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ABSTRACT

11iis re~port describes ai com~puter program writte.n to calculate balismt1m anid
thermal propierties of solid propellants using the moiumod of additive :omistamuts A
program listing and sample output are included.
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1. 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 estimates of the ballistic properties of the propellant used. Most rf thesc
ballistic properties are calculated from the chemical constituents of the propellant,
Reference 1. A form that simplifies the computation of these ballistic properties has
been developed. However, the calculation, though simplified and done on a
high-speed desk calculator, is still tedious and time consuming. hlie method was
computerized and now it is only necessary to enter the percent of each chemical
constituent, and the computer prints out a standard format containing all tile
required information.
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!1. THE ADDITIVE CONSTANTS

Table I shows the form used to calculate the covolume of the propellant.
Tile first column, ci, is the number of parts of each const'tuint. The bottom entry
in that column, 1, is the total number of parts.

The Fecond column, c,, is the number of parts of each constituent divided
by .c' (bottom entry in first column). The last entry in the second column is the
total of that column and should equal (or very nearly equal) oni.

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

I I
i = (QC)+ (lHi)+ - (N,)

('. Ili, Mid Ni may be calculated as in the following example. For ethyl alcohol.
C'115 011:

Cz = 2012.011) 24-021
116 = 6( 1.008) =6.048

01=l~l.000) = l6.O000

SUM = 46.070

011h 0 tuln1N 4% hiirittlithcS are alolnw wigits of the w•Cstitultits..) i'ilen,

* = 114(s.01? 0.043411
Ili1 6/46.07 m0,130237
N ;2 0/4ti07 at 0.0

Thlle• C, ti t N. where C1 is th1 vaalue froit COIUmII 2 for eacl 4.0lstltuent.
11te 69 enlty in the third coluitma is the c•OUSnn total.

11le fourtlh iolunm contains the mean licat capatcity, C'i. for each consfiluent
multiplied by its quam.ity (c,. coluniw 2).

1"



-i 1.803(C) + 3.264(H1) + 5.008(01) + 3.328(N")

Oi is calculated in the same manner as C1, H1, and N, above. Tihe last entry in
column 4 is the column total.

The fifth column contains the energy released, E,, for each constituent again
multiplied by its c, from column 2.

Ei -E(U) - 38966(C,) - 6252(iii) + 52073(0 1) - 6721(N).

E( I) is tile energy of formation at 15'C for each constituent and may be obtained
from tabular data in Reference 2.

The sixth column contains the covolume. %g. for each constituent multiplied
by its c,. The covolumne. 17, may be calculated as follows. For nitroglyceruw,
C) HS (ON0 2 ):

(31 = 3412.011 36.033
t = "R 1.008) = S-040
09 = 9(6.000) = 144.000
"N3 = M 14.008) - 42.024

2'7.097

Henc..

K li8'.09(CJ 0.1321Q

9I
1-.03963

3
-"• -.. 0.01321

• 227.097

"0i '-"-' 0.039(3
• ' 227.097

i' 3



and

= 1.18 + 6.9(0.01321) - 11.5(0.03963)
= 0.81540 cm 3/gzn.

22.57 in3 /Ib

Thi final entry in tie column is the colunw total and rmpresents the ;ovolume of
the propellant.

4



TABLE 1

PROPELLANT COMPOSITION AND THERMODYNAMIC AND
BALLISTIC PROPERTIES OF COMBUSTION PRODUCTS

N C, E
gin-moles (tin)cal (gmfral id3

Component gm gm-0k gil . b1,
C.

Parts cC

Nitrocellulose
(13.25 % N) 58-50 0.5821 0.0199 0.1970 +170.55 16.011

Alcohol

Water

DBP
_NT_ 0-00239 0.0009 +213.04 10

- - - : l -I ]

itrol centrajitn 8.50 0.0846 0.00.o 0 075. +2 5 N,)

Triacttin ,0t) 00 4 0,005 .'4 0,44 ,;.?" "2 4

.ltd Star.t 0 0.5 0.004t) . 00(, 0.002% I > 0 2.

IU00,5 1,0000 0.43 01S09" 13

-- Ma

5I
Ii

• _ " . "• = -- " " -? " ' _" • : -_ Z - : . ) - .. . • . , v . r
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- 11. THE THERMAL PROPERTIES

Propellant therwla properties umv now bc calcubtd from the additive
"I " •onstants developed in the previous section.

