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The principal  fo rms  of drop fractionation behind shock waves are  considered;  empir ica l  
relat ionships a re  established for the mos t  important  pa r ame te r s  of the fraetionation 
process .  

Damage suffered by the sur faces  of turbine blades or  supersonic a i r c ra f t  in gas - l i qu id  media,  the 
t ransient  and explosive combustion of fuel in gas - l i qu id  sys tems ,  and the relaxational  interact ion of p r e s -  
sure  waves with two-phase sys tems  are  frequently determined by the cha rac t e r  of the drop-fract ionat ion 
p rocess .  The mos t  important  p a r a m e t e r s  in the fract ionation or  break-up process  are  the c r i t ica l  con-  
ditions cor responding  to the development of var ious forms of fractionation,  the fract ionation time, and 
the spec t rum of the par t ic les  crea ted  af ter  the damage has occurred.  Fract ionat ion p rocesses  have been 
studied by a number of authors over  the last few y e a r s ,  and many theoret ical  and experimental  papers  have 
been wri t ten on this subject. Analysis  shows that the p rocess  of drop fract ionation cannot be given any 
adequate theoret ical  descr ipt ion at the present  time. The only feature capable of being established theo- 
re t ica l ly  is the quantitative value of the rupture c r i t e r ion  We* ~ 5-8 [1-5]. No useful information r ega rd -  
ing the t imes and var ie t ies  of the fract ionation p rocess  has yet  been obtained as a resul t  of theoret ical  
investigations,  although a number of at tempts have been made [4, 5]. 

An idea as to the dynamics of drop breakdown and the pa rame te r s  chiefly influencing these may be 
obtained experimental ly.  It was shown in [6, 7] that for small  superer i t ica l  Weber numbers  the breakdown 
of a drop took place by way of the blowing out of a thin film of liquid in the center  ("parachute" breakdown). 
For  Large Weber numbers  We > 500 the breakdown of the drop involves the separat ion of the liquid boundary 
layer  [8-10]. The question as to the breakdown of drops in the intermediate range of Weber numbers We* 
< We < 500 has never  been resolved.  An analysis  of t ransient  p rocesses  may indicate the reasons  for the 
appearance of any par t i cu la r  form of drop breakdown. Another important  aspect  is that of proving the 
universal i ty  of the c r i t e r i a  and exper imental  relat ionships employed over  a wide range of variat ion of the 
p a r a m e t e r s  of a two-phase flow. Existing data mainly relate to drop fractionation at ambient p r e s s u r e s  of 
10 -3 to 30 arm, the shock wave Mach numbers  M ranging f rom 1.1 to ~5 and the Reynolds numbers  lying in 
the range 10 < Re < 104. The range of drop sizes for  which most  of the experiments  were  conducted was 
ex t remely  narrow: d ~ 0.2-2 ram. In the present  investigation we sought to extend this range of drop sizes.  

Results  of the Experiments.  The cha rac t e r i s t i c s  of drop breakdown in shock waves were studied in a 
shock tube of rec tangular  c ro s s  section. The pa rame te r s  of the waves (velocity and intensity) were  de t e r -  
mined by means  of p iezoelect r ic  p r e s s u r e  sensors .  The drops were  photographed on a s tat ionary film using 
a pulsed light source  connected at a par t i cu la r  instant of time. As subject for  study we used water  and 
kerosene  drops from 80/~ to 1 mm in size. The e r r o r  in measur ing  the velocity of the shock waves was 
~10% and the e r r o r  in measur ing  the drop size ~6%. 

