
DEFORMATION OF DROPS IN THE REACTION ZONE 

OF HETEROGENEOUS DETONATION 
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S. M. K o g a r k o ,  a n d  A.  L .  P o d g r e b e n k o v  

The development of theoret ical  ideas about heterogeneous detonation of combustible mixtures  con-  
sisting of liquid fuel drops and a gaseous oxidizer  is still a long way f rom the level of s imi lar  work in the 
field of gas detonation. Williams [1, 2] is evidently the f i rs t  to investigate the s t ruc ture  of the react ion 
zone in a detonation wave propagating in a two-phase mixture.  The works [1] and [2] prove the applicability 
of the Z e l ' d o v i c h - N e i m a n - D e r i n g  model fo rhe te rogeneous  detonation. Moreover ,  it is also noted in these 
works that the evaporation of the liquid phase cannot be the process  which de termines  the ra te  at which the 
fuel is burned in heterogeneous detonation. 

Since it is shown that the evaporation of drops behind the front of the detonation wave is negligible 
and makes only a small  contribution to the overal l  heat emission,  it is possible to analyze the influence of 
the disintegrat ion and deformation p rocesses  of the drops of liquid on the extent of the react ion zone in 
heterogeneous detonation. 

1. Presentat ion of the Problem. It is supposed that a l inear plane detonation wave with a speed D is 
propagated in a two-phase medium which consists  of a gaseous oxidizer and uniformly distr ibuted drops of 
a liquid combustible fuelo The speed, p res su re ,  density, and t empera tu re  of the gas before the front of the 
wave are  u 0, P0, P0, and T 0, respec t ive ly ;  and at any point after the front they are u, p, p, and T. The state 
of the liquid phase before  the detonation wave is cha rac te r i zed  by the speed of the drops w 0, the dimensions 
of the drops r0, and the mass  concentrat ion of liquid in a unit volume of gas ~0. The magnitude cr 0 is de te r -  
mined by the rat io a0 = 1.33~r0~n0 d (no is the number  of drops in a unit of volume, and d is the density of the 
liquid)~ The state of the liquid behind the detonation front is descr ibed  by the speed of the drops w, the 
volume of an individual drop V, and the concentrat ion of liquid which is given as ~ = Vnd in this region in 
view of the nonspher ic i ty  of the drops.  The movemen to fa two-phase  mixture is examined in a sys tem of 
coordinates  associa ted with the front of the wave, as a resul t  of which D = u 0 = W0o We will examine the 
basic simplifying hypotheses.  

The hypotheses of [1] and [2] are  usually used in analysis of two-phase  flows and detonation waves. 

1. The s t ruc ture  of the detonation wave cor responds  with the Ze l~dov ich -Ne iman-Der ing  hypothesis 
about a se l f -support ing steady impact  wave with a subsequent deflagration zone~ 

2o The volume occupied by the drops of liquid is negligibly small  in compar ison with the volume of 
gas. 

3. The influence of viscosity and thermal conductivity are effective only in the interaction processes 
of phases. 

4. The drops of liquid do not combine and they do not oscillate with one another. 

5. The drops are of equal size on the upstream side of the detonation front. 

6. The temperature of the drops is constant, and the relationship between the surface tension of the 
liquid and the temperature variation of the viscosity of the gas is not taken into account. 

On the basis of tests described in [4, 5] it is possible to come to the conclusion that the drops 
blown out by a high-speed flow of gas, u -  w > 20 m/see, assume a form which is similar to the shape of 
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an e l l ipsoid  of rotat ion.  The minor  axis of the el l ipsoid,  which is the axis of  rotat ion,  is  or iented  along 
the gas  flow. Ranger  and Nicholls [6] showed that the deformat ion of the drops  into the el l ipsoid of rotat ion 
is  obse rved  up to Weber  and  Reynolds n u m b e r s  W := 10 5 and R = 10 6. 

