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This  p a p e r  p r e sen t s  the resu l t s  of a numer ica l  solution of the p rob lem concerning the d i spers ion  of 
detonation products  fo r  var ious  f o r m s  of the equation of s ta te .  

The mos t  widely used equation descr ib ing  the expansion of detonation products  is the i sent rope,  sug-  
gested in [1]: 

/" -= APk (1) 

where ,  for  high explos ives ,  k -~3. 

However,  Eq. (1) is valid only in the h igh -p re s su re  region and does not make it poss ib le  to obtain the 
complete  equation of state of the detonation products .  This  explains the appearance  of the la rge  amount of 
work  devoted to studying the equation of s tate  of explosion products  (see, for  example ,  [2, 3]). 

In o rde r  to obtain the equation of state of detonation products ,  a specif ied functional re la t ion  between 
the p a r a m e t e r s  p, p, and E is usual ly assigned,  the constant coeff icients  of which are  found f r o m  exp e r i -  
mental  data  or  based on calculat ions.  

The ex is tence  of different  equations of state for  the detonation products  is a quest ion of the effect  of 
i ts  f o r m  on the r e su l t s  of solving gas -dynamic  p rob l ems .  This  p rob lem is touched upon in [4], in which 
for  one and the same explosive ,  the equation of state of the detonation products  has been  used in two f o r m s .  

In o r d e r  to solve p rac t i ca l  p rob l ems ,  it is des i rab le  to . 'hoose the s imples t  f o r m  of the equation of 
s tate  which will provide sufficient accuracy .  

The r e p r e s e n t a t i o n  of the i sen t rope  of the detonation products  in the fo rm of a p o w e r - l a w  t w o - t e r m  
equation 

p ~- Ap n -]- BP Y+I (n > v + 1) (2) 

is  a fu r the r  r e f inemen t  of  Eq. (1). 

This dependence p e r m i t s  us to r e p r e s e n t  the i sent rope  in the f o r m  of a smooth curve  (unlike [5]), 
which desc r ibes  suff icient ly well  the expansion of the detonation products  not only in the region of high 
p r e s s u r e s ,  but a lso  of low p r e s s u r e s .  

We obtain f r o m  Eq. (2) an express ion  for  the logar i thmic  slope of the i sent rope k 

/~=...p_p dp p-~+l ~ n-- O' + I )  (3) 
p ~ ~ n - -  B " 7 -  in - - (T "~ i)] = n - - ~  Apn_(Y+l ) -~ B 

whence it follows, that when p ~ 0 ,  
k - ~ k 0 = i + ~  (4) 

For  high explos ives  [5], k 0 =1.25-1.35. 

By applying the f i r s t  law of t h e r m o d y n a m i c s  to (2), the complete  equation of s ta te  of the detonation 
products  is obtained in the M i e -  Gr'tineisen f o r m  

e = A [i -- ~ / ( ---  i)] p" + ~pn .  (5) 

This  equation can be used  for  solving more  complex adiabatic  p rob l ems .  
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Fig.  2 

The coef f i c ien t s  A, B, n and T a r e  d e t e r m i n e d  by  the p a r a m e t e r s  at t he  C h a p m a n - J o u g u e t  point  

p, ~ Ap, n -{- Bp, v+l 
k ,  = ~l - - :B~,~+~(~ ,  ' -  v - -  i ) , ' /p ,  

p ,  = A ~ [ t  - -  ~'~/(n - -  i ) ]  9 ,  ~ + ' i ' 9 , E ,  

E,  = tap ,  .(t / po -- t / p,) + Q 

where  P0 and Q a re  the dens i ty  and heat  of exp los ion  of the explos ive .  

(6) 
(7) 
(s) 
(9) 

By us ing Eq, (4), the s y s t e m  of equat ions  (6)-(9) comple t e ly  defines the coef f ic ien t s  in the equat ion  
of s ta te  (5) and the i s en t rope  (2). 
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In o rde r  to ver i fy  the feas ibi l i ty  of using the isentrope of the detonation products  in the f o r m  of Eq. 
(2) for  solving gas -dynamic  p rob l ems  for  two explos ives  (Composition B and hexogen), p rob l ems  concerned 
with plane, cyl indr ica l  and spher ica l  detonations were  solved numer ica l ly ,  in addition to the p rob lem of 
d i spers ion  of the detonation products  in vacuo behind a plane detonation wave front .  The i sen t ropes  obtained 
in [2, 3] were  used toge ther  with Eq. (2) for  the chosen explos ives .  

For  Composi t ion B [3]: 

where the coeff icients  A, B, R 1, R 2, G and 7 were  taken f r o m  [3]. 

F o r  hexogen, a power  approximat ion  was se lected according to data f r o m  [2] for  the index k: 

p dp (11) 
k = P d p  - -  ao - ~  a l?  .-~ a2p ~ --I- aap a -~  a49 '1 -]- asp s 

which, then in tegra ted  for  the re l ie f  i sent rope ,  g ives  

p = Gp a~ exp (alp -~ a2p ~ / 2 ~- nap a / 3 -~ a~p 4 / 4 -~ asp s / 5) (12) 

Relat ion (1) was used together  with Eq. (2), (10) and (12) for  solving the p rob l ems .  