Figure  1 shows a se r ies  of photographs of a water  drop 500 ~ in size breaking up in a gas flow behind 
a wave with a Mach number of M = 1.09; the Weber  and Reynolds numbers  a re ,  respect ively ,  We = 12 and 
Re = 1500. The photographs of Fig. 1, Ia-e  were taken at the instants 0, 320, 450, 560, and 900 psec af ter  
the wave had encountered the drop. In these pic tures  we see the principal  cha rac t e r i s t i c s  of the " p a r a -  
chute" breakdown of the drops. During the f i r s t  500 psec the drop deforms into a disk, then a thin liquid 
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Fig.  1. Pho tographs  of d rops  b reak ing  up. 

f i lm is blown out f rom the disk.  Owing to the a c c e l e r -  

ated motion of the f i lm,  a c c e l e r a t i o n  waves  a r e  g e n e r -  
ated upon i ts  su r face .  In Fig .  1 the waves  of ins tab i l i ty  
have the form of a l t e rna t ing  l ight and da rk  concent r ic  
c i r c l e s .  The deve lopment  of ins tab i l i ty  leads  to the 
decompos i t ion  of the f i lm and to the format ion  of a 
l a rge  number  of s m a l l  drops .  F o r  some while a liquid 
to rus  with a cont inuously i nc r e a s i ng  c r o s s  sect ion ex i s t s  
in the gas  flow. Af te r  the b r e a k - u p  of the torus  the f r a c -  
t ionation p r o c e s s  may  be r e g a r d e d  as  completed .  

Let  us take the d imens ion l e s s  t ime t* = tto ~ as 
defining p a r a m e t e r .  Here  t o = d0p}'5(pu2) -~ At the 
ins tant  of t ime t* ~ 1.5 the g r e a t e s t  t r a n s v e r s e  d e f o r -  
mat ion  of the drop d* = dd~ i ~ 2 is  achieved.  At the 
same  t ime a thin f i lm is  blown out. Rupture  of the f i lm 
occur s  at  t* ~ 2.3. The liquid torus  ex i s t s  in the gas 
flow for  a pe r iod  t* ~ 2.3-3.5.  At a t ime t* ~ 3.5-4 
the breakdown of the drop ends and the drop is  able 
to move through a d i s tance  x ~ 20 d 0. 

F i g u r e  2 shows the s ize  d i s t r ibu t ion  of the number  of d rops  obtained in the b r e a k - u p  p r o c e s s .  The 
v e r t i c a l  ax is  g ives  the r e l a t i ve  quanti ty n* = ni n-1 and the hor izon ta l  axis  gives d* = dido 1 in which d i is  the 
s ize  of the d rops  belonging to the i - th  group. F o r  m e a s u r i n g  the spec t rum the m i c r o d r o p s  were  divided 
into d imens iona l  groups  with a s tep of 20 ~. It was a s sumed  that the d rops  ins ide  each group had a constant  
d i a m e t e r  of d i. The d imens ions  of the o r ig ina l  d rops  d o = 0.5 mm (curve 1) and d o = 0.9 mm (curve 2). We 
see f rom Fig.  2 that two groups  may  be d is t inguished in the spec t rum:  l a rge  and smal l .  The s m a l l  d rops  
have a s ize  of 0.1 d o and a re  obtained a f t e r  b r e a k - u p  of the thin fi lm; the l a rge  d rops  (0.2-0.3)d 0 in s ize  a r e  
fo rmed  when the torus  b r e a k s  up. Some 70% of the m a s s  of the o r ig ina l  drop goes into the l a rge  drops .  
The "parachu te"  type of drop f rac t iona t ion  occur s  in the range of Weber  numbers  We* < We < 15 for  k e r o -  
sene and w a t e r  d rops  with a d imens ion  of d o = 80-1000 ~. 

