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A method for oaloulation of thermaohamiabloonatanta and ~ o d u o t s  of explosion of p ro~l lan t s  from the knowledge 
of molecular formulae and heats of formation of tho in redientsis given. A oomputer programnzein AUTOMATE-400 
ha3 bsen established for the method..  he result6 of apptortion of the method for n number of propellants ere given. - - 

- N O T A T I O N S  - 

a Number of atoms of oarbon 
- - - -  

b Number of atoms of hydrogen 
. . - .  

0" Specific heat at constant volume (callg) 
-- 4 - 

o Number of atoms of nitrogen 

c l  Number of akoms of oxygea 

E Intetaal energy of the gases (d /g )  
- - - - -_  ̂  I-- 

. . *\ 

P Force constant of the p~opellaiat (J/g) - - - -  - . - 

E, Heat of oombustion -of the propellant (oallg) - -  - q h  

Hj Heat of formation of the propellant (cal/g) -- -1 A _- 
- * -  

Hg Heat of formation of the gases (cal/g) . - -  

H Heat of reaction (oal/g) - . . 

K,, K,. . . K, Equilibrium constants I 

M Molecular weight of the ingredient (glmole) - 
- .  - 

m Mean molecular weight of gases (glmole) 

ra Number of moles of prpduct gasee per gramme (molelg) - - - 
p Pressure of explosion (Ml?a) 

Q Calorimebriu value of propellant (cal/g) - - - 
To Temperature of explosoin (OK) - - - 

T Approximate temperature of explosiop (OK) - 
. % .  

t Initial temperature of propellant (OK) 
- - 

V Volume per unit mass of gases (cmslg) 

v Gae volume at NTP (omslg) 
- 

X Percentage of the ingredient 

q Co-volume of propelkt gases (cms/g) 

y Ratio of specific heats. 
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The thermochemical mstants required to design a propellant for a gun are To, F, n, y, 9 m d  the 
of explosion (or gas complex). The data needed for computing these are the molecular formulae, 

heats of formation at constat vo1w.e and the percentage of the ingredients. A number of authors have 
given methods to calculate these pwmeters?~ They are satisfaet~fy for appmximate calculation, but 
em& methods are very tedious to handle without a computers. In the present paper the basic prinoiples of 
cdculation~ are unohanged and a completely new-set of equatio~lis have been developed for computing the 
equilibrium constants, mean molecular heats and correction terms for GO-volume in the equation of state. 
The computational procedure has been made suitable for use on a digitd computer. The method is applica- 
ble for propellants consisting of carbon, hydrogen, nitrogen and oxygen. 

M E T H O D  OF CALCULATT'ON 

The method of calculation consists of first estimating the approximate temperature of explosion (Ta)  
andl then cbulating the produds of explosion, the internal energy of the gas complex E and heat of reaction 
H,. If T a  is e m t  temperature of explosion To, then we have E=H,. If E#He,T,, is varied suitably and E 
and H, are calculated till E=H,. 

Let the ith ingredient be (Ca)i (H& (NJi  (0d)i. . The number of g atom18 of the carbon (C), hydrogesl 
(H) nitrogea ( N )  and oxygen (0) are given by 

(C)  = 0'01 X Xi Mi 

( H )  =O.Ol C Xi bi / Mi 

( N )  = 0.01 2 Xi c i  / Mi 

The energy releaed at  2500° K (Ezbm) is given by (assuming that for 77 moles of H,0 there are 
23 moles of COz) 

- 52049 (0) - 38906 (C)  - 6225 ( H )  - 6695 ( N )  - E2m - 
- ( 76550 ( C )  - 15050 (0) + 5000 ( H )  + ( N )  ) ( $ ) + 

C, -- 1.62 ( C )  + 3.265 ( H )  + 3.384 (N)+5*193 (0) 
T a  2500 3- E253U / Ce 

The major products of explosion via. CO,, 00, H202, M2 and H2 are evaluated 

we have 

(N2) = 4 (N) 
(00) + ( C o d  = (0) 

(H2) -t- (H2 0) = 4 (HI 

1 
Po) + 2 (002) + (H20) = (0) J 
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Water gas reaution is 

Using equations (1), (2), (3) and putting. 

only p i t i ve  value is considered, 

The other major prodW of exploion are oompukd by 

After mmpnting the major products of explosion, $b qmdicts of diasaoistiw via (OB), (a ), (NO), (0 
(0,) and (N1) are mkuhted (Subscript 1 is added to &s$ingslish the values of atomic oomp~~ition 
atomic dates in the gas copsplex) h m  the relations 

( 8 2  0 )  (OH) = -- V 20 n 
eXP ( - -7 

I 

- 

-- 
(Hz 0 )  d KT (NO) = --- - V 20 n 

~ 2 r - T  J s 2 , o e ~ .  e X ~  ( -  7- ba 



, I  

m e r e  the equilibrium constante I,, K i .  . . . . . . . . .K6 are given by 

El = ~ I P  { - 547.63 + 126.74 1.  Ta --7.3296 (1, Ta)') . -- 

K ,  =GP { -439'1 + 1-1.38 1 ,  Ta-5 .8382  ( 1 , ~ ~ ) ' )  

4 = exp ( - 164.22 + 19.878 1. T.) - -  - -  - 

K4 = exp ( -  2i1.79 + 29.386 1, T,) - 

K5 = exp ( -r 123.78 + 14.791 E ,  Ta) 

K6 = exp ( -  176.01 + 21'1.16 1, Ta) 
. - - . . These minor products axe formed hom the ma$r produots. . - - - 

