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A method is proposed for the determination of the local gas content, 
involving the measurement of the electrical conductivity of a bubbling 
layer and these measurements are carded out in a column 300 mm in 
diameter, for a gas velocity ranging from 0.02 to 0.12 m/sec. 

F o r  a thorough unde r s t and ing  of the hydrau l i cs  in -  
volved in the bubbl ing  of a gas through deep l a y e r s  of 
l iquid, we have to know not only the o v e r - a l l  gas con-  
tent  ave raged  through the height and c ros s  sec t ion  of 
the appara tus ,  but we mus t  a lso know its local  va lues  
at va r ious  points  within the l aye r  [1]. 

Theore t ica l  examina t ion  of the bubbl ing m e c h a n i s m  
[2] and m e a s u r e m e n t s  c a r r i e d  out by ? - r a y  t r e a t m e n t  
of the bubbl ing  l aye r  [3-6]  have d e m o n s t r a t e d  that the 
gas content  of the l aye r  is g r e a t e r  at the cen t e r  of the 
channel  than it is at i ts  pe r iphe ry .  

A method appeared  some y e a r s  ago for the m e a -  
s u r e m e n t  of the local gas content  in a m e r c u r y - n i t r o -  
gen sys t em,  involv ing  the use  of a needle  probe [7]. 
This method was subsequen t ly  used for  a w a t e r - a i r  
sys t em [8, 9 ]. 

A method is  proposed in this  paper  for  the d e t e r -  
mina t ion  of the local  gas content,  and this  method in-  
volves m e a s u r e m e n t  of the e l ec t r i c a l  conduct ivi ty  of 
the bubbl ing  l aye r .  

To d e t e r m i n e  the specif ic  p rope r t i e s ,  which in-  
clude the e l ec t r i c a l  conduct ivi ty  or  r e s i s t a n c e  of the 
he te rogeneous  sys tem,  a subs tan t i a l  n u m b e r  of fo r -  
mulas  have been proposed [10]. The bes t  and mos t  
gene ra l  f o rmu la  is that of Odelevski i  [11] 

a = 1 + ~ (1)  
% f ((~) _+ ~o 

For  cubic inc lus ions  whose cen te r s  fo rm a cubic la t -  
t ice ,  

f ( ~ ) _  I--~ 3 (2) 

while with consideration of (2) 

Rb - 1 + q~ (3a) 
RpA 1 - -  2q~ + 1 

3 

The m e a s u r i n g  cel l  was hooked into the b r idge  c i r -  
cuit  (Fig. 1). The magni tude  of the c u r r e n t  in the in -  
d ica to r  diagonal  of the br idge  is d e t e r m i n e d  [12] f rom 
the following express ion :  

RI R~ 

I = u,~ R1 + R3 R2 + R4 (4) 
Rg + ( RIR3 ~ R~R4 )" 

R1 + R3 R~ + R~ 
The change of the resistance in the measuring cell 

can be represented as follows: 

R ~ + A R ~  _ Rb (5) 
R1 R p.1 

Having denoted R3/R I = R4/R 3 = a, from Eqs. (4) and 
(5) we obtain 

I ~  g/in 

a ( t Rp.~ 

t + a  ]~P'--I  + 1 -~- (/, R~-b ) 
\ Rb ]" (6) 

Under our conditions c~ ~ 0.04. The gas content var- 

ied from 0 to 0.3; this corresponds to a change in 

Rp.I/R b (from formula (3a)) from I to 0.06. Thus 

when Rg ~ R 3 ~ R 4, over the entire range of variation 

in gas content the denominator in Eq. (6) changes by 

less than 0.5%. Assuming the denominator in Eq. (6) 

to be constant, with consideration of (3a) we obtain 

Formula (i), with consideration of (2), was extended 

by Odelevskii to any configuration of the inclusions. 

For the case of gas bubbling through an electrically 

conducting liquid we can assume that the electrical 

conductivity of the gas is equal to zero. Then, on 

transition from the conductivity to the specific resis- 

tance, Eq. (i) assumes the form 

p _ Rb q) 
- -  1 + , (3) 

Po Rp.! 1 - -  [~ + f (q~)] 

t4. T lout 

Fig. I. Measuring cell connection circuit. 
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I Ci 3r (7) 
2 + 