It is known f r o m  expe r imen t s  on the dis integrat ion of the drops  that,  a f te r  drops  of a de te rmined  de-  
g r ee  of deformat ion (which we will call  c r i t i ca l )  have been obtained, a rapid dis integrat ion of the drop into 
a l a rge  n u m b e r  of f iner  d rops  is obse rved  [3, 6]. The drop re ta ins  i ts  in tegr i ty  r ight  up to the v e r y  m o -  
ment  that the c r i t i ca l  s tage of deformat ion  is reached .  

We will fo rmula t e  the following bas ic  hypotheses  about the deformat ion  of d rops  behind the front  of 
the detonation wave: 

t )  The drops  of liquid a r e  de fo rmed  into the f o r m  of an e l l ipsoid  of rotat ion,  whose minor  axes a r e  
pa ra l l e l  to the di rect ion of the gas  flow. 

2) The c r i t i ca l  s tage of deformat ion is r eached  when the re la t ionship  between the length of the m a -  
j o r  s e m i a x i s  of the el l ipsoid of rotat ion a and the init ial  rad ius  of  the drop is a / r  0 = 3 [6]. 

3) Right up to the momen t  of t ime  while a / r  o _< 3, the dis integrat ion of the drops  takes  place by the 
m e c h a n i s m  of the liquid drop  [3, 6]. 

4) Until the momen t  at which the drops  reach  a c r i t i ca l  s tage of deformat ion ,  the model  of a h e t e ro -  
geneous detonation r e m a i n s  c o r r e c t ;  according to this model the dis integrat ion of the drops  according to 
the m e c h a n i s m  of co l lapse  of the su r face  l aye r  of liquid is cons idered  to be  a p roce s s  which d e t e r m i n e s  
the r a t e  at which the liquid phase  burns  out. In other  words the r a t e  of evaporat ion of the mic rod rops  torn 
off f r o m  the initial  drops  and the r a t e  of the mixing and the chemica l  r eac t ions  a r e  cons idered  to be high 
in compar i son  with the r a t e  of the dis integrat ion p r o c e s s .  

2. Basic  Equations.  The equation of continuity for  the two-phase  mix tu re  will be writ ten as follows: 

p0u0 + O~oWo ~ .  pu -b (~w (2.1) 

The  equation of conserva t ion  of momen tum has the f o r m  

pouo "z + aOwO ~ -[- Po ~ P u~ -t- a w  ~ + p (2.2) 

The equation of Conservation of energy is writ ten in the f o r m  

+ +  o=0 Ec 0 + Q + = + + 

Here  Y = Cp/'Cv is the ra t io  of the speci f ic  heats  at constant  p r e s s u r e  Cp and at constant  volume Cv, c 
is the t h e r m a l  capaci ty  of the liquid, and T o is the t e m p e r a t u r e  of the drops .  

The equation of s t a t e  of  the gaseous  med ium 

M p  --- p r B *  (2.4) 

and the equation for  conserva t ion  of to ta l  n u m b e r  of d rops  

n w  -~  const (2.5) 

a r e  added to these  equations.  

Here  M is the molecu la r  weight of t hegas ,  R* is the gas constant ,  and T is the t e m p e r a t u r e  of the 
gas .  

I f  the m a j o r  s em i ax i s  of the el l ipsoid has the dimension a, then the equation of movemen t  of the d rop  
will be  

w~'xdw = - -  ZV'~kP (w - -  u)~rta 2 (2~ 

Here  x is the d is tance  f r o m  the impac t  f ront ,  k = 0.27R ~176 is the coeff icient  of r e s i s t a n c e  [7], R = 
2a(w - u )v  -1 ,  a n d  u is the k inemat ic  v i scos i ty  of the gas .  

The equation r ep re sen t i ng  reduct ion in the volume of the drop on account of the col lapse  of the s u r -  
face  l aye r  of the liquid drop  will be  writ ten,  in accordance  with [3], as 
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w = - -  4n (~-t) vi~ ( w - -  u) ~ a 1"5 (2.7) 

H e r e  u f  i s  the  k i n e m a t i c  v i s c o s i t y  of  the  l iqu id .  

T h e o r e t i c a l  c o n c e p t s  about  the  d e f o r m a t i o n  of  d r o p s  a r e  e x a m i n e d  in the  w o r k s  [3] and [8]. 