Adiabatit; |amm Temnperature (Tv)

T,= 2.500+ =I.'°)

I Moles of Ps per gram (N)

I

Inmpetus (V)

'1 60 of sw6iic Was

cioi-ouii• till



IV. THE COMPUTER PROGRAM

The foregcing method was programnmed in bausi language to he run mii a
timne.slared comp:uter. A minor mtodification was made to the method -. ,-virmly

*.dcscribtd, in that a linear interpolation was used to determihc the additive ,,.-staplts
for the different percent values of nitrogen in nitroceliulose. 'The relation°' 'IS kowd
are:

n, = 0-.002118l5 4%N)+ 0.067867

C-1 -. 0063690 (%N) + 0.42280 "

Li 143.ti2WX"00 •%N) - 1 ,61 2-40=000

11l = - Itl.00L4 t(%N) 40.7104)00

'1Til agreemenet bctween chie abic relationslhips alnd iabulated v:ih'ws nbtatwlod bý

other m1ethods is very py-.. Thus, flitrowcllulo colllitaaug ally 4reamtahk er-tI
iihugeluo nmy be; -'udicd by the )uugranm.

V11um!i of en" are rd il the d4Ilk luutn t'o IniM ;Iow, ,t•J the !.1tv-IN r
iiute ,±t!•!ois d,•.-ibtcd albov- are uwd ni thcit•:r !la'e..j

.I
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V. PROGRAM LISTING

IO0N1OOREM NWBBCON 19JAN72 PROPELLANT CONSTANTS (WJB65)*
1 I OmI I0REM
120=120REM Z=O COMPUTES) Z:1 LISTS INPUT CONSTANTS.
I 30 130Z=0
I 40r 140G0T0220
1500150REM ENTER NAME OF' PROPELLANT ON NEXT LINE:.
160=160PRINT"'PROPELLANT NAME SHOULD BE ON THIS LINE-"
170=170PRINT
180=180REM ENTER PERCENT N IN NITROCELLULOSE ON NEXT LINE*
190-.190P0o
200>20OREM
2 1 Om 21 0G0OT029 0
220=220IF'Z: ITHEN29O
2 3 02 3OP R I NT".
2 A 0=2 4OFR IN T "
250=250O0RN= 1105
260=260PRINT
27 Or--27ONEX TN
28 0=28G 0 T 0 150
290=290DIMA(64),6S(6A),CC64).DC64),EC6A),FC64),*G(64),H(64rI(64)
300=300DIMJ(64),K(64),L(64),MC64)
310310Y=64
320=320F0RN=lT064STEP2
33LC=330A(N)xN

340=3AONEXTN
350=3S0H(IW):ACETONE"1
360=360B$(2)r-1 1
37 O= 37 OBS C 3) ="'ACETYLENE"
36Crm3808S.(4)'" 1
390--39GBS(5)='AMMONIUM NITRA'I
40O=4O0BS(6W"TE#'
41 041O8$0 WT'ARIUM NITRATV:
420=420PV(S)v""I
430=4.3OB$C9)W"BASIC LEAD CAR"
44~3=40PS( 10)u"NATEll
450(-450B$(11I)sn"RUTYI.. STEARATE"
46O-46OBS(12)W'
470=47O8$( 13Wl"DIAMYL PHTHALA"I
480=4808$( I A)'TE"
490=49OBSC15)="DIBUTYL PHTHAL"
50e 50uSOBS( 6) =) "ATEll
510=51OBS(17)u"DIETHYL PHTHAL8
52 9= 5206S ( 1.8 )a ATC"l
53or-530BS 19)uIDINITROTOULENE"
54or5.4OB$C20W:
55O=55,03SC21W):DIOCTYL PHTHAL" 1
560:--56OES(22)s"ATEl*
57 0%5'C'1BSC23)WDIPHENYLAMINE't

580rS60BSC2A)V"
5?0v59OB$(25)s"E:THYL ALCOHO0L"

* Oc60wOO8C26)W . 8

7 -. - l .



*11

61 0m61OBS(27)m*'ETHYL CF~NT1RALI"l
620m620BS(28)zl`TEs CARIBAM41TEP
6300630BSc29 )"GRAPHITE"
6402640BSC30WI 91
650m6508S(31W)lLEAD STEARATEO"

* 660=66O8S(3w" I
670= 670BS( 33)9"METHYL CENTRAL"
68 0-680BS( 34)w"ITEl"

