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ABSTRACT

A digital computer program was written which will perform
interior ballistic calculations on an IBM 709 or IBM 7090. A brief
description is given as well as an outline of the method of analysis
which this program uses. Examples are presented and both input
and output formats are discussed.

CONCI.USIONS

It is not the purpose of this report to evaluate or verify the accuracy
of the Hirschfelder System on Interior Ballistics. Its only purpose is
to describe a digital computer program which will perform the
Hirschfelder calculations,

The reader will note that the results of the hand calculations given
in Part IV correspond exactly to the computer results given in
Appendix B,




INTRODUCTION

This report describes a digital computer program for performing
the interior ballistic calculations of J, O. Hirschfelder,

The Hirschfelder System was developed between 1942 and 1945 and
makes these basic assumptions:

1, A 'first-degree burning law'' is used in finding solutions to
the fundamental ballistic equations.

2. The powder gas is distributed according to Kent's solution
of the problem of the motion of the powder gas.

3. The heat lost to the bore up to any instant is proportional
to the square of the velocity.

4, The friction of the projectile is taken as equivalent to a
resisting pressure on the base of the projectile which is equal to a
constant fraction of the average pressure,

This report's findings are divided into four parts:
The first part discusses the input and output formats,

The second part is devoted to a study of the basic equations
used in the program. (It is assumed that the calculations
found in Part II will be used in conjunction with Reference 1.)

The third part is a brief presentation of program logic.

In Part IV an example is given in which Cases 2, 3 and 4
are presented.

The program will solve four different types of problems (cases),
In Case 1, various ®'s are given along with maximum pressure and
the computer will find velocity and web. In Case 2, charge and maxi-
mum pressure are given and web and velocity are found. In Case 3,
charge and velocity are given and web and maximum pressure are
found. In Case 4, charge, velocity and web are given and the burning
constant is found,




N The appendices include tables giving propellant codes and
constants, the program output for the example given in Part IV and
also the complete Fortran Program,

The reference used is a revision and consolidation of sevenprogress
reports on interior ballistics written by J. O, Hirschfelder and others
of the staff of the Geophysical Laboratory, Carnegie Institution of
Washington (Reference 1)




DISCUSSION

PART I - INPUT AND OUTPUT FORMATS

Input Format

The first 104 data’cards will be the same for any group of runs,
These cards incorporate constant tabular values (Part III of this
report).

Following this set of cards, any r amber of runs may be included
provided each run.is in correct sequence. For each run, the follow-
ing format is used. ) ' ‘

Card 1

Space 1 is reserved for a numerical code giving the type of
problem to be solved.'"l" means that maximum pressure and para-
meters ®'s are given and web and velocity are 'to be found. ''2'
means that charge and pressure are given and web and velocity are,
to be found. ''3" means that charge and velocity are given and
maximum pressure and web are to be found. '4' means that charge,
-velocity and web are given and the burning constant is to be found.

Spaces 2 and 3 are reserved for 2 numerical code which denotes
the propellant to be used in accordance with Table 1, The propellant
constants are (given in Table 2) automatically selected from the
memory of the machine. If no propellant code is specified of if it is
given as ''99,'" these constants must be given as part of the data,
appearing on Card 2 below.

Space 4 is reserved for the code form function. A ''1'" dénotes a
- propellant of single perforation, A "2'' denotes a multiperforated
propellant (for example, seven-perforated grains).

Space 5 is reserved for the number N of ¢'s used. Since the
maximum number of (b 's used is five, 0 < N'¢ 5, Space 6 is left blank
and Spaces 7-12 are reserved for the weapon in millimeters.

Spaces 13-18 are reserved for the projectile weight in pounds.

Spaces 19-24 are reserved for the chamber volume in cubic
inches,




Spaces 25-30
Spaces 31-36
Spaces 37-42
Spaces 43-48
Spaces 49-54

Spaces 55-62

Spaces 63-64,

values of ¢'s.

are reserved for the travel in inches,

are reserved for the maximum pressure in psi,
are reserved for the charge in pounds,

are reserved for the muzzle velocity in ft/sec.
are reserved for ti'le web in inches.

are reserved for the bu.rning constant,

65-66, 67-68, 69-70, 71-72 are reserved for the

Card. 2 (This card is only required if no propellant code -
Spaces 2 and 3 above - is given or is given as ''99,")

Spaces 1-6 are reserved for the propellant constant a,

Spaces 7-12 are reserved for the propellant constant .a©,

Spaces 13-18 are res_érved for the propellant density in lbs/in”.

3

Spaces 19-24 are reserved for the propellant co-volume in in3/1bs.

Spaces 25-30 are reserved for the propellant force in ft-lbs/lb.

Most of these values must be punched on the card with' a decimal
point. ‘The exceptions are:

The codes: Spaces 1-4.

The burning constant which may be given to eight significant

digits.

The 4)'5 less than unity, The values for 4) are 0,05, 0,10,

0.05, ..
95, 1.

., 0.95, 1.00 and are punched as 05, 10, 15,...,




Output Format

The output will list all input data as well as the calculated loading
densities, tabular values &% and 3; velocities, pressures, web or
burning constants depending on the problem being solved. If the
problem is of Type 1 or 2 and the <{)'s given as input do not result in

‘optimum efficiency, consecutive 4»'5 are tried in an effort to improve

the results.

