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FOREWORD

The work covered in this report is part of a continuing cffort to increase
rcliability and reduce the dovelopment time and cost of Navy cartridges and
cartridge actuated devices for aircraft systems. These aims are met, in part, by using
statc-of-the-art techniques in interior ballistics and computer technologics to conserve

time and matenals.
This seport has been reviewed by:

J. A. Sizemore, Head, Systems Branch. Power Applications Division,
T. W. Truslow, Head, Power Applications Division.
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ABSTRACT

This report describes a computer program  written  to caleulate ballistic and
thermal properties of solid propellants using the method of additive constants. A
program listing and sample output are included.
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L INTRODUCTION

The Naval Weapons Laboratory employs mathematical modeling, or computer
simulation, of cartridge actuated devices (CADs) to optimize their design in an
efficient and timely manner. A good CAD simulation must contain reasonably
accurate cstimates of the ballistic properties of the propellant used. Most cf these
bailistic propertics arc calculated from the chemical constituents of the propellant,
Reference 1. A form that simplifics the computation of these ballistic properties has
been developed. However, the calculation, though simplified and donec on a
highspeed desk calculator, is still tedious and time consuming. The method was
computerized and now it is only necessary to enter the percent of cach chemical
constitnent, and the computer prints out a standard format containing all the
required information.




1. THE ADDITIVE CONSTANTS

Table 1 shows the form used to calculate the covolume of the propellant.
The first column, c;, is the number of parts of cach constituent. The bottom entry
in that column, Z, is the total number of parts.

The sccond column, ¢;» is the number of parts of cach constituent divided
by Zc; (bottom cntry in first column). The last entry in the sccond column is the
total of that column and should cqual {or very necarly cqual) one.

The third column is the number of moles of gas for cach constituent. It is
calculated by means of the cquation:

1 1
n = ((')+ S(Hi)+ ‘Z‘(Nl) .

C. H. and N, may be calculeted as in the following example. For ethyl alcohol,
C,H, Ol

12011 = 24.022
= 6C 1.008) 6.(48
1(16.000} = 16.000

SUM = 46.070
(The number in parentheses are atorie weights of the comtituents.) Then,

€ = 23007 = 0043412
H, = 64607 = 0.130237
N, = 04697 = 0.0

Then ¢ *n, = N. where ¢, 1 the value from colwmnn Y for each vonstituent.
The lasi enlry in the third column is the colunn total.

The fourth column contains the mean hical capscity, (‘vi. for cach vonstituent
multiplicd by its quanlity (c,. colusun 2).




Cy, = 1.803(C)) +3.264(H,) + 5.008(0,) + 3.328(N,) . co
O, is calculated in the same manner as G H;, and N, above. The last entry in i
column 4 is the colummn total.
: The fifth column contains the encrgy released, E,, for cach constituent again
# = g multiplicd by its ¢, from column 2.
X I E, = -E(1); - 38966(C,) - 6252(H,) + 52073(0,) - 672I(N,) .
E(1), is the encrgy of formation at 15°C for cach constituent and may be obtained
from tabular data in Reference 2.
The sixth column contains the covolume, y,. for cach constituent multiplicd
by its ¢. The covolume, N, may be caleulated as follows. For nitroglycenne,
CyH;(ONO, ),
N
¢, = 312011 = 36033
Hy, = 50 1.008) = 5.040
0, = 9¢16.000) = 144.000
Ny = 3(14.008) = 42.024 ‘ I
2214097 4
i
-
Then.
1
N, = LIS+ 6= 11.510)
Hence,
. 3 o aa
¢ = ﬁ:f(-ﬁ:l = 0.0132)
-t = 0.03963
O = Toygey © 00556




and

The final entry in the column
the propeliant.

fl

is

{
1.18 +6.9(0.01321) - 11.5(0.03963)
0.81540 cm3/gm .
22.57 in®/lb
the column total and represents the covolumie of
,‘.
.
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TABLE 1

PROPELLANT COMPOSITION AND THERMODYNAMIC AND
BALLISTIC PROPERTIES OF COMBUSTION PRODUCTS

L g i

N C, E U]
c; ¢, gm-moles (gmo)cal (gmjcal ,'lf_
Component gm gm-"k gm Ib,
;
| Parts "%‘g. L A 5k, G
]
Nitrocellulose
(1325 2 N) | sS850 05820 | 00199 | 01976 | +170.55 | 1605
Alcohol
Water
DPA.
DNT 250 | o020 | ooois 00080 | teod | Lol
DBP ;
Nitroglycerin | 2250 | 03230 | 00000 00758 | +21301 | sa0
Bithyl Controlite | 850 | ooman | oooss | ooz | ez | s
Triacetin 800 | o0m | oooss | ooxm | oastes [ osas
Lead Stearate 050 | voose | oooos | ooos 15 | 0
T x| 10656 | 10000 | 00435 | 03sew | site | aiw
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ill. THE THERMAL PROPERTIES

Propellant  thermal  propertics mav now be calculated from the udditive
constants developed in the previous section.

