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A SimDlo Method For Calculating Detonation 
Parameters of Explosives 

Wu Xiong 
Xian Modern Chemistry Research I n s t i t u t e  

Xian, China 

Detonation velocity of explosives including 
single compounds and mixtures may be calcu- 
lated py means of a simple empirical equation 
D = aQx + bw.8 , a 5 67.6, b - 243.2; adiabat 
exponent by a equation r - r + re( 1 - e 
Thus, the detonation pressure can be estimated 
from the theoretical  equation P = AD2/( 1 + r ). 
Q is the heat of detonation, w i s  the potent ia l  
energy. r i s  the adiabat exponent, and L is the 
i n i t i a l  density. The agreements between 
calculated r e su l t s  and the experimental data a re  
reasonably satisfactory. 

-0,5463). 

the 

IBTRODUC TIOB 

Detonation parameters of explosives are required i n  engl- 
neering applications. 

The most widely used equation of state is the semiempiri- 
cal  BKW EOS palibrated by Mader.’ With it and its FORTRAN BKW 
code, the detonation properties of hundreds of explosives have 
been calculated.’ Recently, the author proposed a new equation 
oS state  called VLV BOs for detonation products based on the 
v i r i a l  theory and the thermoaynamio functions whih is of higher 

th6 
detonation proporties of explosives composed of CWOI CNOI WOi 
NO, HIJ, CHNOF, and CRRP have been calculated. And good amsmen ta  
between the calculated results and the experimental data were 

By using VLW EOS and i ts  FORTRAN VLW code, 
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~ b t a i n e d . ~  But these c a l c u l a t i o n s  are rather complex, and a 
simple but h igh  accuracy way is proposed f o r  engineer ing  apwli-  
c a t i o n s  i n  t h i s  paper. 

FORMULAE 

1 .  Detonat ion v e l o c i t y  

equat ion 
The de tona t ion  v e l o c i t y  can  be c a l c u l a t e d  by a n  e m p i r i c a l  

D = a$ + bw& (1-1) 

where D is t he  d e t o n a t i o n  v e l o c i t y f m / s e c ) ; Z ,  the i n i t i a l  d e n s i t y  
(g/cc)  : Q, t h e  h e a t  bf de tona t ion(ca l /g)  : w, t h e  p o t e n t i a l  energy: 
t h e  cons tan ts  a = 67.6, b 5 243.2. 

From Eq. ( l - l ) ,  w e  can  aee  that  the d e t o n a t i o p  v e l o c i t y  D 
depends on two parties, one is the heat energy aQ', the o t h e r  is 
t he  p o t e n t i a l  energy bwk. 

When -. 0, and l e t  r = 1.244, the? 
D --. 67.6Qx =*64.6(2(r2 - 7)Q)' (m/sec) 

2 (2(r2  - I I Q )  x ( c a l / g )  

I n  t h i s  case, Eq.(l-l)  is i n  agreement w i t h  that o f  the d e t o n a t i o n  
v e l o c i t y  of idea gases i n  theory. 

The heat of de tona t ion  Q can be obta ined  from 

Q -( Z N i A H i  - AHf)FI 

where 
formation of explosives;  H i ,  the molar s p e c i e s  1; M, t h e  formula 

Hi is t h e  h e a t  of  formation of s p e c i e s  i; Hi,  the heat of  

weight O f  explosive.  
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The p o t e n t i a l  energy w can be obtained from 

w 'E"i'Ii/M 

where 
of qec i e s  i. 

Ki i s  t h e  covolume of s p e c i e s  i: Nip the number of  molea 

Table 2. The covolume of s p e c i e s  

H20 C02 CO N2 H2 0 2  C H I  C ( s )  
250 600 390 380 214 350 520 (46) 

............................. 

2. Adiabat exponent 

I n  1961, Apin assumed that  t he  a d l a b a t  exponent only depen3s 
6 on t h e  s p e c i e s  of de tona t ion  proaucts .  He proposed 

1/r = L Oi/ri) ( 1-21 

where  Xi is t h e  molal f r a c t i o n  of s p e c i e s  i; ri is the acliabat 
exponent of spec ies  I. 