(o]
b, Po, Em, ¥ , & are referred to as "PHL' "PP," 1XIM,"
"GAMMA' and '"“£S'" respectively.

An example of this program's output is in Appendix B.
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PART II - NUMERICAL CALCULATIONS

Let W denote the weapon (caliber) in raillimeters.
Let M denote the projectile weight in lbs.

Let V. denote the chamber volume in in3,

Let L denote the length of travel'in in

Let PMAX denote the maximum pressure in psi.
Let POPR denote the operating pressure in psi.
Let B denote the burning constant in (in/sec)/psi.
Let C denote the charge in lbs. :
Let WEB denote the web in inches,

"Let A denote the loading density in gms/cc,

Let V,, denote the velocity in ft/sec,

The following are constant for the propellant, Their values are

given in Table 2 of Appendix A.

Let a and a® denote the two '"propellant constants" in 1n3/1b
Let /2 denote the propellant density in 1bs/in3,

Let % denote the propellant covolume in 1n3/1b

Let F denote the propellant force in ft-lbs/lb.

If C is given (Cases 2, 3 and 4),2\(the loading density) is obta1nab1e

L= ClVe
To facilitate the calculatmns the parameter 4) is used and is equal
to the value: g4/ (
f)
From & = a/( ) , the equadlities
AR
1 1 )
Hxn-5) =2
S .4 o B
1 _1 a
_— - + =

are derived, Therefore, ifn ‘i)'s are chosen, ‘#’1’- v e ‘i’n ('as in Case 1)
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and C is not given, each of the n &'s are calculable:

A = 1/({%+ ﬁ)

and hence C; = &Ai - Vc,i= 1be Adop i}

Let A denote the bore area of the projectile.

2
A=(2 . 2y .
25.4 2
Let X = (Vc +-A * L)/Vc
Let €, = (@) /(X -nal) o
M+ 73 -
- Let Ppio'. = 2% PMAX | M + _<_32_1_ ) where

PMAX = 1,15 POPR

Knowing the value of $i and Ppio, the values of ' Zi and ¥ i for each i
are now obtainéble fro.r'n Tables 4, 6, 8 and 10 in Reference 1. Tables
4 and 6 give Zi and ¥"i, respectively, for single-perforated propellants.
Table 8 and 10 give #i, and, i, respectively, for séeven -perforated
propellants, : ' ’ '
Ci

¢ i M02(m + 3.1)
het mi =755 178

 The velocity Vmj is then equal to the value

yi=1,...,n

'\/ (1- 81 Em? )

2CiF
0.3m;

Considér the case (Casé 3) when C and Vm are given., Here Ci = C
for each i and (})i,Poi,-Zi, ¥"iand.mj’ all have the single values ¢,
o .

Py 2, ZfL',‘ and m’ respectively.




Let/ m

ZCF
Therefore, since Vm = /\/(1 - g o 3 0. 3m

2CF
Vm? = (1- B"fmo':)’) —=
0.3m

. 0. 3 2CF 2CF )
( é\\é 0 3m = 0 3m/ - sz
. ) ,
&= (o 15 - Vm?) = 105n113
gm *TT- CF
‘ 0 15m" sz Yz
T o ~-—2 T2y /6,03
(1 CF W/ =m

Knowing 8 and b, Pp .is obta1nab1e from Tables 6 or 10,

From Pp°® = a°® PMAX | —=. ]}
C
.M+ 2 4
<
Pp® M+ 2
we find PMAX = o0 <
3

: Knowina Pp.o and c;>, Z is obtainable from Table 4 or 6

0.3 -5

Let (1 - 0.1485 Z),‘ & =Ts
Let (1 - 0.242 Z) /¥ = Tm

When a single-perforated propellant is used, Ts is calculated-and
the point of optimum efficiency is when S and Ts are equal.. In this case

o, p/cFm’z
WEB = (B/A) W-

However, when a multiperforated propellant is used, Tm is calculated
and the point of optimum efficiency is when S and Tm are equal. In this
case '
,
CFm-g
WEB = (BfA) ’\/1.369

-9-




PART III - PROGRAM LOGIC

Tables 8, 10, 4 and 6 of Reference 1 appear in the first 104 data
cards. AsI=1, 20and J =1, 47; Cards 1-24 give A(I, J), the values
in Table 8. Cards 25-48 give C(I, J), the values in Table 10. Cards
49-76 give E(I, J), the values in Table 4 and Cards 77-104 give F(I, J),
" the values in Table 6. I = Pp®/2,000 where Pp® = 2,000, 4,000, 6,000,...,
90,000, 95,000, 100,000, J = 20§ where q> = 0,05, 0.10,,.., 0.95, 1,0,

Linear interpolations were made within these tables when 3 and’
-%. are known and Pp©® is to be found. No attempt was made to'inter-
polate between the $'s; instead, the tabular $ closest to the calculated ¢
has been selected. ’

-10-




PART IV -- EXAMPLES

90mm, Gun, M4l

1.” Gun constants : . . . :
Projectile weight M ~~-=------cemmmeamnn 12.65 Ibs.

