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Results are given on an investigation of the disintegration of a liquid 
jet at various gas velocities in the throat of a Venturi scrubber. 

R e f e r e n c e  [1] d e s c r i b e s  the r e s u l t s  of an i n v e s t i g a -  
t ion,  c a r r i e d  out by m e a n s  of  h i g h - s p e e d  photography,  
of  the  f l ight  and d i s i n t e g r a t i o n  of  ind iv idua l  l iquid 
d rops  in an a c c e l e r a t i n g  gas  flow. 

The p r e s e n t  p a p e r  g ives  s i m i l a r  da ta  on the f l ight  
and d i s i n t e g r a t i o n  of a l iquid j e t  under  the  s a m e  con-  
d i t i ons .  

The t e s t s  w e r e  conducted  in nozz l e s  1 - 5  m m  in 
d i a m e t e r  mounted  at  a d i s t ance  f r o m  the beginning  of 
the  t h r o a t  of  a Ventur i  tube equal  to i t s  d i a m e t e r ,  
i . e . ,  20 ram.  

The amount  of l iquid i s s u i n g  f r o m  the nozz le  was  
v a r i e d  in such a way as  to keep  cons tan t  the  loca t ion  
at  which d i s i n t e g r a t i o n  of the  j e t  began  in the  th roa t  
of the  Ventur i  tube .  

F i g u r e  1A shows the t e s t  r e s u l t s  for  a nozz le  1 m m  
in d i a m e t e r .  The pho tographs  show t h r e e  c h a r a c t e r i s -  
t i c  r e g i m e s  of je t  d i s i n t e g r a t i o n .  

At a low gas  t h r o a t  ve loc i t y - -20  m / s e c - - t h e  je t  i s  
b r o k e n  down into ind iv idua l  d rops  under  the inf luence 
of  i t s  own s t a t i c  i n s t a b i l i t y  caused  by the a e r o d y n a m i c  
and s u r f a c e  t ens ion  f o r c e s .  The ac t ion  of  the  gas  
s t r e a m  r e s u l t s  in c o n s i d e r a b l e  nonun i fo rmi ty  of the 
d rops  formed~ 

At moderate gas throat velocities--30 m/sec--a 
transition regime arises. The jet is first deformed 
by aerodynamic forces, becomes wavy, and is then 
broken up into separate pieces, whose ends, under 
the influence of surface tension forces, assume the 
form of spherical drops. The relative velocity at 
which the transition regime is observed, does not 
have sharp boundaries, and for jets from nozzles up 

to 4 rnm in diameter, the velocity lies in the range 
20-25 m/sec. (It was established in [I] that the ve- 

locity of a drop in the throat is 20-25% of the throat 
velocity of the gas stream; the same ratio is main- 
tained for a liquid jet. ) 

At large gas throat velocities--50 m/see--the aero- 
dynamic forces are the decisive factor. The jet disin- 

tegrates without being broken up into individual drops. 
The boundaries between individual pieces of the jet be- 

come unclear. 
Figure IB shows the state of a liquid jet issuing 

from a nozzle 3 mm in diameter. At the same value 

of the gas throat velocity, there is a noticeable dif- 
ference in comparison with a jet issuing from a nozzle 
1 mm in diameter. Because of the larger jet diameter 
and the smaller discharge velocity, the aerodynamic 
forces begin to become decisive earlier than in the 
p r e v i o u s  t e s t s .  Thus,  a t  a gas  t h r o a t  v e l o c i t y  of 20 
m / s e c ,  the  t r a n s i t i o n  r e g i m e  has  a l r e a d y  developed,  

F ig ,  1. R e g i m e s  of  d i s i n t e g r a t i o n  of  a j e t  f r o m  a nozz le  1 (A) and 
3 (B) m m  in d i a m e t e r  in the  t h r o a t  of  a VenNlri  s c r u b b e r  at  s t r e a m  

v e l o c i t i e s :  a) 20; b) 30; c) 50 m / s e c .  
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but the ends of the p ieces  of the jet  take the form not 
of a sphere,  but of a drop of i r r e g u l a r  shape. 

At a modera te  gas throat  veloci ty--30 m / s e e - - t h e r e  
a re  not even rud imenta ry  drops,  but a tomizat ion of 
the jet ,  i . e . ,  the same state as  for a nozzle 1 mm in 
d iamete r  at a veloci ty  of 50 m / s e e .  

