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W A V E S  

Some resul ts  of calculations are shown which have been obtained for detonation waves with 
the fission of the explosive mater ia l  occurr ing  at a finite ra te .  

When a detonation wave produced by a charge of explosive mater ia l  propagates,  then, according to the 
hydrodynamic theory of Zel 'dovich [1], there appears at the wave front a distinct h igh-pressure  (chemical) 
zone. This zone, within which the re lease  of energy essential ly occurs ,  is assumed to be s tat ionary under 
the s teady-s ta te  condition of self-sustaining detonations and to be terminat ing into the Jougetmode.  The 
Jouget mode consti tutes the front of a following rarefac t ion  wave, whose profile is determined ei ther  by the 
exhaust of the explosion products at the tail end in the case of a one-dimensional  detonation, or  by the c o m -  
bined effect of explosion products expansion from the la teral  and from the tail surface of the charge if the 
charge has a finite d iameter .  

An approximate express ion for the width of the chemical  zone was derived by Zel 'dovich and 
Kompaneets [2]. For  common explosive mater ia ls  the dimensions of this zone do not exceed 0.1-1.0 mm 
[3]. As the detonation wave t ravels  a sufficiently long distance, many t imes  exceeding the width of the 
chemical  zone, it appears possible to d i s regard  in this analysis the chemical  zone and to consider  the 
Jouget mode as the wave front. In this case the solution will be a sel f -s imulat ing one and relat ively simple 
to ar r ive  at, if the isentropy of the explosion products expansion is known. With various assumptions r e -  
garding the isentropy of the explosion products,  such solutions were obtained for planar and for spherical ly  
propagating detonation waves [4]. 

Most methods of calculating detonation waves (e.g., [5]) do not convey the s t ructure  of these waves; 
in par t icu lar ,  they do not descr ibe the chemical  zone. 

There  are many problems at hand, however,  where the s t ruc ture  of the chemical  zone must  be known 
and, consequently, their  solution should take into account the kinetics of the chemical  react ions .  One- 
dimensional problems of this kind include initiating the explosive mater ia l  with a shock wave, determining 
the detonation t ransient ,  and many others .  

One important  problem is to determine the cr i t ical  d iameter  of the explosive charge.  A general  con-  
cept about the physical  significance of this d iameter  was developed by Khariton; approximate solutions were 
given in subsequent works (e.g. [6]). 

The problem is made more  complicated by having the kinetics of energy re lease  behind the detonation 
wave front entered into the calculations,  and a sufficiently complete solution can be obtained only with the 
aid of a computer .  Calculations for one-dimensional  waves [7, 8, 9] and for two-dimensional  flow [10, 11] 
have shown that this method is promising for the study of unstable detonations. 

In this art icle we present  the resul ts  of calculations made for detonation waves according to the 
Sigma program [12] and with the s implest  assumptions regarding the equations of state for the medium as 
well as the equations of fission kinetics for the explosive mater ia l .  The study covered the detonation build- 
up after a short  intensive pulse and the termination of the detonation wave into the stat ionary mode. Some 
of the calculations were made for cyl indrical  charges  of explosive m a t e r i a l  with a finite diameter ,  in order  
to explain the effect which the la teral  exhaust of the explosion products has on the detonation wave s t ructure  
and in order  to determine the limiting conditions for the occurrence  of detonations. 
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The quantities involved he re  a re  given in the following units:  t ime in gsec ,  dis tance in ram, density 
in g / c m  3, specif ic  energy  in 10 l~ e rg / g ,  veloci ty  in 105 c m / s e c ,  and p r e s s u r e  in 10 I~ dyne}cm2. 

1. The motion of a c o m p r e s s i b l e  gas  in which monomolecu la r  and b imolecu la r  chemical  reac t ions  
take place is descr ibed  by the following s y s t e m  of equations:  

dp dU 
d--T + pdiv U = O, p--~- -1- gradp = 0 (1.1) 

N 

dE + p d t _ ~ co~L~, P = P ( 9  E) 
dt - - d t  P 

N 
d% 
dt = ~ cwkLb Lk=s,.~.,ava~,o ( s k v ~ = s k t ~ ( p , E ) )  ( I ~ ' ' = i  . . . . .  Nn) 

~=i k -.-~ i . . . . .  

