
R e v e r s i n g  the mot ion analyzed at this point,  one obtains a spher i ca l  s c rewl ike  vor t ex  fil led by a v i s -  
cous fluid and moving in a s t r a igh t  l ine in a f r i c t ion less  fluid, s teady at infini ty,  with the veloci ty  w 0 exp • 
( - b 2 v t / a  2) in the d i rec t ion  of the z axis.  

The reac t ion  of the fluid to this vor tex  in the pro jec t ion  onto the d i rec t ion  of its motion is 

2 
R z = -~ b ~ a ~ w  o exp (--  b~vt/a2). 

This fo rce  d e c r e a s e s  in the cou r s e  of t ime  the m o r e  rapidly ,  the s m a l l e r  the vor tex  radius  and the 
g r e a t e r  the v i scos i ty  of the fluid filling it. 
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In the l a s t  10 y e a r s  much  p r o g r e s s  has been  made  with the exper imen ta l  invest igat ion of the Toms  ef-  
fect  - the reduced  f r ic t ion  in turbulent  flows containing sma l l  amounts of h igh -molecu la r -we igh t  compounds 
(polymers) .  However ,  m o s t  expe r imen t s  have been made  at  a constant  po lymer  concentra t ion ,  e.g. ,  in con-  
nect ion with the flow of p rev ious ly  p r e p a r e d  solutions through pipes and channels .  Much less  at tent ion has 
been  paid to the m o r e  compl ica ted  but ve ry  impor tan t  p rac t i ca l  s i tuat ion in which a p o l y m e r  is introduced into 
a turbulent  boundary l aye r  (TBL) through a s u r f ace  slit .  In this  case ,  as a r e su l t  of turbulent  diffusion, the 
p o l y m e r  concent ra t ion  fal ls  off both d o w n s t r e a m  f r o m  the s l i t  and in a d i r ec t ion  no rma l  to the sur face .  On the 
one hand, the diffusion of the p o l y m e r  depends on the turbulent  mixing capabi l i ty  of the flow, while,  on the 
other  hand, it d i r ec t ly  affects  that  capabil i ty.  This  explains why the diffusion of act ive admixtures  in turbulent  
flows is m o r e  compl ica ted  and has been less  studied than that  of pa s s ive  admix tu res  that  do not affect  the flow. 

Qual i ta t ively ,  for  both act ive  and pa s s i ve  admix tures ,  the diffusion p r o c e s s  in TBL is c h a r a c t e r i z e d  by 
the exis tence  of t h r ee  zones along the flow. In the initial  zone, n e a r e s t  to the s l i t  sou rce ,  the admix ture  di f -  
fuses  f r o m  the wall  to the outer  edge of the viscous  sublayer .  In the following in t e rmed ia t e  zone the admixture  
p r o g r e s s i v e l y  occupies  the whole of the TBL and the th ickness  of  the diffusion l aye r  approaches  the th ickness  
of the dynamic  layer .  This  s tage  is followed by diffusion in the end zone. 

For  both act ive  and pa s s i ve  admix tu res  the initial  zone is ve ry  shor t  and at q _> 50v it is total ly  absent  
(q is the solut ion flow r a t e  pe r  unit length of the s l i t  and v is the k inemat ic  v i scos i ty  of the flow, so  that  the 
r igh t  s ide of the inequali ty is the flow r a t e  in the viscous  sublayer) .  For  p a s s i v e  admix tures  the in te rmedia te  
zone is a lso  sma l l  (about 60-80 TBL th icknesses)  [1]. Accordingly,  in the diffusion ca lcu la t ions  for  pas s ive  
admix tu re s  it is usual  to ignore  the p r e s e n c e  of the f i r s t  two zones and take into account only the third,  mos t  
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extensive end zone [2]. This is convenient as well as justified, since the end zone is characterized by simple 

asymptotic relations. 