At a high gas veloci ty--50 m / s e e - - w e  get not d i s -  
in tegrat ion of the ends of individual pieces  of the jet ,  
but disrupt ion of the pieces  themse lves .  

Fig.  2. Dis integrat ion of 
a jet  f rom a nozzle 5 mm 
in d iamete r  in the throa t  
of a Venturi  sc rubber  at 
a s t r eam veloci ty  of 60 

m / s e e .  

In studying the flight of individual drops it was also 
es tabl ished that drops of l a r g e r  d iameter  a re  broken 
up at a lower gas throa t  veloci ty  than drops of s m a l l e r  
d iamete r .  Thus, for breakdown of a drop of d iameter  
3.5 mm in the Venturi  scrubber ,  a re la t ive  veloci ty  
of 19.4 m / s e e  is  requi red ,  while the corresponding 
value is 21.2 m / s e e  for a drop of 3.0 ram. 

Figure  2 shows the s ta te  of a liquid jet  i ssuing 
f rom a nozzle 5 mm in d iamete r  at a gas throat  ve -  
loci ty of 60 m / s e e .  In this  case  there  is  nei ther  je t  
nor drops,  but turbulent  " threads"  of liquid d i s t r i -  
buted in the turbulent  gas s t r eam.  

This work makes  poss ible  a c r i t i ca l  examination 
of par t  of the cur ren t ly  adopted optimal conditions of 
operat ion of the Venturi sc rubber .  

Attempts were  made in [2, 3] to calculate  the com-  
p le teness  of t rapping of ae roso l s  and the r e s i s t a nc e  
of a Venturi  sc rubber ,  s ta r t ing  f rom the assumption 
that  a liquid in a gas s t r e a m  is in the form of sphe r i -  
cal  drops .  The mean d iameter  of a liquid drop i s  usu-  

a l ly  determined f rom the empi r i ca l  formula of Nuki- 
yama and Tanasawa [4].* However, as may be seen 
f rom the photographs, the concept of mean drop s ize  
is  a r b i t r a r y  and does not r e f l ec t  the physical  aspect  
of the p rocess  occur r ing  in the Venturi sc rubber .  In 
par t i cu la r ,  i t  cannot explain the fact, noted in [5, 6], 
that the absorpt ion of gases  and the t rapping of a e r o -  
sols  occurs  with g rea tes t  effect iveness at the t ime of 
d is in tegra t ion of the liquid. Motion-picture  studies of 
the dis integrat ion of je ts  and liquid drops shows that, 
in fact, a g rea t e r  phase contact surface  is  formed in 
compar ison  with that calculated f rom the mean drop 
d iamete r .  Obviously, it is  p r e c i s e l y  this  development 
of the surface at the t ime of d is in tegra t ion  of the l iq-  
uid that i s  ve ry  impor tant  for absorpt ion of gases  and 
t rapping of ae roso l s ,  and not the surface  of the liquid 
drops formed af ter  dis integrat ion,  as postulated when 
a drop of mean d iamete r  is  examined.  Moreover ,  it  
may be assumed that  the development of the sur face  
at the t ime of d is in tegra t ion  of the liquid is  accom-  
panied not only by an inc rease  of the absolute amount 
of absorbed component or  aerosol ,  but also by an in-  
c r e a s e  of the coefficient of absorpt ion or  t rapping.  

Operat ion with drops of mean d iameter  and the de- 
s i r e  to obtain a g rea t e r  phase contact a rea  leads to a 
tendency to work at high gas throat  ve loc i t i e s .  The 
mean d iame te r s  of water  drops,  according to the Nuki- 
yama-Tanasawa  formula  with a gas throat  veloci ty  
of 60-120 m / s e e  and specif ic  liquid mass  flow r a t e s  
of 0 . 2 5 - 1 . 2 5  l /m 3 a re  equal, r espec t ive ly ,  to 120-  
40 ~, while the Reynolds number,  calculated f rom the 
re la t ion  

Re = Wd/v, 

for the case  of these  drops washed by a gas s t r e a m  
will  be: Re60 = 515, Ret20 = 345. 