I nc rea s ing  the W e b e r  number  to va lues  exceeding We~ ~ 15 leads  to a change in the c h a r a c t e r  of the 
f rac t iona t ion  p r o c e s s .  F igure  1, II i l l u s t r a t e s  the rupture  of a w a t e r  drop 1 mm in s ize .  The Weber  number  
is  We = 33 and the Reynolds  number  Re = 4000. F igu re  1, I Ia -h  indicate  the s ta te  of the drop at  the ins tants  
of t ime 0, 200, 330, 630, 670, 1100, 1800, and 1950~sec  a f te r  the wave has me t  the drop.  F o r  1000psec 
de fo rmat ion  of the o r ig ina l  p a r t i c l e  takes  p l ace ,  then s e v e r a l  thin f i lms  a r e  formed in the drop.  Af te r  the 
rup tu re  of the f i lms  the drop acqu i r e s  an indefeni te  fo rm and b r e a k s  up into f i laments  which t r a n s f o r m  into 
fine drops .  As the drop undergoes  de format ion ,  the g r e a t e s t  c r o s s  sec t ion  of d* ~ 2.3 is  a t ta ined at  the 
ins tan t  of t ime t* ~ 1.5: The f rac t iona t ion  is comple ted  at  the ins tant  t* ~ 4-5,  and the drop is able to move 
through a d i s tance  x ~ 25d 0. In the f rac t iona ted  spec t rum drops  of s ize  0.1d 0 tend to p redomina te .  The 
foregoing  phenomena occur  over  a na r row range of Weber  numbers .  A s l ight  i n c r e a s e  in the ra te  of gas 
flow leads  to the appea rance  of a new type of f rac t iona t ion  p r o c e s s .  F igu re  1, III i l l u s t r a t e s  the b reak -up  
of a k e r o s e n e  drop d o = 1.1 m m  in s ize  in a gas flow with a Weber  number  We = 57 and a Reynolds number  
Re = 3050. The s ta te  of the drop is  i l l u s t r a t ed  for  the ins tants  of t ime 0, 130, 215, 280, 360, 710, 860, 
970, and 1250 psec .  A c h a r a c t e r i s t i c  fea ture  of the drop de fo rmat ion  p r o c e s s  i s  the fo rmat ion  of a sharp  
edge along the p e r i p h e r y  of the drop.  A s i m i l a r  effect  (through poor ly  defined) occur s  for  a w a t e r  drop 
at  t imes  200-300 p s e c ,  as  indicated in F ig .  1, IIc and d. The sur face  tension of w a t e r  is  th ree  t imes  g r e a t e r  
than that of ke rosene .  The r ad ius  of cu rva tu re  of the sharp  edge is t he re fo re  s m a l l e r  for  water .  It is  
highly l ike ly  that the fo rm of the sha rp  edge on the equa tor  of the drop is  a consequence of the fo rmat ion  
of a boundary l a y e r  in the liquid owing to the ex is tence  of f r i c t i ona l  fo rces  at  the phase in te r face .  The 
growth of the boundary l a y e r  and the de format ion  of the drop take p lace  at  the same  t ime.  Af te r  reaching  
the max imum stage of de format ion  a liquid f i lm s t a r t s  pee l ing  f rom the sur face  of the drop;  the f i lm breaks  
up owing to i t s  ins t ab i l i ty  on a c c e l e r a t i o n  in the gas flow. The r ema in ing  unbroken pa r t  of the drop a s s u m e s  
a random shape and decomposes  a f t e r  t ~ 2000 p s e c ,  i . e . ,  t* ~ 4-5.  

A n i n c r e a s e  in the r e l a t i ve  ve loc i ty  of the gas and the drops  leads  to an in tens i f ica t ion  of the f o r e -  
going p r o c e s s e s .  F i g u r e  1, IV shows the rup ture  of a w a t e r  drop d o = 1 mm in s ize  for  a Weber  number  
We = 90 and a Reynolds  number  Re = 3600. The photographs  of F ig .  1, IVa-d were  taken at  the moments  of 
t ime 0, 270, 470, and 1160 psee .  In view of the l a rge  r e l a t i ve  ve loc i ty  the rup ture  of the f i lm takes  p lace  
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Deformation and displacement  of the drops breaking up. 