Chamber volume V¢ ~====--c-=u-=~ ————— - 300 in, 3 '
 Propellant Type ---=--=tc-mm—moocmummoc- M17 (M.P.)
Total Travel L -=------r-m-cu-mmmu---- 155 in.
2. Case 4 o e ‘
Given: Charge C---------on-oon L mm e 8,58 lbs,
Maximum Pressure PMAX ------- 50,500 psi
. Velocity Vmem-eo e cme e e e 4,000 /s
Web —roennmhommmme e e 0.052 in,
. & . 8.58 - N
N=To = T35 = 0.0286
0 a L 12.92 ) 12.92
vt 1 1 - 1 1 - 34,965 - 16.5837
AN =) 0.0286 ~ 0,0603 ’ )
_ 12.92
- 18.38126

0.70289.7 0.70

(where a and A are found in Table 2 (9) of Appendix A),

< _ r 8.58
3. S 12.65+ 3
Pp° = &PMAX MEL — | = (0.851)(50, 500) —
M+ 2 [12,65 + B
. [15.51]
= (42975.5) [16_94J

It

(42975.5)(0.915584) = 39347. 697
(where a® is also found in Table 2},

-11-




2 = 1,763 by Table 8 in Reference 1,

. c 8.58
W, _ 1.02(M+3.1 ) _  1.02 ¢ (12.65+ 3.1 )
325174 : 32,174
_ 1,02(15,41777) _ 15.7261
32,174 . 32,174
= 0,48878
90 2 2
A= (5, ' 0.5 (3.1416) = (1.772)" (3.1416) = 9.8607
y CFm[Z
Since Web E(IyCA) / T369
: B . . (8.58)(364,000) (0.48878)(1.763)
0.052 = 9.8607 - 1,369
' o /2681157,356
-0.5127=8B"" 1,369
1637.424
©0.5118 = B® 1.17
0.598806 = 1637.424 B.

B = 0.0003657

3, Case 2 . '
" Given: Charge C ---=w=cmum----samoo-—oo 8.58 1bs:
. Maximum Pressure PMAX ------ 50,500 psi
£ = 0.0286, ¢ = 0.70; Pp® = 39347, 697
¥ = 1.410 by Table 10 in Hirschfelder
A= 9,8607
X=Vc+ A*L = 300 + (9.8607)(155) = 1828.4085
Ve 300 : 300
= 6.0947

-12-




- (12.92)(0.0286)
- 6.0947 - {29.50)(0.0286)

¥ 0.3695 i} 0.3695 _ GRS
6.0947 - 0,8437 5.251
s =Fm’ 3-0.451
- // 1. 0.3 2CF
vm= - £ 2O,
= 4/(1 - (1.410)(0. 451)J 2(8. 58)(364000)~
(0. 3)(0. 48878)
~ 6246240
_4/(1 - 0. 6359) (o 14669)
4] 2274255,984
- 0.14669 -
= 1508,4577 - = 3938.532
0.383
1-0,242 2 1 - (0.242)(1.763) 0.57393
_ =. = —~——=7 = 0,407
Tm 5 ;- 1.410 : 1.410 ' ~

Since S = 0,451 > 0 407 Tm, burning is taking place outside the weapon .

" To attain optlmum conditions, new and smaller tb's (and hence new charges)
-may be chosen in an effort to minimize |S - Tml This -was done on the
computer and the results are in Appendix B for Cases 1 and 2,

It is obvious that the web, calculated with B = 0,0003657, will be
0.052 since the equation for web was used in Case 4 to find B,

4, Case 3

Given: Charge C -------c-rmmmmoomocomom 8.58 1bs.
Velocity Vm =----mecm e e e o 4,000 f/s

-13-




5\=(1;015m Vm )/

1 -(0.15)%0.48878H4000)2
(8.58)(364,000)

0.451
1173072 .
1 - 3123120 = 1-0.37561 = 0.62439 = 1,384
0.451 - 0.451 : 0.451

Since {) = 0.70, Pp© = 415.61. 1367 by Table 10 in Reference 1..
Therefore, Z = 1,693

c
o £
PMAX = Pp M+ 2
X = -
a =
M4+ 3
8.58
" 41561,1367\ 12.65 + 2
B 0.851 8.58
) 12,65 + 3

41561, 1367) (16 94
0.851 15,51

= (41561, 1367)(1.2834)
= 53340,792 psi

Z = 1,693 by Table 8 in the reference,
g 364
Therefare, Web = 0.0003657 M {(:8.58)( 000)(0 48878)(1.693)

9.8607 1,369
_ 0.0003657 25843959729
= T 9.8607 1.17

(0.0003657)(16076,0566)
11,537

0,05879
11.537

= 0.005096  -14-
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TABLES




TABLE 1

PROPELLANT CODES

Propellant . . . Code
Ml 1
M2 2
M5 - 5

- M6 _ ~ 6

- M9 < 9
M1l0 ' © 10
M14 _ 14
M15 = 15
M17 - ' : 17
T25 , , 25
T28 - 28
T34 S 34
T36 . 36

In order for the propellant constants to be read in as.part of the
input (data Card 2), the code is ''99," '

-16-




TABLE 2

PROPELLANT CONSTANTS

In the following table, a and a® represent the propellant "a'' -
- constants; f? represents the propellant density in lbs/in3, 7L represents
propellant covolume in in3_/lbs.. » and F represents the propellant force
in ft. 1bs/lbs. . - )

