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ABSTRACT 

The optimum conditions of bubble column would be the ones 

that enhance mass transfer and this is accomplished by 

maximizing gas-liquid interfacial area. In the present work the 

effect of electrolyte concentration (aqueous solution of sodium 

chloride  NaCl 0.005-0.015 gm/cm3) on bubble size, gas-liquid 

interfacial area and gas holdup at various superficial gas 

velocities (0.35-0.312 m/s)) in bubble column was studied. A 

series of experiments were also performed for air – distilled 

water system at various superficial gas velocities. The results for 

the two systems were compared and show a significant difference 

on gas-liquid interfacial area, bubble size and gas holdup. Digital 

camera for bubble size measurements was used and the fractional 

gas holdup was estimated using bed expansion. Correlation based 

on dimensionless groups for the prediction of bubble size, gas-

liquid interfacial area and gas holdup is suggested. An agreement 

with available data was found 
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NOMENCLATURE 

Symbol Definition Unit 

a Gas-liquid interfacial area 1-m 

OB 



 gDCL

2

Bond number  
(   -   ) 

OC Distribution coefficient in equation ( 2 ) (   -   ) 

id Bubble diameter class i m 

Od Sauter mean bubble diameter m 

CD Column diameter m 

Eg Gas holdup (   -    ) 

Fr 

C

g

gD

UFroude number   (   -    ) 

Ga 
2

32

L

CL gD




Gallilei number  

(   -    ) 

g Acceleration of gravity 2m/s 

H Clear liquid height m 

fH Aerated liquid height m 

ni Number of bubble of diameter class i (    -    ) 

Re 

L

CgL DU




Reynolds number   (    -    ) 

brU Bubble rise velocity m/s 

gU Superficial gas velocity m/s 
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Continued 

Symbol Definition Unit 

 Greek Letters  

L Liquid viscosity Pa.s 

L Liquid density  3kg/m 

 Surface tension  N/m 

 

INTRODUCTION 

 Facial construction and low costs make bubble columns 

highly attractive gas-liquid contactors. Their use as absorbers, 

fermenters, catalytic reactor, coal liquefiers … etc., is widespread 

and extensive .In all these processes gas holdup and bubble size 

are important design parameters for scale up of bubble column 

reactors, since they define the gas-liquid interfacial area available 

for mass transfer (Parasu et al 2000[1], Paras et al 2004[2]).The 

hydrodynamics of bubble column depends upon the regime of 

operation viz. homogeneous " bubbly flow" regime encountered 

at low gas velocities and characterized by a narrow bubble size 

distribution and radially uniform gas holdup , and heterogeneous 

"churn turbulent "flow regime observed at higher gas velocities 

and characterized by the appearance of large bubbles, formed by 

coalescence of small bubbles and bearing a higher rise velocity 

hence leading to relatively lower gas holdup values, gas-liquid 

interfacial area and mass transfer (Zahradnik et al 

1997[3],Camarasa et al 1999[4], Joshi et al 2002[5] and Paras et al 
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2004[2]).It is important to promoting breakage and demoting 

bubble coalescence. This can be achieved by aqueous solution of 

electrolyte (Jamialahmadi et al 1990[6], Zahradnik et al 

1995[7]).The presence of electrolytes decreases the coalescence 

rate therefore increases the gas holdup. 

Marrucci and  Nicodeno 1967[10] concluded from their 

investigation that the ease of bubble coalescence depends on 

whether cations or anions are adsorbed at the surface of the 

bubbles. 

Akita and Yoshida1974[8], Akita 1989[9] suggested that 

higher gas holdup and gas-liquid interfacial area in electrolyte 

solutions is due to the electrostatic potential at the gas-liquid 

interface. 

Prince and Balnch 1990[11], Graig et al 1993[12] and 

Zahradnik et al 1995[7] studied the effect of electrolytes on 

bubble coalescence and gas holdup. 

Zahradnik et al 1999[13] show the effect of electrolyte 

addition on bubble coalescence in sacchorose solution. 

In the present work, the effect of electrolyte concentration 

(NaCl on bubble size, bubble rise velocity, gas-liquid interfacial 

area and gas holdup for various superficial gas velocities was 

studied. 
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EXPERIMENTAL WORK 

Experimental apparatus 

Experiments were carried out in a glass (QVF) cylindrical 

bubble column of 15 cm i.d.* 1.6 m height .Schematic diagram 

of experimental setup is shown in figure (1). Perforated plate 

sparger was used as gas distributor (104 hole of 1 mm diameter) 

and placed between the column and distributor chamber which 

having a drain at the bottom and gas inlet at the side. Gas (air) 

flow rate was measured by using two calibrated rotameters for 

superficial gas velocities from 0.083 m/s to 0.13 m/s to achieve 

homogeneous flow regime. 

