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Experimental data are examined On the interaction of liquid 
drops with the gas stream in a Venturi scrubber, the most promis- 
ing available equipment. 

In the t e c h n i c a l  l i t e r a t u r e  t h e r e  v e r y  often a p p e a r  
p a p e r s  on the use  of a Ven tu r i  s c r u b b e r  as  an a b s o r p -  
t ion a p p a r a t u s  [1 -3 ,6 ] .  These  p a p e r s  dea l  with the 
inf luence of gas ve loc i t y ,  s p e c i f i c  f low r a t e  of the 
l iquid,  point  of input  of l iquid,  s t r u c t u r a l  d imens ions  
of duct ,  e tc .  on the t o t a l  a b s o r p t i o n  of components  
and the r e s i s t a n c e  of the a p p a r a t u s .  A s tudy  of t he se  
s o - c a l l e d  " e x t e r n a l "  f a c t o r s ,  however ,  does  not a l low 
one to e luc ida t e  c o m p l e t e l y  the e s s e n t i a l  p h y s i c a l  f e a -  
t u r e s  of the phenomena  o c c u r r i n g  in the Ven tu r i  s c r u b -  
b e r  [ 1 -3 ,7 ,8 ,  e tc . ] .  The p r e s e n t  p a p e r  is  an a t t e mp t  
to s tudy  the p h y s i c a l  p i c t u r e  of phase  i n t e r a c t i o n  in the 
Ven tu r i  s c r u b b e r .  

A phase  con tac t  s u r f a c e  is  c r e a t e d  in the Ven tu r i  
a b s o r b e r  by  s p r a y i n g  the input  l iquid into a m a s s  of 
gas.  S e c o n d a r y  subd iv i s ion  of these  d rops  t akes  p lace  
s ubsequen t l y  in the gas s t r e a m  b e c a u s e  of the e n e r g y  
of the l a t t e r ,  and f r e s h  s u r f a c e s  a r e  fo rmed .  T h e r e  is  
no doubt that  a s tudy  of t h e s e  phenomena  would p e r m i t  
a m o r e  i n f o r m e d  choice  of op t imum condi t ions  for  the 
a b s o r p t i o n  p r o c e s s ,  and p o s s i b l y  t h e o r e t i c a l  c a l c u l a -  
t ion of a b s o r b e r  r e s i s t a n c e .  

The m e c h a n i s m  of a tomiza t i on  of a l iquid by a 
t u rbu len t  gas s t r e a m  has  been  s tud ied  in p a p e r s  by  
Lane and Volynsk i i  [4,5]. The t e s t s  we re  c a r r i e d  out 
at cons tan t  gas s t r e a m  ve loc i ty ,  c o r r e s p o n d i n g  to the 
c r i t i c a l  v e l o c i t y  for  s u b d i v i s i o n  of  the d rops .  F o r  th is  
r e a s o n  the r e s u l t s  of t he se  p a p e r s  should not be used  
to exp la in  the  p r o c e s s e s  o c c u r r i n g  in the Ventur i  
s c r u b b e r .  We have a t t e m p t e d  to do this  us ing  h igh-  
speed  photography .  

Some w o r k e r s  have poin ted  out that  good a b s o r p -  
t ion m a y  be  ob ta ined  at  c o m p a r a t i v e l y  low gas  v e l o c -  
i t i e s  in the t h r o a t  of a Ventur i  s c r u b b e r  [ 2 , 3 , 6 ] ,  and 
hence at low gas s t r e a m  r e s i s t a n c e .  A s tudy  was 
t h e r e f o r e  unde r t aken  of the p r o c e s s e s  of d e f o r m a t i o n  
and subd iv i s ion  of d rops  at  gas v e l o c i t i e s  of 15-40  
m / s e c  in the t h r o a t  of a Ven tu r i  s c r u b b e r .  Study of 
the t e s t  da t a  has  made  i t  p o s s i b l e  to of fer  the fo l low-  
ing exp lana t ion .  F o r  a d rop  moving  in a gas  s t r e a m  
a long  the axis  of the duct  in a nozz le ,  t h r e e  p e r i o d s  
a r e  o b s e r v e d :  

1. A p e r i o d  of f luc tua t ing  a c c e l e r a t i o n  of the drop .  
The s t r e a m  f o r c e s  ac t i ng  on the d rop  a r e  not l a r g e  
enough to o v e r c o m e  s u r f a c e  tens ion .  In th is  pe r iod ,  
t h e r e f o r e ,  i n s ign i f i can t  d e f o r m a t i o n  of the d rop  is 
o b s e r v e d .  I t  is in a s t a t e  of dynamic  e q u i l i b r i u m ,  as  i f  
it  " b r e a t h e s .  " The head  and the t a i l  d e f o r m  a l t e r n a t e l y .  