In the end zone the concentration of active admixtures is usually low and their action on the flow gradu- 

ally diminishes as the x coordinate increases. Accordingly, for active admixtures, too, the end zone is the 

simplest and to a large extent resembles the end zone for passive admixtures. Evidently, this is why students 

of the Toms effect take only the end zone into account [3, 4]. As in the case of passive admixtures, this is 

convenient but, unfortunately, only partly justified owing to the lack of reliable experimental data on polymer 

diffusion in the intermediate zone. (bur measurements have shown that for polymers the intermediate zone is 

much longer than for passive admixtures and for that reason alone should not be neglected. Moreover, it is 

precisely in the intermediate zone that the hydrodynamic effects are greatest owing to the high concentration 

of polymer in the wall zone of the TBL where the polymer is known to exert its main influence on the turbu- 

lence. 

Accordingly, we will concentrate our attention on the intermediate polymer solution diffusion zone. We 

have measured the concentration of active (WSR-301 polyethylene oxide) and passive (potassium chloride KCI) 

admixtures diffusing in the TBL on a fiat plate from a line source (surface slit) at right angles to the flow. 
The results of the measurements are presented below. 

The TBL was developed on the fiat wall of the working section of a hydrodynamic test channel 150 x 75 

mm in cross section and i000 mm long. The admixture concentration was measured at distances x = 157, 

357, and 557 mm from the source at a minimum step along the normal to the wall Ay = 0.I ram. The ranges 

of variation of the experimentally controlled quantities were as follows: for the flow velocity u~ at the outer 

edge of the TBL from 2 to 12 m/sec; for the Reynolds numbers Re* (displacement thickness) from 6 �9 103 to 

2 �9 104; for the specific (per unit length of source) solution flow rates q from 0.083 to 12.5 cm2/sec; for the 

initial concentration c o of the solution introduced into the flow through the slit from 5 �9 10 -4 to 5 �9 10 -3 g/cm 3. 

The slit was designed to ensure that the solution was injected in a direction almost tangential to the wall. 

The cross section of the slit measured 0.7 x 120 mm and the solution was injected by means of compressed 

air. The flow rate was measured with rotameters. The distribution of the diffusing admixture in the TBL was 
investigated by sampling the flow at various points and then measuring the concentration in the samples with 

a s p e c i a l l y  d e s i g n e d  i n s t r u m e n t  - a p o l a r o g r a p h  c a p a b l e  of  d e t e r m i n i n g  c o n c e n t r a t i o n s  of 10 -6 g / c m  3 o r  m o r e  
[5]. The  w a l l  s a m p l e s  w e r e  t a k e n  t h r o u g h  t a p s  0.5 m m  in d i a m e t e r  and the  flow s a m p l e s  by  m e a n s  of  m i c r o -  
s a m p l i n g  tubes  wi th  an o r i f i c e  m e a s u r i n g  0.15 • 1.5 ram.  

F i g u r e  1 shows  the  d e c r e a s e  in  the  w a l l  c o n c e n t r a t i o n  c w d o w n s t r e a m  f r o m  the  s o u r c e  fo r  a p a s s i v e  
a d m i x t u r e  KC1 (cu rve  1) and an a c t i v e  p o l y m e r  WSR-301  (cu rve  2). C l e a r l y ,  the  KC1 c o n c e n t r a t i o n  f a l l s  v e r y  
r a p i d l y  (in a p p r o x i m a t e l y  i n v e r s e  p r o p o r t i o n  to  t he  d i s t a n c e  f r o m  the  s o u r c e ) ,  w h i c h  i s  fu l ly  c o n s i s t e n t  wi th  the  
known d a t a  [1, 2]. U n d e r  the  s a m e  cond i t i ons  the  p o l y m e r  c o n c e n t r a t i o n  d e c r e a s e s  m u c h  m o r e  s lowly .  Th i s  is  
b e c a u s e  p o l y m e r s  s u b s t a n t i a l l y  r e d u c e  the  t u r b u l e n t  mix ing .  If  we  i n t r o d u c e  the  l ong i tud ina l  d i f fu s ion  s c a l e  
f a c t o r  L by m e a n s  of  the  r e l a t i o n  cw(L) = c0e -1, w h e r e  c o is  the  i n i t i a l  c o n c e n t r a t i o n  of  t he  s o l u t i o n  on l e a v i n g  
the  s l i t ,  t hen ,  as  fo l lows  f r o m  Fig .  1, the  va lue  of  L t u r n s  out to be  15 -20  t i m e s  g r e a t e r  fo r  WSR-301 than  
for  KC1. 

