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An empirical formula has been derived for the time needed for removal of a liquid from a 
horizontal cylindrical chamber by an air flow. 

Various forms of equipment use droplet detachment f rom a liquid by a gas flow; this entrainment 
method occurs  at a ra te  dependent on various factors ,  which often determine the cor rec t  and rel iable 
operat ion of the equipment. 

A qualitative descr ipt ion of entrainment is to be found in the l i terature,  for instance, in [1, 2]. 

Here we repor t  measurements  on the entrainment of the liquid 1 f rom the horizontal  cylinder (Fig. 
1) by the a i r  flow 2; the air  is supplied through holes in the end wall, which lie above the level of the 
liquid. The a i r  and droplets  emerge  f rom the chamber through a nozzle, at which a cr i t ical  p r e s su re  dif- 
ference is always maintained. We examined the effects of the physical  and thermophysical  pa rame te r s  of 
the liquid on the entrainment,  as well as the volume of the liquid, the gas pa rame te r s ,  and the chamber 
geomet ry .  The tests  were done with water ,  g lycerol ,  te t rabromoethane,  carbon te t rachlor ide ,  ethyl 
alcohol, and aqueous solutions of g lycerol  and ethanol. The t empera tu re  of the liquid was always 15-20~ 
The a i r  t empera tu re  varied from 20 to 700~ The maximum ai r - f low rate  was 4 kg / see .  The geometr ica l  
dimensions of the chamber  and nozzle (Fig. 1) were as follows: D = (75-123) ram, l = (200-450) ram, d 
= (25-50) ram. The volumes of liquid Vl ranged f rom 0.1 l i ter  to half  the chamber  volume. This was Vl 
= 2.5 l i ters  for the largest  chamber .  

Fast  t r ansducers  measured  the chamber  p res su re ,  which was recorded  by a loop oscil lograph; 
Fig. 2 shows typical waveforms.  The p r e s s u r e  r i se  during the entrainment  period is due to part ial  
blockage of the nozzle by the droplets .  The p r e s s u r e  recording  was accompanied by high-speed eine- 
photography. The film was compared with the osc i l lograms to establish that droplet entrainment begins 
when the p r e s s u r e  s ta r t s  to r i se ,  while one can assume that the chamber has been completely free f rom 
liquid when the p r e s s u r e  begins to fall (virtually exponentially). The difference between these two instants 
equals the t ime for the chamber  to lose all its liquid by entrainment,  and this is called the total entrain-. 
ment t ime or  c lear ing t ime r (Fig. 2}. 

l 
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Fig. 1. The chamber .  
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Fig.  2 
Fig.  2. P r e s s u r e  w a v e f o r m s  in chamber :  
t r a n s p o r t .  
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1) no liquid; 2) liquid 

Fig. 3. Rela t ion  of "rWg/l to Re:  1) cold t e s t s ;  2) hot t e s t s .  
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Fig. 4. Relat ion of rWg//  to B 
= (pl/Pg) 1/3 (Vl/13) 1/8 (l/D) 1/3. 
(pgW~/P) 1/6 for  tan c0 = 9.5: 1) 
cold t es t s ;  2) hot t e s t s .  

One purpose  was to obtain a re la t ionship  in d imens ion less  
t e r m s  to ca lcula te  v f r o m  the p a r a m e t e r s  governing it. The la t t e r  
include the following: Pi, Pl, c~l, V/,  ~g, ,r Wg, P, I3, d, l ;  
these  defining p a r a m e t e r s  go with v to fo rm a s y s t e m  of 12 d imen-  
s ional  quanti t ies ,  f r o m  which nine d imens ion les s  combinat ions  canbe  
d rawn up [3]: 

1) Sh "rWg pgDWg pglV~ O :- ; 2) Re .... 3) We == ; 
I , I tg (5 z 

4) Eu P Pz 6) Pl V7 l d @:,g ; 5) - - ;  - - ;  7 ) ~  ; 8 ) ~ ;  9 ) - -  
~tg f)g D 

We found that  d / D  affec ts  only the gas  speed in the chamber  
Wg, with no o ther  effect  on the p r o c e s s ;  in other  words ,  d/D is 
comple te ly  incorpora ted  via the Eu le r  number .  T h e r e f o r e ,  d/D 
was subsequent ly  excluded f r o m  cons idera t ion .  The ranges  in the 
other  8 quanti t ies  in the other  expe r imen t s  were  as follows: 

