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Abstract : Experimental studieson gasholdupin
tapered bubble column using electrolyte solutions
have been reported. The effects of different operat-
ing variables such as liquid flow rate, bed height
and concentration of electrolyte, etc. on the gas
holdup were investigated. In our work distilled wa-
ter and NaCl solution waretaken as continuous phase

INTRODUCTION

A Bubble column is a device in which a gas
phaseis bubbled through acolumn of liquid to pro-
mote achemical or biochemical reactioninthe pres-
ence or absence of acatalyst suspended in thelig-
uid phase. Gas-liquid bubble columns are becom-
ing popular and are widely used in industry as ab-
sorbers, strippers, reactors and fermenters due to
the absence of any moving parts, simple construc-
tion, good mixing and mass transfer capacity, tem-
perature control, minimum maintenance, and low
capital cost. Bubble coalescence, high pressure
drop, considerable back mixingin both phases, short
residencetime of gasand complex hydrodynamics
flow patterns are the main disadvantages of a

and bubbling air as discontinuous phase and flow
was amost entirely heterogeneous. The hydrody-
namic effects wereinvestigated.
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K eywor ds: Gasholdup; Newtonian liquid; Elec-
trolyte; Tapered bubble column.

bubble column. The bubble coalescence is one of
the mgjor disadvantages in the operation of bubble
column. To get rid of this problem electrolyte can
be used. Inorgani c electrolytes are commonly known
to reduce the degree of bubbl e coal escence and con-
sequently the interfacial area increases. The salts
are found to inhibit bubble coal escence by retard-
ing the thinning of the intervening liquid film be-
tween bubble pairs. Marrucci et al.™!! analyzed this
phenomenon by considering a constant volume el -
ement of the liquid film during the thinning pro-
cess. The surface area of the element is increased
during the thinning process. The higher salt con-
centration produces an increase in the surface ten-
sion of the film and hence a force devel ops oppo-
siteto thedirection of flow at the gas-liquid bound-
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ary. Thisresultsin asignificant increasein thethin-
ning time of theliquid film during coal escence. Lee
and Meyrick? measured the gas holdup and gas-
liquidinterfacial areasfor dispersionsof air in elec-
trolytes solutions. Prince and Blanchi® obtained
expressionsto cal culate transition el ectrolyte con-
centrations for bubble coalescence. Thorat et a .1
reported air-agueous solution of electrolyte rela-
tively less coalescing system.

The availability of literature using e ectrolyte
are meager’2+19, Literature review suggested that
electrolyte can be grouped into two categories ac-
cording to their function or affect the bubble coales-
cenceinsolutions. In first group the suppress bubble
coalescence is moderate (NaCl and MgSO,.7H,0)
and second group suppress bubble coaescence is
very strong (Na,SO, and CaCl..2H,0)!. Syedaand
Rezd reported that the addition of electrolyte
changesthe surface tension of the solution whichis
responsible for the enhancement of the gas holdup.
Nguyen et al.[*! concluded that transition salt con-
centration for bubble coalescence and gas holdup
depend not only on the salt properties, i.e., ion type
and their combination, but also on the hydrodynamic
conditions. Theadvantage of the tapered bubble col-
umn liesin the fact that the residence time of the
bubble can beincreased in comparison to the cylin-
drical or rectangular column, the flow isaways de-
veloping in nature and bubbles coal esce to form big-
ger bubbles, structure of the bigger bubbles change
continuously from circular to flat and rupture of the
big bubbles to small bubbles!3. Effects of electro-
lyte on the taper bubble column are not reported in
literature. Hence the present experimental investi-
gation reportsthe effects of bulk liquid property, gas
flow rate, stagnant liquid height and el ectrolyte of
different strength on gas holdup in tapered bubble
column.

EXPERIMENTAL DETAILS

A schematic diagram of the experimental setup
has been shown in Figure 1. It consists of tapered
bubble column, manometers for pressure measure-
ment, distributor (D) to distribute the air,
compressor(C), pressure gauge (PG), rotameter (R )
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Figure 1 : Schematic diagram of experimental setup;Al:
Air inlet; A2: Air outlet; Manometers; D: Distributor;
C: Compressor; PG: pressure Gauge; R, : Rotameter
for gas; V1-V4: Control valves.

for flow measures and other accessories.