Two systems were used in experiments, namely, air-distilled 

water and air-electrolyte solution (aqueous solution of sodium 

chloride  NaCl) in a wide range of NaCl concentration in distilled 

water from 0.005 to 0.015 gm/cm3 for low concentration and 

from 0.02 to 0.056 gm/cm3 for high concentration. All 

experiments were performed at ambient temperature and 

atmospheric pressure. 

   

Measurement  

- Gas Holdup and Bubble Rise Velocity. 

The fractional gas holdup was estimated from bed 

expansion  

Eg = 
F

F

H

HH −
   …………………… (1) 
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Bubble rise velocity in homogenous flow regime can be 

estimated from drift flux model of Zuber and Findlay 

1965[15] as:- 

brgO

g
UUC

Eg

U
+= *   ………………… (2) 

Where the experimental data Ug/Eg are plotted against Ug, 

then the Ubr can be obtained from the intercept of Ug/Eg 

axis. 

 

- Sauter mean bubble diameter.  

The bubble size was measured by photographic method. 

Digital camera (Type Olympus model 4000-2000n of 4.0 

mega pixel) was used in the experimental work. The 

camera was connected online to the computer to measure 

the bubble size. Images projected on the screen were 

enlarged about 5.5 times the actual size. Bubble images 

were obtained at different heights from bottom to top. 

The bubble size was defined by sauter mean bubble 

diameter as follows:-  

     dO=
2

3

nidi

nidi




  ……………………………………………. (3) 

- Gas-Liquid Interfacial Area. 

Gas-liquid interfacial area can be calculated from gas 

holdup and sauter mean bubble diameter; as (Alves et al 

2003(14), Akita and Yoshida 1974(9)):- 
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a=
Od

Eg*6
  ……..……………………………………………….. (4) 

 

RESULTS AND DISCUSSION 

Influence of Superficial Gas Velocity 

Figures (2 to 4) show the effect of superficial gas velocity 

on gas-liquid interfacial area and gas holdup at different 

electrolyte concentration and water. It can be seen that the gas-

liquid interfacial area increases with increasing superficial gas 

velocity up to 0.117 m/s for high electrolyte concentrations .This 

is attributed to the fact that the rate of breakup of bubbles 

increased. In addition, higher superficial gas velocity gives 

smaller bubbles as shown in figures (5 and 6). The smaller 

bubble of lower rising velocity this leads to form large residence 

time and consequently higher gas hold-up and gas – liquid 

interfacial area. Further increasing of superficial gas velocity has 

an adverse effect on gas-liquid interfacial area .This is due to the 

formation of large bubble which leads to lower gas holdup. 

In air-water system increasing superficial gas velocity 

gives smaller bubbles which leads to increasing gas-liquid 

interfacial area and gas holdup, but at lower values than in that 

for air-electrolyte solutions as shown in figures (2 and 5). These 

results are in agreement with the results of Paras et al 2003(2) and 

Jamialahmadi and Muller 1990[6]. 
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Influence of Electrolyte Concentration 

  Figures (7 and 8) illustrate the influence of low electrolyte 

concentrations on gas-liquid interfacial area and gas holdup at 

different superficial gas velocities. It can be seen that the gas-

liquid interfacial area increases with increasing NaCl 

concentration. It is obvious that the size of air bubbles generated 

in electrolyte solutions of low concentrations (0.005 to 0.015 

gm/cm3) is reduced slightly as shown in figure (9).From this 

observation it may be concluded that the higher gas-liquid 

interfacial area and gas holdup in electrolyte solutions is not 

caused by the reduction of bubble size at the gas distributor plate. 

The surface tension at the interface between bubble and 

electrolyte solution is higher than that for pure water, due to the 

presence of dissolved ions. However because of the higher 

attractive forces between water molecules and electrolyte ions as 

compared to those between water molecules, these ions will be 

quickly removed from the interface into the bulk of the solution. 