Propellant T a : a® p 7(9,.. . .F
M1 - 12.92 | 1.015 0.0567 | 30.57 305,000
M2 11.16 . 0,743 0.0597 | .27.91 360,000
. M5 : 10.74 0.725 | 0.0596 | 27.52 355,000
M6 12.41 0.938 . 0.0571 | 29.92 | 317,000
M9 9.02 0.566 0.659 25.97 382,000
M10 11.15 0.788 0.0602" | 27.76 339,000
M14 2N SR 0.906 - 0.058 29.54 327,000
M15 14.50 +1,034 0.06 31.17 336,000
M17 12.92. 0.851 0.0603 | 29.50 - 364,000
T25 11.57 0.786 |- 0.0585 | 28,66 353,000
T28 " 11,68 .0.786 0.0585 | 28.77 | 356,000
T34 114,07 1.007 0.0596 | 30.85 335,000
T36 12,59 - . 0.828 0.06 {.29.26 364,000 .
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APPENDIX B

PROGRAM OUTPUT FOR CASES 1-4
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indNT -




APPENDIX C

FORTRAN PROGRAM FOR INTERIOR BALLISTICS




FORTRAN PROGRAM F@PR HIRSCHFELDER INTERIZR BALLISTIC CALCULATI2NS

DIMENSION A{25+55):B8({25)0(25955)2D(25),PH{15),DELTA(15),CH(15),P0
1P(15),XIM{15),2S(15)+GAMMA{15),H(15)sVM{15),S(15),T{(15),WEB(15),E!
225:55)1:F(25455),AB(50),ABV(50)

READ INPUT TAPE 2492+ (A(1sJ)yd= 1.4)1(A(2,J)1J 258) 2 (A(3,0),4=3,13),

CLLA(A23) 302431903 (A(520)3J=5,24) 2 (A1635J)9d=5,31)y(A(79J),J=6,38),(A

2(89d)9d=T345) 3 (A(99d)3J=834T) s (A{105J)3J=994T)+s(A(115J),J=10,4T)4(

e BALL250)30=115 4702 (A01320)3J=1224T7) 3 (A(L45))sJ=13,47),(A(15,0),d=14 .
444T7) 9 (A(16,J)3J=15,47) 3 (A(LT13)J=1644T7) 3 (A(18,J)sJ=1T7,47),1A(19,4
51:Jd=18,4T),(A(20,5J),d= 19:47);(8(1):1 115)

2 - FORMAT(24F 3.2/ (24F3.2)) .
= READ INPUT TAPE 2,3,(C(lsJd)sd= l:4):(C(2sJ)yJ 2:8)2(C(3,J),J=3,13),
1{C(4,d) 9J=4419),({C(5:J)9J=5,24),(C(6,J)3J=5931),(C(T7,4),J=6,38),(C
2(830)20=T7+45) e {C(92d)2=8:4T7) 2 (ClL02J)2d=9247)s(C(112J)29=00,47),¢
3C{1245J)3J=11447),(C{13,J)9J=12+94T7)+(C(14+3)+9J=13,4T7)},(C(15,J),J=14%
434T) 2 (C(163J)3J=1544T7)2(C(172J)3J9=1644T)5(CLLB85J)sI=1T7,4T7},(C(19,4J

5)yJ=18447)4(C({204J)+d=19,47),(D(I),I=1,5)

.3 FPRMAT(24F3.2/1(24F3.2))

READ INPUT TAPE 248, (E(1l,yJ),J= 117):(E(21J)vJ 2y15)2{E(3,J),J=3,25)

Ly (E(43d)2J=4,35) 3 (E{53J)sJ=4246) 3, (E(620)3J=5,4T) 3 LE(T3d) 3565470, 1(_
ZE(BQJ)pJ-—--"‘f—’)’(E(gyd)'J=8y47)1(E(lOfJ)vJ:()1‘+7)'(E(lliJ)yn’:lO’lf?),
3(E{L22J)sd=1124T702{E(13,0)+Jd=12+4T) 4 (E{14,5J)3J=13547),(E(15,J)sd=1
44,47) 53 (E(165d)3J=15,4T) s (E(L1T79J)yJ=1T,47),({E118,J)+J=18,4T7)5(E(19,
5J)sd=19,4T7) s (E(20,54)3J=20,47)

8 FORMAT(24F3.2/(24F3.2))

e READ. _INPUT TAPE 2382 ({F{lsd)sd=1s7) (F{25J)3J=2315),1(F(3,J),J=3,25)
1,(F(41J)1J.=‘+y35)1(F(SQJ)1J=4146,y.(F(61J)1J=5147)’(F(71J)1J=6147’1(
2F(83J)sJd=T7247) s(F{93J)3J=8,4T){F(Ll0sJ)sJ=9547)3(F(1l1l,J),0=10,4T7),
3(F(1243)9d=11,47) 4 (F{134J)59=12,47)3(F(144J),J=13,4T),(F(15,J),J=1
44,47 ) 3 lF(164d) 3d=1554T) s (F(LT3d)sJd=1T3247),(F(18,J),J=18,47),(F(19,
5J)3J=19,47),(F(20,J)+J=20,4T7)-

_ 9 FRRMAT(24F3.2/.(24F3.2)) -

1 READ INPUT TAPE Z,Q,KASE,K@DE,M V N,PJW'VC TRAV PMAX,CH(I) VM(l)yW

o LEB(L) Y (PH(L),I=1,N) .