Henoe the ptoducts are te~~lUIBtted by reducing (8) by (OH)+(Hi) a d  ( N )  by (NO)+(Nl)  - 
The value of ra , now becomes 

f i  = (0) + 4 { (a) + ( N )  1 + diss~ei~atioa produots: . -. - . - 

As stated before we oan find 00, and the other major products. The dissociation produots are reoalcu- 

- 

lated. - - - - - - 
The internal energies of these gasas are oslaulated by the equations - - - 

(B)B,o = [ (6 .1489 + 0.001861 TI-0.1801,  X lo4 Tp 

15240 -36.352 T, 3. G-008199 !€2 
- .- 

+ 56 X 164 ( -+- )2 ] (a~, - 

# - -3 

+ 2s.x ' l ~  ( + ] (CO,) 



RAO : T4ensoohenoical Coytmts of Propellants 
- 

(E)o, = (6.141 + 0.7253 1-X lo-' To -0.68137 X T2) (0,)- . 
(E)oH = (4.5697 + 0.58514 X lo--' Ta - 0.4102 X TD$) (OH) . 

( E ) N ~  = (4.9632 + 0.76776 X 10-';TG - 0' 91424 X lo-' T Z )  (NO) 
(E)Nl  = 2'98 6 ( N l )  
(E)a, - 2 - 9 8 6 ( H l )  - 

(E)o,  = 2.98 6 (0,) 
- - where 6 = T o  - t 

E = (E\co, + (E)co + . . . . . . . . . . . . + (E)o, 
H, = 94020 (CO,) + 26700 (CO) + 57510 (H,C) -- 895G (OH) -. 

- 5153 1 (H,) - 81150 (N,) - 215:O (NO) - 58850 (0,) 
H, = H,'- Hf 

If the initially estimated temperature of explosion T a  is exact then E,=I& if H, > E, Ta is decreased 
by a small quantity E and if H, < E ,  Ta is increased by e and the whole calculation is repeated till H,=E. 
The corresponding temperature is the exact tem~erai ur, of explosion To, 

Calczllatimb of Other Constanis 
Now we csn c3lcula' e p, 7 C,, y,  F ,  Q, rn and v using f i e  equations. 

Where B, and B, are given by 
R, = (18.236 - 0.0013106 T o  + 0 -968Ol x - 1 0 - ~ ~ _ T ~ ~ )  (Hi)+ 

+ (29.85 + 0.0021918 T o  - 0.4190 x To2) { ( x )  4- (CO) )+ 
3- (22.71.7 4- 0.019129 T c  - 0.26269 X lo6 Toa) (C0,)- 

-- (27.69 1 - 0.01S38 T o  + 0.25601 X T z )  .(H, 0) 

R, = ( 12.461 + O'0054043T0 -0'1753i X low5 T z  ) ( Hz-) + 
+ (400.59 - 0.15017 T ,  -t 0'17977 X lo-* T,2) { ( N 2 )  + ( 0 0 ) )  + 
+ (2610.8 - 0.97331 T o  + 0.11544 >( 10--8 To2) (C02)  + 
+ (425.72 - 0.16383 T,j + 0.20169 X lo-' To2) (H20)  

C, = 12.824 (COz) + 6.813 (CO) + 10'905 (HzO) 

+ 6 -53  (Ha) + 6.767 (&I 
/ 

P = 8.3143 m T o  
Q = 67380 (0) - 40670 (C)  - Hj A 

H, = 134720 (C) + 33705 ( H )  - 67380 (0) + Q 

RESULTS A N D  CONCLUSION 

A computer programme* ti$led 'THERM' has been established in AUTOMATH-400 language. The pro- 
gramme is extensively used in ERDL for studying the .t;hermochemical properties of conventional as well 
ns new types of experimsntal formulations. The computed resy?$s for a nyqber of pnventiond propellants 

*Available on request from Direotor, ERDL Pune. 
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at  s loading density of 0 -2 #,Kba are given* Ta15fes 1 a d  2. The r&dlts c6** the +&dity of the 
method proposed in the p p r .  

Propellant To P n Y 
(OK) - -- Jig (molelg) 

- .  
(dl@ 

- ----- 
MD 3205 1123 0.0421 1 -24 0 -950 

Y:3 (11 17) (0 .O4201) (yz3 (0 -9Wj 
W 1120 0' 43409 0 -960 

(3300) ( 1 ~ 9  (0 .0ase) "i2& (0 .%l) 
WM 3211 1119 0 a6419 0.96V 

(3220) fa1 17) (0.0417) (1 -24) (Q -921) 
SO 30% 1098 0 43427 1 .25 8 .sSO 

(3080) ( l l q )  (0.0427J (1 -25) (0.936) 
HSC 3643 1184 0 -0391 1 9 3  0 935 

(3630) (1166) ' (0.0387) (1 .22) ( .892) 
A 2670 1019 0.045?l 1 -26 1.005 

(2680) (1016) (0 -0458) (1 -268 (069;SJ 
NH 2680 975 0 .O& 1 .2 

(2680) (99:J (0 0487) (1 .26) (0 467) 
N 2600 0 a 0 6 7 3  'f 46. 1.000 

(2430) (983) (0 -0472) (1 .26) 
NQ 2846 1059 6 a0447 1 -26 'li2 

(2800) (1061) (0.0447) (1 -25) (0.976) 
--- 

Figures in parenthesis are reported values. 

This work has been carried out under the advice of Dr. S.K. Sinh*, Diree~r,  BRDL, Punt?. r 
ledge my thanks to Shri R.G.K. Nair an$ Shri D. Vittal for their valuable suggestions and construc- 
tive The cooperation rendered by the Computer Cenkfe, ARDB In estfiblishment of the pro- 
gramme is also gratefully acknowledged. 
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