By c o n v e r t i n g  the  equa t ion  of  d e f o r m a t i o n  of  the  d r o p ,  o b t a i n e d  in [8], to a c onve n i e n t  f o r m  and n e g -  
l e c t i n g  the  in f luence  of s u r f a c e  t e n s i o n  and v i s c o s i t y ,  we wil l  ob ta in  

VZ d~s -tit  2 := 0 . 5 n a ~ p ( w _  U)2 (2.8) 

H e r e  s i s  t he  d i s p l a c e m e n t  of the  s u r f a c e  of the  d r o p  a long the  m i n o r  ax i s  of  t he  e l l i p s o i d ,  and t i s  
the  t i m e .  

By chang ing  o v e r  f r o m  the  v a r i a b l e  t to  t he  v a r i a b l e  z, we ob ta in  

d2s~ = p ,~fk ds w 0.5 ~a ~ (Vd) -1 ~ ~ l )  (w --  u) 2 (2.9) 

T h e  v o l u m e  of  t he  e l l i p s o i d  of r o t a t i o n  i s  g iven  by  V = 4/37rba2, and t h e r e f o r e  i t  r e m a i n s  to f ind the  
m a g n i t u d e  of the  m i n o r  s e m i a x i s  b in o r d e r  to e s t a b l i s h  t he  so lu t ion .  

In the  c a s e  of a c o n s t a n t  m a s s  of  the  d r o p  b = r 0 -  s .  T a k i n g  into account  t he  v a r i a t i o n  of  the  m a s s ,  
we ob ta in  

Jb -~-- r (1 - -  sr0-~ ) (2.10) 

H e r e  r = 0.62V ~ i s  the  i n s t a n t a n e o u s  v a l u e  of  t he  r a d i u s  of the  d r o p  if  i t  ha s  r e m a i n e d  s p h e r i c a l  in 
the  d i s i n t e g r a t i o n  p r o c e s s .  

Having  de f i ned  the  v a l u e s  of a l l  the  v a r i a b l e s  d i r e c t l y  beh ind  the i m p a c t  f r o n t  which  l e a d s  to  t he  d e -  
t ona t ion  with the  index  1, we change  o v e r  to t he  d i m e n s i o n l e s s  v a r i a b l e s  

W ~ ~ - - W  t t t  - -  U (St ~ ~ S t  3 
Y20 ~ /'tO ~ (~0 ~ YO 

6 ' =  v~ n' n , p,  p . . . ,  - - - - _  _ _  X v _ _  _ _  

ro ~ no ~ ro ' P l  

T' = T ' - -  P t' two M '  M 
~7 'p - - - ~ '  =-go' = - ~  

O m i t t i n g  the  i n d i c e s  h e r e  and in the  fu tu r e  in the  d i m e n s i o n l e s s  p a r a m e t e r s ,  we ob ta in  the  fo l lowing  
f o r m  of Eqs .  (2.1) and (2.2) 

pu = A B ,  PPi ~- t + p0uo~Po -1 (C - -  A p - I B  2) (2.11) 

H e r e  

A-----pop1 -I ,  B = l - } - O ' o P o  - 1 ( 1 - o w ) ,  C - - I  +CroPo - 1 ( t - ( ~ w  ~) 

Making  use  of Eqs .  (2.11) and (2.3), we p r e s e n t t h e  d i m e n s i o n l e s s  d e n s i t y  of the  gas  in the  f o r m  

p = A B D E  -1 [t + (t - -  BEDi-~) ~ (2.12) 

H e r e  
D = [Po (poUo~) -~ + C] y ( ' f - -  t)  -1, D i --- D (y - -  1) ~ (y + 1) -~ 

E = (~o_2~~176 p0~0~ + l + ~0,Oo -~ [ 2 (~r0~0~ + Q) (t - ~,~) + t ~,~ ] 

Equat ion  (2.12) can  be  s i m p l i f i e d  i f  we pay a t t en t ion  to the  fac t  t ha t  in the  de tona t ion  wave  p0/P0U0 a << 1, 
and in the  C h a p m a n - Z h u g e  p l ane  a = 0, and 1 - BED~ -2 = 0. 