Therefore the actual surface tension should be lower than the 

initial surface tension, approaching that for pure water for low 

electrolyte concentration. Ionic forces between ions and water 

molecules make the solution more cohesive (Jamialahmadi and 

Muller 1990). The reduction in bubble rise velocities with 

increasing NaCl concentration is shown in table (1), which was 

obtained from figure (10). The experimental data (Ug/Eg) plotted 

against Ubr bubble rise velocity (Urb) can be obtained from Ug/Eg 
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-axis intercept as shown in figure (10). These results are in 

agreement with the result of Jamialahmadi and Muller 1990[6] 

and Zahradnik et al 1999[13]. 

 Figures (11 and 12) show the effect of high electrolyte 

concentrations (0.02 to 0.056 gm/cm3) on gas-liquid interfacial 

area and gas holdup at different superficial gas velocities. It can 

be seen that by increasing electrolyte concentrations, gas-liquid 

interfacial area and gas holdup increased. The reason is that there 

is remarkable change in liquid properties such as increase of 

surface tension, which favor small bubble formation with lower 

bubble rise velocity by promoting breakage and demoting 

coalescence which leads for increasing gas holdup as shown in 

figure (13) and table (2). The experimental data (Ug/Eg) plotted 

against Ug as shown in figure (14), bubble rise velocity can be 

obtained from Ug/Eg-axis intercept. These results are in 

agreement with the result of Zahradnik et al 1995[7]. 

 

Correlation 

From the experimental results a correlation was formulated that 

permit the prediction of gas-liquid interfacial area, gas holdup 

and sauter mean bubble diameter with the variables that greatly 

affects the bubble column operation. Dimensional analysis was 

performed. The following correlations were obtained and found 

to be in a good agreement with experimental data:- 
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For Low Electrolyte Concentration. (0.001-0.01) 

      

( )
( ) ( ) ( ) 0413.03846.01573.0

673.3
7863.2

1
FrGaBo

Eg

Eg −−
=

−
…………………..(5) 

     Correlation coefficient = 0.995                                      

       ( ) ( ) ( )
56.2

586.014.0371.0
Re298.1 










=

−−−

CC

O

D

H
FrBo

D

d
    ……………….(6) 

       Correlation coefficient = 0.902 

Combining equation (3), (5) and (6), gas-liquid interfacial area 

correlation can be obtained: 

     ( ) ( ) ( ) ( ) 673.3

56.2

627.02446.02137.0
879.12 L

C

C E
D

H
FrGaBoaD

−

−











=   ……….(7) 

         

For High Electrolyte Concentration. (0.01-0.015) 

      
( )

( ) ( ) ( ) 0698.01015.00624.0

673.3
413.5

1
FrGaBo

Eg

Eg
=

−
         ………… (8) 

      Correlation coefficient = 0.92 

       ( ) ( ) ( )
738.0

0285.01.01.0
7425.1 








=

−−

CC

O

D

H
FrGaBo

D

d
…………………(9) 

     Correlation coefficient = 0.89 

Combining equation (3), (8) and (9), gas-liquid interfacial area 

correlation can be obtained: 

     

( ) ( ) ( ) ( ) 673.3

738.0

0983.00015.0162.0
638.18 L

C

C E
D

H
FrGaBoaD

−









= ………….10                  
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Concluding remarks 

The following points are concluded from the present work:- 

 Gas-liquid interfacial area increases with increasing 

superficial gas velocity up to 0.117 m/s only for high electrolyte 

concentration. This is also for gas holdup while sauter mean 

bubble diameter decreased. Further increasing of superficial gas 

velocity for more than 0.117 m/s for high electrolyte 

concentration has an adverse effect on gas-liquid interfacial area. 

 In air-distilled water system, gas-liquid interfacial area, gas 

holdup and sauter mean bubble diameter are lower than that in air 

electrolyte solution system. 

 Low electrolyte concentration has slight effect on the 

surface tension of the solution. However the ionic force in the 

liquid bulk reduces the bubble rise velocity and reduces bubble 

coalescence. As a result, gas holdup and gas-liquid interfacial 

area increased. 

 In higher electrolyte concentration the surface tension has 

remarkable effect on gas-liquid interfacial area gas holdup and 

bubble size. 
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Table (1) Bubble Rise Velocity in 

Low Electrolyte Concentration. 

 

 

 

 

 

 

 

 

 

 

 

Table (2) Bubble Rise Velocity in 

high Electrolyte Concentration. 