* 69 =6908SC 35)='NITROCELLULOSE"*
700m7008$C36)="'
71007 1 OBSC37 32-NITR0DIPHENY"l
720=-720B$(30)=*'LAMIWE"
7 30r=73OBSc 39)2"NITROGLYCERINE'*
740=7408SC40allI
750=750E3S(41 )8"NITROGUANADINE"O
760=-760BS(4P)a",l PICRITE"
770=77OBSc 43WlPETNv9
780--780BS(40al ItI
79=91$4)'PT9AU, Mlo'
9 00=8008$c46W"NERAL JELLY"
3 ,-.F10B$C47)=lIP0TAS5IUM NITR"9
82'0=820B$( 48W)=ATEqv
8 30=83OBS f49) ="POTASSIUM SULPt
8 40=6403SC (50) ="HATE"
850=8508S(51 W:'RDXI"
860=-86O8Sc52Wl

* 8S70=87OBS( 53)m'TRIACETINl6
880=88QBS(54)=J '
890=8908SC 55W"*TRINI 1ROTOLUENI
900c90013SC56)W"El
9 l0=91OBS(57)W"VASELINE"
920m-9208SC58W, 1
930m9301BSC 59W):WATER16
940m940B$C60)v'*"
950=9SOBS(61 '`CELLUL0SL ACET"
960=96O03SC 6P)~ATE'l
97 Om 970E3$C 63) *"CARBON4"
980=9800SC602"
990=990FOHN- 1TOYSTEP2

10106= IOICNEXiNf
1O20"MOROHM ENTER C(N) VALUES AFTER THI5 LINE*
1030= 1030 kN=2TOY5TEP2
1040= 10'40IFCCN)=oTHEN 1080
10O0?00PRINT'*VALUE ENTERED FOR EVEN C(N)I CORRECT AND) RERUN"#
106&=106(MPkINT" PRiOGRAM."
1070a 1070ST91P
1080= 1060NEXTN

* I1090=1O0901.V=OTHENI 140
1100=1 !001CC(35)<3,THEN1200
11 10=111OPH!NT*"PERCENT N ENTERtED FOR( P* BUT NOCC35)J CORRECT AND"*

* 9



1 120. 112OPRINT"IRERUN PROGRAM*"'
1130N1 130STOJP
1140)11401FC(35)=OT)4EN1200
I 150.1 150IF~Z=1THEW12O0
1160.n1 1601 FP'c~o0THEN 1200
170=1.niOPRINT"YOU DID NOT ENTER PERCE.NT N FOR NITROCELLULOSEV's
1180.Il3OPRINT" ENTER P AND RERUN PROGRAM*"
1 190211 90STOP
1200. 1200FGRNu ITGYSTEP2
1210. I21OREADA (N). IJN),E(N), F(N)a G(N)
1220.1 22ONEXTN
123001 230PRINT
1240=1240IFZ-txITHENI 3$O
1250' 1 25OPRINT"OC0NSTI TUENT", *"NI". "$CVI". "*El " "'ETA!",
1260r I26OPRINT
1270. 127O1FORN= ITOYSTEP2
1280=1280IFN-(k35THEN!310
1290.1290PRINTBS(N)s"VALUES COMPUTED BASED ON PERCENT N"
1300. I 300GOT01 320
131 0.I31OPRINTBS(N).DCN),E(N).FCN),GCN,
1 202'320PRINTB$(VN.1)
! 33 0= 133ONEX TN
1340m.1 340GOT02340
1350.1 350OFRNu ITOYSTEP2
1360. 1360C=GC.CN)
1370O.1I 37('NEXTN
1380= 1360 1FCC35 )mOTHEN 1430
139(0.13900(35)s-2. 181 5E-3*P*6.Th67E-2
1400.-1 4J0EC35)0-6.369E-3*P.0.42?,66
1414141IAOFC35)=143*82*P-161294
1420.1 420GC3S)m- '*P+40.71I
1430t. l430FORNe ITOYSTEP2
1440.)1 440N(N)=C(N) /C
1450.)145ONEXTN
1460. 1460F0RN~1T0Y
1470. l470H=H+14(N)
1480.! 1480NECTN
1490.) 490FORN=I1TOYSTEP2
1500. 1500I1FC(N)=0TNEN1 590

15! 0=15101IFN435THEN156LI ~ ~1520. 152OMCN)=INT(1000O*t4(N).0* 5) /10000I
l530tl53qPRINTlOO*MCN4))"PlERGENT "s8S(N)J8SCN.1)JPJ"PEHCENTN"l
1540015S40PRINT
1550.155060T0l 590
15i60.1560M(N)z-INT( t00O0*H(N).0.5)'1O0000
l570m3570PRINTIOO*MN)J"'ERCENT "m8$(N)iBSCN~1)
1 580= 1580PH INT
1590.1 59ONEXTN
1600.1 600N=INTC 10000*4+0.5) /10000
161 0=- 610PRINT100*9; "PERCENT "s"TOITALWO
16POO 1620PRI~NT

