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Comments on "A Simple Method f o r  CdLCUlating 

Detonation Parameters of Explosives" 

He1 Karel 

Research I n s t i t u t e  f o r  I n d u s t r i a l  Chemistry, 

VCHZ Synthesia ,  Pardubice - Semtin, 

Czechoslovakia 

The pSesent cont r ibu t ion  d e a l s  with a modi- 

f i e d  method of es t imat ing t h e  detonation 

parameters s t a r t i n g  with a general  formulation 

of t h e  adiabat  f o r  explosives as expressed 

using t h e  adiabatic exFonent f; = f ( p o  ) 
according t o  Wu Xiong'. The author  uses a l s o  

t h e  works o f  Russian authors? '798 

INTRODUCTION 

A g rea t  number of authors  have devoted t h e i r  

e f f o r t s  t o  developing simple methods of determining 

t h e  de tona t ion  parameters. The present  contr ibut ion 

starts with t h e  r e s u l t s  published by Yyu Xiongl and 
2 A.L. Kriuchenko. 
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Urbanski and Galas s tudied  t h e  effects of i n e r t  

l i q u i d s  on the  detonat ion velociDy of PETN and RDX m i -  

xed with such l i q u i d s  and published t h e i r  r e s u l t s  i n  

1939. They conclude t h a t  the detonat ion ve loc i ty  of 

such mixtures depends on the  ve loc i ty  of sound i n  the  

l i q u i d  used. They r e l a t e  this assumption t o  the  Chapman - 
- Jouguet condi t ion  D = c + u Owing t o  t he  fact  t h a t  

the ZND /Zeldovich, von Neuman and Doering/ detonat ion 

model was reported a f t e r  1939, Urbanski and Galas could 

not give a quan t i t a t ive  support f o r  t h e  r e l a t i o n  

ve loc i ty  of sound co i n  the  explosive mixture. 

4 

J J' 

cJ - 

I n  the  hydrodynamic theory of detonat ion based on 

the polytropic  equat ion of s t a t e ,  t h e  form of which was 

found by means of s tatist ical  pnysics ,  t h e r e  appear 

e f f e c t s  of t he  e l a s t i c  and t h e r n a l  components of pressure.  

The former component may be r e l a t e d  t o  repuls ive  forces ,  
the l a t t e r  one t o  heat  motion of  molecules. 5 

I n  the  wave - theory i n t e r p r e t a t i o n  t h e  detonat ion 

f r o n t  propagation taking place in t h e  nonreacted explo- 

s ive is described by the condi t ion  

D = c N +  U N ,  /1/ 

wherein the subscr ip t  N i nd ica t e s  t h a t  the condi t ions 

r e l a t e  t o  t h e  von Neuman point.  The e l a s t i c  forces  may 
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be represented by a m a t e r i a l  constant such as the  velo- 

c i t y  of sound 

ce i n  t h e  zone of chemical r e a c t i o n  under t h e  condi t ions 

of detonat ion is  charac te r ized  by the  mass ve loc i ty  uJ* 

co,  and t h e  energy re lease  tak ing  pla- 

I n  determining t h e  von Xeuman pressure spike pN, 
t h e  ZND model of de tona t ion  r e s u l t s  i n  the  approximati- 

ve value equal t o  a double o f  pressure 6 
pJ. 

If we want t o  determine the  shape of  the  generalized 

adiabat  of explosive,  w e  a r e  t o  consider  d i f f e r e n t  con- 

d i t i o n s  and a d i a b a t i c  exponents i n  t h e  detonation wave 

f r o n t  and i n  t h e  Chapman - Jouguet plane. 

For the parameters a t  t h e  detonat ion front and a t  

the  Chapman - Jouguet plane t h e  following r e l a t i o n s  are 

v a l  i d  : 

u p  = 2 / ( r N  + 1) I /2/ 

uJ/D = l/(rJ + 1 ) .  / 3 /  

From t h e  r e l a t i o n s  /2/ and / 3 /  using t h e  r e l a t i o n  defi- 

ning t h e  ad iaba t ic -coef f ic ien t  value at  t h e  detonation 

f r o n t  and a t  the  Chapman - Jouguet plane 

X N  = b'3 f J / f ) ~  = yJ - 1  /4/ 

gives  a r e l a t i o n  

The sound velocity a t  t h e  Chapman - Jouguet plane 

satisfies t h e  r e l a t i o n  
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The cJ 3 cN change corresponds t o  t h e  change 

* ifN = rJ + 1 , and thus  

CN/Co = (5 + 21/((j5 + 1) 9 /7 / 

Using the  condi t ion  /1/ and a l s o  t h e  r e l a t i o n  / 5 /  
and /7/ gives  the  general ized adiabat  as expressed by the  

bulk sound ve loc i ty  co and by the  ad iaba t i c  exponent 

G 

= A + B u J  /a/ 
The mass ve loc i ty  as encountered i n  the  formula / 8 /  can 

by expressed by a well-known r e l a t i o n  

/ 9 /  

wherein Q i s  the  hea t  of explosion. 