4 FORMAT(I1,12,211,1X,8F6.0,F8. 8y5F2 2)

PZPR=PMAX/1.15

D2 500 1=1,20

T ALI46)=A(14:4T7)

PLI,4T)=A(1,50)

CiIs46)=C(I,47)

Cl1,47)=C(1,50) . oo

2(1,46)=E(1,47) _ 3/13/64-

E(1,47)1=E(1,50) 4

e EL1346)=FLI,47) . < e el y. SO, = NI

) F(L,47T)=F(1,50) c -

_.500 CONTINUE Page 1

- ITF(K@DE- 99)60161y60 .

61 READ INPUT TAPE 2,62,V,A0D, RHE'ETA U

62 FYRMAT(5F6.0)

G _TIQ_ 300

60 IF(K@PDE-1)61464,63

64 V=12.92

Af=1.015

RHZ=0.0567 L

ETA=30.57
e e M= 305000,
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.63
66

.65
68

JIF{KZDE=~2)65+66:65

FORTRAN PRZGRAM FOUR HIRSCHFELDER INTERIPR BALLISTIC CALCULATI@ZNS

V=1ll.16

AZ=0.743

RHZ= 0.0597

ETA= 27.91

U= 360000. : 0
LE(KADE-5)O6T,068,67 . ...
V=10.74

AP=0.725

RHZ = 0.0596

-ETA = 27.52

S—
70

69
72

1
T4

13
76

.15
78

A7
80

U = 355000.
IF(KBDE-5}69:70,069
V=12.41

AZ = 0.938

RHZ = 0.0571

ETA = 29.92

U = 317000.
IF(K@DE-9)71,72,71. .
V= 9.02

A2 = 0.566

RHA = 046590

ETA = 25.97

U = 382000.

IF(KODE — 10) 737473 .

v=11.15

AZ = 0.788

RHZ = 0.0602

ETA = 27.76

U = 339000.
IFIKYPDE-14)75,76,75
V = 12.36

AP = 0.906

RHQ 0.0582

ETA = 29.54%

U = 327000.
IF(K@DE-15)T7TTs 78,77
V = 14.50

A2 = 1.034

RH@ = 0.0600

ETA = 31.17

U = 336000.
IF(KIDE-17)79, 80,79
V= 12.92

A3 = 0.851

.19

81
84

RHZ = 0.0603
ETA = 29.50
U = 364000.

IF(KZDE=25181,82,81..° ... .

vV = 11.57

AZ = 0.786

RHZ = 0.0585

ETA = 28.66

U = 353000.
IF(KODE-28).83, 84,83
V = 11.68
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FORTRAN PRGGRAM FPR HIRSCHFELDER INTERIZR BALLISTIC CALCULATI@NS

= Ad = 0.786 . _ . e
RHZ = 0.0585
ETA = 28.77

U = 356000.
83 IF(KPDE-34185,86,85
86 V = 14.07
A= 1.007
RHP = 0.0596 ]
ETA = 30.85 . L
U .= 335000. .
85 IF(KPDE-36)300,88,300 e R
88 V = 12.59 -
A = 0,828
RHZ = 0.060 .
_ETA = 29.26 - . . R
U = 364500.
- 300 STEVZ = 0.0
. IF(KASE-1)100, 31,100 _
100 IF(KASE=2)102,103,102 .. ..
103 N=1 : :
e I=1 - -
DELTA(1)=CH{1) /VC
PHU{1)=V/{(1./DELTALL))=(1./RHZ))
G TZ 106
102 IF(KASE-3)10%4,105,600 .. . .. ____ - .
600 I=2 3
_ DELTA(I)=CHL1)/VC. .
PH{I)=V/((1la/DELTA{I))={1./RH@))
—___CH{2)=CHIL)Y . o
WEB(2)=WEB(1)
YM(2)=vM(1)
G@ T& 106
‘105 DELTA(1)= CH(Ll)}/VvC
PH{1)=V/((L1./DELTA(1))~{1./RHE})
AREA = ((W/25.4)%#%2)%(3.1416/4.)
) X = (VC + (AREA#*TRAV))/VC
o XIM{1) = (V*DELTA(1))/(X-{ETA=DELTA(1))}) .
S{1) = XIM({1)#%0.3¢
H{L1) = +03L7*#(PJW+(.3226%CH(1)))
GAMMA(L) =(le={{.15%H{ L)% (VM{1)I%%2))/(CH{L)I*U)))/S(1)
o _._Q = _[PH(11%20.) + 0.4 Y p—
L= Q
12=0
D@ 120 I[=1,20
.. IF{L=1)120,140,120
140 I2=1
120 CONTINUE. . _ U o Page 3
IF(12)122,121,122 :
121 WRITE AUTPUT TAPE 3,123,KASE,PH(1)Y
123 FOGRMAT(1H1,10X,7HA CASE 13,63H TYPE PROBLEM HAS BEEN REJECTED HERE
1 BECAUSE CALCULATED PHI IS F10Q.4,38H FBR WHICH THE TABLES ARE N@T
2ADEQUATE)
. B2 TP 40
122 1F(M-1)108,108,107
107 D@ 109 I1=1,47 . e
ABV(I) = ABSF{C(LsI) - GAMMA{1l))
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FIRTRAN PRZGRAM F@R HIRSCHFELDER INTERIZR BALLISTIC CALCULATI@ZNS