Times  corresponding to deformation,  boundary- layer  format ion,  and instabil i ty-wave growth as 
functions of the Weber  number.  

close to the surface of the drop,  while the fract ionation process  appears as a separat ion of the m i c r o -  
drops  from the original  drop. The maximum deformation of the drops d* = 2.9 occurs  at time t* ~ 1.5. 
Complete breakdown of the drop occurs  at t* ~ 5 at a distance of x ~ 30 d 0. After  the detachment of the thin 
liquid f i lm,d rops  0.1d0 in size a re  created.  The g r ea t e r  par t  of the drop breaks up la ter  as a resul t  of the 
undulating distort ion of the "windward" surface ,  0.15 d o par t ic les  being formed. The break-up of the liquid 
drops with the separat ion of the thin film occurs  for Weber  numbers  of We~ ~ 40-60. Reducing the d iam-  
e te r  of the drops leads to a reduction in the Weber  number  at which the break-up of the drop is a ccom-  
panied by peeling of the liquid film. The resul ts  of the experiments  and the data presented in [8-10] enable 
us to derive simple analytical  relat ionships for the time changes in the c ros s  section and movement  of the 
drops ,  and also to determine the instants corresponding to the initial and final break-up of the drops in the 
Weber number range We* < We < 104. The inducation time of the fractioning p rocess  may be calculated 

05 2 05 025 from the equation 7- i = 1.5d 0 pf. ( p u ) -  �9 (logWe)- �9 . The complete break-up of the drops occurs in a time 

TB= 5d 0 p}.5 (pU2)-0.5 (log We ) -0. ~. The time dependence of the drop deformation and the displacement  of 
the drops during break-up are  i l lustrated in Fig. 3. Here  the ver t ical  axis represen ts  the degree of defor -  
mation of the drop d* and the displacement  of the drop x* = xd~ "1, while the horizontal  axis represen ts  the 
dimensionless  time t*. Curve 1 shows the degree of deformation of the drop, and curve 4 its displacement  
during "parachute" break-up.  Curves 2 and 5 cor respond to the deformation and displacement  of the drop 
in random break-up,  curves  3 and 6 to the break-up of the drop involving the separat ion of the surface 
layer  of liquid. 

The change taking place in the t r ansver se  dimension of the drop with time may be expressed in the 
form d* = 1 + (1 -We*We- t ) t  *. The relat ionship in question is valid from Weber numbers  of We* to We 
= 2 �9 104, Reynolds numbers  of Re = 400 to Re ~ 104, drop sizes of d o = 80 p to d o = 3 ram, shock-wave Mach 
numbers  of M = 1.05 to M = 4, and for water ,  kerosene ,  alcohol, and heptane drops. The equation holds 
true within the t ime range 0 < t* < 1.5. 

The dimensionless  displacement  of the drops may be wri t ten in the following way: x = CD0.375 t*. 
Comparing this equation with the experimental  data, we find the res is tance  coefficient of the disintegrat ing 
drops C D. When the drops breaks up on the "parachute" principle the res is tance  coefficient C D ~ 1.6; for  
chaotic disintegrat ion it is 1.9, and for break-up with peeling of the surface layer  of liquid 2.2. A value 
of C D ~ 3 was given in [9, 10] for Reynolds numbers  of Re > 105. The general ized relationship for  ca l -  
culating the res i s tance  coefficients will be C D ~ 0.26 Re 0.25. 

Discussion of Results.  In the range of var ia t ion of Weber numbers  5 < We < 300 there are  at least 
three forms of drop break-up charac te r i zed  by different ra tes  of drop deformation,  different mechanisms  
of drop motion under the influence of the gas flow, and different spect ra  of the mic rodrops  formed by the 
dis integrat ion of the original  drop. Hence apar t  f rom the cr i t ica l  Weber number We* reflect ing the r e s i s -  
tance of the drop to the action of the gas flow there should c lear ly  be two further  c r i t ica l  conditions which 
determine the transi t ion from one form of drop break-up to another. 
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The r ea sons  fo r  the exis tence of s e v e r a l  types of b r eak -up  a re  to be linked with the complex  c o m -  
bined act ion of the gas  flow on the drop. Let  us analyze the pr incipal  phenomena accompanying the action 
of the gas flow on the drop. Owing to the flow of gas  around the drop a p r e s s u r e  dis t r ibut ion is c rea ted  
around the la t t e r ,  with a min imum on the equator .  The p r e s s u r e  dis t r ibut ion is the pr inc ipa l  r ea son  for  
the deformat ion  of the drop. The flow of gas  ove r  the su r face  of the drop se t s  the sur face  l aye r  of liquid in 
mot ion and a boundary l aye r  is fo rmed  in the liquid. Final ly  the drop acqu i res  an acce le ra t ion  in the flow 
of gas;  on the windward side of the drop this is  d i rec ted  f rom the gas  into the liquid, which p romotes  the 
development  of Tay l o r  instabi l i ty  at the phase in ter face .  Only due al lowance for  the combined development  
of all  these phenomena enables  us to unders tand eve ry  fea ture  of the drop b reak -up  p roces s .  