(1.2) 

(1.3) 

Here  p, U, p, and E are ,  r e spec t ive ly ,  the density,  the velocity,  the p r e s s u r e ,  and the specif ic  in te rn-  
al energy  of the substance;  ag is the " m a s s "  concentrat ion of the g - th  substance ,  i .e . ,  the ra t io  of the m a s s  
of a given substance  to the total  m a s s  of the mixture ;  cg k is the eff icacy of the k - th  reac t ion  with r e sp ec t  
to the ~- th  substance;  Sku v is the ra te  of in te r reac t ion  between the subs tances  g and v; n is the number  of 
substances;  N is  the number  of reac t ions ;  C0k is the heat  content in the k - th  reac t ion;  and the symbol  

d 0 
d--i- = -~- + (u~)  

designates  the " m a t e r i a l  der iva t ive ."  In o r d e r  to yield a numer ica l  solution to the s y s t e m  (1.1), (1.2), (1.3), 
the calculat ions were  based on the method of separa t ing  the physical  p r o c e s s e s .  Fo r  each  computat ion s tep 
cor responding  to cer ta in  instant  of t ime  the motion of an " iner t"  (nonreacting) gas  was calculated f i r s t ,  i .e . ,  
Eqs .  (1.1) and (1.2) were  solved with the t e r m  cor responding  to the r e l e a se  of ene rgy  omit ted in (1.2). 
Changes in the concentra t ions  of subs tances  and in the densi t ies  of in ternal  energy  due to chemical  r e a c -  
t ions were  calcula ted next (a substance assumed  he re  to be mot ionless) ,  i .e. ,  the s y s t e m  of o rd inary  d i f fe r -  
ential  equations (1.2), (1.3) was solved next.  At this s tage of the computat ion,  the second t e r m  on the le f t -  
hand side of (1.2) was omit ted.  That  concluded the calculat ions for  a given step in the p rocedure .  

The s y s t e m  of ga s -dynamics  equations was solved by the method shown in [12]. In solving this s y s -  
t em of equations with a sliding numer ica l  gr id  there  a r i s e s  the prob lem of t ranspos ing  (interpolating) the 
values onto a new gr id .  The m a s s  concentra t ions  of substances  were  t r ansposed  onto a new grid with the 
Law of Mass  Conserva t ion  observed  for  each component  of the mix ture ,  i .e . ,  according to the s a m e  ru les  
as those applied to the densi t ies  of internal  energy .  

The sy s t e m  (1.2), (1.3) was solved by the method shown in [13]. React ion cyc les  a re  se t  up for  each  
computat ion point. The number  of reac t ion  events  is de te rmined  by 

"%~%~P b~k = { %~ (c~ < 0) 
L~ = 1 - -  " g s ~  (a~b.~N -~- a~ bt~k) ' _ 0 (%~ > 0) (1.4) 

Here  ag is the concentra t ion of the g - th  substance  before  the k - th  reac t ion  is counted, and ~- is the 
in terval  of in tegrat ion with r e s pec t  to t ime .  One then reca lcu la tes  the in terna l  energy  

E n+l ---- E n + ~cokL~ (1.5) 

and the concentra t ion 

a~ n+l = a,~ n -~ ~cv~Lk (1.6) 

of subs tances  par t ic ipat ing (reagents and products)  in a given reac t ion .  

