
COMBUSTION, EXPLOSION, AND SHOCK WAVES, VOLUME 1, NUMBER 4 19 

SLIDING OF DETONATION AND SHOCK WAVES OVER LIQUID SURFACES 

A. A. Borisov,  S. M. Kogarko, and A. V. Lyubimov 

Fiz ika  Goreniya  t Vzryva,  Vol. 1, No. 4, pp. 31--38, 1965 

UDC 532.593 

The in te rac t ion  of detonat ion and shock waves, 
propagat ing  in a gaseous  medium,  with liquid su r faces  
over  which they sl ide has r ecen t l y  a t t rac ted  much 
at tent ion.  This  i n t e r e s t  has been a roused  p r i m a r i l y  
by p rob lems  of the safe t r anspo r t a t i on  of a i r  and ex-  
p los ive  mix tu res  through p ipe l ines  [1-3J .  The i n t e r -  
action of a detonation wave with the sur face  of an 
ine r t  gas has been thoroughly s tudied [4, 5]. 

The object  of our  work was to study al l  the s tages 
of in te rac t ion  between detonation and shock waves and 
l iquid su r faces  over  which they s l ide.  

INTRODUCTION 

We shal l  cons ide r  the in te rac t ion  of a detonat ion 
wave with a l iquid sur face  in the p r e s e n c e  of s l iding.  
Almos t  all  the r e su l t s  obtained a re  also appl icable  to 
shock waves.  When a detonation wave pas se s  over  a 
l iquid sur face  two in te rac t ion  r e g i m e s  a re  poss ib le  
depending on the re la t ion  between the detonation wave 
veloci ty  D and the speed of sound in the l iquid ci. 
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Fig.  1. D iag ram i l l u s t r a t i n g  i n t e r -  
act ion of detonat ion wave and liquid 
for  D > c 1. 1) Explosive mix ture ,  
2) l iquid, 3 )de tona t ion  front ,  4) deton-  
at ion products ,  5) at tached shock, 
6) ref lec ted  shock, 7) p r i m a r y  re f l ec t -  
ed r a r e f ac t i on  wave, 8) ref lec ted  
r a r e f ac t i on  wave, 9) s econda ry  re f l ec t -  

ed shock. 

1. The f i r s t  r eg ime  co r r e sponds  to D > ct (Fig. 1). 
In t e rac t ion  between detonat ion wave and liquid r e su l t s  
in the fo rmat ion  of an at tached shock, 5, (in the gas, 
a r a r e f ac t i on  wave), o r ien ted  at an angle s t to the 
sur face  of the l iquid.  Ana lys i s  of the in t e rac t ion  in 
t e r m s  of the d i ag ram of p r e s s u r e  vs. flow ro ta t ion  
angle (p, X) (Fig. 2) shows that shock 5 and al l  sub-  
sequent  waves in the l iquid a re  acoust ic .  If the l a ye r  
of l iquid is bounded by a pipe wall  made of e las t ic  
ma te r i a l ,  then re f lec ted  shock 6 (Fig. 1) develops 

with twice the p r e s s u r e  ampli tude and angle of r e -  
f lect ion ~2 = a t .  Subsequently, there  is a whole 
s e r i e s  of re f lec t ions  f rom the Wall and the f ree  s u r -  
face of the liquid with the fo rmat ion  of a sys t em of 
shock waves and ra re fac t ion  waves in the liquid. 
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Fig.  2. D iag ram i l l u s t r a t i ng  the case 
of in t e rac t ion  between a detonat ion 
wave and a liquid sur face  for D > c 1. 
P0 --  in i t ia l  p r e s s u r e  of mix ture ,  
P d -  p r e s s u r e  in detonat ion wave, 
Pl and ~l -- p r e s s u r e  and flow ro t a -  

t ion angle a f te r  i n t e rac t ion .  