 

 

 

 

 

 

 

 

 

NaCl 

Concentration 

)3(gm/cm 

Bubble Rise Velocity 

(m/s) 

0.005 0.3508 

0.007 0.344 

0.01 0.336 

0.012 0.321 

0.015 0.312 

Distilled water 0.445 

NaCl 

Concentration 

)3(gm/cm 

Bubble Rise Velocity 

(m/s) 

0.02 0.2509 

0.028 0.249 

0.05 0.246 

0.04 0.24 

0.06 0.228 
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1- Air Compressor   2- Surge tank  3- Pressure gauge 

4- Needle valve  5- Dryer filter   6- On-off valve  7- Rotameter 

8- Check valve  9- Discharge valve 10 – Gas distributor 

11- Liquid level  12- Bubble column  14-  computer  15- Digital camera. 

Figure. (1) a- Schematic diagram of experimental set up . 
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a- Schematic diagram of   

     experimental set up. 

 

 

 

Figure. (1) b- Gas distributor.  
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Fig.(2) Interfacial vs. area 

superficial gas velocity at different 

low electrolyte  concentration and 

water.  
 

Fig.(3 Interfacial vs. area superficial 

gas velocity at different high 

electrolyte  concentration.  
 

Fig.(4) Gas holdup vs. superficial gas 

velocity at different of electrolyte  

concentration and water.  
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Fig(5) Sauter mean bubble 

diameter vs. superficial gas velocity 

at different low electrolyte 

concentration and water.  
 

Fig(6) Sauter mean bubble 

diameter Superficial gas velocity 

vs. at different high electrolyte 

concentration.  
 

Fig(7)Low electrolyte concentration vs. 

interfacial area at different superficial 

gas velocity. 
 

Fig(8)Low electrolyte concentration vs. 

gas holdup at different superficial gas 

velocity. 
 

Fig(9)Low electrolyte concentration vs. 

sauter mean bubble diameter at 

different superficial gas velocity. 
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Fig.(10)Superficial gas velocity vs. Ug/Eg at different 

low electrolyte  concentration and water. 
 

Fig(13)High electrolyte concentration vs. 

sauter mean bubble diameter at 

different superficial gas velocity. 
 

Fig(12)High electrolyte concentration 

vs. gas holdup at different superficial 

gas velocity. 
 

Fig(11)High electrolyte concentration 

vs. interfacial area at different 

superficial gas velocity. 
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Fig.(14)Superficial gas velocity vs. 

 Ug/Eg at different of high electrolyte 

  concentration.  
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تأثير تركيز المحاليل الألكتروليتية على حجم الفقاعة و المساحة البينية 
 بين السائل و الغاز في عمود الفقاعات

 
 فرح طالب جاسم

 الجامعة التكنولوجية/قسم الهندسة الكيمياوية /مدرس مساعد 
 

 الخلاصة  

سفضاا وأفاااستلااات   كستلوي  وياااسوتلم يووي ي وياااسستلفق  ياا شاا استخاام اتعسته  ااا س

وهااتسيدااعس تااسزيا ا س خا داسستلوملا هاسزيا ا س داا ستتمقا  سستلفق  ي للا  ا سستلظروف

سوتلخ ئ س.سزتلم  سسمينستلغ 

 air-aqueous electrolyteوسسair-waterتظااا  اسسارتخااا يمضااا نستلمداااعس

solutionلمي نسمأثيرستل دلو ستهليومروليمااس لامس خا داستلم ا سسماينستلغا زسوتلخا ئ س سس

س.  ملف وسو ياستلغ زستل دمجزس تاس داهكسجري نسسق   تلفقطرس

ماأثيرسوتضا سس– airسaqueous electrolyte solution لتظا عستلد ليا ميتكستلتما ئ س

 ق رتمها سساتل دمجزس تو ياستلغ زس وستلفق    لمس خ داستلم  سسمينستلغ زسوتلخ ئ س قطرس

تم ئ ستلد لي س معسأيج اس لاقا سري ضاي ستلسإلمستخمت ات.سair-waterلتظ عسستلد لي  عستلتم ئ س

وسو يااستلغا زستل دمجازسس Odستلفق  ا  سقطارسس  aلو س نس خ داستلم  سسمينستلغ زسوتلخ ئ 

Eg مطريق سسسسDimensional analysisتلدلاق كسلإيج اسارجا سسلها ومعسمدلي ستلتم ئ سس

 .عستلتم ئ ستلد لي تل طأسأوس قاترساق ستلقي خ كسوأظهركسها ستلدلاق كسمط مق سًجياس 
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