This  computat ion scheme  is of f i r s t - o r d e r  accuracy;  it mee t s  the r equ i r emen t s  of equi l ibr ium and 
monotonici ty.  It  can be shown that with such a computat ion schedule the concentra t ions  will never  be nega-  
t ive .  Consequently,  the computat ion step or  the t ime in terva l  with r e spec t  to which integrat ions  in (1.2), 
(1.3) a re  p e r f o r m e d  may  be chosen quite la rge :  the same  as the in tegrat ion in te rva l  in the s y s t e m  of ga s -  
dynamics  equations.  
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2. The  a p p l i c a t i o n  of  d y n a m i c  m e t h o d s  fo r  s tudy ing  the  p r o p e r t i e s  
of  s u b s t a n c e s  at  h igh  p r e s s u r e s  [14] m a d e  i t  p o s s i b l e  to  ob ta in  su f f i c i en t l y  
r e l i a b l e  i n f o r m a t i o n  c o n c e r n i n g  the  equa t ions  of s t a t e  for  bo th  the  e x p l o s -  
ive  m a t e r i a l  and the  e x p l o s i o n  p r o d u c t s  wi th in  the  de tona t ion  r a n g e .  A d e -  
t a i l e d  i n t e r p r e t a t i o n  of a c c u m u l a t e d  e x p e r i m e n t a l  da t a  would  r e q u i r e  a 
f o r m u l a t i o n  of  r a t h e r  c o m p l e x  equa t ions  of s t a t e  [15]. On the  o t h e r  hand,  
the  k i n e t i c s  of c h e m i c a l  r e a c t i o n s  beh ind  the de tona t ion  wave  f ron t  has  not  
been  i n v e s t i g a t e d .  The  A r r h e n i u s  r e l a t i o n  i s  u s e d  fo r  the  r a t e  of c h e m i c a l  
r e a c t i o n s  in p r a c t i c a l l y  a l l  r e f e r e n c e s  [7, 10, 11]. I t  wi l l  be  u s e d  a l s o  in  
th i s  a r t i c l e .  

In  o r d e r  to f a c i l i t a t e  the c a l c u l a t i o n s ,  a qua l i t a t i ve  concep t  of the  
de tona t ion  bu i ldup  has  b e e n  de ve lope d :  in a c c o r d a n c e  wi th  the  s i m p l i f i e d  
r e p r e s e n t a t i o n  of the  de tona t ion  k i n e t i c s ,  the  s i m p l e s t  equa t ion  of s t a t e  for  
an i d e a l  gas  was  u s e d  f o r  the  e x p l o s i o n  m a t e r i a l  and fo r  the  e x p l o s i o n  
p r o d u c t s ;  the  r e l a t i o n  p = p (p, E) was  put  in the  f o r m  

p = (v - 1) p ~  

I f  E = cvT ,  then  the equa t ions  of the  f i s s i o n  k i n e t i c s  f o r  an e x p l o s i v e  m a t e r i a l  (1.2), (1.3) can  be w r i t -  
t e n  as  

- -  E a ) d E  
da - - v a p e x p  ~ = - - L ,  - - = q L  (2.1) 
d-T ~ dt  

H e r e  a i s  the  c o n c e n t r a t i o n  of the  e x p l o s i v e  m a t e r i a l ,  Ea i s  the  a c t i va t i on  e n e r g y ,  and q i s  t he  h e a t  
con ten t  of  the  e x p l o s i v e  m a t e r i a l .  

The  va lue  y = 3 was  a s s u m e d  in the  equa t ion  of s t a t e ,  in o r d e r  to ob ta in  at the de tona t ion  f ron t  a c o m -  
p r e s s i o n  r a t i o  u s u a l l y  r e a l i z e d  wi th  c o m p a c t  e x p l o s i v e  m a t e r i a l s .  

The  f i r s t  s e r i e s  of c a l c u l a t i o n s  d e a l t  wi th  the  t e r m i n a t i o n  of  a p l a n a r  de tona t ion  wave  into the  c l a s -  
s i c a l  m o d e ,  which  c o r r e s p o n d s  to  an i n s t a n t a n e o u s  r e l e a s e  of e n e r g y  beh ind  the shock  f ron t .  Th i s  was  
t a k e n  c a r e  of in  the  c a l c u l a t i o n s  by  an a p p r o p r i a t e  cho ice  of v a l u e s  fo r  v and E a in Eq.  (2.1). In F i g .  1 i s  
shown the (U, x) p r o f i l e  fo r  E a = 6 and 12 and v = 108 at  the i n s t a n t  of  t i m e  t = 5. H e r e ,  a s  we l l  as  in the  
b a s i c  s e t s  of o t h e r  c a l c u l a t i o n s  fo r  the  0.6 m m  r e g i o n  at the  t i m e  t = 0, the  fo l lowing  v a l u e s  w e r e  u s e d :  

p = 2 ,  p = 3 2 ,  U = 4 ,  a = l  

F o r  x -> 0.6 i t  was  a s s u m e d  tha t  p = 1, p = 0, U = 0, a = 1, whi le  a vacuum was  a s s u m e d  for  x < 0. 

