CALCULATION OF THERMOCHEMICAL CONSTANTS OF PROPELLANTS
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A method for ealoulation of thermao chemical constants and products of explosion of propellants from the knowledge
of molecular formulae and heats of formation of the ingredientsis given. A computer programie in AvToMATH-£00
has besen established for the methoyd‘ 7The results, of app ication of the me}tho{l»ﬁqr. & nugzber of propellants gre given.
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The thermochemical gonstants required to designa propellant fora gun are Ty, F,n,y,n andthe
products of explosion (or gas complex). The data needed for computing these are the molecular formulae,
heats of formation at constant volume and the “percentage of the ingredients. A number of authors have
given methods to calculate these parameters.: 2 They are satisfactory for approzimate calculation, but
exact methods are very tedious to handle without & computers. In the present paper the basic prindiples of
- caloulationt are unchanged and a completely new set of equations have been developed for computing the
equilibrium constants, mean molecular heats and correction terms for co-volume in the equation of state.
The computational procedure has heen made suitable for use on a digital computer. The method is applica-
ble for propellants consisting of carbon, hydrogen, nitrogen and oxygen... ‘

METHOD OF CALCULATION

The method of calculation consists of first estimating the approximate temperatureof explosion (7.)
and then ealoulating the products of explosion, the internal energy of the gas complex E and heat of reaction
H,. If T, is exaot temperature of explosion T, then we have E=H,. If E#H==,T, is varied suitably and £
and H, are calculated till E=H,. ’ ' : ‘

Let the sth ingredient be (Cy)s (Hb),- (No)i (O3);- - The number of g atom/g of the carbon (€), hydrogen '
(H) nitrogen (N) and oxygen (0) are given by T

(0) = 0-01 Z X; o | M;
(H) =001 Z X; b; | M;
(N)=0'01 X Xici| M
(0) =001 Z Xidi | M;
9 =0+ {(H) + ()}
H—=001 2 X:(H)

The energy released at 2500° K (Egyq) is given by (assuming that for 77 moles of H;O there are
23 moles of CO,) ‘ .

By = 52049 (0) — 38906 (C) — 6225 (H) — 6695 (V) —

‘—-i {76550 (0) — 75050 (0) -+ 5000 (é) + 1750 () } ( —’1’7) +

+ {33-4 (€) ~ 15 (B) — 170 () — 674 (0)'} 100 (-%- )2 _H,

o= 162 (C) + 3265 (H) + 3-384 (V)+5°193(0)
Ty = 2500 - Eogy | O | o
The major products of explosion. viz. C0,, CO, H,0,, N, and H, are evaluated

we have - :
(W) =3 () ]
(C0) + (00,) = (0) n
(H,) + (H, 0) = } (H) , T o : |
(C0) + 2 (00,) + (H,0) = (0) '

22
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Water gas reagtion is g
(CO) (H, 0) o ’ i T
.~ 00y @) T e e

K, = [ exp-{ — 76230 + 18:917 T, - 1°1449 (l,, Ay ”x

exp [ { 38684 — 00036646 7, +o 4382'f><16~syﬁ} (_'_L)
2

V .
+‘93153—035333T +c428><m—41',,}f ) } ®)

Using equatlons (1), (2), (3) a.nd putting.
l—-{O 5(H)+(G)-(0)}K +(0)

, - 124 _ /2
Py )
only'pbsitive value is congidered, - T |
The other ma]or produets of explosion are compubed by -
(00) = (0) — (60,) - , » |
(Hy0) = (0) —(C) — 00 ) SR — ,
) =05 ) — 0+ O+ ©00) T Y
(V) =05 | : L |

After computing the major products of explosmn the ﬁroducts of d.lssacla.tmn viz(0H), (H ), (NO), 0),
" (O1) and (N,) are caloulated (Subscript 1 is added to diskinguish the values of atomlc composition and
atomic states in the gas complex) from the relamons ,

B0 TV s0m -

OH = Ty - I

o) (B N 82:06 7, xp (— ¥ ),Kl SR
;.@F QJ&%n K, |
o O VTS T 00 \
: (NQ)-’ '2 )y /J 8067, P (_ . }Ks