In "VV Z Y



1630=1 63OPRINT
1640a1 640OFRNs ITOYSTEP2
1650=1650! (N)=D(N)*H(N)
1660=1 66ONEXTN
1670z 1670F0RN= ITOYSTEP2t
1680z 16801II~(N)
169 0m 1690NEXTP.
1700= I700FORN= ITOYSTEP2
171l0wI7I0JCN)=E(N)*H(N)
1720= I72ONEXTN
1730wI730F0RN=ITOYSTEP2
17 40c 17 40J=J+J (N)
17 50= 17 50NEXTN
17 60. 17 60OFRNo I TOY STE:P2
1770= 1770KCN)=F(N)*HCN)
17801= 780NEXTN
1790- 1790F0RN= 1TOYSTEP2
80=1800SOK=K+KCN)
1810-I8IONEXTNI 1B20=IW20OFRN=IT0YZjTEP2
18 36Co 18 30L (N)= G CN) *HCN.)
184NI 84('iNEXTN
18 5Or 18 5L FRNO 167' S TEP2
IF,6 tr 18 60L=L.4L CN)
1870= 187011EXTN
1880= 188'T=2501+K/JI I89O0 1890F=2782*1*T
19O0(=-9O0M=1.C!78i2*1)/C 1400*J)
1910=1910PNINT'TV."'*TPI"DEGREF.S K"
1920= 192OPPINT
1930= 193OPR7NT"M "5 1i""40LES/GRAN"
1941= 1940PRIrNT
19 ý0I 95OPR 1NPOF"j .P."FT-LT/L8"
1960. 1?60P'RINT
1970= 197 (w:,'NT*'CV="i I400*JI "FT-LrB- DEC K"'
1900 Iý 98 OPR A-NT
19 9 N 1990PR I NI"GA'4MA=234;
2000=2000PR INT
2010 20 1 OP I1NT"ETAr 's L; "ICU- I N LlV
2320=-2020DATA1.O.1o0336.o.5107.-2842,s.57.22

e4O22040DA1 A5*0*03746*Co4424. 405. 1#22.83
P050--O50UATA7 .0.00765. 0. 1 374. 131 s.*34
2060.2060DATA9.0.00387.o.O91.-199.7,1a
20?0=:2070DATAI *01.02919.0.5675,-379-6.4'. IS
2080=-20800ATA13.Oan'13.o.4408..3. 49. 5.58.81
2090.2O9ODATA1%s.0.097.0.43'%6.-269I. 56.97
2 10 OX21 00ATA 1 0o 086'.s 3-3931 *-2242a 37 -25
LI 10i2) iODATA19,.Cý039.0.3239..643.71a0.o44L
22N2IP.20DA.T-'Ae 0. 1 101. 0*4796P-3101. 60
2130-2a30DATA23,o.o10636.o.36,v-3007#65*44

jp ~ vo I o



2140W2140DATA25 0. 10853. 0.6121#-2772. 56. 35
2150=2150DATA27,O.10434,0.4013.o-2882.62.6

A21 60=2160DATA29, 0. 8326. 0.1349, 3234. 60.45
2170=2170DATA31,PO.12245*,o 5714,P-3726*5*40
2l80.2180DATA33, 0 1 0222. 0.3987. .2833. 43. 44
219Os2190DATA35*0#O0*0*
220O=2200DATA37. 3.08402,093317,..1949.66
22 10:2 I ODATA39, 0. 3062. 0.3388. 951. 5.22.78
2220m2220DATA41*0*04804#0*369#-57 .4,31.77
223002230DATA43,O.0348.0.3485.724. 1,24.86
22400224ODATA45,O.14St.0.6128,-4113,65@64
2250=2250DATA47.o.O0989.o.21 58.25,23.61
226Lc022600ATA49.-0.00574.O,.2708.-662.4,9. 36
2270-2270DATA5 1. 004052. 0.339 1 #639, 28 *51
22B0'-2260DATA53.0.07333.O.*4191 ,-1972.6. 43.77
22-9022e9DATA55.0.O484.0.3035.-It 10.134.31
2300-23000ATA57i 09142.o 05983* -4175. 1 a65. 65
23t0C2310~lg'TA59.0.05551.0.6403,-1552.2.24.6
232002320DATA61.0.06944.0. 11735,2722.72.31.716
2330';2330DATA63.0.*08326.0. 1349o-3234.60.45
234002340END