The  d i m e n s i o n l e s s  f o r m  of  t he  equa t ions  of the s t a t e  and of  t h e  c o n s e r v a t i o n  of the  t o t a l  n u m b e r  of  
d r o p s  i s  a s  f o l l o w s :  

Mp = pT, F(~w = 5 3 (2.13) 
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in which F = 4/3~, M ~ 1 .  

The  equa t ions  of m o v e m e n t  and lo s s  in the  v o l u m e  of the  d rops  have the  d i m e n s i o n l e s s  f o r m  

W-dlx = - d w  A 1 ( w -  u) ~.~l (zw) -~ p (1 - -  s) -x.1 (2.14) 

w ~ = - -  A 2 (w - -  u) o'5 pO,a3 (~w)O.~ (i - -  s) -~ (2.15) 

Af ter  i n t roduc ing  an addi t iona l  v a r i a b l e  d s / d x  = ~/we obta in  an equat ion  for  de fo rma t ion  of the drops  

w~--~-~ x = AI (w -- u) 2.~1 on p (w -- u)~ (~w) ~ (zw) ~ (t --s) 1,1 ~- Aa (i --s) (2.16) 

The  coe f f i c i en t s  A1, A2, A 3 a r e  d e t e r m i n e d  by the r e l a t i o n s h i p s  

A l ~ 0.1pl d-lRo~ ' As ---- 4.2 (vlv-') ~ (pld-1)~176 5 

A 3 = 0.375pld-', R o ~ WoroVo -1 

In o r d e r  to obta in  a fu l l e r  p i c t u r e  of the p r o c e s s ,  the s a m e  equa t ions  were  wr i t t en  in the c o o r d i n a t e s  
of the t i m e  t with the o r ig in  on the f ron t  of the de tona t ion  wave. T h e s e  equat ions  can be de r ived  f r o m  those  
wr i t t en  above:  

d~ 
dt 

d (~w) 
~  

d t  

ds 
d--t- -~- q) ' 

- -  - -  - -  A 1 ( w  - -  u )  ~'~1 p ( : w )  -~ ( l - -  s )  -1'1 

-- - -  A2p ~ (w - -  u) ~ (~w) ~ (t - -  s) -~ 

~ t  = A~p (w - - u )  ~ (zw) -~ (i - -  s) -1 

(2.17) 

3. Ca lcu la t ion  and D i s c u s s i o n  of Resul t s~  Solution of the s y s t e m  of equa t ions  (2.14)-(2.16) and (2.17) 
was ach ieved  n u m e r i c a l l y  by the method  of f in i te  d i f f e r e n c e s  on the  e l e c t r o n i c  d ig i ta l  c o m p u t e r  "Mi r -  1:" The  
ca l cu la t ion  was c a r r i e d  out for  a t w o - p h a s e  m i x t u r e ,  which c o n s i s t e d  of d rops  of hep tane  and gaseous  oxygen.  
The  t h e r m o d y n a m i c  c a l c u l a t e d  va lue  of the r a t e  of de tona t ion ,  for  a s t o i c h i o m e t r i c  compos i t i on  of th i s  m i x -  

t u r e  (cr0~ 0 = 0.284) and when the i n i t i a l  p r e s s u r e  and t e m p e r a t u r e  of the m i x t u r e  P0 = 1 arm and T o = 300~ 
is  D = 2400 m / s e c  [9]. Two v a r i a n t s  of a m o n o d i s p e r s e  d i s p e r s i o n  of heptane  in oxygen with d rop  d i m e n -  
s ions  of r 0 = 0.1 m m  and r 0 = 1 m m  a re  examined .  A c h a r a c t e r i s t i c  of the  computa t ion  is the e x a m i n a t i o n  
of the magn i tude  of the r e l a t i v e  de fo rma t ion  s of the l iquid  drop.  It fol lows f r o m  Eq. (2.9) that  in the ca se  
of a i r  o = 3 the va lue  of the c r i t i c a l  s tage  of d e f o r ma t i on  is s* = 0.9. On th is  b a s i s  the computa t ions  were  
t e r m i n a t e d  at s = s* = 0.9. 