In F ig .  2 w e  have  p l o t t e d  the  r e s u l t s  of m e a s u r i n g  the  d i m e n s i o n l e s s  w a l l  c o n c e n t r a t i o n  C w / c  o a g a i n s t  
t he  d i m e n s i o n l e s s  d i s t a n c e  x / L  ( cu rve  2 fo r  WSR-301  l i e s  to  the  l e f t  of c u r v e  1 for  KC1 as  a r e s u l t  of the  
a b o v e - m e n t i o n e d  s h a r p  d i f f e r e n c e  in L va lues ) .  The  v a r i o u s  po in t s  on c u r v e  2 r e l a t e  to d i f f e r e n t  c o m b i n a t i o n s  
of d i s t a n c e s  f r o m  the  s o u r c e  (x = 157, 357, and 557 ram) ,  flow v e l o c i t i e s  (u~o = 4.8 and 12 m / s e c ) ,  and s o l u -  
t ion  flow r a t e s  (q : 0 .85,  1.7, 2 .12,  2 .96,  8.5,  8.75 c m 2 / s e e ) .  The  i n i t i a l  c o n c e n t r a t i o n  was  1 . 1 2 . 1 0  -3 g / c m  3. 
C l e a r l y ,  t he  law of d e c r e a s e  in  w a l l  c o n c e n t r a t i o n  for  a c t i v e  a d m i x t u r e s  is  e s s e n t i a l l y  d i f f e r e n t  f r o m  the  
h y p e r b o l i c  law fo r  p a s s i v e  a d m i x t u r e s :  at  0 < x / L  < 6 i t  i s  c l o s e  to e x p o n e n t i a l  

c~/co  - :  exp ( - - a x / L  - -  fJ), (1) 

w h e r e  fo r  W S R - 3 0 1  s o l u t i o n s  ~ : 0.7 and .3 : 0.3. 

In o r d e r  to be  ab l e  to  u s e  r e l a t i o n  (1) o r  the  d a t a  fo r  F ig .  2 i t  is n e c e s s a r y  to  know how the  s c a l e  f a c t o r  
L v a r i e s  wi th  v a r i a t i o n  of the  cond i t ions  of  s o l u t i o n  i n j e c t i o n  and the  f low cond i t ions  in the  TBL.  In Fig .  3 we  
have  p l o t t e d  the  r e s u l t s  for  f low v e l o c i t i e s  of 2, 4, and 8 m / s e c ,  p o l y m e r  flow r a t e s  of 0.85,  2 .12,  4 .23,  and 
8.5 c ruZ / see ,  and s t a r t i n g  s o l u t i o n  c o n c e n t r a t i o n s  of 0.56 �9 10 -3, 1 . 1 2 . 1 0  -3, 2 . 2 4 . 1 0  -3, 5" 10 -3 g / c m  3. 

T h e s e  d a t a  show tha t  L depends  not  on q and e 0 t a k e n  s e p a r a t e l y  but  on t h e i r  p r o d u c t  qc0, i . e . ,  on the  
r e s u l t a n t  amount  of  p o l y m e r  i n j e c t e d  into the  flow p e r  uni t  t i m e .  Th i s  d e p e n d e n c e  is such  t ha t  at  s m a l l  qc 0 
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the sca le  fac tor  L is approximately proport ional  to qc 0, while at l a rge  qc 0 it is a lmost  independent of the latter. 
Clear ly ,  at high qc 0 there  is more  than enough polymer  to sa tura te  the wall zone and the "excess"  polymer  dif- 
fuses  into the outer  par t  of the TBL without increas ing the concentra t ion near the wall. 