F o r  the specif ic  mix ture  2H 2 + 0 2 and water  at an 
in i t ia l  p r e s s u r e  P0 = 1 abs.  arm we get the equation 
of s t ra igh t  l ine 1 (see Fig.  2): 

p l - - p ~ = 5 .  1010X l 

and the equation of curve  2: 

P d & - - 1 -  1 . 4 f f  a. 

Solving this  sys t em for Pl and • we get 

Zl ~ 3.4 �9 10- ~rad,  Pl = 0,9995pg, T. e. Pl ~ Pg. 

The p r e s s u r e  in wave 6, P2 = 2PI, in wave 7, Pa = P~, 
in wave 8, P4 =P0, i n w a v e 9 ,  P5 =Pt,  and so on. This  
wave packet ,  moving in the liquid behind the de tona-  
tion wave, may be c ha r a c t e r i z e d  by a c e r t a i n  effec-  
t ive wavelength 2~ 0. If the depth of the liquid l ayer  is 
h 0, then 

)'0 ~ 4h0 .(D~]c~ -- I) '/~. 

In a l aye r  of l iquid of f ini te  length the re  is an i n -  
t e rac t ion  between the wave packet  and the end of the 
pipe or f ree  sur face .  In this  case  a new sys t em of 
waves is  re f lec ted  e i the r  in phase (r igid wall) or  in 
ant iphase  (free surface) .  I n t e r f e r ing  with the ta i l  of 
the inc ident  packet, the new packet  p roduces  a sy s t em 
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of the s tanding  wave type.  The d i s t a n c e  between 
nodes  o r  an t inodes  in th is  s y s t e m  is  equal  to kl, whe re  
~.1 = 2~0/2 = 250 ( D2/C~ - 1 )if2. 
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Fig .  3. D i a g r a m  i l l u s t r a t i n g  i n t e r a c t i o n  
of de tonat ion  wave and l iquid fo r  D < c 1 . 
1) Exp los ive  m i x t u r e ,  2) l iquid,  3) de tona-  
t ion front ,  4) de tonat ion  p roduc t s ,  5 ) l a t e r a l  
shock,  6) r e f r a c t e d  shock,  7) r e f l e c t ed  
shock,  8) p r i m a r y  r e f l e c t e d  r a r e f a c t i o n  wave,  
9) r e f l e c t ed  r a r e f a c t i o n  wave,  10) s e c o n d a r y  

r e f l ec t ed  wave,  11} i n s e r t .  

p r e v i o u s l y  d e s c r i b e d  under  c a s e  1. In c a s e  2 a l l  the  
waves  a r e  c y l i n d r i c a l  except  l a t e r a l  wave 5, the wave 
s y s t e m  is  acous t i c  and r a p id ly  a t t enua tes .  

To c l a r i f y  the subsequent  b e h a v i o r  of the  l iquid we 
sha l l  i nves t iga t e  the s t ab i l i t y  of the  r e s u l t i n g  t angen -  
t i a l  d i scon t inu i ty  ( a lmos t  s t i l l  l i qu id - -mov ing  gas) 
with a l lowance  for  the g r a v i t a t i ona l  f ie ld and s u r f a c e  
t ens ion  f o r c e s .  F o r  th is  p u r p o s e  we sha l l  employ  
L a n d a u ' s  s t ab i l i t y  c r i t e r i o n  [6]: 

~ 4=g(p--pl)(p§ ~' 

w h e r e  u 0 is  the  m a x i m u m  gas  ve loc i ty  under  s t ab le  
condi t ions ,  ~ is  the s u r f a c e  t ens ion  coeff ic ient ,  g is  
the f r e e - f a l l  a cce l e r a t i on ,  p is  the  dens i ty  of the 
liquid, and pl is  the dens i ty  of the detonat ion  products .  
F o r  p >> Pl we get the fol lowing e x p r e s s i o n  fo r  the 
s t ab i l i t y  c r i t e r i o n :  