The  r e s u l t s  of n u m e r i c a l  c a l cu l a t i on  of the p a r a m e t e r s  of a t w o- pha se  flow behind  the f ron t  of a de-  
tona t ion  wave a re  g iven in Fig .  1. It is  seen  f r o m  the g raph  that  r e a c h i n g  of the c r i t i c a l  shape of d e f o r m a -  
t ion of the d rops  of l iquid ,  tha t  i s ,  s = 0.9, t akes  p lace  at the m o m e n t  when, on account  of the co l l apse  of the 
s u r f a c e  of l iquid ,  the o r i g i n a l  m a s s  of the drop  is s u c c e s s f u l l y  r e d u c e d  by (1 - ~w) ~ 0.08 in drops  whose 
r a d i u s  is r 0 = 102/2 (Fig.  l a )  and only by (1 - ~w) ~ 0.02 in  d rops  with r 0 = 103/2 (Fig.  lb ) .  At the m o m e n t  of 
of t i m e  when s = s* = 0.9 the r e l a t i v e  speed  of the gas  and the d rops  is high and it  is about 103 m / s e c .  The  
absence  of e x p e r i m e n t a i  da ta  about  the s p e c t r u m  of the d i m e n s i o n s  of the d rops  which f o r m  when the  o r i g -  
ina l  d rops  b r e a k  up p r e v e n t s  us,  for  the p r e s e n t ,  f r o m  f inding by computa t ion  the t i m e  i n t e r v a l  and d i s t ance  
n e c e s s a r y  for  t hem to evapora te ,  mi ) ;  and b u r n  up. However ,  if we take  the d i m e n s i o n s  of the newly f o r m e d  
m i c r o d r o p s  in a rough  app rox ima t ion  equal  to 2b (where s = s* = 0.9), it  i s  p o s s i b l e  to show that  the c o m p l e -  
t ion of d rops  with a d i m e n s i o n  of r 0 = 102/2 is comple t ed  on account  of the evapora t ion  at a d i s t ance  x ~ 10 m m  
f r o m  the  de tona t ion  f ron t ,  but  tha t  of d rops  with a d i m e n s i o n  of r 0 = 103/2 is  comple t ed  at a d i s t ance  of x = 
100 ram.  Acco rd ing  to the evapora t ion  mode l  [1], the length  of the r e a c t i o n  zone for  d rops  with r 0 :-- 102/2 

was x ~ 1 m,  and for  d rops  with r 0 = 103/2 it  was x ~ 6 m~ Accord ing  to the d i s i n t e g r a t i o n  mode l  and a c c o r d -  
ing to the m e c h a n i s m  of the s u r f a c e  l a y e r  of the  l iqu id  d rops ,  the  s a m e  va lues  a r e  obta ined ,  r e s p e c t i v e l y ,  
x ~ 60-100 m m  (r 0 --102/2) and x ~ 0 . 6 -  l m  (r 0 =103/2). Hence,  the  de fo rma t ion  of the drops  in the  r e a c t i o n  
zone,  which f a c i l i t a t e s  r ap id  d e s t r u c t i o n  of the d rops ,  obv ious ly  l eads  to the lowes t  va lues  for  the length  of 
the  r e a c t i o n  zone.  