An interes t ing feature of these wall data is the fact that they do not depend on u~o and hence on the t u r -  
bulent diffusion ra te  in the outer par t  of the TBL. This is radical ly  different f rom the situation for passive 
admixtures ,  where  Cw is inverse ly  proport ional  to uoo. The conservat iveness  of the polymer  diffusion p ro -  
cesses  in the immedia te  vicinity of the wall in re la t ion  to the turbulent mixing in the outer  par t  of the TBL is 
at tr ibutable to the a lmost  total suppress ion  by the polymer  of the turbulent fluctuations at the wall. Under 
these conditions the viscous sublayer  may be regarded  as a lmost  laminar ,  which, of course ,  is not t rue of 
the ordinary  viscous sublayer  with its fair ly intense velocity fluctuations, which have a marked effect on the 
t r ans f e r  p roces se s  [6]. 

It is natural  to assume that in the laminar  viscous sublayer  the diffusion of the active admixture does not 
depend on the turbulence in the par ts  of the TBL fur ther  f rom the wall and accordingly is determined solely 
by the physical  p roper t i es  of the t ranspor t ing  medium, its flow ra te  in the region in question, and the t r a n s -  
portabil i ty of the diffusing po lymer  par t ic les .  The proper t ies  of the medium are  charac te r i zed  by its kinematic 
v iscos i ty  v and density p. The flow ra te  in the viscous sublayer  depends only on the viscosi ty ,  qvs = a 2 v / 2 ,  

where  a is the local Reynolds number  of the sublayer  (of the o rder  of 10). F r o m  the theory  of Brownian motion 
it follows that the t ranspor tabi l i ty  of diffusing par t ic les  in a given medium is uniquely descr ibed by the c h a r -  
ac te r i s t ic  dimension of the par t ic les  h. 

Hence, the p rocess  is de termined by the pa rame te r s  v, p, and h. F rom these it is possible to const ruct  
a unique dimensionless  combinat ion for  the a rgument  of the longitudinal diffusion sca le  factor:  qc 0/~ (~ = p v is 
the dynamic viscosi ty  of the solvent), as shown in Fig. 3. The dimensionless  representa t ion  of the diffusion 
scale  fac tor  i tself  takes the fo rm L / h .  A possibly more  convenient fo rm is L p D / k T ,  which follows f rom the 
expr es sion D = kT / 6 ~ h r elating the molecular  diffus ion coefficient D with the dimens ion h of the diffusing 
par t i c les ,  the v iscos i ty  ~, and the t empera tu re  T of the medium (k is Bol tzmann 's  constant). 

At the moment ,  the values of D and h for polymer  par t ic les  a re  not known with sufficient accuracy;  ac-  
cordingly,  in Fig. 3, L is given in dimensional  form; curve  1 re la tes  to f reshly prepared  WSR-301 solutions 
and curve  2 to WSR-301 solutions kept for 5 days pr ior  to the experiment  at a concentra t ion of 10 -3 g / c m  3. 
During this period there  was e i ther  par t ia l  chemical  degradat ion of the macromolecu les  or  some fur ther  d i s -  
solving of the supermolecu la r  formations.  As a result ,  the hydrodynamic efficiency of the solution was some-  
what reduced,  together  with the charac te r i s t i c  par t ic le  dimension,  and the diffusion coefficient co r respond-  
ingly increased.  It may there fore  be assumed that the dimensionless  function L p D / k T  = r  could have 
combined curves  1 and 2 in Fig. 3. Later  on it would be useful to see  whether this function is a universal  one 
applicable to all d rag - reduc ing  polymers .  