Each of the phenomena indicates  p o s s e s s e s  c h a r a c t e r i s t i c  t ime and sca le  p a r a m e t e r s .  We shall  c h a r -  
a c t e r i z e  the drop deformat ion  p r o c e s s  by the deg ree  of deformat ion  d* and the deformat ion  t ime T. We 
define the fo rmat ion  of the boundary l aye r  of liquid by its thickness  6 and t ime of fo rmat ion  ~'s. We c h a r -  
a c t e r i z e  the ins tabi l i ty  of the phase  in te r face  by the wavelength ~ and the t ime of development  of the in-  
s tabi l i ty  T~,. If for  a ce r t a in  mode of flow around the drop it so happens that one of the phenomena takes 
place  m o r e  rapidly than all  the o the rs ,  then the b r e a k - u p  of the drop will  be due to the fas tes t  p roces s .  
Thus it m a y  be found that the depth of the boundary l ayer  5 or  the wavelength of the instabi l i ty ~ exceed the 
d imens ions  of the d rop  d o , and for  such dimensions  of the boundary layer ,  or  for  such wavelengths ,  nei ther  
the fo rmat ion  of the boundary l aye r  nor  the instabi l i ty  of the in te r face  will  play any pa r t  in the breakdown 
of the drops .  

The de fo rmat ion  of a drop in a gas  flow was  studied in [1-4, 7]. The c h a r a c t e r i s t i c  t ime requi red  to 
at ta in the c r i t i ca l  de format ion  is t* ~ 1.4, while the m a x i m u m  degree  of deformat ion  d* ~ 2.8. The t ime 
requi red  to fo rm the boundary l aye r  in the liquid ~-~t~ 1 = "r* ~ 1.2 is known f rom [8, 9]. The depth of the 
boundary l ayer  at  the drop is defined as 5" = 25d~ 1 = 3.44 (pfpf)0.25 (pp2)-0.25Re0.5. The size of the drop 
0.5 d o and the th ickness  of the boundary l aye r  5 a r e  equal for  Weber  numbers  of We ~ 50 Lp -I.  F o r  drops  
o f .d i ame te r  d o = 50-1000 p this co r r e sponds  to Weber  numbers  We < 5. 

The condition for  the separa t ion  of the boundary l aye r  of liquid f rom the drop may  be found by equa-  
ting the force  of the dynamic g a s - p r e s s u r e  head (which causes  the fo rmat ion  and peeling of the boundary 
l aye r  of liquid) to the force  of su r face  tension in a l aye r  of th ickness  5 which p reven t s  the separa t ion  of 
the boundary l ayer  of liquid 0.5 ~pu  2 = 2r -1, where  fi ~ 0.3 is the coeff icient  of wind res i s t ance .  Solving 
the r e s u l t a n t  equation we come to the re la t ionship  We = 1.5 (pf#2)0.25 (pp})-0.25Re0.5" The separa t ion  of the 
boundary l aye r  of liquid f rom ke rosene  drops  at  P0 = 1 a tm takes place  on sat is fying the condition We 
> 0 .8Re ~ in a g r e e m e n t  with the conclusions  of [12]. We e x p r e s s  the Weber  number  in the fo rm We 
= 0 .5Re 2 pf~2 (pp})-I Lp-1 and obtain the condition for  the separa t ion  of the sur face  l aye r  of liquid We 
_> 2.5 Lp0.33 Exper imenta l  data  conf i rm the val idi ty of this re lat ionship.  