Adiabatic Flame Temperature (T))

ek .
— (°K '
Xc.C\,. R

T, = 2,500+

Moles of gas per gram (N)

N = Zen, tmoles/gram)
Binspetus (1)
¥ = JL78INT, (tibAb)

Heat Capacity (C)

L .. el
(‘ B ;,Jw:.a\!(y‘ ?E}:?DR
Ratto of Specilic Heats ()
2IR2N A
Y=l —a(;mmo utitisd
i
Covolmme ) |
- 3, | ]
% = Loy i) : )
.
i
i
¢




IV. THE COMPUTER PROGRAM

The foregcing method was programmed in basic language to be run on g
timeshared computer. A minor modification was made to the method - eviously
described, in that a lincar interpolation was used to determine the additive (custants
for the different percent values of nitrogen in aitroceliulose. The relation™ 7 used
are:

n, = -G002181S (AN)+  0.067867
C, = ~0.0063690 (BN)+ 04228060

E; = 1438200000 ¢%=N) - 1,612.400000

= - LOUBUBUD =Ny + 40.710000

The agreement between the above relattomships and  tabulated  valuey obtamed by
other methods is very pood. Thus, aitrocellulose contmmng any (reasonable) percent

.

adiogen iy be fandicd by the program.

Valies of zere age stored in the deta natns for mitzocellelose, and the bacar
imterpoletions described above are used i their place.
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V. PROGRAM LISTING

100-100REM NWBBCON 19JAN72 PROPELLANT CONSTANTS (WJB65).
1i0=110REM |
120=120REM Z=0 COMPUTES3 Z=1 LISTS INPUT CONSTANTS. .
130=1302=0
140=14060T0220 “f
1502 150REM ENTER NAME OF PROPELLANT ON NEXT LINE. .
160=160PRINT PROPELLANT NAME SHQGULD BE ON THIS LINE.*
170=170PRINT
180=180REM ENTER PERCENT N IN NITROCELLULOSE ON NEXT LINE.
190=190P=0 l
200=200REM
210=210G60T9290
220=2201FZ=1THEN290
230=230PRINT"."
240=240PRINT"**
250=250FBRN=11085
260:260PRINT
270=270NEX TN
280=280G@TO150
2902290DIMAC64),BS(64),CC84)sDC6AIECH4),F(64)5G(64),H(64),1(64)
] 300=300DIMJC(64),K(64),LC64),M(64)
310=310Y=64
: 320=320FGRN={T@64STEP2
! 33(=330A(N)=N
340=340NEXTN
350=35083¢1)=""ACETONE"
360=360BS(2)=* *
370=370BS(3)="ACETYLENE"
: 380G=380BG(4)=" *
. | 390-39URS¢SI="AMMONIUM NITRA"
' 400=400BE(6)I="TE"
410=410BS$:7)="BARIUM NITRATE"
A20=420P5(5)a"
430=430B8$(9)="BASIC LEAD CAR"
440=440RSC10)="BONATEY
450=450B$¢11)aBUTY). STEARATE®
-8 460246088 12)=" » .
N | 470=4T0BS(13)="DIAMYL PHTHALA" 1
480=480B$(¢14)="TE" _
490=490BSC15)="DIBUTYL PHTHAL"
SQC=S00BS() 6)="ATE"
S10=510B5¢17)="DIETHYL PHTHAL"
521=520b8¢ 18)="ATE" .
530=530B$¢19)="DINI TROTOULENE" :
540=540B8¢20)=" " N
550=55036¢(21)="DIBCTYL PHTHAL" . ’l‘
S60=560R8(¢22)="ATE"
- ST0s57CBS(23)=""DI PHENYLAMINE"
¥ 580=S80BS{24)e"™
= 50 0=590B$(¢(25)3“ETHYL ALCOHEL®
600m 600BS(26)=" *

jla
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it o bl

610=610BS¢(27)="ETHYL CENTRALI"
620=620B8(28)a*"TE, CARBAMITE®
630=630B5(29)="GRAPHITE"
640=640BS(30)=" *
650=650B8(31)="LEAD STEARATE"
660=660B8(32)=" *
670=670B8(¢33)="METHYL CENTRAL"
680=680BS(34)="ITE"
690=690B$(35)="NITRACELLUL OSE"
T00=700B$(36)=" '
T10=710B8$¢37)2**2-NITRODIPHENY "
T720=720BS(38)="LAMINE"
730=730BS(39)x"NITREGLY CERINE"*
T40=740BSC40)=" *
750=750B8(A1)=*"NI TROGUANADINE"
760=760B8(42)=*", PICRITE"™
T70=770BSC43)=""PETN"
780=780B8(44)s' *
T90=790BSCA5)="PETRILATUM, MI*
S00=800B$(¢46)=""NERAL JELLY"

3. <¢10BSC4ATI="POTASSIUM NITR"
B820=820B$(4B)="ATE"
830-830B5149)="POTASSIUM SULP¥
840=84088(¢(50)=""HATE""
850=850B8¢51)="RDX"
860=850BS(52)="
B70=870BS(53)="TRIACETIN"
880=830B${54)=
890=890BS(55)="TRINI TROTOLUEN"
200(=900BS$(56)="E™
9210=910B8¢(57)=""VASEL INE"
920=920B8(¢58)="
230=930BS(59)=""WATER"
940294088 50)a*
930=295085¢613="CELLULOSE ACET"™
960=-960BS$(62)="ATE"
970=970B8C63)2"CARBON®
980=98088(64)a*" »

990=990F OKN= I TOYSTER2
1000=1000CCN)=0

1010= 1010NEXTN

1020= 1020REM ENTER C(N) VALUES AFTER THIS LINE.