On t h e  o tber  hand, i n  1973, Defourneaux assumed that t h e  
a d l a b a t  exponent r only depends on tPe i n i t i a l  densi ty .  So he 
proposed' 

r = 1.9 + 0.6L ( 1-31 

I t  is evident  tha t  ?q.( l -Z? am? ?q. ! l -?)  are in c o n t r a d i c t i o n  
w i t h  each  other .  

be considered as both the rnecies of d e t o n a t i o n  products  and t h e  
i n i t i a l  densi ty .  

r 0 r + ro(l - e-O*546J*) 

I n  t h i s  paper, we propose tha t  t h e  adiabat exponent should 

( 1-41 

f. = LNJL (Ni/Gi) 

where r = Cp/Cvp C p  is t h e  s p e c i f i c  hea t  at  cons tan t  pressure:  
cv, the s p e c i f i c  h e a t  at cons tan t  volume. And l e t  r = 1.25. 
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The values of gihave been f i t t ed  from t h e  experimental 

From Eq.(l-4), when 5 -. 
resu l t s  avaiable by P vs $, and l i s t e d  in  table  3. 

oI p - r - 1.25; 
L - w .  r -  r +  I: 

1 

2 
3 

1 Defouneaux 
2 T h i s  paper 

I 
0 

9. 

3. Detonation pressure 

According t o  the detonation theory, we have 

4 D 2. 1 0-5 
r +  1 

P =  

where P l a  the C-J pressure (Kbar): D and r are estimated from 
Eq.(l-1) and Bq.(1-4) 

4. Detonation products 

It i e  v i t a l l y  isportant t o  determine the detonation compo- 
s i t ions  when the detonation paremeters are going t o  be calculated. 
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As far as we know, in BKW EOS and VLW EOS, the calculations of 
equilibrium composition are used t o  adopt the  way of modified 
minimization of free energy technique. However, they a r e  only t o  
be carr ied out by sophisticated mult i i terat ive processes involvlng 
several  subroutines of the t o t a l  system. This  is inconvenient for 
engineering calculations. So w e  prefer t o  use a simple empirical 
method. After  ve having analpsed the r e s u l t s  from both the experi- 
ments and theoretical  calculations, CHNO explosives and p l a s t i c  
material may be decmposed under detonation as described in table  4. 

Table 4. Detonation equations of CHNO explosives 
and plast ic  material under detonation --- --I -------- 

Oxygen Balance Type Decomposing Equations ---- --I ---- 
Rich or d7p?a?0 b 
Zero 

1. 

3. Deficient d+cO 

4. Seriously 
def ic ient  d+,aad 
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After  s u b s t i t u t i n g  the  heat of formcitlon of t a b l e  1, whose s igns  

should be changed, t h e  covolume of t ab l e  2, and the  ad iaba t  exponent of 

tab le  3 In to  table 4 respec t ive ly ,  t h i s  lead  u s  t o  obta in  a$ follows 

In  t ab le  5. 

a+O 5b+oc c 
53,qm%&ym* 

Ser ious ly  3548+1Oh 57.a-31.h 
de f i c i en t  a 4  +lgOc+36a tnHf 

5. 

Generfillyyspsalringc t a b l b  5 la  valid for C,H,,HcOd whose 8 * O #  
b 
m o d i f  led 8s f o ~ l a ~ s :  
1. vhen a - Oc ** = lc25vr Wi6 f : a  1.25P, 
2. whexi  b = 0. t' a 1,06vr and ff = O.?Uexcept fype 1) 
3. when c = Oc and d = 0, x' 1.06~. If i t  belongs t o  Type4. 
4. when c a 0, and d a 0. w '  = 1.04~.  if It belongs t o  Type 5. 