The tapered bubble column were made of thick
perspex and square shaped. A perforated plate made
of perspex of different hole diameter were used
for air distribution and connected with the column
by means of flanges. Air inlet would be provided
at the bottom by means of nozzles of 4mm diameter
and then distributed through the perforated plate
and would enter into the column. Column was fit-
ted to vertically by means of clamps to avoid any
vibration. Detailed dimension of the column are
shown in TABLE 1. The desired amount of NaCl
was dissolved in distilled water. Four different
NaCl concentrations, 0.05 - 0.4(M) NaCl were used
for the experiment. The physical properties of the
liquid are shown in TABLE 2. The liquid height
used for the experimentswere 1.12m, 1.17 m and
1.22 m. The air at a pressure 1 kg/cm? gauge was
introduced into the column, and under steady state
condition, the height of liquid column was noted.
Flow pattern was observed visually and it was ho-
mogeneous and heterogeneous according to thein-
creasing air flow rate. Surface tension of water and
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TABLE 1 : Detailed dimension of tapered bubble column

Char acteristic parameters
Thickness of Perspex sheet, m
Heght of column, m
Top plate area, m’
Bottom plate area, m”
Hole diameter of the ar inlet and outlet, m
Hole diameter of sieve plates used, m
Hole number of deve plate
Taper angle, deg

Taper bubble column
0.0127
183
0.1016x0.1016
0.0508x0.0508
0.0127
0.004
50
0.86

TABLE 2 : Physical properties of water and NaCl solution of different concentration

Properties Water 0.05(M)NaCl 0.1(M)NaCl 0.2(M)NaCl 04(M)NaCl
Density(Kg/m®) 995.67 998.60 1001.52 1007.37 1019.07
Viscosity 8007 X 10* 7.981X 10* 7.821X 10°* 7.791X 10* 7.602X 10*
(Kg/ms)

Surface Tension(N/m) 7.118X102 7.408X102 7.573X10? 7.922X102 8.348X102
16
Initial liquid height: 1.22m
[ Distributor hole dia.: 0.004m
Symbol Solution Conc.
14 ¢ [M] NaCl
—0— 04
1 —o— 02
A 01
120 2~ oo
H —<— Water

Gas Holdup, %

3 4 5 6

Air Flow Rate,Q x 10* m’/s

Figure 2 : Variation of gas holdup with gas flow rate at different electrolyte solution concentration

solutions are measured with DuNouy tensiometer.
The experiments were repeated a number of times
to ensure the reproducibility of the data. The tem-
perature was maintained at atmospheric
temperature30+2°C. The overall value of gas hold
up ratio was determined from this equation.

vV -1

fe = Ty (1)
WhereVand V_arevolumeof liquidin columnwith
and without gas flow. The liquid volume in the ta-
pered bubble column with respect to the height was
calibrated beforethe experiment for each liquid used
inthestudies.



ChemXpress 8(1), 2015

45

Gas Holdup, %

Gas Holdup, %

16

14 |

12

10

oo

16

14

12

ORIGINAL ARTICLE

| —<—

[ Initial liquid height: 1.17m

Distributor hole dia.: 0.004m
Symbol Solution Conc.

[M] NaCl
H —o0— 04
—o— 02
1 —A— 0.1
—v— 005

AirFlow Rate,Q_x 10* m*/s

Figure 3 : Variation of gas holdup with gas flow rate at different electrolyte solution concentration

NaCl conc.: 0.1(M)
Distributor hole dia.: 0.004m
Symbol Bed height

m

== 122
—~0= 1T
—A— 112

Air Flow Rate, QX 10* m¥s

Figure 4 : Variation of gas holdup with gas flow rate at different clear liquid height



46

ChemXpress 8(1), 2015

ORIGINAL ARTICLE

RESULTSAND DISCUSSION

Variation of holdup with gasflow rate at differ-
ent NaCl concentrations

Figures 2-3 show that the variation of gas holdup
with superficial air flow rate at constant bed height
1.17 m for water and four different 0.05 - 0.4(M)
NaCl concentrations. It is clear that gas holdup in-
creaseswith increasing air flow rate and NaCl con-
centrations. It is least in case of water. Thisis due
to gas holdup in bubbling regimeis strongly related
to the coalescence tendency of bubbles in the re-
spective gas-liquid system. As, inorganic salt dis-
solved in water should have a strong effect in re-
ducing the size of bubbles. The action of the elec-
trolyteisthusto prevent large bubble being reformed
by inhibiting coalescence, the net effect being re-
duction of mean bubble size. Hence, the suppres-
sion of bubble coal escence leads to gas hold-up en-
hancement.

Variation of holdup with gasflow rate at differ-
ent constant bed height

Figure 4 shows the variation of gas holdup with
gas flow rate at different constant bed height for
0.1(M) NaCl solutionsin thecolumn. Itisclear from
thefigurethat the gas holdup increaseswith increas-
ing gasflow rate at different constant bed height. As
bed height increases the gas holdup decreases with
increasing gasflow rate. Increase of theliquid height
in the column, possibility of more coal escence and
to form bigger size bubbles which rise quickly
through the liquid by buoyancy force*>%%. Hence,
gas holdup decreases.

CONCLUSIONS

The experimental data of the effect of NaCl so-
lutions on the gas hol dup in tapered bubble column
has been reported. The concentration was varied in
the range of 0 - 0.4(M) NaCl solutions. The addi-
tion of electrolyte in water was found to cause en-
hancement in gasholdup. Thisisdueto the enhance-
ment of surfacetens onwhich affectsthe bubble coa-
lescence character in the column.

Nomenclature

Q, gasflow rate, m3/s
GreeK letters
g gas hold-up, dimensionless
a taper angle (deg.)
Subscripts
g gas
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