10302 100FORN=2TOY STEP2
1040=10401FCCNI=0OTHEN 1080

1050=1050PRINT "VALUE ENTERED F@R EVEN C(N)3» CORRECT 2N RERUN",

1060=1000PRINT" FPROGRAM."
1070=10705T9p

1080= 108ONEXTN

1090210501 ¥P=0THEN 1 140
1100=1100I¥CC35)<>0THEN Y200

1110=1110PRINT"PERCENT N ENTERED ¥OR P, BUT NO CC35)5 CORRECT AnND*™,

9
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1120=1120PRINT"RERUN PROGRAM.*

1130=1130SToP

1140=11401FC(35)=0THEN1200
1156=211501FZ=1THEN1200

1160=116017P<>0THEN1200

1170=1170PRINT*"YGU DID NOT ENTER PERCENT N FOR NITROCELLULOSE3"™,
1180=1 1S0PRINT' ENTER P AND RERUN PR@GRAM.®
1190=1190STOP

1200=1200FORN= 1 TAYSTEP2

121 0= 1210READACN) > DCNI S ECN) » FINY» GCN)
1220=1220NEXTN

1230=1230PRINT

1240=1240IFZ 2> 1 THEN1 350

12507 1 250PRINT CONSTITUENT s *NI*,**CVI*H»"E1", "ETALI"
1260 1260PRINT

127021270FORN=1TQYSTEP2
1280=1280IFN<>35THEN1310

125 0=1290PRINTBS(N), "VALUES C@MPUTED BASED ON PERCENT N*
1300-1300G0TO1320
1310=1310PRINTEBSI(N) 2 DINI,EINILFCNI» GCN)

12202 320PRINTBS(N+1)

1330=1330NEX TN

1340=1340G0T02340

135021350F@RN=1TOYSTEP2

1360:1360C=C+CCN)

1370=1370ONEXTN

1380=1380IFC(35)=0THEN1430
1390=1390D(¢35)% -2+ IB15E~3#P+6.T86TE-2

14001 9J0E(35)2~64369E-38P+D. 42286
1410:1410F(35)=143.82¢%P=-1612.4
1420=1420G¢35)=~"%P+40.71

143 0=1430F0RN= 1 TAYSTEP2

1440=1440H(N)=C(N)7C

145021 450NEXTN

1460=1 Q60FORN=1TOY

1470=1470H=H+HIN?

1480= ) 4BONEXTN

1490=1490FORN= 1 TOYSTEP2
1500=15001FC(NI=OTHEN1590

150021510 FN<>ISTHEN 1560

1520= 1 520M(N)= INTC100008KC(N) 0. 5) 7106000

1530 1530PRINTI008MCN 3 “PERCENT "3BSC(N)IBS(N+1)3P3 “PERCENTN®
154021 540PRINT '
1550=155060T91590

156021 560M(NI=INTCIO0000HENY +04 5) 210000
1STO=I1STOPRINT100SMINY ) "PERCENT “)BSC(N)IBSCIN+D)
1580=1530PRINY

1590=2159CNEXTN

1600=1600M=INTC10000+H+0.5) 716000
1610=1610PRINTI008M3 “FERCENT “3“TOTAL"
16202 1 620PRINTY

1G




1630=1630PRINT

1640= 1 64A0FORN=1TOYSTEP2
1650=1650ICNY=DI{NI®HC(N)

1660=1660NEXTN

1670=1670FBRN=1T@YSTEP2

1680=1680I=1+1(¢(N)

1690=1690NEXTM

1700=1700FORN=1TOYSTEP2
1710m1710JCNI=ECNY®HIN)

1720=1720NEXTN

1730=1730FORN= 1 TOYSTEP2
1740=1740J=J+J(N)

1750=175SONEXTN

1760=21760FORN= 1 TOYSTEP?
1T7T0=17T70KCNI=FENISHCN)

1780=1780NEXTN

1790 1790FORN=1TOYSTEP2

1800=1800K=K+K(N)

1810=1810ONEXTN

1820=1220F@RN=1TQYSTEP2
1830=1830LCNI=GCNISHCIN)

1840=184AGNEXTN

1850=18SLFORN=1TOYVSTEP2
1€6u=1B60L=L+L(N)

1870=1870NEXTN

1880=1880T=2500+K/J

1890=1890F=782%I»T
190031300M=1+32732%1Y /¢ 1400%])

191 0= 19 10PRINT"TV2"3T"DEGRERS K"
1920=1920PF INT

1930 1230PRINT"N ") 3"MOLES/GRAM"
1940=1940PRINT

19S0=1950PRINT"F=2")F, "FT-LT/LB"