The  r e s u l t s  of c a l c u l a t i o n s  show tha t  f o r  v = 108 and Ea = 6 one ob t a in s  a s u f f i c i e n t l y  c l o s e  a g r e e -  
mer i t  wi th  the  a n a l y t i c a l  so lu t ion  (heavy l ine  in F i g .  1) c o r r e s p o n d i n g  to  an i n s t a n t a n e o u s  r e l e a s e  of e n e r g y .  
The  wide r a n g e  of v v a l u e s  ( f rom 108 to  10 t~ has  no s i g n i f i c a n t  e f f ec t  on the  d i s t r i b u t i o n  of o t h e r  p r o p e r t i e s .  

3. In  o r d e r  to  d e t e r m i n e  the  s t r u c t u r e  of the  c h e m i c a l  zone ,  the  fo l lowing  changes  w e r e  made  in the  c o m -  
pu t a t i on  p r o c e d u r e .  In add i t i on  to the  q u a d r a t i c  n u m e r i c a l  N e u m a n n - R i c h t m a y e r  v i s c o s i t y ,  a l i n e a r  v i s -  
c o s i t y  

dp 
e = aC ~ - ~  T (3.1) 

w h e r e  C i s  the  v e l o c i t y  of sound  and a i s  a n u m e r i c a l  coe f f i c i en t  was  a l so  u s e d  fo r  c a l c u l a t i n g  the g a s  
d y n a m i c s .  

The  i n t r o d u c t i o n  of  t h i s  l i n e a r  v i s c o s i t y  m a d e  i t  p o s s i b l e  to evade  the m o n o t o n i c i t y  in  the  p r o p e r t y  
p r o f i l e s  beh ind  the wave  f r o n t .  C o e f f i c i e n t  a was  c h o s e n  so  as  to r e n d e r  the  e r r o r  thus  i n c u r r e d  l e s s  than  
1-3%. 

The  o t h e r  change  in  the  d e s c r i b e d  c o m p u t a t i o n  p r o c e d u r e  was  tha t  the  k i n e t i c s  was  f i g u r e d  on ly  b e -  
h ind  the  shock  wave  f ron t ,  the  p o s i t i o n  of th i s  f ron t  hav ing  been  d e t e r m i n e d  on the b a s i s  of the  h i g h e s t  v i s -  
c o s i t y  n u m b e r .  Wi th  such  a d e l a y e d  i n c l u s i o n  of  the  k i n e t i c s  in the  a n a l y s i s ,  i t  b e c a m e  p o s s i b l e  to  s e p a r a t e  
the  c o m b u s t i o n  zone  f r o m  the zone  of  p r e s s u r e  bu i ldup  at  the  wave  f ron t .  
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Ahead of the detonation wave one a s sumed  E = 0, U = 0, p = 1. The heat  of explos ion was assumed  
equal to 4. Under such condit ions,  and according to the hydrodynamic  theory ,  the p a r a m e t e r s  of a normal  
detonation wave a re  p* = 32 and p* = 2, while in the Jouget  mode they a re  p j  = 16 and pj= ~. The c h a r -  
a c t e r i s t i c s  shown he re  are  c lose  to the detonation c h a r a c t e r i s t i c s  of powerful explos ive  m a t e r i a l s  such as 
hexogen and TEN. This encourages  one to hope that  the obtained r e s u l t s  and conclusions  concerning the 
chemica l  zone prof i le  and the detonation buildup may be appl icable  to c e r t a i n  compact  explos ive  m i x t u r e s .  

The p a r a m e t e r s  in (2.1) were  fixed at E a = 6 and v = 40. This choice of values  was based  on the con-  
dit ion of approximate  agreement  between the ca lcu la t ed  and the t e s t ed  c h a r a c t e r i s t i c  t ime of a chemica l  r e -  
act ion.  