To ver i fy  the a g r e e m e n t  between fo rmula  (7) and the 
expe r imen ta l  data,  we set  up a b r idge  c i r cu i t  with a 
fixed b ias .  The m e a s u r i n g  cell ,  made up of 2 s i l v e r  
e lec t rodes  2.25 cm 2 in a r e a  and separa ted  through a 
d i s tance  of 34 mm,  was connected into one of t h e b r i d g e  
a r m s .  This m e a s u r i n g  cel l  was placed into a column 
38 m m  in d i a m e t e r ,  and it was poss ib le  to feed a i r  
into this  co lumn through a porous  plate.  The height of 
the pu re - l i qu id  l aye r  in the co lumn reached to 80 cm;  
the e l ec t rodes  were  posi t ioned 60 cm above the gas -  
d i s t r i b u t o r  plate .  The gas content  of the b u b b l i n g l a y e r  
was m e a s u r e d  as the gas was fed in by m e a s u r i n g  the 
heights  of the bubbl ing  l aye r  and of the pu re - l i qu id  
layer ,  the magni tude  of s ignal  I be ing  es tab l i shed  on a 
po ten t iomete r .  Since the gas content  in the bubbl ing  
l aye r  is constant ,  with the exception of the sma l l  zones 
at the ends [13, 14], and in view of the fact that the 
e lec t rodes  encompass  the en t i r e  th ickness  of the l aye r  
through the column d i ame te r ,  we can a s s u m e  that the 
magni tude  of the s ignal  applied to the po ten t iome te r  is 
a function of the averaged  gas content  in the column.  
F i b r e  2 shows the funct ion I = ~(~o), ca lcu la ted  a c -  
cord ing  to fo rmula  (7) (line 1), and the expe r imen ta l  
data a re  plotted he re .  This theore t i ca l  r e la t ionsh ip  
was obtained for  C~ = 3.71 (to b r i n g  the expe r imen ta l  
point for  r = 0.3 into l ine with the ca lcula ted  quanti ty) .  
We see f rom the f igure  that the t heo re t i ca l  r e l a t i o n -  
ship d i f fers  somewhat  f rom the expe r imen ta l  data and 
this ,  apparen t ly ,  is a s soc i a t ed  with the extens ion of 
fo rmula  (3a) to any conf igura t ion  of the he te rogeneous  
inc lus ions .  We wil l  t he re fo re  find a funct ion such as  
(3) for  sphe r i ca l  inc lus ions  of d i a m e t e r  d n, un i fo rmly  
d i s t r ibu ted  through the en t i r e  volume.  

Two e l ec t rodes  (the m e a s u r i n g  cell) ,  lowered into 
the l aye r  and sepa ra t ed  through a d i s tance  H f rom 
each other ,  exhibit  an a r ea  S (each)  The volume of 
the sphe r i ca l  bubble  is 1/6 r The n u m b e r  of bubbles  
in the space between the e l ec t rodes  is  thus 

6 ~ SH. (8) n-= - - ~  
dn 

As an example  of un i fo rm bubble spacing  in the 
layer ,  we can ci te  t he i r  d i s t r ibu t ion  at the ve r t i c e s  of 
t e t r a he d r a .  In this  case ,  the segment  of the bubbl ing 
l a ye r  between the e lec t rodes  can be depicted as fol-  
lows (Fig. 3). There  a r e  v e r t i c a l  p lanes  pa ra l l e l  to 
the p lanes  of the e lec t rodes ,  and the bubbles  in these  
planes  a r e  s i tua ted  at the v e r t i c e s  of equ i l a t e ra l  t r i -  
angles  of s ide l ,  which s e r ve  as the bases  of the te t -  
r ahed ra ,  and the d i s tance  be tween these  p lanes  i s  
equal to the height h of the t e t r ahedron .  In the vo lume 
Sh we will  find the fol lowing n u m b e r  of bubbles:  

2 S 
k == - - . _  (9) 

~3  P 

Since the t e t r ahedron  height h = (2/3)I/21, the n u m b e r  
of l aye r s  between the e lec t rodes  is 

m = - - y -  , ( l o )  

and the n u m b e r  of bubbles  in the v61u.me between the 
e lec t rodes  is  

n = k m =  1/2  .SH (11) 
/2 

Having equated Eq. (8) to (11), we find the r e l a t i on -  
ship of the d i s t ance  be tween the bubble  cen te r s  to the 
gas content  and to the bubble  d imens ion :  

l=d, ,  ~ ~ . (12) 

The l aye r  of th ickness  h can be p re sen t ed  as cons i s t -  
ing of two par ts :  a segment  of th ickness  d n in which 
the bubbles  a r e  contained,  and a segment  of th ickness  
( h - d  n) in which there  is only the liquid. 

r 

e / 7  

,2 

2 o - 3  

J 
~02 ~a~aor ao6aoga[ a2 o3 

Fig.  2. Dependence of s ignal  on gas con-  
tent:  1) r e l a t ionsh ip  accord ing  to Odelev-  
ski i  fo rmula  [11]; 2) r e l a t ionsh ip  a c c o r d -  
ing to fo rmula  (16); 3) expe r imen ta l  points ;  

I, mA. 

Fig.  3. Horizontal  sect ion of 
bubbl ing l aye r .  Dot-dash  l ines  
show bubbles  outside c ross  

sec t ion.  
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Let us consider the magnitude of the resistance in a 
layer of thickness h and area S, since this quantity is 

directly proportional to the resistance of the volume 

between the electrodes. 

When there is no bubbling, the resistance is 

h (137 
/~p.l = Po -~-- 

F o r  a bubbl ing  l a y e r  of the s a m e  t h i c k n e s s  h, the r e -  
s i s t a n c e  is  found f r o m  the  equat ion 

h - -  d, d~ 
R5 = Po ~ 4-P0 an (14) 

9 -  

2~ k .! d ( d , - - d ) d d  
S - -  o 

d,, 

Having taken  the  i n t e g r a l  in Eq.  (14), having  d i -  
v ided  i t  by  (137, and having subs t i tu t ed  (12), we obtain 

m _ _  r R b  = 1  -t- 2 z  
Rp, 1 (12) 

9~3 
We see f rom a comparison of Eq. (15) with (3) that 
these are of ident ical  form,  but d i f fe r  in the form of 
the  funct ion ] ( ~ ) .  