~ 4agp 

2. The second  i n t e r ac t i on  r e g i m e  c o r r e s p o n d s  to 
D < c I (F ig .  3). At  the momen t  detonat ion  wave 3 
s t r i k e s  the sur face ,  a r e f r a c t e d  c y l i n d r i c a l  shock 
wave 6 deve lops  in the l iquid.  It moves  away f r o m  
the point  of o r ig in  at a ve loc i ty  c 1 and o v e r t a k e s  the 
de tonat ion  wave 3, s ince  D < c 1. This  g e n e r a t e s  a 
l a t e r a l  shock 5, which t r a v e l s  th rough  the de tona t ion  
m i x t u r e  ahead of the de tona t ion  f ront .  The angle  of 
inc l ina t ion  of the l a t e r a l  shock  to the l iquid s u r f a c e  

= a r c s i n  c2 /c l ,  whe re  c 2 i s  the  speed  of sound in 
the  exp los ive  m i x t u r e .  The p a t t e r n  of mot ion  i s  non-  
s t a t iona ry ;  one end of the  l a t e r a l  wave moves  upward  
a long the detonat ion  f ront .  The r e f r a c t e d  shock 6, on 
be ing  r e f l e c t e d  f rom the p ipe  wall ,  g e n e r a t e s  a s y s t e m  
of shock waves  and r a r e f a c t i o n  waves  s i m i l a r  to tha t  

F o r  the c a s e  of de tonat ion  of a m i x t u r e  of 2H 2 + O~ 
ove r  a g l y c e r i n  s u r f a c e  u 0 _< 8 m / s e c .  The ve loc i ty  
of the de tonat ion  p r o d u c t s  is  a l m o s t  e v e r y w h e r e  
g r e a t e r  than u0; t h e r e f o r e  the  s u r f a c e  of the  l iquid is  
in an uns tab le  s t a t e  and the wave s y s t e m s  c o n s i d e r e d  
above n a t u r a l l y  l ead  to the a p p e a r a n c e  and s u b s e -  
quent  deve lopmen t  of p e r t u r b a t i o n s  of the  l iquid s u r -  
face .  P a r t i c l e s  of l iquid a r e  then e n t r a i n e d  by  the 
flow of gas  and b roken  up into v e r y  fine d r o p l e t s  [7]. 

An e s t i m a t e  of the amount  of l iquid tha t  could be 
e v a p o r a t e d  f rom the s u r f a c e  behind the wave  dur ing  
the c h a r a c t e r i s t i c  t i m e  of the  a tomiza t i on  p r o c e s s ,  
500 ~see ,  b a s e d  on ca l cu la t ions  of the heat  flow in a 
shock tube f rom the gas  to the  wa l l s  [8, 9], g ives  
5 x 10 -8 g of w a t e r  p e r  cm 2 of l iquid  s u r f a c e .  The 
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Fig .  4. E x p e r i m e n t a l  s e t u p - - s c h e m a t i c .  1} O b s e r v a t i o n  c h a m b e r ,  
2} de tona t ion  tube ,  3} and 5) h a l f - s h a d e  p o l a r i m e t e r ,  4} f l a s h  l a m p ,  

6) t r a n s i t i o n  l ens  s y s t e m ,  7) SFR p h o t o r e c o r d e r .  
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effect  due to evapora t ion  f rom a smooth  s u r f a c e  is  
v e r y  s m a l l .  Taking  v i s c o s i t y  into account  a l so  g ives  
a v e r y  s m a l l  r e s u l t  fo r  a c h a r a c t e r i s t i c  t ime  of 
500 # s e e .  

RESULTS OF THE EXPERIMENTS 

The e x p e r i m e n t a l  se tup  is  i l l u s t r a t e d  in Fig .  4. A 
c h a m b e r  with two t r a n s p a r e n t  s ide  wai l s ,  r e c t a n g u l a r  
in c r o s s  s ec t ion  with s i d e s  27 x 28 m m  and 37 cm 
long, was  connec ted  with a de tonat ion  tube (diam. 
15 ram, length 50 cm).  The de tona t ion  wave was 
i n i t i a t e d  in the tube by  an e l e c t r i c  s p a r k .  A s p i r a l  
was i n s e r t e d  in the tube to r educe  the p rede tona t ion  
pe r iod ,  The i n t e r a c t i o n  p r o c e s s e s  we re  i nves t i ga t ed  
us ing  a ha l f - shade  p o l a r i m e t e r  combined  with a SFR 
p h o t o r e c o r d e r  o r  a SKS m o t i o n - p i c t u r e  c a m e r a  [10]. 
In o b s e r v i n g  the i n t e r a c t i o n  p a t t e r n  the dev ice  was 
tuned e i t h e r  to the l iquid o r  the gas .  