The development  of the Tay lo r  instabi l i ty  on the sur face  of an acce le ra t ed  drop was analyzed in 
[8, 14, 15]. The min imum instabi l i ty  wavelength is given by ~m = 2gr ~ (aPf) -~ The acce le ra t ion  of the 
drop may  be found by using the expe r imen ta l  r e s i s t a n c e  coeff icient  C D ~ 1.5. We then obtain ~ = ~mdo ~ 
= (17 We-l)  ~ The length of the unstable wave on the sur face  of the drop is g r e a t e r  than the d i ame te r  of 
the drop for  We _< 17. As indicated in [15] the t ime of development  of the instabi l i ty  for  la rge  Bond num-  
b e r s  is 1-~ = ~'~t~ 1 ~ 22 Bo -~ The Bond number  is uniquely e x p r e s s e d  in t e r m s  of the Weber  number  and 
the cha r ac t e r i s t i c  development  t ime of the acce l e ra t ion  wave ~-~ ~ 22We -~ 

A compar i son  of the sca le  p a r a m e t e r s  for  the three  foregoing p r o c e s s e s  indicates  that in the range of 
Weber  number  We < We* b r eak -up  is imposs ib le ,  s ince ~ > do, 5 ~ d 0, d* = 1. In the range We* < We 
< We~ = 15 the condition d* > 1 is  sa t i s f ied ,  and this defines the poss ibi l i ty  of the deformat ion  p roces s .  In 
the range of Weber  numbers  We~ < We < 2.5 Lp ~ the re la t ionships  ~ < d 0, d* > 1 is sa t i s f ied ,  i .e . ,  the 
p r o c e s s e s  of deformat ion  and instabil i ty development  a r e  allowed. The re la t ionships  )~ < do, 6" < 0.5, 
d* > 1 a re  valid when We > 2.5 Lp ~ The sa t i s fac t ion  of the foregoing inequali t ies defines the possibi l i ty  
of the s imul taneous  occu r r ence  of al l  three  p r o c e s s e s .  A compar i son  between the cha r ac t e r i s t i c  develop-  
men t  t imes  of deformat ion ,  bounda ry - l aye r  fo rmat ion ,  and instabi l i ty  development  a r e  i l lus t ra ted  in Fig. 4. 
The ve r t i c a l  axis indicates  the d imens ion less  t ime  t*, the hor izonta l  axis  the logar i thm of the Weber  num-  
ber .  Curves  1 and 2 desc r ibe  the change in the t ime cor responding  to the beginning and end of the drop 
b r e a k - u p  with increas ing  Weber number;  curves  6, We = 5; 7, We~ ~ 15; 8, We~ ~ 2.5 Lp ~ (for ke rosene  
d rops  with d o = 1 mm)  divide the range of Webe r  numbers  into three  pa r t s .  Straight  l ines 3 and 4 show the 
t ime  requi red  to r each  the c r i t i ca l  s tage of drop deformat ion  T* and the t ime requi red  to fo rm the boundary 

* Curve 5 co r r e sponds  to the t ime  of development  of the acce l e ra t ion  wave ~-~. In the l aye r  of liquid -r s. 
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range  of Weber  numbers  5 < We < 15 the t ime to the onset  of drop b reak -up  is  no s h o r t e r  than the t ime 
requ i red  to r each  c r i t i ca l  deformat ion .  The r ea son  for  the b r e a k - u p  of the drop is i ts  continuous d e f o r m a -  
tion. 