Since  ac t ion  of the s t r e a m  shapes  the d rop ,  whi le  the  
d rop  i t s e l f  c o n t r o l s  the flow washing  it ,  one o b s e r v e s  
not only f luc tua t ions  of the d rop ,  but  a l so  c o n s i d e r a b l e  
f luc tua t ions  of i ts  abso lu te  ve loc i ty .  The p e r i o d  of 
f luc tua t ing  a c c e l e r a t i o n  is t e r m i n a t e d  by d e f o r m a t i o n  
of the d rop  into the shape  of an e l l i p s o i d  of revo lu t ion .  

2. The s econd  p e r i o d  is c h a r a c t e r i z e d  by r e g u l a r  
d e f o r m a t i o n  of the d rop  by the gas s t r e a m .  T h e r e  is 
smooth  change of shape  f rom the e l l i p s o i d  of r e v o l u -  
t ion to a p i a n o - c o n v e x  o r  d i sk  shape .  The ac t ion  of 
the s t r e a m  on the d rop  is  d i r e c t l y  p r o p o r t i o n a l  to 
the i n c r e a s e  of the d r o p  m i d - s e c t i o n  a r e a  (Fig.  l a ,b ) .  
W h e r e a s  the d rop  could ro t a t e  in space  du r ing  the 
f i r s t  pe r iod ,  i ts  mot ion  now is s t r i c t l y  d i r e c t e d  a long 
the gas s t r e a m .  The d i a m e t e r  of the d e f o r m e d  d rop  is 
twice  the o r i g i n a l ,  so tha t  t h e r e  is  a c o n s i d e r a b l e  in-  
c r e a s e  in the phase  contac t  su r f ace .  * 

3. In the t h i r d  p e r i o d  inf la t ion  and subd iv i s ion  of 
the d r o p  occur .  Here  two m e c h a n i s m s  a r e  o b s e r v e d .  
The popu l a r  p i c tu r e  of b r e a k u p  of a d rop  by  b lowing 
out ~like a bag M (Fig. ib) is observed only at a veloc- 

ities of 20 m/see in the throat of the nozzle. At a flow 
velocity of 30 m/see in the throat the subdivision 
mechanism differs markedly from the above (Fig. ic). 
It may be seen from the photographs that the drop blows 
up T~like a straw hat" with the convex part directed 
against the stream. Later the edges of the ~straw hat" 
are crushed into separate filaments from which very 
fine liquid droplets are stripped off (Fig. 2). It should 
be noted that a similar picture is generally character- 

istic of the breakup of a jet of liquid situated in a 
high-velocity gas stream. A velocity of 25 m/sec 
appears to be transitional, both the first and the se- 
cond pictures of drop breakup being observed. In an 
accelerating gas stream the force on the drop, in 
accordance with the aerodynamic flow around it, leads 
to deformations which may be called critical (Fig. 

ib,e), and predetermine one or the other pattern of 
breakup. 

A number of authors [7-9] consider that the addi- 
tional losses associated with the injection of a liquid 
into a Venturi scrubber are mainly due to accelera- 

tion of the drops to a velocity close to that of the 

stream. However, examination of the motion-picture 

*Synchronous pho tographs  of the d e f o r m e d  d rop  by  
two m o t i o n - p i c t u r e  c a m e r a s  in m u t u a l l y  p e r p e n d i c u -  
l a r  p lanes  showed tha t  the  d i m e n s i o n s  of the d i a m e t e r s  
in p lan  view d i f f e red  c o n s i d e r a b l y .  



432 INZ HENERNO-FIZIC HESKII ZHURNAL 

Fig. 1. F rames  showing 
the crit ical stage of de- 
formation and the f i rs t  
mechanism of subdivi- 

sion of a drop. 