) (H,0) \2 -V ] ‘ o -

©)= ‘ (Hy) } g6, « o

wr—V@)J

8206T,, - Ky

Wﬂ=WE7J%ﬂEE. K,
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Where the equilibrium constants Ky, K........... K are given by
K, = oxp { — BAT53 + 126°74 1, Ty —T-3296 (I, Ta)?}- e
K, =exp{ — 439'1 + 1.1-38 1, T, — 58382 (1, Tu)*} -
Ky = exp (— 16442 - 19-878 1, T,) N
E, = exp (— 24179 -+ 29-385 1,, T.,) | AR
Ky =exp (— 12)'78 + 14791 1,, T.)
K, =exp (— 17601 + 21°146 I, To)
These minor products are formed from the major produats.- . - R
Hence the prod.ucbs are recaloulated by reducmg (H) by (OH)+(H l) a.nd (N ) by (N 0)+(N 1)

The value of % , now becomes : g ;
n --~(C) + 3 { () +(N)} 4+ diszoeiation produoﬁs* e e
As stated before we can find CO, and the other malor products The dlssOclatIOn products are recalcu-
lated. _ ‘ N

The internal energies of these gases are calculated_ by the equatlons e =

- (Blao= [ {5'1469+0-001861;T,,.~0-1801, X 1078 T2 } § —. ..

B ('%') {152*0 — 46°352 Ty -+ 67006199 1’3:}} :

+ % x 1@4.(—;‘,—)2](15!_(“)) | | | .

(E)co, = [ { 7-7666 + 0002032 74 — 0-24511 X 108 T2 } 5 —

— ( —?;— ) {1'34570 31374 T, + 0-91663 x 102 T,,Z} S
- N . R . n 2 R
o 290 x 108 ( > ) ] (©0,)
(B)y, = [ {4'6373 1 6+8138 X 10~8 T, — 0+9359 X 10— T,2 } 8 —

- ( —,Ii’_ ) { 32172 —13:603 T, + 0:80828 X 10— T2 ”-l-

v m \2
4+ 3% x 10t (‘Tf' ) ] (V)
(Bvoo. = [ {4 7814 4 0-80583 x 107 7, — 09381 x 1" 1! } —

- (J‘V—) { 39172 — 13603 T, - 0 80828><10—4T2}+

n 2
+31X104(~.[7~)](CO)‘
(BEYg, = [ {4'5344 + (51275 X 1,78 T, — 626038 X 1077 T,,z} s —

— ( — ) {6297 740278 T, + 02034 X 10—3 1',2} +.

4 3 x 10t (% )2 ] (H,)
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. (B)o, = (5141 4 0-72531 % 1073 T'; —0:68137 X 107 T,2) (0,)-
(B)or = (4'5697 4 058514 X 103 T, — 0-4102 X 10— T,?) (OH)
(B)yo = (4°9632 -+ 0-76776 X 10—3T, — 0-91424 X 10—7 T,?) (NO)
(B)y, = 2°988(Ny)
(B)m, = 2.988(H,)
(Blo, = 2:988(0)
where 6 = T, '—t' T
k = (Eeo, + (E’)oo o + (B)o,
H = 94020 (CO,) + 26700 (C0) + 57510 (H,0) — 5950 (OH) —
— 5153) (H,) — 81150 (N,) — 21500 (NO) — 58850 (01)
H, = Hg Hy
If the mmally estimated temperature of explosion T,is exact then H,=E, if H, > E, T, is decreased
by a small quantity € and if H, < E, T, is increased by e and the whole calculatlon is repeated till H,=E.
The corresponding temperature is the exact temperaiurs of exploslon To.
Calculation of Other Constants -
Now we can calcula‘e p, n Cy, v, F, @, m and v usmg the equations,

p=ssts () 1 (14 5+ )
Wwhere B, and B are given by | '

B, = (& 236 — 0-0013106 T, + 0- 96801 X 10=7 T,2) (H, Vi |
+ (29-85 -+ 0-0021918 T, — 0-4190 X 10— T;3) { (N,) + (CO) }+
+ (92°747 + 0019129 T, — 026269 X 10— T2) (CO,)—
- (27691 — 0-01838 T, + 025601 X 10— T,2)(H, 0)