In the Webe r  number  range  15 < We _< 2.5 Lp ~ b r eak -up  of the drop becomes  poss ib le  as  a resu l t  
of the de format ion  and ins tabi l i ty  of the windward sur face  of the drop. The c loseness  of the cha r ac t e r i s t i c  
de fo rmat ion  t ime "r* to the induction t ime n- i shows that  the onset  of b r eak -up  is a s soc ia ted  with the a t t ach -  
men t  of the c r i t i c a l  s tage of deformat ion.  At the final s tage of b r eak -up  the instabi l i ty of the windward side 
of the drop is the impor tan t  fea ture .  

In the range of Webe r  numbers  We > 2.5 Lp ~ the induction t ime is c lose  to the t ime of fo rmat ion  of 
the boundary l aye r  in the liquid. The t ime requi red  to r each  the c r i t i ca l  s tage of deformat ion  and the t ime 
for  the development  of the acce l e r a t i on  wave a re  s h o r t e r  than the t ime requ i red  fo r  comple te  drop b r e a k -  
up. The b r eak -up  of the drop s t a r t s  on account  of the de tachment  of the su r face  l aye r  of liquid; however ,  
the m a s s  of the drop then d imin ishes  by no m o r e  than 20% ove r  a t ime t* ~ 2.5-3 [8]. The main  r ea so n  for  
the b r e a k - u p  of the drop is de format ion  and the development  of instabi l i ty  on the windward side of the drop. 
The m a x i m u m  ra te  of b r eak -up  of the drop in the t ime t* ~ 2-3 [10, 16] co r r e sponds  to the instant  at  which 
the ampli tude of the acce le ra t ion  waves  becomes  comparab l e  with the min imum dimens ions  of the flattened 
drop.  In Fig. 1 this ins tant  of t ime is masked  by the cloud of m i c r o d r o p s  formed in the breakdown of the 
peeled su r face  l aye r  of liquid. The c h a r a c t e r i s t i c  t ime for  the development  of instabi l i ty  in the range of 
Webe r  numbers  2 �9 103 < We < 2 �9 104 is 1.8 < T~ < 3.5 [10, 16, 17]. With inc reas ing  Weber  number  the c h a r -  
a c t e r i s t i c  t ime for  the development  of  the acce l e ra t ion  waves  d iminishes .  Fo r  Weber  numbers  We > 2" 105 
the breakdown of the drop will  p robably  be main ly  caused by the instabi l i ty  of the windward sur face  of the 
drop. Under  these conditions the c h a r a c t e r i s t i c  t imes  for  the development  of deformat ion  and the f o r m a -  
tion of the boundary liquid l ayer  a r e  longer  than the t ime of development  of the acce le ra t ion  waves  [14]. 

Thus the exis tence  of different  f o r m s  of drop b reak -up  ove r  a wide range of var ia t ion  of the Weber  
number s  is de te rmined  by the combined act ion of deformat ion ,  bounda ry - l aye r  fo rmat ion  in the liquid, 
and the development  of instabi l i ty  on the windward sur face  of the drop. The c h a r a c t e r i s t i c s  of each form 
of b r eak -up  depend on the dynamics  of one such p r o c e s s  or  of the whole set.  A m o r e  detai led understanding 
of the m e c h a n i s m  of drop b reak -up  may  be obtained by analyzing the combined act ion of a large number  of 
p r o c e s s e s  accompanying  the b reak -up  of the drop (for example ,  allowing for  the c i rcu la t ion  of the liquid 
in the drop,  eddy mot ion behind the drop,  etc).  
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N OTA T I O N  

the gas velocity;  
the gas  density;  
the gas  v iscos i ty ;  
the su r face  tension of the liquid; 
the initial  drop d iamete r ;  
the Weber  number ;  
the Reynolds number ;  
the Mach number;  
the density of liquid; 
the d is tance;  
the number  of d rops  of s ize di; 
the r e s i s t a n c e  (drag) coefficient;  
the t ime; 
the t ime of fo rmat ion  of the boundary layer ;  
the wavelength;  
the t ime of wave development ;  
the v i scos i ty  of the liquid; 
the Laplace  number;  
the gas p r e s s u r e ;  
the acce l e ra t ion  of the drop;  
the Bond number .  
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