The s imu l t aneous  so lu t ion  of Eqs .  (6) and (15) y i e l d s  
the  fol lowing:  

I = C2 
2--3 / 2n (16) 

Figure 2 shows the function I = r calculated 
according to Eq. (16) (line 2). If we substitute the 

quantity C 2 = 4.62 into Eq. (16), the experimental 
points will lie exactly on the curve of the theoretical 

relationship. Thus, our expression in (16) corresponds 

better to the experimental data than Eq. (3a). The tan- 
gent to the slope of this function in double logarithmic 

coordinates is equal to 0.985, i.e., in the interval 
being studied we have a virtually linear relationship 
between the magnitude of the signal and the gas con- 

tent. 

~220 

a% 

P 

50 /00 r 

Fig. 4. Local gas content versus dis- 

tance to column center at W r = 0.I m/ 

sec, q~av.exp = 0.194; r, ram. 

In m e a s u r i n g  the l oca l  gas  content  in a co lumn 
300 m m  in d i a m e t e r  [15], we p r o c e e d e d  to c a l i b r a t e  
the m e a s u r i n g  ce l l  in the  fo l lowing m a n n e r .  We m e a -  
s u r e d  the r e l a t i o n s h i p  be tween  the magni tude  of the 
s igna l  and the  loca t ion  of the  m e a s u r i n g  ce l l  a long the 
r a d i u s  of the column for  a c e r t a i n  gas  ve loc i ty ;  g r a p h -  
i ca l  i n t eg ra t i on  was  employed  to d e t e r m i n e  the m a g -  
ni tude of the s igna l  a v e r a g e d  o v e r  the  c r o s s  sec t ion  
and th i s  was equated to the  a v e r a g e  gas  content  m e a -  
s u r e d  in the usua l  m a n n e r .  A s t r a i g h t  l ine with a s lope  
tangent  equal  to 1.0 was  drawn th rough  the d e r i v e d  
point  in the  double  l o g a r i t h m i c  c o o r d i n a t e s .  The d e -  
r i v e d  c a l i b r a t i o n  cu rve  was used  to d e t e r m i n e  the p r o -  
f i le  of the gas  content  in the r a n g e  of gas  ve loc i t i e s  
f r o m  0.02 to 0.12 m / s e c .  

F i g u r e  4 shows the g a s - c o n t e n t  p ro f i l e  fo r  a gas  
ve loc i t y  of 0.1 m / s e c ,  whi le  the t ab le  g ives  the  c r o s s -  
sec t ion  a v e r a g e d  gas  conten ts  c a l c u l a t e d  f r o m  the loca l  
quant i t i es  a long the r a d i u s  and m e a s u r e d  on the b a s i s  
of the  d i f f e r e nc e  be tween  the l eve l s  of the bubbl ing  
l a y e r  and the pu re  l iquid .  

We can see  f rom the t ab le  that  the  d i v e r g e n c e  b e -  
tween these  quan t i t i e s  does  not exceed  7%. 

Thus,  the  p r o p o s e d  method  can be  used  to m e a -  
s u r e  the  loca l  gas  contents  in the bubbl ing  l a y e r .  

Table  

C o m p a r i s o n  of T h e o r e t i c a l  and E x p e r i m e n t a l  A v e r a g e  Gas Con-  
t en t s  in the  Column 

' Gas f low ra te ,  m/sec  !0,0200310.040,050.0610,07,0,0810.090.I00.110.121. 

Average gas content, 0,07410.1060,1430, ] 1770 1830 1830 206 localCalculatedvaluesfr~ 1570.1470.1640., " I " I " 0.220 

4 0 3.5 2.7 0.6 t7.0 4.1 1,7 3.2 5.7 2.8 
Percentage  d ivergence  

b e t w e e n  theo re t i -  
cal and  expe r imen-  ~ " 
ta l  da t a  

0.9 
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NOTATION 

~, ~0, and ~1 a r e  the  g e n e r a l i z e d  t h e r m a l  conduc-  
t i v i t i e s  of the  h e t e r o g e n e o u s  s y s t e m ,  of the  me d ium,  
and of the  inc lus ions ,  r e s p e c t i v e l y ;  ~ is  the  v o l u m e t -  
r i c  content  of the  inc lus ions ,  of the gas  content ;  R b, 
Rp.1, R1, and Rg a r e  the  r e s i s t a n c e  of the  bubbl ing  
l a y e r ,  of the pu re  l iquid l a y e r ,  of the  m e a s u r i n g  
ce l l ,  and of the load,  r e s p e c t i v e l y ;  P0 is  the  spec i f i c  
r e s i s t a n c e  of the p u r e  l iquid;  C 1 and C 2 a r e  the  con-  
s t an t s  i n E q s .  (7) and (16). 
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