B, = (12461 + 0-0054043T, — 0-17534 x 10—5 T2 ) ( Hy) +
- (40059 — 0-15017 T, - 017977 X 10=4 T,2) {(N) + (CO)} +

1 (2610°8 — 0- 97331 T, + 0-11544 X 103 T,2) (CO,) +
1 (425°72 — 0°16383 T, + 020169 X 10— T?) (H,0)

7 . B n —1
v (1 pena)
C, = 12'824 (C0y) + 6°813 (C0) + 10-905 (H,0)
+ 653 (Hy) + 6°767 (V)

g =10 4 192: n
F=283143nT, E
Q = 67380 (0) — 40670 (C) — H; , S
H, = 134720 (C) + 33705 (H) — 67380 (0) + @ '
- m=1n
7y = 22400 n

RESULTS AND CONCLUSION

A computer programme* titled ‘THERM’ has been established in AUTOMATH-400 language. - The pro-
gramme is extensively used in ERDL for studying the thermochemical properties of conventional as well
as new types of experimental formulations. The computed results for a number of convenmonal propella.n*s

*Available on request from Director, ERDL Pune.
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at aloading density of 0-2 #/Cms® are givenin TaMes 1 and 2. The restlts corrobiorate the validity of the
method proposed in the paper.
“tanim t
Gas CompLEx

mole/g

Propellant

co co N,0) (H) Na -0y OH) (B NO N
i 9% >(<1'0) s Vot N PN o B N Wi

MD  0-3939 0-1750 0-1028  0-5306 0-8021  0-7314 ~ 0-9419 . 0-665 0-9943  0-97056 - 0-1532

W 0-4337 0-1723 00968 0-4416 ~ 06179 - 2061 £-8377 - -85 1-091 1-928  6.2804

WM 0-3962 0-1761 0°1000 0-5166 0-5063 0-7723  0-9965 0-6664  0-9945 1013 01604
90 03340 0-1898 0-0902 0-6025 05232  0-1611  '2:676  0-4103 08337  0:3867  0.0757
. W80 04193 §.1337 0109 0270 05301 1197 74:92° 2436 1-504 25-25 2924
, 0-1939 0227t 0-0654 0-9642 ©0-5043 00805 0-0018 ©0-0711 - 03294 = 0-0097 . 0-0035
NH 02861 09510 0:0687 0-7566° 04615 00010 6-6027 0-0711 08013  0-0135 0.00%7
N 0-1392 0-1506 0-0736 050 1297 — 00003 0-0206 01882 00045 ©0:0015
NQ 02085 0-.1269 0-0968  0-7249 1-304 00118 0-0218 01863 04864 0-1061  0-0211

“Papip 2 ‘
PHERMOCHEMIOAT, CORSTANTS .

Propellant Ty, -F n v L e B Q@ -
we (’K) Jg  (molefg) (Cm®/g) (Caljg) (Callg)
MD 3205 1123 0-0421 1-24 0-950 928 1036
: {3220 17y (0:0420) 1 24 (0 -918) (1025)
w 329 1120 00409 124 0950 939 1041
(3300) (1123) {0 -6406) 124 - (0921 (1025)
wM 3212 1119 00419 14 0950 938 1029
(3220} 117y (0-0417), (1-24) T (9-921) (1013)
o) 3085 1098 0-0427 125 . 0 .960 877 971
(3090) (1100) {0-0427) (1-25) (0-936) (970)
HSC 3643 1184 0-0391 123 0935 1076 1200
(3630) (1156). = (0-0387) (1-22) (-892) (1175)
A 2670 1019 ¢0459 1-26 1-005 735 802
(2680) {1016) (0 0458) (126 (0-968) (810)
NH 2680 975 00437 12 09 718 788
(2680) (983) (0-0437) (1-26) (0-957) (765)
N 2500 983 0 0473 126 1-000 690 64
(2430) (983) (0 -0472) (1 -26) (1 -004) (766)
NQ 2846 1059 00447 125 0-958 806 904
(2800) (1061) (0-044m) (1 25y (0-975) (880)

Figures in parenthesis are reported values.
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