F igures  1, 2 and 3 show the p r e s s u r e  dis tr ibut ion p, density p, and m a s s  veloci ty u, respec t ive ly ,  for  
plane, cyl indrical  and spher ica l  detonation waves  in heyogen. The solid l ines  r e f e r  to the resu l t s  obtained 
for  Eq. (12); the dashed l ines are  for  Eq. (1) and the chained l ines a re  for  Eq. (2). S imi lar  r esu l t s  a re  ob- 
tained for  Composi t ion B. 

It can be seen  f r o m  the f igures  that, in the case  of detonation for  any s y m m e t r y ,  all three  i sen t ropes  
give a lmos t  coincident r e su l t s .  (It mus t  be taken into account that in the f igures  all solutions a re  reduced 
to the p a r a m e t e r s  at the detonation front,  which cor respond  to i sent rope (12). Therefore ,  for  Eq. (1)u/D 
0.25 at the front.)  Because of this,  for  p rac t ica l  calculat ions,  obviously there  is no point in giving p r e f e r -  
ence to more  complex  i sen t ropes  in compar i son  with Eq. (1) in these p rob lems ,  espec ia l ly  as in the case  
where Eq. (1) is  used,  the solution obtained is suitable for  any explosive.  

The resu l t s  of the solution to the p rob lems  concerning cyl indr ical  and spher ica l  detonation waves are  
approximated,  with a high degree  of accuracy ,  by the re la t ions  

P / P *  ~ ! - -  A p  ( R  / r - -  1) 0.5 -~- Bp [(R ] r) ~~ - -  t]  

u~l D = 0.25 - -  A u ( R  / r - -  1) 0.5 -}- B u [(R / r) f~u - -  t]  ~where rl  -.< r ~ R (13)  

P / P , = P l .  u / D = O  wti~re0 ~< r ~ r l  (14) 
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w h e r e  R is  the r ad ius  of the de tona t ion  f ront ;  r 1 is  the r ad ius  of the s t e a d y - s t a t e  zone,  and the c o e f f i c i e n t s  
in Eq.  (13) and (14) a r e  equa l  to 

fo r  a s p h e r i c a l  wave :  

fo r  a c y l i n d r i c a l  wave :  

Ap ~ t.73. B p  ~ 3A03, ~p : 0.39, Pi ~ 0.223 

A u ~ 0.42t, B u ~ 0.297, ~u = 0.68, ri ~ 0.455R 

(15) 

A p  ~ i . 2 9 4 ,  B p  ~ 0.703, ~p ~ 0.84, pi ~ 0.249 . 

A u = 0.3002, B u = 0.0t63, ~u ~ 2.18, ri = 0.472R (16) 

In p r o b l e m s  w h e r e  e x p a n s i o n  of the de tona t ion  p r o d u c t s  t akes  p l ace  down to p r e s s u r e s  c lo se  to ze ro ,  

the use  of Eq,  (1) l e ads  to c o n s i d e r a b l e  e r r o r s .  Th i s  can  be s e e n  f r o m  F i g .  4, which  shows the r e s u l t s  of 
so lv ing  the p r o b l e m  of d i s p e r s i o n  of de tona t ion  p r o d u c t s  in vacuo behind  the f ron t  of a p lane  de tona t ion  

wave  in hexogen  (the no ta t ion  in F ig .  4 is  the s a m e  as in the p r e v i o u s  f i g u r e s ) .  At the s a m e t i m e ,  i s e n t r o p e s  
(2) and (12) g ive  a l m o s t  co inc iden t  r e s u l t s ,  

In o r d e r  to s tudy the f e a s i b i l i t y  of us ing  the equa t i on  of s ta te  of the de tona t ion  p r o d u c t s  in the f o r m  
of Eq.  (5) in ad iaba t ic  p r o b l e m s ,  a v a r i a n t  of the p r o b l e m  in [6] was  c l acu l a t ed ;  th is  c o n c e r n e d  the d i s i n t e -  
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gra t ion  of a cyl indr ical  shell  (with load fac tor  fl = 2 and l inea r  expansion l 0/r0 = 2) under  the action of a 
glancing detonation wave.  A d i ag ram of the p r o c e s s  is shown in Fig. 5. 

This  p rob l em  was solved fo r  pentoli te both by means  of Eq. (5) and also by using the equation of state 
for  the detonation products  

p = ApE -~ Bp 4 -{- G exp (-- k / p) (17) 

which was der ived in [4]. 

Figure 6 shows graphs  of a se t  of shell  veloci t ies  close to a rigid wall for  both equations [the solid 
line co r r e sponds  to Eq. (17) and the chained line co r re sponds  to Eq. (5)]. The difference in the final r e -  
suits  is  ~ 6%. 

The analys is  c a r r i e d  out shows that,  for  calculat ions of gas -dynamic  p rob l ems  of the effect  of an ex-  
plosion, the s imple  equation of state (5) and i ts  i sentrope (2) can be used with a sufficient degree  of accu-  
racy;  the coeff icients  in these  equations a re  de te rmined  for  any explosive by the known p a r a m e t e r s  at the 
C h a p m a n -  Jouguet point. 

The exis tence  of the i sent rope of the detonation products  in the analyt ical  f o r m  of Eq. (2) s impl i f ies  
cons iderably  the solution of i sen t ropic  p r o b l e m s .  
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