With a s impl i f i ed  e x p r e s s i o n  for the ad iaba t ics  of an explos ive  m a t e r i a l  one may  expect  to de te rmine  
c o r r e c t l y  the ra te  of chemica l  r eac t ions  within a na r row  in te rva l  of p r e s s u r e s  gene ra t ed  by the shock wave. 
F o r  th is  r ea son ,  the ampli tude of the in i t ia t ing  pulse  was set  equal to the ampli tude of the peak in the c h e m -  
ica l  zone af ter  s t e a d y - s t a t e  had been r eached .  

S t r i c t l y  speaking,  with the kinet ic  laws as s t ipula ted  in (2 3) ,  the s teady mode with a chemica l  zone of 
constant  width cannot ex i s t  at finite d i s t ances ,  s ince complet ion of a r eac t ion  r e q u i r e s  infinite t ime .  It i s  
evident he r e  that,  when the explosive m a t e r i a l  is  subjec ted  to a c o m p r e s s i o n  wave whose ampli tude ap -  
p roaches  i ts  l imi t ing  value according  to the hydrodynamic  theory ,  then the zone of energy  r e l e a s e  will  r e -  
main  approx ima te ly  constant .  It is  e s sen t i a l  that  a plane in which the Jouget condit ion D = U + C is s a t i s -  
f ied be accepted as the boundary of the chemica l  zone. The finite width is ,  m o r e o v e r ,  a r e s u l t  of an i n c o m -  
plete  energy  r e l e a s e .  In actual  ca lcu la t ions ,  indeed, this  plane - h e n c e f o r t h  ca l l ed  the Jouget  plane - w a s  
de t e rmined  f rom the condit ion U + C = 8. The re fo re ,  at eve ry  computat ion point one de t e r m i ne d  the quantity 
A = 8 - (U + C). Two points were  found (where the "diffluence" is  min ima l  and of opposi te  s igns);  the p r e s -  
su re  and other  p r o p e r t i e s  at the Jouget  point were  de t e rmined  by in te rpola t ion  f rom the diffluence at these  

points 

B ~  I h+l  B--U [ A-IB+ 
I A+ I § I A 1 (3 .2)  

In F ig .  2a is  shown the (u, x) prof i le  in a p l ana r  detonation wave at the ins tants  of t ime  t = 0.5, 1.0, 
1.5, and 2.0. 

On this  d i ag ram have also been plot ted the ampl i tudes  of the in i t ia t ing  pulse and theJouget  modes  a re  
ident i f ied on i t .  

Cor respond ing  qual i ta t ive  t rends  in the detonat ion buildup b a s e d  on the hydrodynamic  theo ry  a re  
shown in Fig .  2b. The d i s t r ibu t ion  of the p a r a m e t e r s  is  not fixed within the reg ion  between the shock wave 
front  and the Jouget  plane,  but even then i t  v a r i e s  with t ime much l e s s  than in the following r a r e f a c t i o n  wave 
behind the Jouget  plane.  

In the ca lcu la ted  p(x) cu rves  one obse rves  at the shock wave front a somewhat  h igher  p r e s s u r e  (5-8~) 
than the max imum accord ing  to the hydrodynamic  theory .  This  i s  a consequence of t r ea t ing  the flow of a 
substance and the r e l e a s e  of chemica l  energy s e p a r a t e l y  in the computat ion,  but this  d i s c r e p a n c y  will  
d imin i sh  l i n e a r l y  as the computat ion s tep  is  na r rowed .  

An ana lys i s  of p r e s s u r e  va r i a t ion  at a Jouge t  point as a function of the d i s tance  t r a v e l e d  by the de tona-  
t ion wave has shown that ,  r e g a r d l e s ~ 6 f  the ~-40% var ia t ion  in the in i t ia t ing  pulse ampli tude,  the p r e s s u r e  at 
a Jouge tpo in t  does not d i f fer  by m o r e  than 1% f rom the p r e s s u r e  in the s teady mode as soon as the de tona-  
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t ion  wave  h a s  t r a v e l e d  the  d i s t a n c e  e q u a l t o  10 t i m e s  the  c h a r a c t e r i s t i c  d i m e n s i o n  of  the  c h e m i c a l  zone .  In  
e a r l i e r  s t a g e s  the  m a x i m u m  d i s c r e p a n c y  amoun t s  to A p / p j  = 10 and 3 at  t i m e s  t = 0.2 and 0.4, r e s p e c t i v e l y .  