196 0=17260PRINT

1970=1970PRINT"CV="3 1 400%JI*FT-LB/LB=-DEG K*
198 0=1980PRINT

19902 1990PRINT"GAMMA="; M

2000=2000PRINT

201 0=2010PRINTYETA="2L 2 "CU=- INZLB"
2020=2020DATNA1+04+3:0336005107,=2842.5557.22
203 Z03J0DATAG: 001 1532,043755,-1374,69+3
20A022040DATAS,; 0037485024424, 405.1,22.83
2050=20500ATA7»0+00765,0-15374,131:15.34
2060=2060CATA950.00387,0.0915-199.7,10
2070=2070DATAL11,0.12919,005675,=3726,42.15

. 2080=2080D0ATA1350,1013,0.,4408,~3.49.5,58.81

20902 2090DATA1S504097 5054326526919 56497
2100=2100DATAL/ »0.08655).3931,-2242,37.25%
2110221 10DATAL19,0-.C5039,003239,-643¢7»40.44
21202212008TA215041101,0447965~3101,60
2130=2i30DATR23,0+ 10636506 365 -3007, 654 44

1l




2140=2140DATA25,0010853,0+6121,-2772,564 35
2150=2150DATA27,50+10434,0.4013,-2882,62.6
2160=2160DATA29,0.08326,0¢1349,~-3234,60445
2170=2170DATA31,0.12245,0.5714,~37264+5, 40
2180=2180DATA33,0+10222,0.3987,~28335 43. 44
2190=2190DATA35,0,0,0,0

2200=2200DATA37, 0.0840250.33175~1949,66
2210=2210DATAI9,0.03082,0.3388,951.5,22.78
2220=2220DATA41,0:04804,04369,-57+:4531.77
2230=2230DATA43,0.0348,0. 3485,724.1,24.88

2240 2240DATAA5,0+1451,0.6128,-4113,65.64
2250=2250DATAA7,0+00989,0.2158,25,23+61
2260=2260DATAA495=0+00574,0.2708,-662+4,94 36
2270=2270DATA5150+04052,043391,639,28.51
2280=2290DATAS53,0:07333,004191,-1972:8,43.77
229 =2290DATAS5,0.0484,043035,~110.1,34.31
2300=230C0DATAST»0¢142,045983,-4175.1,65.65
2310=2310DATAS59,0405551,046403,~1552.2,24.6
2320=2320DATA61,0.06944,0411735,2722.72,31776
2330=2330DATA63,0+08326,041349,-3234,60.45
2340=2340END




VL.

ADDITIVE CONSTANTS STORED IN THE PROGRAM

CONST ITUENT NI

ACETONE
ACETYLENE

AMMBNIUM NITRA
TE
BARIUM NITRATE

BASIC LEAD CAR
BONATE
BUTYL. STEARATE

DIAMYL PHTHALA
TE

DIBUT YL PHTHAL
ATE

DIETHYL PHIHAL
ATE
DINITROTOULENE

DIACTYL PHTHAL
ATE
DIPHENYLAMINE
ETKYL ALCOHOL
ETHYL CENTRALL
TE, CARBAMITE
GRAPHITE

LEAR STEARATE

METHYL CENTRAL
IE

«10336
«11532
03748
«00765
+002387
12919
«1013
«097

«0865
+D6039
«1101

10636
+10653
+10424
+0B326
» 12245

+10222

cv1

«5107
03755

« 8424

.«1574

«09}

+5675
« 4408
+ 4336
+ 393}
« 3239
«47%6
+ 36

6121
«40123
+ 1349
+S571a

« 3987

NITROCELLULOSEVALUES COMPUTED BASED

2-NITHODIPHENY
LAMINE
NITROGLYCER INE

NITROGUARAD INE
s PICRITE
PETN

PETRULATUR, NI
NERAL JELLY
POTASSIUN NITR
ATE

«08402
«03082
04804
«0Jad
1451
«00969

« 2317
« 366
» 369

+ 3485

+6128

2158

13

El
-2842¢5
=1374
405. 1
133
«199.7
-3726
-3149.5
-2691
-2242
«648e. 7
-3101
=3007
-2712
~28862
~3234
«372645
=2833
0N PERCENT N
- 1949
99le
«57.a
72440
-alld

a5

ETAl
S7.22
6943
22.83
15+ 34
10
43.15
58. 81
56497
37.25
Q0. 44
60
69e 44
26435
62.6

60e4ah

43+ 44

66
22.78
Jt. 17

2466

69«54




CONSTITUENT NI

POTASSIUM SULP-.00574

MATE
RDX 404052
TRIACETIN .07333
1 o TRINITROTOLUEN +0484
: E
VASEL INE . 142
' WATER «05551)
CELLULOSE ACET +06944
ATE

CARBON 08326

cvi
+2708
« 3391

« 4191

'33035

«5983
«6403
311735
« 1349

14

£l
«662.4
639
-1972.8
=110.1
~4175.1
=1552.2
2722.72

= 3234

28451
4377
3431
69+ 65
2446
JieT78

60+45

g

|
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VIL.