j • VI. ADDITIVE CONSTANTS STORED IN THE PROGRAM

CONSTITUENT NI CV! El ETAl

ACETONE o10336 ,5107 -2842,5 57.22

ACETYLENE .11532 93755 -1374 69.3

AMMONIUM NITRA o03?48 94424 405.1 22-83

TE
BARIUM NITRATE *0076b .*1574 131 3b.34

BASIC LEAD CAR .00387 .091 -199.7 10
BONATE
BUTYL STEARATE *12919 .5675 -3726 43.1b

DIAMYL PHTHALA o1013 .4408 -3149.5 b5881
TE
DIBUTYL 3HTHAL .097 94336 -2691 56.97
ATE
DIElHYL PHIHAL .0865 .3931 -2242 37.25
ATE
DINITROC1ULENE s06039 .3239 -6,48.7 40.44

DIOCTYL PHTHAL .1101 .4796 -3101 60
ATE
DIPHENYLANINE .10636 .36 -3007 65.44

ETHYL ALCOHOL .10853 .6121 -2772 Z)60 J5

ETHYL CENTRALI o10434 .4013 -2882 62.6
TEa CAROAHITE
GRAPHITE *08326 .1349 -3234 60*45

LEAP STEARATE .12245 .5714 -3726.5

MEiHYL CENTRAL .10222 .3987 -2833 43.44

IT'E
INIROCELLULUSEVALULS COMPUTED BASED ON PERCENT N

2-NITHODIPHENY .08402 .3317 -1949 66
LAM! NE
NI•UR.LYCENINE .03082 .3388 9b1.5 22.76

NITROGUANADINE .04604 .369 -57,4 31.77

* PICHITE
PEUN .0348 .34865 724.2 2406

PETRULATUm. MI .1451 o6128 -4113 6b23,
NE•AL JELLY
POTASSIUM NI1H ,00969 ,21b4 65 23.61
ATE

13



CONSTITUENT NI CVI El ETAI

POTASSIUM SULP-s00574 #2708 -662.4 9.36
HATE
ROX .04052 *3391 639 28.51

IhIACETIN .07333 .4191 -1972.6 43.77

TRIC.:TOTOLUEN .0484 .3035 -110.1 34.31
E
VASELINE .142 o5963 -4176.1 656.66

WATER .05551 .6403 -1552.2 24.6

CELLULOSE ACET .06944 .11735 27228.72 31*776
ATE
CARIBON .08326 01349 -3234 60.4b

V 14



VI1. PROGRAM OUTPUT FOR ALL PROPELLANTS RUN TO DATE

!HES 4831093 (ALSO SEE HIVEV 02 AND 142)

1.5 PERCENT BARIUM NITRATE

.6 ~PER~ai? ETHYL? CENTRAL! TEP CARBANIXTE

.25 PERCDJT GRAPH1ITE

77.35 PERCENT NIITROCELLULOSSE 13.15 PERCENT N4

19.5 PERCENT NITROGLYCERIZNE

e8 PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL'

T~s 3627671 DEGREES K

No 3.7 0439E-2 MOLES/GRAZ4

F~ 37668 86. flr-LB/Lb

CV. 469.278 FT-L.B/1.B-DEX3 K

GAr4MAý 1. 22138

ETA* 26.4055 GU-UJ/L.B

VIC 'Nor t



flES 5130

2.49 PERCENT DIN! TROTOUILENE

8.46 PERCENT ETHIYL!CENTRAIdTED .CARBANITE

.5 PERCENT LEAD STEARATE

58.2 PERCENT NIITROCELLULOSSE 13.25 PBRCEr4T N

22939 PERCENT NITROGLYCERINE

7.96 PERCENT TRIACETIN

100 PERCENT TOTAL'

TV= 2352. 14 DEGREES K

No e046356 MOLESI'GRAM

Ps 303333. FT-Lb/Lb

CV= 491.51 FT-LB/LBuDEG K

* . GAM~4A* 1.26238

ETA= 31.0688 CU-INII.8
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lIES S250,86 (ALSO lIES 4100.27 ANID 11pC46)