109 CANTINUE D T
VAL = ABVI(1)
D@ 129 I=1,47 i s
VAL = MINLF(VAL,ABV{I))
129 CANTINUE . -
D@ 110 I=1,47

e . IF{ABV(L) — VAL) 110,112,110 . . _ -

112 K = 1
JTK = K
110 CONTINUE .
IF(GAMMA(1) .- CIL,K))113,114,115
113 R=(C(LyK)—GAMMALL) )/ (C(LsK)-C(L,K+1))+TK

L BB.TB ANA

114 R=TK
58 19 116
115 R={C{L,K=1)-GAMMA(1))/{C(L,K—1)-C(L,sK))I+TK-1.
116 P@P(1)=R%2000. .
J=R .
Z=. S

ZS(1) = A(L,J)—(ABSF{R-Z)=ABSF(A(L,J) — AlL,J+1)))
o TH1)={1.-.2642%725(1))/GAMMA(])
151 WEB(1)=Y/SQRTF((1.369%AREA%#2)/({CH(1)*U»H(1)*ZS(1)))
PMAX=(PZP(1)/AZ)#{1.+{CH(L1)/(6.2PIW+2.#CH(1))))
G@ T@ 137
.. 108.D2 130 1=1,47 .. o ' - o
AHV(I)“ABSF(F(L,I) GAMMA(I))
130 CONTINUE - . e
VAL=ABV (1)
Dg 131 I=1,47 o ah- e A s T 2a & oz
VAL= MIVIF(VALyABV(I))
—131 CONTINUE . . .
D2 132 I=1447
. JF(ABV(1)-VAL) 132,133,132 e e S e S
133 K=I
. TK=K _
132 CONTINUE
_M_u—_JEJGAMMA(11.ELL¢K))L50:L34:135
150 (FIL,K)-GAMMA(1))/(F{LK)~-F{L,K+1))+TK
.”GZ T2 136. P — . S I
134 R=TK
G@ 1@ 136 . : - S S
135 R={F(L,K- l)-GAMMA(l))/(F(L K- 1)~ F(L,K))+TK 1.
136 PAP{1)=R*2000.
J=R
2= T e
ZS(l)—E(LyJ)—(ABSF(R Z)*ABSF(E(L.J) E(L'J+1)))
T(1)=(1le—a1l485%2S(1))/GAMMA(L)
161 WEB(1)=Y/SQRTF ((0. 990*AREA**2)/(CH(1)*U*H(1)*ZS(1)))
e PMAX=(PRAP (L) /AD) # (1o (CHIL1)/ (Ha*PIW+2, 2CH (1)) )) .
137 WRITE OGUTPUT TAPE 3,138,KASE,KZDEMyW;PIH,VC, TRAV.CH(I) VM(1) ,ETA,
1RHB,UsVyAZ,Yy AREA . e —c -
138 FBRMAT{1H1,50X,9HI N P U T//SX'7HCASE = 11/5X,18HPR@PELLANT C@DE =
1 I2/5X,21HCPDE FORM FUNCTIPN = I1,6H . /5X s L6HWEAPEN W (MM) = F
212.4/5X422HPREJ.WT. PIW (LBS.) = F12.4/5X,2THCHAMBER VOLUME VC (C.
3IN) = F12.4/5X,19HTRAVEL TRAV._ (IN) = F12.4/5X:21HCHARGE CH(1) (LBS_
4) = F12.4/5X923HVELEZCITY VM(1) (F/S) = F12.4,10H /5X 4 32HP
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FEZRTRAN. PRAGRAM FPR HIRSCHFELDER. INTERIPR BALLISTIC CALCULATIZNS

__SRAP. COVAIUME ETA (C.IN/LBS) = F12.4/5X:31HPRBP. DENSITY RHO (LBS/.
6C.IN) = F12.4/5X,29HPROP. FPBRCE F (FT.LBS/LBS) = F12.4/5X,24HPREP.
T _CONSTIANTS AsAB, = F1lZ.435XsF12.4/5X218HBURN.CONSTANT B = F12.8/5X
8y 12HBPRE AREA = F12.4)
o N=1
WRITE @UTPUT TAPE 3,89, (PH(T),DELTA(IL) CH(I),PAP( L)y XIM(I),GAMMA(I
102 2Z5(1),PMAX,S{I)T(L) WEB(T),I=1sN) See—
89 FORMAT(LX//S0X,11H8 U T P U T//102H PHI  L.DENSITY CHARGE
_____ 1 . Ppg . . XIM_  GAMMA IS .  PRESSURE =5 T
2 WEB///(LX3FBa2y1X3FB8.3,1XsF10.231XsF120431XyFBu3,1XsF6e3,1X,F6.3
o 331X:F1243,1XsF84321X:F8.321XsF12.9)) .
Go T@ 40
153 WRITE AUTPUT TAPE 3,1551KASE s KADE oMaws P VL2 TRAV, PMAX, POPRsCHIL1) s
LVM(1) ,WEB( L) sETAyRHZ,UyV,Al, AREA
155 FERMAT(LHL,50X,9HL N P U_T//5X,THCASE = 11/5X,18HPROPELLANT C@DE =
1 12/5X,21HCODE FPRM FUNCTIBN = I1,6H /5X116HWEAPEN W (MM) = F
212.4/5X:22HPRAJaWTe PIW (LBS.) = F12.4/5X,2THCHAMBER VOLUME VC (C.
3IN) = F12.4/5X,19HTRAVEL TRAV (IN) = F12.4/5X,26HMAX PRESSURE PMAX
4 (PSI) = F12.4/5X+32HOPERATING PRESSURE P@PR (PSI) = F12.4/5Xs15HC _
SHARGE (LBS) = F12.4/5X,1THVELGCITY (F/S) = F12.4/5X,6HWEB = F12.4,
654H = = o . /5X s 32HP
TR@P. CBVOLUME ETA (C.IN/LBS) = F12.4/5Xy31HPREP. DENSITY RHZ (LBS/
8C.IN) = Fl2.4/5%Xs29HPRBP. FBRCE F (FT.LBS/LBS) = F12.4/5X,24HPROP.
9 CONSTANTS A,AZ3, = F12.4,5X,F12.4/5X,12HBORE AREA = F12.4)
o _.Nsl_ ;
WRITE BUTPUT TAPE 3,700,PH(2) yDELTA(2),CH(1),POP(2),XIM(2) yGAMMA(2
1),ZS(2),VM(1)25(2),T(2),Y