In the c a s e  of h e t e r o g e n e o u s  de tona t ion  in m i x t u r e s  with d rops  whose d i m e n s i o n s  a r e  r 0 = 0~ m m  the 
c r i t i c a l  s t age  of d e f o r m a t i o n ,  tha t  is ,  s = s* = 0 .9 , i s  r e a c h e d  1 " 10 -6 sec  a f t e r  con tac t  of the d rops  with the  
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f ront  of the wave. Hence,  obvious ly  the format ion  of a homogeneous gas  mix tu re  behind the f ront  of the 
wave takes  p lace  af te r  t i m e s  which a r e  c lose  in o r d e r  of magni tude to the pe r iod  of induction of combust ion 
of gaseous  m i x t u r e s  of such composi t ion ,  a f te r  they have been c o m p r e s s e d  at the front  of the detonation 
wave~ The  detonation speed in such a he te rogeneous  mix tu re  wi l l  not d i f fer  f r o m  the speed  of detonation in a 
homogeneous gas mix tu re  of equivalent  composi t ion ,  s ince  the energy l o s s e s  f r o m  the reac t ion  zone will  be 
p r a c t i c a l l y  the same~ F o r  m i x t u r e s  of s t o i c h i o m e t r i c  composi t ion  the expe r imen ta l  values  of the speed  of 
detonation will  d i f fe r  l i t t l e  f rom the ca l cu la t ed  value~ Data which conf i rm the a g r e e m e n t  of ca lcu la t ed  
magni tudes  of the speeds  of detonation with e xpe r i m e n t a l  m e a s u r e m e n t s  a r e  obtained in [9] f rom m e a s u r e -  
ment  of the detonation speed in combus t ib le  a e r o s o l s  with d rop  d imens ions  r 0 _< 0.8 mm.  

The propagat ion  of the detonation in two-phase  m i x t u r e s  with d rops  r 0 _> 1 mm r e q u i r e s  s pe c i a l  exam-  
ination.  I t  i s  ea s i ly  seen f rom the g raphs  of F ig .  1that  as the d imens ions  of the d rops  i n c r e a s e ,  the length of 
t ime  which is  n e c e s s a r y  in o r d e r  that  s = s* i n c r e a s e s  cons ide rab ly .  Evidently this  c i r c u m s t a n c e  toge the r  
with a number  of o the r s  given below leads  to the fact  that  the magni tude of the speed of detonation in a s i -  
m i l a r  two-phase  mix tu re ,  as the authors  of [9] and [10] have shown, d rops  to va lues  which a r e  only about 
50~  of the ca l cu la t ed  value .  S i m i l a r  detonat ion condi t ions a r e  unknown in homogeneous gas  m i x t u r e s .  A 
d i s in t eg ra t ion  of the detonation wave is  o b s e r v e d  even in the c a s e  of sma l l  d e c r e a s e  in the speed  of the 
gas detonation (by 10-15%). In o r d e r  to explain the mix tu re  of detonation waves in he te rogeneous  m i x t u r e s  
with l a r g e  d rops ,  a c a l c u l a t i o n  was made  of the change in the p a r a m e t e r s  of a two-phase  heptane--oxygen 
mix tu r e  of s t o i c h i o m e t r i c  compos i t ionwi th  d rops  r 0 = 1o3 m m  behind a detonation wave whose speed is  D = 
1200 m / s e c .  The r e s u l t s  of the ca lcula t ion  a r e  given in Fig~ l c .  The c r i t i c a l  s tage  of deformat ion  s = s* 
= 0~ is r e ached  af te r  a t ime  t ~ 3~ ~ 10 .5 sec .  After  this  t ime  only 2 ~  of the o r ig ina l  m a s s  (1 - ~w= 0.02) 
was succes s fu l l y  broken away as a r e s u l t  of s t r ipp ing  of the s u r f a c e  l a y e r  of l iquid f rom the drop .  We will  
c o m p a r e  the ca lcu la t ed  da ta  which we have obtained with the expe r imen ta l  r e s u l t s  given in [10] in which a 
s e r i e s  of photographs  a r e  given which r e p r e s e n t  the t r a n s f o r m a t i o n s  undergone by the d rop  of l iquid r 0 = 
1o3 mm behind the f ront  of the wave when D = 1200 m / s e c ~  The deformat ion  of the drop  and the b reak ing  
away of the s econda ry  m i c r o d r o p s  become  no t i ceab le  a l r e a dy  a f te r  a t ime  in t e rva l  of t = (3-6) �9 10 -~ sec 
and p r o g r e s s  with t ime .  The de fo rmat ion  of the d rop  is man i fe s t ed  in the i n c r e a s e  of the d imens ions  of 
i ts  l a t e r a l  c r o s s  sect ion which is p a r a l l e l  to the plane of the front  of the wave. 