PROGRAM OUTPUT FOR ALL PROPELLANTS RUN TD DATE

HES 4831.98 (ALS@ SEE HIVEL: #2 AND M2)

1.5 PERCENT BARIUM NITRATE

6 PERGEST ETHYL! GENTRALITE, CARBAMITE

.25 PERCENT GRAPHITE

77.35 PERCENT NITRGCELLULOSE 13.15 PERCENT N
1945 PERCENT NITROGLYCERINE

.8 PERCENT P@TASSIUM NITRATE

100 PERCENT TOTAL’

TVe 3627471 DEGREES K

N+ 3.70439E-2  ME@LES/GRAM
Fs 376386. FT-LB/LE

CUs 469,278 FT-LB/LB-DEY K
GAMMA= 1.22133

ETAw 2647055 CU-IN/LB




HES 5130

2-— 49 PERCENT
8 »46 PERCENT
. 5 PERCENT
S8.2 PERGENT
a2, 39 PERCENT
7.96 PERCENT
100 PERCENT

1Va 2352.14 DEGREES K
Na « 046356 MOLES/GRAM
Fa 303338+ FT-LB/Lb

CUs 491.51 FT~LB/LB-DEG K

GAMMA= l036238
ETA= 31.0688 GU-IN/LB

*e
LY

DINITROTOULENE .
ETHYL ' CENTRALITE, - CARBAMITE

LEAD STEARATE

NITROCELLULBSE 13..25 PBRCENT N
NITROGLYCERINE

TRIACETIN

TOTAL:




1.5
.6
. .25
69435
MR 195
. 8
8e .
100

Ns 3.961 348-:2

GAMMA= 1.24831

HES 5250.86 (ALSO HES

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

PERGENT

TU= 4340.56 DEGREES K
MOLES/GRAM
Fa 478351. FT-LE/LE
CUm 443.822 FT-LBAB-DES K

ETa= 26.9734 Cu-iN/LB

4100.27 AND HPC-8 6)

BARIUM NITRATE

ETHYL' CENTRALL TE, - CAK3BAMI TE
GRAPHITE

NITROCELLULSSE 13.25  PERGENT N
NITROGLYCERINE '

PATASSIUM NITRATE

CELLULO@SE ACETATE
TaTOL:




HES 5250.87 (ALSO HES

1.  PERCENT
645 PERCENT
.2 PERCENT
71.3 PERCENT
20. PERGENT
1. PERGENT
100 | PERCENT

TV= 3110.67 DEGREES K

N= «041068 MOLES/GRAM

F= 355398+ FT-LB/LE

4100.29 AND HPC=E7)

BARIUM NITRATE .
ETHYL CENTRALITE., CARBAMITE

GRAPHITE

NITROCELLULBSE 13.25 PERCENT N
NITROGLYCERINE

POBTASSIUM NITRATE

TOTAL

CV= 474.846 FT~LB/LB-DEG K

GAMMA= 1424061
ETA= 28.7144 CU-IN/LB




""’J‘ e .

HES 5250¢94

TV= 2392.78 DEGREES K

N2 4.60629E-2  MOLES/GRAM
F= 306628+ FT-LE/LE

CVs 4914151 FT-L8/LB=DEG K
GAMMAS § +26091

ETA= 30.9102 CU-IN/LB

2.5 PERCENT DINITROTOULENE
. 8o PERCENT ETHYL SENTRALITE, CARBAMLITE
5 PERCENT LEAD STEARATE
58.5 PERCENT NITROCELLULOSE 13.25  PERCENT N
22.5 ' PERCENT NITROGLYCERINE
Be PERCENT TRIASETIN
100 PERCENT TOTAL




HES 5250495 (ALSO HPC=~95)

75 PERCENT DIPHENYLAMINE

295 PERCENT GHAPHITE

78 PERCENT NITROCELLULOSE 13425
20. PERCENT NITROGLYCERINE

to PERCENT POTASS LUM SUgFHATﬁ

100 FEXCENT TOTAL

TU= 3631.06 DEGREES K

N= 3.735029E-2 MOLES /GRRAM

1]

F= 376b4&ve. iTrLE/LE

Cv= 4Q72.517 FT-L&ILB'DEG K
GAMMA= | .2208

ETA= 2647103 CU=-1IN/WS

e

PERCENT

N




PO

HES 52350.96

15

* 695
2
76485
20.
o

100

Tv= 3672.5 DE

N3 «037145 MOLES/GRAM

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

GREES K

?s 379506« FT~LE/LE

BARIUM NITRATE

ETHYL CENTRALITE, CARBAMITE
GRAPHITE

NITROCELLULOSE 13+22  PERCENT N
NITROGLYCER INE

PATASSIUM NITKATE

TCTAL

CVU= 468.777 FT-LB/LB-DEG K

GAMMA= ] 422044
ETA= 26.6058 {

U=-IN/LS




HES 5250.200

1. - PERCENT BARIUM NITRATE

6¢5 PERCENT ETHYL CENTRALITE, CARBAMITE

o2 PERCENT GRAPHITE

71.3 PERCENT NITROCELLULGSE 1325  PERCENT N
20. PERCENT NITROGLYCERINE

le PERCENT POTASSIUM NITRATE

16O PERCENT TOTAL

Tv= 3110f67 DEGREES K

N

u

+041068 MCLES/GRAM

F

[}

355398+ FT-LB/LB
CV= 474.846 FT-LB/LB-DEG K
GAMMA= 1.24061

ETA= 2847144 CU-IN/LB

e

3
it




HES 5250.201

i.
65

2

71.3
20.
1.