Examples of the distr ibution ac ross  the TBL of the dimensional  concentrat ion of the WSR-301 solution 
in the in termedia te  zone a re  given in Fig. 4. It was found that the concentrat ion dis tr ibut ion in the TBL (except 
for  a smal l  wall zone) is de termined by the pa rame te r  qc0/Pu~x and the data in Fig. 4 cor respond  to a value 
for this p a r a m e t e r  of 2 .1 .10  -z. The pa rame te r  is a rat io of two pa rame te r s :  
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and it follows f rom Figs. 3 and 4 that whereas  near the wall only the dimensionless  flow ra te  q c o / p  is de-  
cisive,  in the outer  par t  of the TBL the Reynolds number u ,~x/v  also plays a role. Thus, for a polymer  ad-  
mixture  in the in termediate  zone of the TBL it is possible to distinguish two charac te r i s t i c  regions (a con-  
servat ive  wall region and an outer region), whereas  for pass ive  admixtures the concentra t ion distr ibution is 
determined up to the wall by the single p a r a m e t e r  qc0/pu~xm, where  m is c lose to unity [1]. 

The family of curves  c = fl(y) with pa rame te r  qc0/PU~X for the outer par t  of the TBL (see Fig. 4) can 
be represen ted  in the fo rm of a single dimensionless  curve c / c  w = f2(y/k), where  k is a cer ta in  conventional 
thickness of the diffusion layer  (Fig. 5; for the variat ion of the pa rame te r s  see Table 1). F r o m  this there  
follows 

c ]i (y) 
c~, := ~ = I~ (y/k)" 

However,  by definition, the wall concentrat ion c w cannot depend on the y coordinate. Consequently, the func- 
tion f~ must enter  into function f2 as a cofactor:  f2(y/k) = f~(y)f(k), and this is only possible if f2 is an exponen- 
tial function. Thus,  

f2 

where  A depends on the method of determining the diffusion thickness of the layer  k and for the method adopted 
in this ease c(k) = 0.1Cw we have A = 0.1. It is also c lear  that the f i rs t  factor  on the right side of (2) represents  
fl(Y) with coefficient B depending on qc0/Pu~x. Thus, the two functions shown in Figs. 4 and 5 must  both take 
the fo rm of a power dependence. Figure 6, plotted to a l o g - l o g  scale  using the data of Fig. 5, c lear ly  shows 
that for n ~ - 4 / 3  and A = 0.1 relat ion (2) is closely satisfied on an interval of distances f rom the wall of ap- 
proximately four octaves.  Exceptions are  the wall zone of the TBL and possibly its outermost  parts .  

The beginning of the end diffusion zone cor responds  to the merging of the diffusion and dynamic boundary 
layers .  Accordingly,  we take the thickness 6 of the lat ter  as the charac te r i s t i c  length scale  factor  of the fo rm-  
e r :  

clew = /3(yi5). (3) 

In the end zone it is possible to express  the total flow rate  of the diffusing admixture in t e rms  of func- 
tion (3) and the mean velocity profi le u/u~o = g(y/6) :  

qCo == I cudy  ~= c~6u~o~, b' 
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Polyethylene oxide wsR-a01, 
co = 1 , i 2 - 1 0  - 3  ,~Z C t..s 3 

