicle 

«iMraci'iairiaii« juat 'belove ahapi change front ilia ««rraepnilaig: valma of 

theee cheracterleMca efta« eliape changa and «tova 'thaaa dlffairancee In 

'Dta BIT1 array. 'Tha eta, •tatoinanie .following «.altOlal* th« correapondin« 

raMo« M tha vaIin of INI F or LAMBI F afta« ahap ehanga la not mm and 

itavaihaaaln 'tha .MTItí »»«y. 



Othar Information 

A* MISC is callad by FEV 

». MISC calls PÛLCAL 



SUBROUTINE P0LCAL(X, Y. Z. NAX, NAY, NAP, ITP, AC0E, ANS) 

1. Purpoie 

SUBROUTINE P0LCAL evaluates the polynomial 

ANS = 
NAZ NAY NAX — 
y y y | 

pu** 
A({K-D* NAY*NAX + ( J -1) *NAX + I) 

*X ^ * Y * Z 

2. Input 

♦indicates integer quantity 

Name Source Description 

AC0E, 140 MISC 

ITP* MISC 

NAX* MISC 

NAY* MISC 

NAZ* MISC 

X Mise 

Y Mise 

z Mise 

Name Prescription 

ANS value ol polynomial 

the polynomial coefficients , A's 

test parameter 

1 + order of X in polynomial 

1 + order of Y in polynomial 

1 + order of Z in polynomial 

first unknown of polynomial 

second unknown of polynomial 

third unknown of polynomial 