1.5 PERCENT BARIUU NITRATE

.6 PERCENT ETHIYL' CEN1TRAL1TEo CAfi3AIZTE

0 925 PERCENT GRAPHITE

69.35PERCENT NITRSOCELULOSE. 13.25 PERCENT N

190.5 PERCENT NITROGLYCERINE

.5PERCENT POTASSIUMI NliRATE

8..PERCENT CF1LULOLSE ACETATE

100 PERICENT TOTOLT

TV& 4340.55 D~3nE&S K

Nua 3.96134E-2 MOLES/GitA4E

Rm 478351. PT-LL/LL

CV. 443.822 FT-LB&L- DEG3 K

GAMMIA=- 1.24831

ErA-2 26.9734 CU-IN/IB

17



)4ES 5250.87 CALSO HES 4100.29 AND )IPC-87)

is PERCENT BARIUM NITRATE

6.5 PERCENT ETHYL CENTRALITEP CARBAMITE

.2 PERCENT GRAPH4ITE

71.3 PERCENT NITROCELLULOSE 133.25 PERCENT N

20. PERCENT NITROGLYCERINE

1. PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TVý 3130.67 DEGREES K

N= .041068 MOLES/GRAM

CV= 474::4 61 ;;T:LB:LDEG K
GAMMA= 1.*24061

ETAc 28.7144 CU-IN**LW

tot



lIES 5250.94

2.S PERCENT DINITROTOULENE

8. PERCENT ETHYL 3ENTRALITEs CARBAHITE

.5 PERCENT LEAD MTARATE

58.5 PERCENT NITROCELLULOSE 13.25 PERCEI4

22.5 PERCENT NITROGLYCERINE

so PERCENT TRIACETIN.J100 PERCENT TOTAL

TV= 2392o78 DEGREES K

Nz 4*60629E-2 MOLES.'GiAM

F=306628o Fl-LbiLb-

CV= 491.151 FT-L8iL8-DE.G K

GAMMA* i,264)91

ETA= 30.9102 CU-1,4/LS3

009
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HES 5250.95 (ALSO1 I*C-95)