points ~ q, era2/ x, turn 
Fig. 5 sec 

1 
2 
3 
4 
5 
6 
7 
8 
9 

t0 
i i  

4,23 
i2A 
2,t2 
4,32 
4,23 
6,27 
8,57 
6,60 

12,t 
2,12 
4,23 

8 i57 
1.2 157 
4 357 
4 357 
8 357 
8 357 
8 357 

t2 357 
12 357 

557 
4 557 

w h e r e  

' / =  S/3 (y/6) g(y/8) d(ylS). 
0 

The p a r a m e t e r  T = c / c  w c h a r a c t e r i z e s  the concen t ra t ion  ave raged  over  the c r o s s  sec t ion  of the TBL 
c = qc 0 / 6u~ n o r m a l i z e d  to the wai l  concen t ra t ion  c w. It a l so  ind ica tes  the uni formi ty  of the t r a n s v e r s e  con-  
cen t r a t i on  d i s t r ibu t ion .  F o r  homogeneous so lu t ion  T = 1; when the solut ion is in t roduced through a su r f ace  s l i t  
T < 1, s ince  the m a x i m u m  concen t ra t ion  occur s  at the wall .  Because  turbulen t  d i f fus ion equal izes  the concen-  
t r a t i o n  d i s t r ibu t ion ,  the coeff ic ient  T i n c r e a s e s  d o w n s t r e a m  f rom the sou rce ,  which ind ica tes  that  the wal l  
concen t ra t ion  cw d e c r e a s e s  m o r e  r ap id ly  than the mean  concen t ra t ion  6. 

The un i fo rmi ty  coeff ic ient  for p a s s i v e  admix tu re  r e a c h e s  a m a x i m um  value T ~ 0.55 at the end of the 
i n t e r m e d i a t e  zone,  r ema in ing  constant  in the end zone. F o r  p o l y m e r s ,  whose loca l i za t ion  in the conse rva t ive  
wal l  zone is  qui te  high, it  is usual  to o b s e r v e  T < 0.55 in the in i t ia l  p a r t  of the end zone, whe re  the Toms effect  
is  s t i l l  in evidence.  This  occu r s  at l a r g e  va lues  of q c 0 / p  when the longitudinal  diffusion s c a l e  fac tor  L is c lose  
to i ts  maximum.  In this  c a se  L depends only s l igh t ly  on qc0/tL (see Fig.  3) and for  the uni formi ty  coeff ic ient ,  
us ing (1), we can  w r i t e  

w h e r e  5* is the d i s p l a c e m e n t  th ickness  of the TBL; Q is the flow r a t e  through the TBL,  which is r e l a t e d  with 
the p roduc t  u~o5 as fol lows:  

0 = u~ 6(1 - -  ~*15). 

The un i fo rmi ty  coeff ic ient  T is the g r e a t e r ,  the g r e a t e r  the r a t i o  of the flow r a t e  of the po l ym er  solut ion 
q to the  net flow r a t e  Q in the TBL. However ,  as noted above,  for a s l i t  s o u r c e  , / n e v e r  exceeds  about 0.55, 
and for  p o l y m e r  solut ions  the t r a n s i t i o n  f rom (4) to a cons tant  value occur s  the sooner ,  the s m a l l e r  the longi -  
tudinal  d i f fus ion s c a l e  f ac to r  L. In our  e x p e r i m e n t s ,  even at m a x i m um  va lues ,  i t  was not poss ib l e  to obtain 
va lues  of T lower  than 0.42-0.45 for  p o l y m e r s  in t he  end dif fus ion zone, which is only 20-30% l e s s  than the 
a sympto t i c  value  of 0.55. At s m a l l  va lues  of qc0 /# ,  when the longitudinal  diffusion s c a l e  fac tor  L is a lso  s m a l l  
(see Fig.  3), T ~ 0.55 was o b s e r v e d  f r o m  the ve ry  beginning of the end zone. 
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Information concerning the coalescence and disruption of colliding droplets is needed for solving a num- 
ber of problems of two-phase flow dynamics.  A considerable  number of studies have been devoted to droplet  
coll ision [1-8]; so far,  however,  in calculating flows with allowance for par t ic le  coagulation and disruption, 
approximate hypotheses and empir ical  formulas for the droplet  coalescence probabili ty have been used. Below 
we present  the resul ts  of a cinematographic investigation of the coll ision of f ree-f ly ing droplets in air. As 
distinct f rom the authors of [2, 3], we investigated not averaged mass  coll ision effects,  but the behavior of 
individual interacting droplets  in relat ion to the c r i t e r i a  determining the resul t  of the collision. 