100

- GAMMA= 1.24061

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

Tv= 3110.67 DEGREES K
N= «041068 MOLES/GRAM
F= 355398. FT-LE/LB

"-_{ ; CV= A74.846 FT-LB/LB~DEG K

ETA= 2847144 CU~IN/LB

BARIUM NITRATE

ETHYL CENTRALITE, CARBAMITE

GRAPHITE

NITROCELLULOSE 13.25 PERCENT N
NITROGLYCER INE

POTASS1UM NI1TRATE

TOTAL

TR -qu-t;q»-— w e




HES 5250.202

1. PERCENT BARIUM NITRATE

6¢5 PERCENT ETHYL CENTRALITE», CARBAMITE

2 PERCENT GRAPHITE

71.3 PERCENT NITROCELLUL@SE 13+25 PERCENT N

20. PERCENT NITROGLYCERINE

le PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TV= 311067 DEGREES K

N= «041068 MOLES/GRAM

F

355398, FT-LBE/LD

CV= 474+846 FT-LB/LB-DEG K

GAMMA= 124061

ETA= 28+7144 CU-IN/ZLY

LB J




HES 5250.203

le
665
2
71.3
20.
1.

100

GAMMAZ= 1424061

4‘ 3 (X ]

PERCENT
PERCENT

PERCENT

PERCENT
PERCENT
PERCENT
PERCENT

TV= 311067 DEGREES K
«041068 MOLES/GRAM
F= 355398+ FT-LB/LB

' CVs 474.646 FT-LB/LB-DEG K

ETA= 28.7144 GCU-IN/LB

BARIUM NITRATE

ETHYL CENTRALITE» CARBAMITE
GRAPHITE
NITROCELLULOSE 1325  PERCENT N
NITROGLYCERINE

POTASSIUM NITRATE

TOTAL

-3
W
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S HES 5354-26A

i 1e5 PERCENT BARIUM NITRATE -
’ | .6 PERCENT ETHYL CENTRALITE» CARBAMITE
; | .25 PERCENT GRAPHITE
| 77.35 PERCENT NITR@CELLUL@SE 13+25  PERCENT N
5 u | 19.5 PERCENT NITROGLYCERINE
[ .8 PERCENT PBTASSIUM NITRATE
! 100 | PERCENT TOTAL

TV= 3662.61 DEGREES K

N= 3« TIT752E~2 MOLES /GRAM

F

1]

378792. FT-LB/LB

! , CV= 468.588 FT-LB/LB~DEG K

GAMMA= 1.22071

ETA=z 26462861 CU-IN/LB

JONE SN

P




HIVEL #2 (ALS® SEE HES 4831.98 AND M-2)

15
°b

025

7735

1945

*8

100

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT

PERCENT

TV= 3627.71 DEGREES K

Nz 3.73439E-2

BARIUM NITRATE

ETHYL CENTRALITE» CARBAMITE
GRAPHITE

NITRECELLUL@SE 13.15  PERCENT N
NITROGLYCER INE

P@TASS UM N1TRATE

TOTAL

MOLES/GRAM

F= 376886. FTrLEILB

CV= 469.278 FT-LB/LB-DEG K

GAMMA= 1,.,22138

ETA= 2647055 CU-IN/LB




IMR 5010 LOT 255

.62 PERCENT ACETONE

8099 PERCENT DINITROTOULENE

.6 PERCENT DIPHENYLAMINE

8Be14 PERCENT NITRBCELLULOSE ‘3,;5
) PERCENT POTASSIUM SULPHATE
95 PERCENT WATER

100 PERCENT TOTAL

TV= 2891.68 DEGREES K

4.1 7095E=2 MOLES/GRAM

1

N

L]

F= 335539. FTTLL/LB
Cv= 477.759 FT~-LB/LB-DEG K
GAMMA= | .24287

ETA= 28.9648 CU-IN/LB

PERCENT N




IND 7199 (ALSO oW 7199

i 2.88 PERCENT DIBUTYL PHTHALATE !
5; ) 9459 PERCENT DINITROTOULENE
| .86 PERCENT DIPHENYLAMINE
.- é 86467 PERGENT NITROCELLUL@SE 13.16 PERCENT N
k " 100 PERCENT TOTAL

TVs 2727.14 DEGREES K

N= 4.34383E-2  MOLES/GRAM
F2 329562+ FT-LE/LB

CVa 476,693 FT-LB/LB=DEG K
A  GAMMAS 142535}

ETA= 29.9593 CU-IN/LB




M-2 (ALSO SEE HIVEL #2 AND HES 4831.98) o :