.75 PERCENT DZPHENYLAMINE

.25 PERCENT GR~API'HTE

7b. kERCEAT NITAOCELLULOSE 13.25 P~ERCENT N

20, PERCENT NITHOGGLY(EMINE

14 ~PER~CENT P~OTASSIUM4 SUIYHATE

t00 h'L:4CENT TOTAL

TV= 36310.~6 DEGREES K

N= 3o75029E-2 MOLES /G.AM

F= 37bb4oo fT-LE/LL

CV= 472.51? FT-Ld/L8-DEG K

GAMMA= 1 *2206

ErTA= 26*7103 CU-1IJ/Ltj



NES 5250.96

1.5 PERCENT BARIUM NITRATE

965 P~ERCENT ETHYL CENTIdALITE* GAu~4AMITE

.2 PERCENT GRAPHITE

76.85 PERCENT NITROCELLULOSE l3oZ3 PEIACELNT N

20. PERCENT NITAOGLVCERINE

Oki PERCENT POTASSIUM NITrKATE

100 PERCENT TOTAL

TV= 3672.5 DEGREES K

Na .037145 m0LEStG#AAM

F= 379506o FT-LEILb

CVw 468.777 FT-LOIB/4-DEG K

GAMMA= l.22044

ElAm 26.60)bB UI8

&New



77ý.it

IF -

41~

)4ES 5250.200

1. PERCENT BARIUM NITRATE

6-.5 PERCENT ETHYL CENTPALITEs CARBAMITE

.2 PERCENT GRAPHITE

714.3 PERCENT NITROCELLULOLSE 13.25 PERCENT N

20. PERCENT NITROGLYCERINE

1. PERCENT POTASSIUM NITRATE

too PERCENT TOTAL

TV= 3110.67 DEGREES KJ N= .041065 MOLES/GRAM

F= 355398. 1FT-LEb/Lb

CV= 474.*346 FT-LB/LB-DEG K

GAMMA= 1.24061

E-TA= 28.7144 CU-IN/L8

22



HE$ 5250.201

1.PERCENT BARIUM NITRATE

6.5 PERCENT ETHYL CENTRALITE* CARBAMITE

.2 PERCENT GRAPHITE

71.3 PERCENT NITROCELLULOSE 13.25 PERCENT N

20. PERCENT NITROGLYCERINE.

I. PERCENT POTASSIUM NITRATE

100 PERCE.NT TOTAL

TV= 3110.67 DEGREES K

N= .041068 MOLES/GRAM

F= 355398. FT-LB/LB

CV= 474.846 FT-LB/LB-DEG K

GAMMA= 1 .24061

ETA= 28.7144 CU-IN/LB

23



HES 5250*202

1. PERCENT BARIUM NITRATE

695 PERCENT ETH4YL CENTRALITEs CARBAMITE

.2 PERCENT GRAPHITE

71.3 PERCENT NITROCELLULOSE 13.25 PERCENT N

20. PERCENT NITH0GLYCERINE

to PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TV= 3110.67 DEGREES K

Ný .041068 MOLES/GRAM

F= 35539he FT-LIb/Lb

CV= 474.646 FT-La/Lb-DEG K

GAMMA= 1 .24061

ETA= 28.7144 CU-IN/Lb

14'
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HES 5250.203

I.PERCENT BARIUM NITRATE

6o5 PERCENT ETHYL CENTRALITEP CARh3AMMT

.2 PERCENT GRAPHITE

71.3 PERCENT NITROCELLULOSE 13.25 PER~CENT N

20. PERCENT NITROGLYCE.RINE

1.PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TV= 3110.67 DEGREES K

N2 .041068 MOLES/GkRAM

F= 355398. FT-Lb/Lb

* CV8 474.646 FT-LB/LB-DEG K

GAMMAr- 1.*24061

ETA= 28.7144 CU-IN/LS

*~ 25



ICES 5354-26A

1.5 PERCENT BARIUM NITRATE

.6 PERCENT ETHYL CENTRALITEs CARSAMITE

.25 PERCENT GRAP~HITE

77.35 PERCENT NITROCELLULOSE 13.25 PERCENT N

19.5 PERCENT NITROGLYCERINE

.8 PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TVJ= 3662.61 DEGREES K

N= 3971752E-2 MOLES/GRAM

F= 378792. FT-LB/LB

CV= 468*588 FT-LB/LB-DEG K

GAMMAm 1.*22071 *

ETA= 26.6261 CU-1IN/LS

1.61

r-7-77.77.



HIVEL #2 (ALSO SEE )4ES 4831s98 AND M-2)

1.5 PERCENT BARIUM NITRATE

.6 PERCENT ETHYL CENTRALITE* CARBAMITE

0r 25 PERCENT GRAPHITE

177935 PERCENT NITROCELLULOSE 13.15 PERCENT N

19.5 PERCENT NITROGLYCERINE

*8 PERCENT POTASSIUM NITRATE

t00 PERCENT TOTAL

TV= 3627.71 DEGREES K

Nz 3.73439E-2 MOLES/GHAM

F= 376886. F7-LB/Lb

CV= 469.278 FT-LB/LB-DEG K

GAMMA= 1.22138

ETA= 26.7055 CU-IN/LB

) 27



.. ~~ Th - 2 ~ ~ 01

1t4R 5010 LOT 255

*62 PERCENT ACETONE

8.99 PERCENT DINITROTOULENE

e6 PERCENT DIPHENYLAMINE

86.14 PERCENT NITROCELLULOSE 13.16 PERCENT N

.7 PERCENT POTASSIUM4 SULPHATE

.95 PERCENT WATER

100 PERCENT TOTAL

TV= 289l.68 DEGREES K

N= 4.1709SE-2 MOLES/GRAM

Fa 335539. PT-LL/LB

CV= 477.759 FT-LB/La-DEG K

GAMMA= 1o24287

ETA= 28*964b CU-IN/LB

28

¾~7Qe



IND 7199 (ALSO IOW 7199)

2.88 PERCENT DWBUTYL PH4THALATE

9.59 PER~CENT DINITROTOULENE

.86 PERCENT DIPHENYLAMINE

36.67 PERCENT NITROCELLULOSE 13.16 PERCENT N

t0o PERCENT TOTAL

TV* 2727.14 DEGREES K

Na 4.34383E-2 MOLES/GRAM

V. 329562m *TL~L

CVm 47 69693 FT-Ll/LB-DEG K

GAMMAm 1 .25351

ETA= 29.9593 CU-LN/L13

29
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M-2 (ALSO SEE HIVEL #2' AND HES 4831.98)

1.5 PERCENT BARIUM NITRATE

.6 PERCENT ETHYL CENTRALITEP CARBAMlIE

.25 PERCENT GRAPHITE

77o35 PERCENT NITROCELLULOSE 13.15 PERCENT N

19.5 PERCENT NITROGLYCERINE

es PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TVý2 3627.71 DEGREES K

Na 3,73439E-2 MOLES/GRAM

F= 376886. PT-Lb/LL

CV= 469.270 FT-LB/LB-DEG K

GAMMA= 1.*22138

ETA= 26.0055 CU-IN/L8

30
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1.4 PERCENT BARIUM NITRATE