However ,  r igh t  up to t ~ 40~ 10 -~ sec  the photographs  of the d i s in t eg ra t ing  drop  in a ne u t r a l  [6] and 
oxidiz ing [10] medium a r e  s i m i l a r  to each o ther ,  which evident ly  conf i rms  the tmimpor tant  inf luence of com-  
bust ion on the deve lopment  of the  p r o c e s s  at th is  s tage .  In acco rdance  with the model  developed in Pa r t  2 
and with the known data  about the d i s in teg ra t ion  of the drops  [3-6], in tens ive  d i s in t eg ra t ion  of the d rop  be -  
gins a f te r  a t ime  in t e rva l  of t -- t(s*) ~ 3 5 . 1 0  -~ sec  a f te r  contact  of the front  of the wave with the drop~ The 
authors  [10] o b s e r v e d  a s t rong  seconda ry  explosion in the depth of the zone behind the f o r w a r d  face  of the 
front .  In a l l  l ikel ihood thecause  of s econda ry  detonation is the fo rmat ion ,  as a r e s u l t  of an in tense  in i t ia l  
d i s in teg ra t ion  of the drop,  of loca l  s o u r c e s  of combus t ib le  mix tu re  and the i r  ve ry  high r a t e  of combust ion,  
which s e r v e s  as an exci ta t ion sou rce  for  s econdary  impac t  waves.  The  secondary  impac t  waves,  which 
f o r m  as a r e s u l t  of combust ion of the s o u r c e s  of the exp los ive  mix tu re ,  ove r t ake  the front  of the in i t ia l  
wave and c a r r y  out t r a n s m i s s i o n  of energy  f rom the zone of the main heat  genera t ion  to the impac t  wave~ 
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The secondary  waves,  r e t r ea t ing  in the opposi te  direct ion,  t r a n s f e r  par t  of the energy into the detonation 
products~ The  main energy l o s s e s  a re ,  however ,  a ssoc ia ted  with a t ime  delay of the p roce s s  of final bu rn -  
ing of the d i s in tegra ted  drop. After  the drop  has  d is in tegra ted ,  the energy  emiss ion  p r o c e s s  is l imi ted  by 
the r a t e  of the mixing p roce s s  of the components  of the mixture ,  which, judging f r o m  the r e su l t s  of [6], 
continues for  a t ime  per iod t = 6r0(v 1 - wl)-I ( p ( l d )  ~ It  is n e c e s s a r y  to ant icipate  that  the subs tant ia l  
pa r t  of the energy  l ibe ra ted  at this  s tage  does not contr ibute  to main tenance  of the detonation wave s ince 
because  of the g r ea t  length of the react ion  zone the lo s ses  of energy  to the tube wall a re  high, and the l ib-  
erat ion of energy  can take place a l ready af ter  the Chead ~ of the ra re fac t ion  wave. 

Hence,  in the ca se  of f ine-drop sp ray  detonation the heat  emiss ion  p r o c e s s  takes  place  in a quas i -  
homogeneous ma nne r  (a lmost  as in the ca se  of gaseous  detonation). The extent of the zone of heat  e m i s -  
sion is hence comparab le  with the length of the s a m e  zone in the case  of gaseous  detonation. As a r e su l t  
of the above-ment ioned  c i r c u m s t a n c e s  the magnitude of the speed of the waves of a he terogeneous  detona- 
tion, as well as of the waves of a gaseousde tona t ion ,  d i f fers  negl igibly f r o m  the value calcula ted by the 
t he rmodynamic  theory  of ga s e s .  

Considerable  i nc rea se  in the d i a m e t e r s  of the drops  leads  to nonuniformity  of the dis tr ibut ion of the 
fuel concentra t ion in the volume behind the front  of the wave and t o o c c u r r e n c e o f  intensive secondary- i m -  
pact  waves and of c l ea r ly  e x p r e s s e d  nonuniformity  of the heat  emiss ion  p r o c e s s  (and also,  evidently,  to in- 
comple te  burning). As a r e su l t  of substant ia l  energy  lo s ses  f r o m  the react ion  zone, the detonation speed 
in mix tu re s  with l a rge  drops  mus t  be l e s s  than the calcula ted speed.  
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