The fol lowing w e r e  s tudied:  exp los ive  m i x t u r e s - -  
2H~ § nO2, CH 4 + 202; g a s e s - - o x y g e n  and a i r ;  f ive 
d i f f e ren t  l i qu id s - -wa t e r ,  g lyce r in ,  m e r c u r y ,  ke rosene ,  
and ce tane .  T h e s e  l iquids  w e r e  chosen  b e c a u s e  of the 
r ange  of  p r o p e r t i e s  they  r e p r e s e n t .  K e r o s e n e  and 
ce tane  (hexadecane  Ct~H34) w e r e  chosen  as  l iquid 
fuels  with low vapor  p r e s s u r e .  We a l so  used  such 
m a t e r i a l s  as  c o m m e r c i a l  p e t r o l a t u m  and para f f in .  
The para f f in  was depos i t ed  on the bo t tom of the 
c h a m b e r  in mol t en  fo rm and cooled  to fo rm a so l id  
l a y e r .  

F ig .  5. Wave s y s t e m  in g l y c e r i n  fo l lowing 
i n t e r a c t i o n  of a de tona t ion  wave  in a 2tt 2 + 
+ 02 m i x t u r e  wi th  the  g l y c e r i n  s u r f a c e ,  
P0 = 1 abs .  arm. Detona t ion  wave  t r a v e l s  

f r o m  lef t  to r igh t .  1) Gas ,  2) l iquid.  

A s m a l l  n u m b e r  of e x p e r i m e n t s  with k e r o s e n e  and 
ce tane  w e r e  made  us ing  a l a r g e  shock tube of the type  
d e s c r i b e d  in [11, 121. The igni t ion of the r e s u l t i n g  
m i x t u r e s  of k e r o s e n e  o r  oc tane  and oxygen of a i r  in 
the shock waves  was inves t iga t ed .  

E x p e r i m e n t s  with an exp los ive  m i x t u r e  of 2H2 + 
+ nO 2 (by v a r y i n g  n f rom 1 to 6 i t  is  p o s s i b l e  to v a r y  
the de tona t ion  wave ve loc i t y  f rom 2820 m / s e e  to 
1700 m / s e e )  and s e l e c t e d  l iquids  t o g e t h e r  with c o m -  
m e r c i a l  p e t r o l a t u m  and pa ra f f in  c o n f i r m e d  the a s -  
sumed  r e s u l t s  of the  i n t e r a c t i o n  of de tonat ion  waves  
and l iquid s u r f a c e s .  P a s s a g e  of a de tonat ion  o r  shock  
wave was fol lowed by i n s t a b i l i t y  of the l iquid su r f ace .  
The i n s t a b i l i t y  deve lops  d i f f e r e n t l y  fo r  the d i f f e ren t  
l iqu ids  and m a t e r i a l s  s e l e c t e d .  

E x p e r i m e n t s  wi th  g l y c e r i n  (D > ct).  G l y c e r i n  is  a 
usefu l  t e s t  subs t ance  in that  i t  m a k e s  i t  p o s s i b l e  to 

o b s e r v e  the r e s u l t s  of i n t e r ac t i on  both in the l iquid 
and in the gas .  In th is  c a se  the i n t e r a c t i o n  m a y  be 
a r b i t r a r i l y  d iv ided  into four  s t ages .  