*6 PERCENT ETHYL CENTRALITEP CARBA#4ITE

.s3 PERCENT GRAPHITE

81.95 PERCENT NITROCELLULOSE 13a.25 PERCENT N

15. PERCENT NITROGLYCERINE

.75 PERCENT POTASSIUM NITRATE

100 PERCENT TOTAL

TV= 3569.32 DEGREES K

N= 3*76096E-2 MOLES/GRAM

Fa 373457s FT-LB/LB

GV= 468.764 FT-LB/LB-DEG K

GAMMA= 1 .2232

ETA= 26.8693 CU-IN/LB

so

31



N-4I

10.6 PERCENT DIETHYL PHTHALATE

.5 PERCENT LEAD STEARATE

51. PERCENT NITROCELLULOSE 12.6 PERCENT N

20 PERCENT 2-NITRODIPHENYLAMINE

34.3 PERCENT NITROGLYCERINE

1.5 PERCENT POTASSIUM SULPHATE

*I PERCENT CARBON

100 PERCENT TOTAL

TVz 2845.93 DEGREES K

Nz 4*26239E-2 HOLES /GRAM

Fz 337469. PT-LE/Lb

CV= 484#815 FT-LB/LB-DEG K

GAMMA= 1 .24459

ETA= 27.819 CU-IN/LB

32



MM

NPFB ;ý9 CALS0 SPDN 10387)

3.07 PERCENT DIBUTYL PHTHALATE

10.25 PERCENT DINITROTOULENE

.64 PERCENT DIPHENYLAMINE

.66 PERCENT ETHYL ALCOHOL

83.83 PERCENT NITROCELLULOSE 13.15 PERCENT N

1.55 PERCENT WATER

t00 PERCENT TOTAL

TV= 2566*39 DEGREES K

Nz 4e42701E-2 HOLES/GitAM

F= 316075. Y'r-LBLE

GVS 485.875 FT-LBILB-DEG K

GANMtA= 1.*25348

ETA= 30.1697 CU-1N/LB



PYR 0CELLULOSE

.46 PERCENT DIPHENYLAMINE

5.71 PERCENT ETHYL ALCOHOL

93.79 PERCENT NITROCELLULOSE 12.63 PERCENT N

904 PE.RCENT WATER

t00 PERCENT TOTAL

TV= 2552.07 DEGREES K

N= 4*45196E-2 MOLES/GRAM

F= 3160b3o FT-LB/Lb

CV= 501 .226 FT-L8/WBDEG K

GAMMA= 1.2471

ETA* 29-8647 CU-IN/L1b

34



F ip,

SPDN 8880

S5-12 PERCENT DIBUTYL PHTHALATE

10.25 PERCENT DINITROTOULENE

1 PERCENT DIPHENYLAMINE

"e28 PERCENT ETHYL ALCOHOL

"81.86 PERCENT NITROCELLULOSE 13.13 PERCENT N

.85 PERCENT POTASSIUM SULPHATE

.64 PERCENT WATER

100 PERCENT TOTAL

TV= 2407.87 DEGREES K

N= .044939 MOLES/GRAM

.. F= 301032.l- •L•L.-L

CV= 462.736 FT-L8./L,-DEG K

3AMMAv 1.25698

ETA= 30o6b1 CU-IN/LO

I" ~I
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SPDN 9373 (ALSO CDPB-LNH)

3.15 PERCENT DIBUTYL PHTHALATE

10.48 PERCENT DINITROTOULENE

1.03 PERCENT DIPHENYLAMINE

.63 PERCENT ETHYL ALCOHOL

84.01 PERCENT NITROCELLULOSE 13.15 PERCENT N

w7 PERCENT WATER

100 PERCENT TOTAL

TV= 2564.42 DEGREES K

N= 4.44675E-2 MOLES/GRAM

CV= 482.347 FT-Lý/LS-DEG K

GAMMA= 1..25647

ETA= 30o3871 CU-IN/LB

36
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UNIQUE (ALSO BULLSEYE)

1.PERCENT ETHYL CENTRALITEP CARSAMITE

o25 PERCENT GRAPHITE

58.85 PERCENT NITROCELLULOSE 13.25 PERCENT N

39.9 PERCENT NITROGLYCERINE

t00 PERCENT TOTAL

TV= 4021.31 DEGREES K

N= 3*64779E-2 MOLES/GRAM

F= 408089. fT-Lb/Lb

CV= 474.21 FT-LB/LB-DEG K

GAMMA= 1.214

ETA= 26.0266 CU-IN/LB
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VIII. RECOMMENDATIONS

The computer program discussed is a useful tool for the interior ballisticianengaged in simulation of CADs, guns, and other ballistic systems. It minimizes thetime spent and chance of error in performing these tedious calculations on newpropellants. As time permits, the additive constants should be determined for newpropellants being developed. In addition, experimental determination of the ballisticproperties of propellants should be conducted to verify, or perhaps modify, the
calculated data.
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