0, c k 0,  Bnd d .rc 0. If wg of tham equal8 zero. it should be 
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CALCULATIOB 

1. Explosive compounds 

I n  order t o  ca lcu la te  the detonation velocity,  detonation 
pressure and adiabat exponent conveniently, we list the  values of 
Q, w and rd of both the  commonly used explosives and components 
of explosive mixtures i n  t ab le  6. Here we take RDX(R = 1.8g/cc) 
f o r  example. 

F i r s t  of all ,  
from t a b l e  6.. and 
Eq.( 1-5) 1.e. 

D =  

3 

r =  
2s 

P =  

For  some compounds 

f ind  the values Q = 1384, w = 14.23 and I; 5 2.65 

then subs t i t u t e  them i n  Eq.( 1-41 , Eq-( 1-41 and 

67.6*( 1384)g + 243.2,14.23*1.80 

8744(m/sec) (DOXP = 8754) 
1.25+ 2.6%(1 - e -0.5481.80) 

2.91 ( f OXp = 2-96) 

1 .e( R744j2* 1 ow5 
- - F ? . g 7 - - - -  
352.1 (Kbar) (Pexp = 347) 
o r  components o r  new material  whose 0, w, and 

have not been listed y e t  I n  t a b l e  6, i n  t h i s  case, they have t o  be 
calculated with t ab le  5. We take IUB (&= 1.973 g/cc, A H f  = 35 
cal/mole) for example 

Q - ( 9 9 6  + 35)*1000/348 - 1722 (cal/g) 
w 
r = ( 0 . 9 6  + 0.!%12)/(0.02&6 + 0.13196 +0.149*12) 

(25-6 + 19-6 + 175,12)/348 = 13.62 

= 3.3 
Subs t i tu te  them In Eq.(l-l) ,  Eq.(l-4), Eq.( 1-51, w e  obtain 

D 5 9340 (m/sec) (Den 

P = 389 (Kbar) (Pen = 420) 

9300) - 3.43 
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2. Explosive mixtures  

Suppose that Q, w. and r s a t i s f y  following combined r u l e s  

Q L x i Q i  (2-1) 

w = zxiw ( 2-21 i 

where w is the t o t a l  potent ia l  energy8 p , the t o t a l  adiabat 
exponent: Xi, the weight per cent of component i. And Q is the 
t o t a l  heat of detonation. If any component i n  mixture  is of r i c h  
oxygen balancer its Q, In consideration of chemical reaction t o  
be occured. should be modified as follows 

Q' - Q + 35t000nfi (cal /g)  
here n is the number of oxygen atom,except those oS wNch have been 
formed t o  water or oxides. 

t ions of explosive mixtures. 
Thus, Eq.( 1-l),  Bq.( 1-4) and Bq.( 1-5) can be used for calcula- 

Table 7. Comparison the calculations by Eq. ( 1-1 ) , Eq.( 1-41 
and Eq.( 1-5) t o  the experimental data - -I------- 

Explosive C - J  Param Expt'l  Ref .  This paper --- - - ---__I- 

RDX D F754 1 8744 
J I =  1.8 P 3 47 352 

r 2.98 2.91 

TNT D 6950 1 6972 
CHNO $- 1.64 P 190 202 

r 3.16 2.94 

Iw( D 9100 1 9086 
A= 1.90 P 393 394 r 3.0 2.96 
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Rxplosive 

RDX 78 
TNT 22 s= 1.755 

COMP B 
RDX 63 
TNT 36 

PBX 9011 
90 

Fstane 10 

PBX 9407 
RDX 94 
EXON 6 
L= 1.6 

CHNO 
PBXN 3 
HMX 86 
Nylon 14 
%= 1.667 

M 90.54 
EXON 9.46 
%= 1.833 

PBX 9205 
RDX 92 
PST 6 
DOP 2 
&= 1.67 

BTNEN 56 
RDX 44 
&J 1.845 

B T "  32 
HHX 68 a= 1.882 

HHX 78.72 
A N  21.28 
&= 1.825 

C-J Param 
------ 

D 
P 
I- 

D( !&= 1.720) 
P ( & =  1.717) 
)'( .&= 1.717) 