1.5 PERCENT BARIUM NITRATE

6 PERCENT ETHYL CENTRALITE, CARBAMLITE B

25 PERCENT GRAPHITE

77.35 PERCENT NITROCELLUL@SE 13.15  PERCENT N |
. 19.5 PERCENT NITROGLYCERINE '

8 PERCENT PBTASS1UM NITRATE

100 PERCENT TOTAL

TV= 3627.71 DEGREES K
N= 3.73439E-2 MILES/GRAM

1 F= 376886. FT-LBE/LE

— Cv= 469.278 FT-LB/LB~DEG K
GAMMA= 1.22138
ETA= 2647055 CU~IN/ZLB




1.4 PERCENT BARIUM NITRATE

6 PERCENT ETHYL CENTRALITE, CARBAMITE
3 PERCENT GRAPHITE
81495 PERCENT NITRGCELLUL@SE 13.25 PERCENT N
5_ N | 15. PERCENT NITROGLYCERINE
é .75 ~ PERCENT P@TASS1UM NITRATE
100 PERCENT TOTAL

TV= 3569.32 DEGREES K
N= 3.76096E-2 MOLES/GRAM
Fa 373457. FT-LB/LE

:. CV= 468.764 FT-LB/LB-DEG K
GAMMA= | +.2232
ETA= 268693 CU-1IN/LB




10+6 PERCENT DIETHYL PHTHALATE

.5 PERCENT LEAD STEARATE
514 PERCENT NITROCELLULOSE 12.6
| 2. PERCENT 2-NITRODIPHENYLAMINE
| ‘ 34.3 PERCENT NITROGLYCERINE
# - 1.5 PERCENT POTASSIUM SULPMATE
a PERCENT CARBON
100 PERCENT TOTAL

TV= 2845.93 DEGREES K
1 Ne 4.2623%E-2 MOLES Z7GRAM

F= 337469. FT-LEBE/LB

CV= 484,815 FT-LB/LB-DEG K
5. B GAMMA= 1424459
E£TAS 27.819 CU-IN/LB

r N . . D e Ly

PERCENT N
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NPFB 92 CALSO SPDN 10387)

3.07
10.25
*64
+66
83.83
1455
100

PERCENT
PERCENT

PERCENT

PERCENT
PERCENT
PERCENT
PERCENT

TU= 256639 DEGREES K

N= 4.42701E-2

DIBUTYL PHTHALATE

DINITROTOULENE

DIFHENYLAMINE

ETHYL ALCOHOL

NITROCELLULBSE 13.15 PERCENT N
WATER

TOTAL

MOLES/GRAM

F= 316075+ FT-LE/LB

CV= 485.875 FT-L3B/LB-DEG K

GAMMA= 1.25348

ETA= 30.1697 CU-IN/LB

*8




g, e

PYROCELLULGSE
«46 PERCENT DIPHENYLAMINE
S.71 PERCENT ETHYL ALCOHOL
93.79 PERCENT NITROCELLULOGSE 12.63
04 PERCENT WATER
100 PERCENT TOTAL

TVs 2552.07 DEGREES K

N= 4.45196E-2 MOLES/7GRAM

]

i

F= 316083, FTTLEILB

Cv= 501.226 FT~LB/LB-DEG K
GAMMA= | 247}

ETA® 29.85647 CU-IN/LB

PERCENT N




SPDN 8880

S5.12 PERCENT DIBUTYL PHTHALATE

10.25 PERCENT DINITROTOULENE

1 PERCENT DIPHENYLAMINE

«28 PERCENT ETHYL ALCONOL

8l.86 PERCENT NITRGCELLULGSE 13.13  PERCENT N
«85 PERCENT POTASSIUM SULPHATE

64 PERCENT WATEK

100 ' PERCENT TOTAL

TVa 2407.87 DEGREES K

N= «044939 MOLES/GRAM

- R F= 301032+ FT-LE/LE
’ CV= 4B2.736 FT-LB/LB=DEG K

I e SANMAE 1.25896
ETA= 30.6861 CU=IN/LD

1 i - "e




SPDN 9373 (ALS@ CDPB-LMH)

315 PERCENT DIBUTYL PHTHALATE

10.48 PERCENT DINITRA@TOULENE \

1.03 PERCENT DIPHENYLAMINE ;

« 63 PERGCENT ETHYL ALCOHOL

84.01 PERCENT NITRBCELLUL@SE: 1315 PERCENT N |
7 PERCENT WATER

100 PERCENT TOTAL

TV= 256442 DEGREES K

N= 4.44675E-2  MBLES/GRAM
F= 317242+ FT-LE/LE

CV= 4B2.347 FT-L:/LB-DEG K
GAMMA= 125647

ETA= 30.3871 CuU-IN/LB




pe-s x>

UNIGUE (ALSO BULLSEYE)

1.
25
5885
39.9

100

PERCENT ETHYL CENTRALITE, CARBAMITE
PERCENT GRAPHITE

PERCENT NITR@CELLULOSE 13.25  PERCENT N
PERCENT NITROGLYCERINE

PERCENT TOTAL

TV= 4021.31 DEGREES K

N= 364779E-2
F= 408089. FT-LB/LE
Cv= 474,21

GAMMA= 1.214

ETA= 26.0266 CU-IN/LB

e

FT-LB/LB-DEG K

MOGLES /GRAM
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VIII. RECOMMENDATIONS

The computer program discussed is a useful tool for the interior ballistician
engaged in simulation of CADs, guns, and other ballistic systems. It minimizes the
time spent and chance of error in performing these tedious calculations on new
propellants. As time permits, the additive constants should be detcrmined for new
propellants being developed. In addition, experimental determination of the ballistic -

properties of propellants should be conducted to verify, or perhaps modify, the
calculated data.