For  a gas throat  veloci ty  of 20-30 m / s e e ,  and 
drops 3 mm in d iameter ,  the corresponding Reynolds 
numbers  will  be Re20 = 3480 and R%0 = 5300, and, a l -  
lowing for the dimensions of the deformed drop, Re20 = 
= 7000 and Rea0 = 10 600, i . e . ,  15-30 t imes  l a rge r  
than in the preceding case .  It is  logical  to assume 
that the l a r g e r  the Reynolds number of the flow over 
the drop, the more  energet ic  the in terac t ion  between 
phases .  This assumption i s  confirmed by t e s t s  with 
u l t rasonic  d is in tegra t ion  of a liquid jet .  In spite of 
the ve ry  smal l  s ize of the drops and the i r  l a rge  spe-  
cific surface,  the degree of absorpt ion during u l t r a -  
sonic d is in tegra t ion  proves  to be l e s s  than when the 

*For  specif ic  flow ra t e s  of liquid g r e a t e r  than 0.5 
l /m a, as shown in [7], drop s izes  calculated f rom this  
equation a re  l ess  than the actual values,  and the l a r g e r  
the specific flow ra te ,  the g rea t e r  the difference.  Ac- 
cording to the data of [8], when the liquid is  introduced 
along the gas s t r eam,  which was the case  in our t es t s  
also,  a be t te r  degree  of a tomizat ion is  attained to-  
gether with l ess  deviation of the mean d iamete r  f rom 
calculated values  at cons iderab ly  g r e a t e r  specific flow- 
r a t e s  (0.97 to 4 l /m 3 of gas) than when using the Nuki- 
yama and Tanasawa formula .  
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je t  is broken up by a gas s t r e a m  for identical  gas 
throa t  veloci ty  and ident ical  specif ic  flow ra te .  

Cer ta in  authors  [2, 9] s t a r t  f rom the p r e m i s e  that 
the veloci ty  of the gas and of the liquid in the throat  
of a Venturi sc rubber  a re  s i m i l a r .  Therefore ,  with 
the a im of inc reas ing  the re la t ive  velocity,  they r e c -  
ommend that the liquid be introduced at r ight  angles 
to the gas s t r eam,  although this  also i nc reases  i ts 
r e s i s t a n c e .  Our work cas t s  doubt on the val id i ty  of 
this  posit ion.  Sufficiently la rge  re la t ive  ve loc i t ies  
a re  also obtained with axial supply of liquid, the r e -  
s i s tance  of the equipment then being less ,  and the 
comple teness  of absorpt ion  the same as with rad ia l  
liquid supply [5]. It is  probable  that this  will  also be 
the ease  for t rapping a e r o s o l s .  

Our invest igat ions  suggest  the following r e c o m m e n -  
dations for inc reas ing  the effect iveness  and economy 
of the Venturi  sc rubber :  

1. It is  inexpedient to a im for a tomizat ion of the 
liquid into fine drops at the t ime of injection, since 
l a rge  drops or  je ts  (diameter  3 - 5  ram) a re  eas i ly  
broken up by the gas s t r eam,  thereupon developing 
phase contact  a r e a  which ensures  high effect iveness 
with incons iderab le  expenditure of energy.  

2. Because of the intense d is in tegra t ion  of the l iq-  
uid at high gas throa t  ve loc i t ies  (50 m / s e c  and above), 
i t  i s  poss ib le  to obtain a developed liquid surface  at 
liquid specif ic  flow ra t e s  of 0 .5-1 .0  l /m 3, while, on 
the other hand, at smal l  gas ve loc i t ies  (20-40 m/sec ) ,  
the l e s s  intense d is in tegra t ion  of the liquid must be 
compensated  by an i nc rea se  in specif ic  flow ra te .  This 
fact has been noted by some inves t iga tors  [6, 10], but 

not explained.  
3. With axial  inject ion of liquid, quite l a rge  r e l a -  

t ive ve loc i t i es  between gas and liquid are  obtained, 
so that, at  r a t e s  of energy expenditure smal l  in corn- 

parison with those for radial injection, a high degree 
of completeness of absorption is obtained~ Obviously, 
this method of liquid injection is also favorable for 
trapping of aerosols. 

NOTATION 

W-relative velocity of gas in throat, m/see; d-diameter of drop, 
m; v-kinematic viscosity of gas, rnZ/see. 
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