Fig. 2. Frames  showing the second 
mechanism of subdivision of a drop~ 

Fig. 3. Deformation of individual 
drops in a jet liquid. 

Fig. 4. Deformation and 
breakup of drops in con- 

strained conditions. 
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photographs shows that drops acce l e ra t ed  in the con- 
ve rgen t  sec t ion  acqui re  a veloci ty  at the throa t  of the 
Ventur i  s c r u b b e r  equal roughly to 20-25% of that of 
the gas s t r e a m  at the throat .  Drops of d imens ions  
2 - 4  mm,  in s t r e a m s  of ve loc i ty  10, 15, 20, 25, 30, 35 
m / s e e  have the following veloci t ies  at the throat :  2.35, 
2.85, 3.75, 5.15, 5.5, 6.4 m/s~o .  Hence it is c l e a r  that 
the ma~n par t  of the energy  of the gas s t r e a m  is ex-  
pended in de fo rming  the drops,  and no~ in a e c e l e r -  
at ing them. 

In o rde r  to ve r i fy  the appl icabi l i ty  of the p ic ture  
of deformat ion  and b reakup  of the individual  drop to 
the "mass"  mot ion of drops in a Ven tu r i  s c r u b b e r ,  
tes ts  were  conducted with jet in jec t ion of liquid. Photo-  
graphs were taken of the l iquid jet  d i scha rg ing  at 
veloci t ies  of 1, 3, and 6 m / s e e  from a nozzle  of d ia-  
m e t e r  1.5 mm.  The following s i tua t ion r e su l t i ng  from 
this s e r i e s  of t e s t s  should be noted. 

F i r s t l y ,  the three  per iods of drop de format ion  were 
re t a ined  in t he i r  en t i re ty .  Af ter  the in i t ia l  b reakup  of 
the jet ,  s epa ra t e  drops were  formed,  and the d is tance  
between two adjacent  drops was quite suff ic ient  for 
f ree mot ion of each drop. Only in isola ted eases  did 
the s i tua t ion  a r i s e ,  s i m i l a r  to that shown in Fig.  3, 
where  one deformed  drop s c r e e n s  the p reced ing  one. 

Secondly, it may  be seen  from Fig. 4, which is 
taken a r b i t r a r i l y  f rom a large  n u m b e r  of s i m i l a r  
photographs,  that the fact that a drop is cons t ra ined  
does not show up in the p ic ture  of i ts  deformat ion  and 
breakup.  

Thi rd ly ,  the s o - c a l l e d  Pla teau  drople ts ,  m e a s u r i n g  
0 .2 -0 .5  mm,  fo rmed  when la rge  drops b reak  up have 
a lmos t  the same ,  and in some eases  l e s s  veloci ty  than 
the ma in  drops at the th roa t  of the s c rubbe r .  With jet 
inject ion of l iquid, as the d i scharge  ve loc i ty  i n c r e a s e s ,  
some shift  is obse rved  in the deformat ion  of drops 
aIong the axis of the duet, but the locat ion of the b r e a k -  
up point r e m a i n s  a lmos t  unchanged. 

SUMMARY 

The view exis ts  that the e n t r a i n m e n t  of a drop by a 
s t r e a m  begins  in the convergent  sec t ion  and ends at 
the throa t  with the a t t a inment  of a veloci ty  close to 

that of the gas,  and also that the ma in  par t  of the 
ene rgy  in a Ven tu r i  s c r u b b e r  is expended in a c c e l e r a -  
t ing the drop. 

Our tes ts  have shown that the veloci t ies  of drops 
at the s c r u b b e r  th roa t  compr i s e  2 0 - 2 5 ~  of the gas 
st~'eam veloci ty ,  and that a cons ide rab le  part  of the 
e~ergy is expended, not in acce l e ra t i ng  the drops,  but 
in the i r  de format ion  and subsequent  breakup (which is 
poss ib le  for gas s t r e a m  ve loc i t ies  at the throat  g rea t -  
er  than 20 m/see) .  

At mean  s t r e a m  veloc i t ies  g r e a t e r  than 20 and less  
than 35 m / s e e ,  favorable  condit ions for absorp t ion  
p r o c e s s e s  r e su l t  f rom the cons ide rab le  i nc r ea se  in 
su r face  a r e a  and the la rge  re l a t ive  ve loc i ty  between 

phases .  
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