The f i r s t  s t age  l a s t s  about 300~sec (Fig .  5), b e -  
ginning f rom the momen t  the de tonat ion  wave r e a c h e s  
the l iquid su r f ace .  A wave s y s t e m  ~ l t  = 44~ ~ le  = 
= 45~ • 3~ c~2 = ~l ,  e tc .  is  v i s ib l e  in the g lyce r in .  In 
th is  s tage  the s u r f a c e  of the l iquid r e m a i n s  smooth .  

F ig .  6. A tomiza t ion  of g l y c e r i n  a f t e r  p a s s a g e  of 
de tonat ion  wave  in a 2H 2 + 02 m i x t u r e .  The de t -  
onat ion wave t r a v e l e d  f r o m  lef t  to r igh t ,  T i m e  

be tween  f r a m e s  95 #sec .  1) Gas ,  2) l iquid.  

By varying the depth of the glycerin layer h 0 it is 
possible to change the characteristic wavelength k 0 
of the wave packet. 

The second stage begins with the visible perturba- 
tion of the liquid surface and continues until it be- 
comes quite rough. This phase lasts about 500 #see 
(Fig .  6). The mean  upward  ve loc i t y  of the  l iquid i s  
about  20 m / s e c ,  which is  in good a g r e e m e n t  with the 
e s t i m a t e d  r e s u l t s .  The d i s t u r b a n c e  of the s u r f a c e  has 
a c e r t a i n  p e r i o d i c i t y .  The wavelength  fol lowing f rom 
th is  p e r i o d i c i t y  (kte) is  equated with Xlt obta ined  in 
the in t roduc t ion  (Fig .  7). The good a g r e e m e n t  b e -  
tween these  quant i t i es  i nd i ca t e s  the  c o r r e c t n e s s  of 
our  a s sumpt ion  conce rn ing  the c a u s e s  of the  p h e -  
nomenon.  In the  t h i r d  s t age  the l iquid de t ached  f rom 
the s u r f a c e  is  b roken  down into fine d r o p l e t s  by the  
gas  flow and f i l l s  the en t i r e  c h a m b e r  with a dense  
mi s t .  This  s t age  cont inues  fo r  about 400 ~sec .  

2 4 ~ 8 
ho, m~a 

Fig. 7. Variation of distance 
be tween  an t inodes  X t with 
depth of  l a y e r  h 0 fo r  g l y c e r -  
in.  The s t r a i g h t  l ine  i s  t h e o r -  

e t i c a l .  
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The fourth s tage is assoc ia ted  with se t t l ing  of the 
mi s t  in the s t i l l  gas in the gravi ta t ional  field and 
makes  it  poss ib le  to m e a s u r e  the mean  d i a m e t e r  of 
the g lycer in  drops.  Settl ing l a s t s  about 4 rain, which 
gives a droplet  rad ius  R - 0.5 mic ron .  The a tomiza -  
t ion is  ve ry  fine. 

Fig .  8. Wave s y s t e m  in  wa te r  
following in t e rac t ion  of deto- 
na t ion  wave in a 2H 2 + O 2 
mix tu r e  with the wa te r  s u r -  
face ,  P0 =1  abs.  atm. Deto- 
na t ion  wave t r ave l s  f r o m  
left  to r ight .  1) Gas ,  2) l iquid.  

Expe r imen t s  with g lyce r in  (D < cl). In this  case  
the wave sys t em is ve ry  weak and rapidly  damped. 
The method employed does not make it poss ib le  to 
obse rve  this  sy s t em in g lycer in .  However, the sub-  
sequent  course  of the in te rac t ion  p roces s  coincides  
with that for D > c 1. P a r t  of the g lyce r in  is  a tomized 
fo rming  a mis t .  

Expe r imen t s  with wa te r  and m e r c u r y  (D > cl). In 
expe r imen t s  with water  it  is  poss ib le  to obse rve  the 
in te rac t ion  pa t t e rn  only in the liquid; vapor  se t t l ing  
on the g lass  obscures  what takes place in the gas.  In 
the f i r s t  s tage the in te rac t ion  pa t t e rn  coincides  with 
that a s sumed  above (Fig. 8). A wave sys t em with 
~ l e  = 30~ + 3~ ~ l t  = 29~  c l ea r l y  v is ib le .  The r e -  
sul t  is  a dense  mis t .  