D( & =  1.770) 
P( S =  1.767) r (  e= 1.767) 

D 
P r 

r 

r 

r 

D 
P 

D 
P 

D 
P 

D 
P r 
D 
P r 
D 
P r 

Expt'l 

8306 
317 

------ 

1920 
29 5 

P500 
3 24 

7910 
287 

8195 

8665 
343 
3.01 

8170 

A701 

e884 

8771 

Ref. T h i s  paper 
--- 

5 

4 

4 

4 

.. 
1 

4 

+ 

c 

---------- 
P7 48 
31 2 
2.915 

PO79 
282 
2.96 

8527 
3 25 

7915 
265 

2.94 

2.7P 

81 65 
287 
2.87 

861 6 
3 49 
2.92 

8248 
292 
2.89 

8765 
41 0 
2.94 

8946 
425 

8764 
372 
2.77 

2.96 
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(continued) 

TNM 0.07lmole P 
J =  1.197 r 

6 570 1 
13A 
2.74 

A609 
345 
3.14 

4738 
55 
2.27 

6571 
153 
2.38 

CNO BTF D 8485 1 A531 
pO= 1.859 P 360 4 3 58 

TNM D 6360 1 6446 

r 2.78 

1.64 P 159 1 59 r 3.17 3.28 

“ 0 3  D 4500 1 4639 

HN D 869 1 1 8685 
& =  1.626 P 319 r 2.04 

HNO HN 30 
HY 70 
i= 1.14 

D 
P 
r 

HN 79 D 
HY 21 P 

1.4410 r 
8600 1 A61 2 

26 1 
3.1 
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(concllnued) 

Explosive 

FEFO 

LX 04 
HMx 85 
V l t o n  A 15 

CHNOF LX 17 
TATB 92.5 
Kel-P 7.5 s= 1.908 

D 
P 
r 

R s  1.781 

E x p t ' l  Ref. This  paper 

7500 4 7498 
250 246 

2.58 

------ -------- 

a500 4 851 2 
350 3 45 

2.93 
7630 4 773 1 

280 
3.07 

83 63 1 83 27 
319 317 
2.91 2.89 

RDX 37.4 I) 7300 1 71 24 
TNT 27.8 P 21 5 208 
A 1  30.8 r 3.64 3.59 
Wax 4.0 
$= 1.88 

A 1  18.691 P 175 168 
Wax 4.672 r 3.24 3.4 
G 1.869 
R m  1.68 

CHNOA1 TNT 74.766 I) 6665 7 6661 

BT" 88 
A 1  12 
f = 1.957 

D 8441 8404 
P 304 r 3.54 

1JII4EJo3 90 D 5600 1 5602 
HNOAl A1 10 P 98.4 

& =  1.05 r 2.35 

PBX 9404 D 8800 1 8816 

N c 3  r 2.91 2.92 
HMx 94 

cE.Q 3 
P,= 1.844 

P 365 365 

--- ---------- 
This work 
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CONCLUSION 

1. Formulae D = 67.6 Q' + 243.2 v 

r = 1.25 + P ( 1  - e -0.546 

P = Y , D ~ ~ I O - ~ / ( I  + r 
are va l id  for both CHNO explosive compounds and CHNO explosive 
mixtures, but they can be popularized for other  explosives 
containing PI  C l ,  P, A 1  etc., if t h e  parameters Q, we and r 
are ca l ibra ted  by a set of given D and P i n  advance. 

2. I f  the 9, Y, and r of the  explosives or components 
of mixtures are l i s t e d  i n  t ab le  6, we can ca lcu la ted  their 
D, r and P conveniently. If not, we may ca l cu la t e  them by 
means of t ab l e  5. 

3 .  The r e s u l t s  calculated by this simple vay are i n  good 
agreement with those of experiments. They are good enough f o r  
engineering applications.  
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