700 FEZRMAT(1X//50X,11H8 U T P U T//102H PHI L.DENSITY CHARGE
.. .1 _PPg — XIM  GAMMA Z$ VELBCITY S T
2 B///{1XsFB8.241X3F8.351X4F1l0.2,1X3F1l2.4351X,F8.3,1X,F6.3,1X,F6.3

391X F124351X3FB8e331XsFB8s3,1X,F12.9)) . I i
WRITE ZUTPUT TAPE 3,156
156 FERMAT(1X//30X57THTHE PZINT 2F @PTIMUM EFFICIENCY IS WHEN S AND T
1ARE EQUAL)
104 G2 T 40
31 D@ 5 I = 1,N
CDELTA(CT) = 1/ {(V/PH{1))+{1./RHZ))
CH{1)=VC=DELTA(I)
106 POP(T1)= PMAX*A@*( (PJW +CH(I)/3.)/(PJW +CH(I)/2.})
AREA =((W/25.4)%%2)%{3,1416/4.)
X =(VC+({AREA*TRAV)I/VC
XIM(I)=(Vs+DELTA(I))/(X-(ETA=DELTA(I)))
e QEAPHI ) %Y000) /5 o e e e .. = - IO T
Q=Q+0.4
.R= P@P{1)/2000., .
R=R+(1./7(10.%%7))
L=Q
J=R
2=4
IF{M-1)11,11,10
11 ZS{I)=E(L ,J)-(ABSF((PIZ!P(I)/2000.)—Z)*ABSF(E(L.J)—E(L,J+1)))
GAMMA(I)=F(L,J)-(ABSF((POP(I)/2000.)-Z)#ABSF{F(L,J)-F{(L,J+1)))
H{I)=e0317#(PJUW +(.3226%CH(I))) .
VM{T)=SQRTF((L.~GAMMA(I)*(XIM(I)*%0.3))*((2.#CH(I)*U)}/(0.3%H(1))})))
e SUL)=XIMOT e 3 SR N, . . R —
T(I)~(l-—(.1485*l$(l)))/GAMMA([)
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2152 Y.= WEB(1)#SQRTE({{1.369*AREA#%2)/(CH{1)#U=H(TI)=ZS(]I))) .

FORTRAN PREGRAM FOR HIRSCHFELDER INTERIZR BALLISTIC CALCULATIONS

- WEBLL)=Y/SQRIF{(0.99U*AREA##2)/(CH(1)*UsH(I1})*ZS(1)))
IF(KASE-4) 5,162,162

162 Y = WEB(1)#SQRTF{(0.79%AREA®=2)/(CH(L1)#U*H{TI)=ZS(1)}))
Gg Tg 153

10 ZS(I)=A(L,J)-(ABSF((PRP(1}/2000.)-2Z)*ABSF{A(L,J)-A(L,J+1)))}
GAMMA(I)=C(L,J)—-(ABSF((P@P(1)/2000.)-2)#ABSF(C(L,J)-C(L,J+1)))

e HUIY =031 7% (PUW. #(3226%CH{T))) _ .
VM{I)=SQRTF((1l.-GAMMA(I)*#{XIM(1)=*%0. 3))x((2. *CH(I)*U)/(O 3eH(1))))
SII)=XIM{1)*%0.3
TII)=(1.-(.242%2ZS{1}))/GAMMALI)
WEB(I)=Y/SQRTF({1.369%AREA=%2)/(CH(I)»UxH([)=*ZS(I)}))

IF(KASE-4) 5,152,152

G@ Ty 153
5 CANTINUE
IF{STEV@Z)201,200,201
200 WRITE Z2UTPUT TAPE 346 KASE KODEsMeyW,PIWsVC s TRAV,PMAX,PZPR,ETA,RHD,
' 1UsV,AZ,Y,AREA
6 FARMAT(1H1,50X,9HI_N P U T//5XsTHCASE = 11/5X:;18HPRIPELLANT CE¢DE .
1 12/5X,21HCODE F@RM FUNCTI@ON = I1,6H /75Xy, LOHWEAPUN W (MM) = F
212.4/5X422HPRAJ.WT. PIW (LBS.) = Fl2.4/5X,27THCHAMBER V@LUME VC (C.
3IN) = F1l2.4/5X,13HTRAVEL TRAV (IN) = Fl2.4/5X,26HMAX PRESSURE PMAX
4 (PSI) = Fl2.4/5X,32HZ2PERATING PRESSURE PPPR (PSI) = Fl2.4/5X,32HP
5ROP. CAVBLUME ETA (C.IN/LBS) = F1l2.4/5X,31HPROP. DENSITY RHO (LBS/
6CaIN) = F1l2.4/5X429HPREP. FORCE F {(FT.LBS/LBS) = Fl2.4/5X:24HPROP.
7 CEZNSTANTS A,A¢%, = F1l2.4,5X4F12.4/5X,18HBURN.CAONSTANT B = Fl12.8/5X
8y 12HBZRE AREA = Fl2.4)
WRITE QUTPUT TAPE 3, 20,(PH(I)1DELTA(I)7CH(I)1P@P(I),XIM(I’,GAMMA(I
L) ZS(I) o VMII) 3 SO} sTUI)sWEB(I)I=1,N)
20 FIRMAT(1X//S50X,11HZ U T P U T//7102H PHI L DENSITY CHARGE