Fig.  9. Atomiza t ion  of m e r c u r y  af ter  pas sage  of 
detonat ion wave in a 2H 2 + O 2 mix tu re .  T i m e  
be tween  f r a m e s  360 ~sec.  1) Gas ,  2) l iquid.  

In the expe r imen t s  with m e r c u r y  the a tomiza t ion  
effect is c l e a r l y  observed  (Fig. 9). The pa r t i c l e s  
e jec ted  f rom the sur face  a re  s m a l l e r  and the se t t l ing  
of the m i s t  more  rapid  than in the case  of water  or  
g lycer in ,  but the a tomiza t ion  p r o c e s s  i t se l f  is  ve ry  
in tense .  

Expe r imen t s  with ke rosene  and cetane (D > c a and 
D < cl). These  exper imen t s  were  made in  o rde r  to 
a s c e r t a i n  the na tu re  of the in t e rac t ion  of detonat ion 
and shock waves with the sur face  of a l iquid fuel. Fo r  
a detonation wave in a 2H 2 + O 2 mix tu re  the i n t e r a c -  
t ion pa t t e rn  is ident ica l  with that in  water  or g lycer in .  
F o r  ke rosene  and ce tane  we also used  a mix tu re  en -  
r iched in oxygen 2H 2 + 602 to c r ea t e  a secondary  m i x -  
t u r e  cons i s t ing  of oxygen r e ma i n i ng  af ter  the r eac t ion  
in the detonation wave and the fuel mis t .  If one takes  
a l a rge  amount  of fuel (liquid l a ye r  2 m m  thick or  
more) ,  then the m i s t  conta ins  such a l a rge  amount  of 
ke rosene  or  cetane that  the secondary  mix tu re  cannot 
burn .  If, however, one takes  a sma l l  amount  of fuel 
( layer  0.03 m m  thick or  less) ,  the r e su l t i ng  second-  
a ry  mix tu re  is  pa r t i a l ly  bu rned  up. 

F ig .  10. Atomiza t ion  of c o m m e r c i a l  pe t ro l a tum a f t e r  
passage  of a detonat ion wave in  a CH 4 + 202 m i x t u r e  
at P0 = 1 abs.  atm. T ime  between f r a m e s  190 psec.  

1) Gas ,  2) l iquid. 

F o r  a more  deta i led inves t iga t ion  of this  effect, 
the m i s t  was c rea ted  not by a detonation, but by a 
shock wave in pure  oxygen or  a i r  at an in i t ia l  p r e s -  
su re  of i a b s .  a tm and less .  The shock wave was 
excited: 1) Using a detonat ion shock tube whose c o m -  
p r e s s i o n  chamber  held a mix tu re  of 2H 2 + 02 or CH 4 + 
+ 202 at a p r e s s u r e  of 1 abs.  a tm.  ; 2) us ing  a s imple  
shock tube with n i t rogen  or hel ium in the c o m p r e s -  
s ion chamber .  The f i r s t  method was used  to r e g i s t e r  
the ha l f -shade  i n t e r f e r ence  f igure  and autoignit ion,  
the second to r e g i s t e r  the veloci ty  of the inc ident  
shock wave and the l uminescence  upon igni t ion.  The 
r e su l t ing  heterogeneous mix tu re  of fuel and oxygen 
obtained by the f i r s t  method for  shock waves with 
M ~ 2 (M is the Mach number)  bu r ns  up ve ry  slowly. 
The mix ture  is igni ted by the hot detonat ion products  
f rom the c ompr e s s i on  chamber .  In the second 
method for  shock waves with M > 2, the he te roge-  
neous mi x t u r e  of fuel a nd  oxygen is  obse rved  to ignite 
in  the re f lec ted  and inc iden t  shocks.  Thus, for 
cetane,  in t roduced into the shock tube in  the amount  
of 4 ml  at a point close to the end face of the tube, 
and oxygen at an in i t ia l  p r e s s u r e  of 100 m m  Hg, the 
mix tu re  is  obse rved  to igni te  in the re f lec ted  wave 
with igni t ion lags T =  500 ~sec for an incident  wave 