Re = ~ =  1.5.105--107; W e :  pgW~D = 1.7. 10 a -  4.5. 105; E u =  
~tg tx Z 

P 
- -  p ~ W ~ - -  29--200;  l~z/~tg= 23- -  105; Pz/Pg= 30--  1500; gl/ l  a = 

~ o  

=0.0011--0 .315;  l /D=1.6 - -6 ;  S h =  ~tV~ = 5 - - 1 8 .  
l 

We found that  the Weber  number  had no apprec iab le  effect  on the p r o c e s s  by compar ing  the r emo v a l  
t imes  for  water ,  aqueous ethanol,  and an OP-7 soap solution, whose su r face  tensions  d i f fered  by m o r e  
than  a fac tor  of two, while the other  p r o p e r t i e s  we re  s i m i l a r ,  the expe r imen t s  being conducted under  
ident ical  condit ions.  An analogous conclusion may  be drawn f r o m  the effect  on Sh of pl /Pg and Re.  Figure  
3 shows as an example  the r e l a t ion  of rWg/ l  to Re, which was r eco rded  with the other  quanti t ies constant .  
We va r i ed  the v i scos i ty  of the a i r  via the t e m p e r a t u r e ,  while the v i scos i ty  of the liquid was var ied  by using 
wate r ,  g lycero l ,  aqueous alcohol,  and aqueous g lycero l .  Fo r  ins tance ,  the v i scos i ty  of wa te r  d i f fered 
f r o m  that  of g lyce ro l  by a fac tor  of 1500. On the above bas i s ,  we may  say that  We, Re, and lll/~g have no 
effect  on the p r o c e s s .  

T h e r e f o r e ,  on the var ious  poss ib le  d imens ion less  quant i t ies  that might influence the t r a n s p o r t  r a t e  
in a cyl indr ica l  hor izonta l  chamber ,  we have the dependent quantity vWg/ l  and the four controll ing quanti-  
t i e s  Pl/Pg, i /D,  V l / l  3, and P/pgW~; he re  the following point mus t  be  noted. Since in this p roces s ing  the 
p a r a m e t e r s  of the nons ta t ionary  p r o c e s s  a r e  bes t  r e p r e s e n t e d  by the i r  s t a t ionary  va lues ,  we se lec ted  pg 
and Wg f r o m  the condition that  the liquid had been  comple te ly  r e m o v e d  and the gas  p r e s s u r e  P equalled the 
gas  p r e s s u r e  in the chamber  f ree  f rom liquid (Fig. 2). The  liquid volume Vl was taken as equal to the 
ini t ial  volume of liquid poured into the chamber .  

The r e su l t s  f r o m  over  500 t e s t s  we re  p r o c e s s e d  by the methods of the theory  of s im i l a r i t y  and di-  
mens ions ,  and this gave the following equation: 

82 



�9 Wg - - 9 . 5 (  P--L/1/3 / Vz ~1/3 

Figure 4 shows the experimental results used to derive (!); only some of the measured values are shown 

here. 

If we put pgW~/P in the form W~/RTg and perform certain algebraic steps, we can put (I) in the 
form 

( plVl Dl ) '/3" (2) : 9 . 5  

F o r m u l a  (2) a l lows us to  d e t e r m i n e  the c l ea r ing  t ime  fo r  a i r  r e m o v i n g  liquid f r o m  a ho r i zon ta l  cy l ind r i ca l  
c h a m b e r ;  it shows that  T is dependent  on the  dens i ty  and ini t ial  l iquid volume,  the dynamic  head,  and the 
work  content  of the gas ,  as  well  as  on the c h a m b e r  g e o m e t r y .  
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NOTATION 

density of liquid; 
viscosity of liquid; 
surface tension of liquid; 
volume of liquid; 
gas density; 
gas viscosity; 
temperature of gas entering chamber; 
gas constant; 
gas velocity in chamber; 
pressure in chamber; 
time of entrainment; 
chamber diameter; 
nozzle d i a m e t e r ;  
c h a m b e r  length;  
S t rouha l  number ;  
Reynolds  number ;  
W e b e r  number ;  
Eu le r  n u m b e r .  
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