- . _PPD e . XIM O _GAMMA . 2S5 NELZCITY . S i

2 WEB///(IX,FB 2y 1XyF8 391XyFl0e241X9yF1l2.4,41X3sF8.391X,F6e3,1X,F6. 3
391X9F12.3,1XsF8a3431X3F8.3,1XsF12.9))
WRITE ZUTPUT TAPE 3,7
T FORMAT(LX//30X,57THTHE PZINT OF ﬂPTIMUM EFFICIENCY IS WHEN S AND T
LARE EQUAL)
IE(STEV#)140+32,40
32 N4=2
N5=1
D@ 30 I=1,N
IF(S(I)-T(1}Y)29,27,25
25 AB(I)=100.
N5=2
Gz T@ 30
27 WRITE SUTPUT TAPE 3,28,PH(I1),5(1)
28 FZRMAT(1X//30X,6HPHI = F12.3,15H SINCE S = T = F12.4)
N4 = 1
GO T2 30
29 ABLI) = ABSEA{S(I) - T(IL}} . . Page 6
VALUE=AB(1)
30 CONTINUE
GO T2(40,35),N4
35 D@ 23 I=1,N
VALUE=MINIF(VALUE,AB(I))
23 CONTINUE
K=10
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FARTRAN PROGRAM FPR HIRSCHFELDER INTERIZGR BALLISTIC CALCULATI@ANS

DO 24 I=1,N . . i)
IF(AB(I)-VALUE)24,26,24
26 K=I.
24 CANTINUE
. IF{K=101950,951,951 . .
951 WRITE BUTPUT TAPE 3,952,PH(1),S(1),T(1)
952 FERMATI(1X//20X422HTRUE PHI IS LESS _THAN Fl2.4,11H WHERE S = Fl2.4s _
1,9H AND T = Fl2.4//)
961 PHI(1l) = PH{1l) - 0.05
IF(PH(1)-0.05) 40,370,970
.970 N=1 .. P
STEVP=2.0
GA_T@ 31

950 IF(STEV@)900,905,4900
900 IF(K-2)201,201,902
905 WRITE QUTPUT TAPE 3,33,PH(K)4S(K)},TI(K)
33 FORMAT(1X//20X25HTRUE PHI IS GREATER THAN F12.4,11H WHERE S = F12
1l.4,9H AND T = Fl2.4//)
902 JFE(PH{(K}-1.0)41,40Q0,40
41 IF(PH(K)-PH{1))40,42,43
42 IF{PH(1)-0.95)50,451,51
51 PH(1) = 1.0
N=1
Gg T@ 48
20 TE(PH(1)=0,90)53452,52 = . .. . ..
52 PH(1)=0.95
PH{2)=1.0
N=2
GO TQ 48 .
53 PH{1) = PH(l) + 0.05
e PH2)=PH(1) _+ Q.05 __.
PH(3) = PH(2) +0.05
N= 3
GB TO 48
43 JF{PH{K)-0.95)44,45,45
45 PH(1) = PH{(K) + 0.05
N=1
Go T@ 48
44 IF(PHIK) — 0.90)46,47,47

47 PH{1) = PH(K) + 0.05
PH(2) = PH{1)} + 0.1
N=2
e QBTGB ... | - ¥ T
46 PH(1) = PH{K) + 0.05
PH(2) = PH(1) + 0.05
PH(3) = PH(2) + 0.05
N= 3 Page 7
48 STEVE = 1.0
. .GB. T8 31

201 WRITE QUTPUT TAPE 3,202,(PH{I)DELTA{I),CH(T),POP(I),XIM{I),GAMMA{
LIDsZSUI) o VMII) »SCI},T(I),WEBI(I),1I=1,N)
202 FORMATILX//(1X 1 F8a231XsFB8a331XsF1l0a291XsF1l2.491X,FBa341XyF6.3,1X,yF
1643531X9F12.3,1X:F8e3,1%X,F8.3,1X,F12.9))
IF{STEVA-1.)40,920,960
260 IF{S{1)-T(1))40,27,961 _.

920 D@ 921 I=1,! '
2 I=1,N e




922
921

40

FBRTRAN PROGRAM FAR HIRSCHFELDER INTERIZR BALLISTIC CALCULATIZNS

IF(S(I)=T(1}1921+921,922. . . .. . . .. ...... ) N
N5=2

CONTINUE

IF(N5-2)32,40,40

Go T8 1

END(].'1901010'0'1’110,0'0'09010'0’

Page 8
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