The apparatus consisted of two genera tors  producing continuous counterflows of monodisperse  droplets 
which We shall agree  to call  targets  (the l a rge r -d i ame te r  droplets) and project i les .  In order  to obtain target  
droplets (0.6-1.2) �9 10 -3 m in diameter  we used a genera to r  of the "vibrating capil lary" type in which vibrations 
with a frequency of 20-100 Hz were  produced by an electrodynamic t ransducer .  Project i le  droplets  (0.3-0.8) �9 
10 -3 m in d iameter  were  obtained in a genera tor  of the "rotat ing capil lary" type. Liquid f rom a tank mounted 
on the shaft was supplied to the capi l lary through an intermediate  tube. On rotation, a droplet  was cut off by 
a metal  thread 50 �9 10 -6 m in d iameter  placed near the end of the capi l lary at right angles to the plane of ro ta -  
tion. This ensured the separat ion of droplets  at a cer ta in  point on the per iphery  at a frequency of 5-200 drop-  
lets per  second. The droplet  coll ision velocity u -= 1-5 m / s e c .  The coll ision p rocess  was recorded  with an 
SKS-1M high-speed mot ion-pic ture  camera  at the ra te  of 1500-3000 f rames  per second. The experiments  were  
conducted with distil led water  [whose density, dynamic viscosi ty,  and surface  tension were,  respect ively ,  
p = 103 k g / m  3, 77 :: 10 -3 k g / ( m "  see), and ~ ~: 72.88 �9 10 -3 k g / s e c  2 at a t empera tu re  of +20~ 

The interact ion of droplets with a given d iameter  rat io {in our experiments  7 := D~/DI  := 1.9 ~: 0.8) is 
determined by the coll ision angle 0 (the angle between the droplet  coll ision velocity vector  and the straight  line 
connecting the centers  of the droplets  at the moment of contact) and the Weber number W = pu2D1/~. For  water  
droplets  the viscosi ty  forces are  negligibly smal l  compared  to the surface  tension and inert ia  forces;  accord-  
ingly, the effect of the c r i t e r ion  containing ~ (for example, Lp = p o - D 2 / ~  2 ~ 10  5) is unimportant.  Under our ex- 
per imental  conditions the value of 0 was not determined,  and the resul ts  obtained rep resen t  averages over all 
possible values of the coll ision angle 0 = 0 - ,v/2. On the interval W = 0.1-120 qualitatively different types of 
interact ion were  observed,  depending on the value of the Weber number. 

1. At 0 < W < 0.5 we observed coalescence  of the droplets  under the influence of sur face  tension forces 
(Fig. ta). The interact ions at small  values of W were  obtained as a resul t  of droplets f rom the same  genera tor  
overtaking each other.  Droplet  coalescence  at low coll is ion velocit ies can be attributed to vibration of the s u r -  
face of the droplets  and a reduction of p r e s s u r e  in the gap between them [7] or to saturat ion of the a tmosphere  
with vapor [1, 6]; however,  there  is no general ly accepted opinion on this point. 

2. In collisions at W f rom 0.7 to 1.5 the project i le  droplet  was observed to rebound f rom the target  drop-  
let (see Fig. lb). The probable cause of rebound is the p resence  of an intervening gas layer  between the drop-  
lets [1, 7]. It may be assumed that the impact  of the colliding droplets is insufficient to displace the gas and 
achieve physical  contact. In [8] rebound is attributed to the elast ic proper t ies  of the sur face  layer  of the drop-  
lets; coalescence  is possible only after considerable  deformat ion of the droplets ,  when the kinetic coll ision 
energy is comparable  with the free sur face  energy. This assumption is contradicted,  however,  by the observed 

Tomsk. Transla ted  f rom Zhurnal Prikladnoi  Mekhaniki i Tekhnicheskoi Fiziki, No. 2, pp. 73-77, March-  
April ,  1978. Original ar t ic le  submitted March 10, 1977. 

0021-8944/78/1902-0201507.50 �9 Plenum Publishing Corporat ion 201 