with a Mach n u m b e r  of 2.3 (Tref  = 900 ~ K is the t e m -  
p e r a t u r e  in the re f lec ted  shock). F o r  a mix tu re  of 
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ce tane  and a i r  under  the s a m e  in i t i a l  condi t ions  e m -  
b ryon ic  igni t ion was o b s e r v e d  at M = 2,6 (T re  f 
= 1060 ~ K). The he t e rogeneous  m i x t u r e  f o r m e d  upon 
a tomiza t i on  burns  in the gas  phase ,  a conc lus ion  in -  
d i ca t ed  by e s t i m a t e s  of the t ime  r e q u i r e d  to heat  and 
v a p o r i z e  the  m i c r o n - s i z e d  fuel  d r o p l e t s  fo rmed;  the 
evapora t ion  t i m e  for  k e r o s e n e  i s  of the o r d e r  of 
10 tzsec, the hea t ing  t i m e  of the  o r d e r  of 1 # sec .  
Thus the  igni t ion p r o c e s s  is  b a s i c a l l y  d e t e r m i n e d  by  
the t i m e  r e q u i r e d  to a t omize  the fuel  to d r o p l e t s  of 
micron s i ze .  

E x p e r i m e n t s  wi th  c o m m e r c i a l  p e t r o l a t u m  and 
so l id  pa ra f f in .  C o m m e r c i a l  p e t r o l a t u m  is  a v e r y  
v i scous  m a t e r i a l ,  while  so l id  pa ra f f in  is  c o m p a r a -  
t i ve ly  soft .  F i g u r e  10 shows the  a t o m i z a t i o n  of a 
l a y e r  of p e t r o l a t u m  3 m m  th ick  behind a de tonat ion  
wave in a CH~ + 202 m i x t u r e .  A f t e r  the e x p e r i m e n t  a 
dense  m i s t  of p e t r o l a t u m  d r o p l e t s  is  o b s e r v e d .  If the 
l a y e r  is  v e r y  thin (h 0 ~ 0.01 ram), a l m o s t  a l l  the  
p e t r o l a t u m  is  a tomized .  I t  is  i n t e r e s t i n g  to note that  
pa ra f f in  behaves  l ike  a l iquid.  P a r t i c l e s  a r e  e j e c t e d  
f rom the s u r f a c e  and a m i s t  of fine pa ra f f in  d r o p l e t s  
is  fo rmed .  

Thus,  the e x p e r i m e n t s  c o n f i r m  the i n s t a b i l i t y  of 
the s u r f a c e  of l iquids  and v i s cous  m a t e r i a l s  ove r  
which a de tonat ion  o'r shock wave s l i d e s .  Th i s  i n s t a -  
b i l i t y  has been o b s e r v e d  in d i f f e ren t  l iquids  and 
v i scous  m a t e r i a l s  up to fo rma t ion  of a dense  m i s t  of 
v e r y  fine l iquid p a r t i c l e s  in the gas .  

Our  p r e l i m i n a r y  s tud ies  of the  igni t ion of h e t e r o -  
geneous m i x t u r e s  of fuel and oxygen (air)  thus f o r m e d  
m a y  p r o v e  va luab le  f rom the s tandpoin t  of s a fe ty  en-  
g i n e e r i n g  in connec t ion  with the  t r a n s p o r t  of g a s e s  
through p ipe l i ne s .  

The p o s s i b i l i t y  of obta in ing v e r y  fine m i s t s  of 
l iquids  and v i scous  m a t e r i a l s  in g a s e s  might  be 
u t i l i z ed  in f u r t he r  s tud ies  of the  igni t ion of h e t e r o -  
geneous  m i x t u r e s .  
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