1X. BIBLIOGRAPHY

1.

2.

Hirschfelder, J. O. and Jack Sherman, Simple Calculation of Thermochemical A
Properties for Use in Ballistics, NDRC Report A-101, dated October 1942. ‘

Lewis, B. W. and S. Goldhagen, Revision of Additive Constants for the Simple
Calculation of Thermockemical Properties for Use in Ballistics, Naval Powder
Factory Report Number 104, dated 15 July 195S.




s gy b i sl 0 s s

APPENDIX A

DISTRIBUTION



DISTRIBUTION

Commanding Officer
- Rock Island Arsenal
Rock Island, Hlinois 61200

Commanding Officer
USAMC Research and Development Center
Aberdeen Proving Ground, Maryland 21005

Advanced Research Project Agency
Department of Defense
Washington, D. C. 20301

Commanding Officer
Harry Diamond Laboratories
Washington, D. C. 20438

Commanding Officer
Picatinny Arsenal
Dover, New Jersey 07801

Commander
U. S. Naval Ordnance Laboratory
White Oak. Silver Spring, Maryland 20910

Commandcer
U. S. Naval QOrdnance Station
Indian Head, Maryland 20640

Commander
U. S. Naval Weapons Center
China Lake, California 93535

Commander
U. §. Air Forve Armament Laboratory
Eglin Air Force Base, Florida 32542

Defense Docunie: tation Centor
Cameron Station
Alexandria, Virginia 22314

2)

N S A TR T e




Chemical Propulsion Information Agency
Applied Physics Laboratory

Johns Hopkins University

Silver Spring, Maryland 20910

Commanding Officer
Frankford Arsenal
Philadeiphia, Pennsylvania 19137

Explosive Department
E. 1. Dupont de Nemours and Company
Wilmington, Delaware 19898

Commanding Officer

U. S. Army Research Office
Box CM, Duke Station
Durham, North Carolina 27706

Commander
U. S. Naval Air Systems Comraand
Washington, D. C. 203061

Commander
U. S. Naval Rescarch Laboratory

Washington, D. C. 245390

Hercules Powder Company, Incorporated

Explosives and Chemical Propulsion Department

Wilmington. Delaware 19899

Hercules Incory mated
Explosive Division
Kenvil, New Jemsey 07847

Ls-cal

E
EC
ECS : (5)
EPD
FCC
FE




GXK
KP
MIL
MIP-2
MIP-3
MIM
TP

)

&)




UNCLASSIFIED

Sccurity Classification

DOCUMENT CONTROL DATA-R&D

tSecurity classitication of title, hody of abstract and indexing annotation must he entered when the overall report 15 closellied)

20, REPORT SECURITY CLASSIFICATION

UNCLASSIFIED

t ORIGINATING ACTIVITY (Corporate authar)

2b. GHOUP

Naval Weapons Laboratory
Dahigren, Virginia 22448

3. REPORY TITLE

A COMPUTER PROGRAM TO CALCULATE THERMAL AND BALLISTIC PPROPERTIES OF SOLID PROPELLANTS

4. PESCRIPTIVE NOTES (Type of report and,inclusive dates)

5. AUTHORIS) (First name, middle initial, last nome)

William J. Brown

74, TOTAL NO. OF PASES b. NO. CF REFS

|
¢ REFPORT DATYTE

July 1973

83, CONTRACT OR GRANT NO. 28, ORIGINATOR’S REPORT NUMBERIS)

b. PROJECT NO,

NWL TR-3007

c. 9b, OTHER REPORT NOIS) (Any nthor numbers that may be Qasigned
this report)

.

10 DISTAIBUTION STATEMENT
Distribution limited to U.S. Gov't. agencies only; Test and Evaluation; July 1973.
Other requests for this document must be referred to the Commander, Navai Weancns

Laboratory, Dahlgren, Virginia 22448.

11 SURPLEMENTARY NOTYES 1¢ SPONSONING MILITARY ACTIVIYY

T3 AQSTHAC Y

Thas report describes a computer program written to calculate ballistic ond thermal
properties of solid propellants using the method of additive constants. A program
Tisting and sample output are 1ncluded.

S 1473
D
i mg&i&;gmum i

, __'v_/v.. r,m:.uu-swq . A e e e e e

. R Y ? N
* o R o . N
N i

(PAGE 1)

Tl el L o . A 2 Ay

UNCLASSIFIED