M o r e o v e r ,  a s i g n i f i c a n t  widen ing  of the  c h e m i c a l  zone at i n c r e a s i n g  d i s t a n c e s  was  o b s e r v e d  wi th in  the 
r a n g e  of d i s t a n c e s  fo r  which  c a l c u l a t i o n s  w e r e  m a d e .  As  the  wave  con t inued  to  p r o p a g a t e ,  the  width  of the  
c h e m i c a l  zone i n c r e a s e d  f r o m  0.6 (t = 0) to 0.9 (t = 0.5), 1.1 (t = 1.0),  and 1.3 (t = 2.0).  Th i s  widen ing  of 
the  c h e m i c a l  zone c a u s e s  the  p r e s s u r e  to i n c r e a s e  at any poin t  of the  t r a v e l i n g  de tona t ion  wave  at a f ixed  
d i s t a n c e  f r o m  the  wave  f ron t .  

A c o m p a r i s o n  i s  m a d e  in  F i g .  3a be tween  the d e n s i t y  p r o f i l e  wi th in  the  c h e m i c a l  zone of a de tona t ion  
wave  wh ich  has  t r a v e l e d  the  d i s t a n c e  about  12 m m  (curve  1) and the  p r o f i l e s  in  the  s t e a d y  mode  c o r r e s p o n d -  
ing  to v a r i o u s  s t a g e s  of the  c o m b u s t i o n  p r o c e s s :  c u r v e s  2, 3, 4, and 5 c o r r e s p o n d  to 0 .01~,  0 .1~,  0 .3~,  
and 10~0 u n b u r n e d  s u b s t a n c e  con ten t  at a J o u g e t p o i n t .  

The  s t e a d y - s t a t e  d i s t r i b u t i o n  of  p a r a m e t e r s  in  the  c h e m i c a l  zone was  d e t e r m i n e d  by  the  m e t h o d  of  [2]. 

We show h e r e  the  c o n c e n t r a t i o n s  of e x p l o s i v e  m a t e r i a l  d u r i n g  c o m b u s t i o n  a t J o u g e t p o i n t s  at v a r i o u s  
i n s t a n t s  of t i m e  

t ~ 0 .2  0 .4  0 .6  0 . 8  t . 0  1 ,2  i . 4  ~,6 
n~i .498  0.892 0.562 0.472 0.438 0.385 0.323 0.323 

In the  wave  which  has  t r a v e l e d  the  d i s t a n c e  equa l  to  10 t i m e s  the  c h a r a c t e r i s t i c  d i m e n s i o n  of  the  
c h e m i c a l  zone ,  as  i s  ev iden t  f r o m  F i g .  3a, the  d e n s i t y  d i s t r i b u t i o n  i s  s u f f i c i e n t l y  c l o s e  to tha t  in the  s t e a d y  
s t a t e .  

4.  In c a l c u l a t i n g  the  de tona t ion  of c y l i n d r i c a l  c h a r g e s  ( d i a m e t e r  2, 5, and 10 mm)  the  c h a r g e  was  
i n i t i a t e d  at  the  end s u r f a c e  by a p u l s e  of the  s a m e  a m p l i t u d e  as  fo r  t he  o n e - d i m e n s i o n a l  c a l c u l a t i o n s  (F ig .  
2a) .  

The e x h a u s t  of e x p l o s i o n  p r o d u c t s  into v a c u u m  p r o c e e d e d  f r o m  the  end s u r f a c e  as  we l l  as  f r o m  the 
l a t e r a l  s u r f a c e  of the c h a r g e .  As  had  been  po in ted  out e a r l i e r ,  the  wid th  of the  c h e m i c a l  zone wi th in  the 
r a n g e  of c a l c u l a t i o n s  was  about  1 r a m .  The  s h a p e  of the  b o u n d a r y  and the  p o s i t i o n  of  the  shock  wave  f ron t  
a r e  i n d i c a t e d  in F i g .  3b fo r  the  i n s t an t  Of t i m e  t = 1. F o r  a c y l i n d r i c a l  c h a r g e  10 m m  in d i a m e t e r  one o b -  
s e r v e s  a t e r m i n a t i o n  into the  s e l f - s u s t a i n i n g  m o d e .  In  F i g .  2b i s  shown the  (U, x) p r o f i l e  a long the c h a r g e  
ax i s  d u r i n g  the f i r s t  few i n s t a n t s  of t i m e .  