Further  s t e p s  of t he  procedure f o r  determining 

the  detonat ion parameters can be taken, e.g., o n  the  

b a s i s  empir ical  dependences of type rJ = f(P,)and 

Q = f(d, Po) ,  wherein d i s  the  oxygen f a c t o r  of 

Cal$,NcOd - type explosive expressed aso( = 2d/(4a + b), 
According t o  Pepekin7 o n l y  a proport ion of  t h e  heat 

of explosion Q i s  contr ibutory t o  the  detonat ion due t o  

the  fact t h a t  not a l l  t he  heat re leased  quickly enough, 

t he  r e l eas ing  f a c t o r  2 depending on the  oxygen 
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and on the  i n i t i a l  densi ty2v7 

7 = Qp/Q = (A+ 1,65)p6/5,5 /lo/  

D = A + B p[rJ - 117 Q /(rJ + 111 /11/ 

The detonation veloci ty  i s  given as- 

1/2 

The bulk sound veloci ty  may be estimated from the 

Rao formula9 

' 0  = (fo z i f j i  /'l39 
/12/ 

wherein M i s  the molecular weight, z 

chemical bonds and pi a re  the contributions of individu- 

a1 bonds . 
i s  the  number of i 

a 

The veloci ty  of sound propagating i n  a multicompo- 

neat explosive i s  given by a r e l a t ion  reading as  

C Om = (QomZxi / qOi coil-' /13/ 

wherein Porn is  the  density o f  multicomponent explo:iive, 

coi is the velocity of sound f o r  t h e  i - t h  component, 

and Xi i s  the mass f r ac t ion  of the i - th  componenk. 

For  the Po, there  i s  va l id  

om = f f x i  0 i I - l  9 /14/ 

The adiabat ic  exponent is  determined from the 

wu xiong relation' 

xJ = 1,25 + ro (1 - e' 095Gp0) , /15/ 
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wherein 

Po = (ZXl/h1i)/(ZXi/ h ' I i  yoi ) 
The r e s u l t s  of estimated f o r  the  detonat ion 

parameters a re  given i n  Table 1. 

EXAMPLES OF CALCULATIONS 

1. RDX C3€16N606 

Data reported by iVu Xiong' 

Heat of explosion Q = 5792 
-3 I n i t i a l  densi ty  Po = l,8 g.cm 

Adiabatic exponent rj = 2,912 

Molecular weight N1 = 222,1 

Resul ts  of ca lcu la t ion  

a/ determining the  sound veloc i ty  - eq. /12/ 

6.95,2 + 6.2097 + 3-330 = 168594 

c = (1,8.1685,4/222,1)3 = 2547,9 m.s -1 

b/ oxygen f a c t o r  and energy re lease  f a c t o r  & - eq. 
0 

/lo/ 

& = 2.6/(4.3 + 6)  = 0,6667 
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d/ detonat ion v e l o c i t y  - eq. /8/ 
D = (2,912 + 2)2547,9/(2,912 + 1) + 

+ 2(2,912 + 1) 2084/(2,qi2) = a797 m.S-l 

e/  detonat ion pressure 

P J  = 40 D2. 10-6/(xJ + 1) = 1,8.8 7972.10-6/ 

/(2,9l2 + 1) = 35,6 GPa 

Heat of  explosion 

Initial dens i ty  Qo = 1,67 g.cu~-~ 

Adiabatic exponent fJ = 2 ,9  
Molecular weight lbl = 223,4 

Resul ts  of c a l c u l a t i o n  

a/ mixture dens i ty  - eq. /14/ and velocity of sound 

eq-  /13/ 

porn = (O,5/lr67 + 0,5/1,8)-l = 1,7227 g.~rn-~ 

Corn = 1,6.5.2162b1,8.2548/(1,65.2162b0,5 + 

= 2331 m.s’l, 

-3 

+ 1,8.2548.0,5 ) 1,7227 

where f) o~~~ = 1965 g*Cm-3, f0mx = 198 Q*cm p 
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d/ detonat ion ve loc i ty  - eq, /8/ 

D = (299 + 2)2331.1,67/[2,9 .+ 1)1,7727 + 

+ 2(2,9 + 1 )1782/2,9 = 7628 n.s-’ 

e/ detonat ion pressure 

pJ = 1,67.76282.10’6/(2,g + 1) = 24,8 GPa 

CONCLUSIONS 

Equation / 8 /  as derived i n  the  present work can 

be used f o r  determining the adiabat  on t h e  b a s i s  of 

three measurable quan t i t i e s  co, fJ and Q. The genera- 

l i z e d  adiabat can be applied t o  p red ic t ing  t h e  detona- 

t i o n  parameters, provided t h e  

and (y; values  are known, 
co, Q, rr = f(d, Po )  

The r e l i a b i l i t y  of t h e  detonat ion ve loc i ty  predic- 

t i o n s  depends on t h e  cor rec tness  of the  above-mentioned 

values serving as inputs  t o  the  ca l cu la t ion  formula, 
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TNT - Trhitrotolueiie 

RDX - Cyclotrimethylene trinitramine 

HMX 

TATB - 1,3 t>*riamino-2,4,6-trinitrobenzene 

E O  - 2,3,3,5,7,7-hexanitro-l,5-diazacyclooctane 

EDNA - Ethylene dinitramine 

TNB - 1,3 ,Ftrinitrobenzene 

NM - Nitromethane 

NQ - Nitroguanidine 

KNB - Hexanitrobenzene 

NTO - 3-nitro-1,2,4-triazol-5-on 

OCNC - Octanitrocubane 

PAPNBC - 2,4,6,8,10-pentanitro-2,4,6,8,lO-pentaazabi- 

- Cyclot e t rame t hy lene t; e t ranitramine 

cyclo/5,3 ,O/decane 

AN - Aminonium nitrate 

AP - Ammonium perchlora te  

Tamchynit - slurry AN/NalJO /H O/Puel/NaOH/~~icroSalloons 3 2  
63/13/12/5 , 6/2,4/4 

A 1  - Aluminium 
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