Unt i l  t = 0.5 t h e r e  o c c u r s  a l a t e r a l  d i s c h a r g e  t o w a r d  the  a x i s .  Al though  a f t e r  t ha t  i n s t a n t  of t i m e  the 
a x i a l  d i s t r i b u t i o n s  of  the  p a r a m e t e r s  r e t a i n  t h e i r  o r i g i n a l  f o r m ,  t h e i r  r a t e  of change ,  a s  was  to  be e x p e c t e d ,  
i s  h i g h e r  than  in  the  o n e - d i m e n s i o n a l  c a s e .  On the o t h e r  hand,  the peak  v a l u e s  of the  p a r a m e t e r s  a r e  l o w e r .  
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One may  conclude, on the bas i s  of supp lementa ry  calculat ions for  instant of t ime t = 3 (these ca lcu-  
lat ions were  p e r f o r m e d  with fewer  points),  that the p rocess  t e rmina te s  into the se l f - sus ta in ing  mode.  

In Fig.  3c a re  shown the p r e s s u r e  prof i les  for  var ious  charge  l aye r s  at the instant of t ime t = 1 
(curve 1 for  the sur face  l aye r ,  curve  3 for  the cyl inder  axis).  A p r e s s u r e  drop f rom the axis to the pe r iph-  
e r y  is c l e a r l y  evident he re .  

Detonation calculat ions for a cyl indr ical  charge  2 m m  in d i ame te r  (curve 1 in Fig.  3b) have shown 
that this d i ame te r  is subcr i t ica l  under the given kinetic conditions; owing to the l a t e ra l  exhaust ,  the detona-  
tion fades out while the explosive m a t e r i a l  c e a s e s  to burn,  and af ter  some instant  o f  t ime  the shock wave is 
propagated  along the charge .  

The 5 - m m  d i am e t e r  (curve 2 in Fig.  3b) turned out to be close to c r i t i ca l .  In this case  the veloci ty  
of the detonation wave is l e s s  than normal :  One obse rves  a standoff between the combust ion front  and the 
shock front .  The r e su l t s  obtained in calculat ing c r i t i c a l d i a m e t e r s  of cyl indr ical  cha rges  agree  with the 
Khari ton c r i t e r ion .  

5. The resu l t s  of calculat ions p resen ted  he re  show that the buildup of the detonation can be analyzed 
thoroughly enough by an e labora te  p r o g r a m .  Even with a highly approximated  descr ip t ion  of the explosive 
m a t e r i a l  p rope r t i e s  and of the f i ss ion  kinet ics  one will obtain numer ica l  detonation c h a r a c t e r i s t i c s  and one 
will detect  ce r t a in  regu la r i t i e s  which are  quite rea l i s t i c .  

One may  hope, the re fore ,  that a choice of m o r e  p r ec i s e  equations of s ta te  and an assumpt ion of more  
rea l i s t i c  and exper imenta l ly  ver i f ied  kinetic re la t ions  will aid in the analysis  concerned with var ious  a s -  
pects  of the detonation phenomenon and will yield re l iab le  quanti tat ive data.  

I t  follows f rom the calculat ions for  a one-dimensional  flow that a l ready at shor t  d is tances  t r ave led  
by the wave one obse rves  a qualitative co r re l a t ion  with the hydrodynamic  theory,  while at l a r g e r  dis tances  
(narrow width of the chemical  zone) the quantitat ive ag reemen t  is fa i r .  

The two-dimensional  flow behind a detonation wave front  f rom cha rges  of finite d imensions  is m o r e  
complex.  In this case  it is not improbable  that calculat ions m a y  revea l  fea tu res  which hardly  could be p r e -  
dicted on the bas is  of s impl i f ied mode l s .  
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