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Abstract

Slurry bubble column are used for a wide range of catalytic reactions in chemical
industry for natura gas conversion to useful fuels with Fischer Tropsch Synthesis. In
durry bubble-column reactors are two principal flow regime: homogeneous and
heterogeneous. Gas liquid mixture have different behavior in the homogeneous and
heterogeneous regime, since the rate of heat and mass transfer depends on the
hydrodynamic conditions.

The relation between superficial gas velocity, concentration of solid suspension,
liguid height and gas sparger type with gas hold-up are important designing
parameters to predict the hydrodynamic behavior of durry bubble-column reactors.

According to different reported correlations, distinguishing the best correlation is the
most important factor for scaling up the durry bubble-column reactors.

Our experimental reactor is a cylindrical bubble-column made of glass. With an
inside diameter of 0.15(m) and a height of 2.8(m). the column are equipped two
sparger, aporous plat and a perforated with the same porosity

Gas hold up can be determine with differential pressure then to estimate the
trangition velocity in slurry bubble column reactors. To study the influence of particle
concentration on the hydrodynamics of slurry bubble column reactors, the results
show that increasing the solid concentration (silica powder) decrease the total gas
hold up. Also the diameter of bubbles are changed with sparger type at constant
porosity and to make important effect on gas hold up.

The other important parameter on gas hold up in slurry bubble column is height.
That increasing the liquid height in crease the resident time in the reactor there for
increase the gas hold up but the are some limitations for increasing column height and
determining the best height is important factor for scaling up and predicting
hydrodynamic behavior.
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I ntroduction

A bubble column is a device in which a gas phase is injected through a column of
liquid to promote a chemical or biochemical reaction in the presence or absence of a
catalyst suspended in the liquid phase [1]. These reactors are typically operated at
high pressure (1-80 MPa), high temperature and high superficia gas velocity (30
m/s). The design and scale up of these reactors require comprehensive knowledge
about hydrodynamic behavior under these operating conditions [2].

Most studies have shown that, there are two basic flow regimes in bubble columns;
homogeneous and heterogeneous [3,4]. In a system with homogeneous regime the
bubble size distribution is narrow and a uniform bubble size, generally in the range 1-
7 mm is found [5]. With increasing the superficial gas velocity the bubble size
distributions will be changed. In heterogeneous regime small bubbles combine in
cluster to form large bubbles in size ranging from 20 to 70 mm. these large bubbles
travel up through the column at high velocity (in the 1-2 m/s rang) [5]. Different
parameters such as. superficial gas velocity, gas distributor, liquid high, solid
concentration, ... can effect on type of flow regime.

Shah et a. [6] show that gas hold up is one of the most important parameter for
characterizing the hydrodynamics of bubble columns. It can be defined as the
percentage by volume of the gas in the two or three phase mixture in column.

Effect of superficial gasvelocity on gas hold up
The dependence of the gas hold up on superficial gas velocity is generally estimated
by [6]:

€ M Ug"
The value of the n depends on flow regime. For the bubbly flow regime n varies from
0.7 to 1.2, and for heterogeneous regime n takes value from 0.4 to 0.7 [7]. In fact the
gas hold up seems to increase linearly with superficial gas velocity in homogeneous
flow regime and the gas hold up reach a maximum where the transition from
homogeneous to heterogeneous flow regime occur then more none linear increase
with superficial gas velocity[8].

Effect of gashold up

The solid suspension into a bubble column causes to formation of large bubbles. An
increase of bubble size increases the bubble rise velocity, and reduces the residence
time of bubble in reactors[9].

The solid particles in bubble column reactors are in micron size and suspended in
liquid. When the concentration of solid particle in liquid increases, the gas hold up is
reduce [5].

Effect of gasdistributor

There are different types of gas distributor, with different design in size and number
of orifices. Most common distributors are prose plate and perforated plat. The initial
bubble size and distribution at the entire orifice could be controlled by sparger
characteristics. The balance between coalescence and break up of gas bubble show
that the initial bubble size created at the gas sparger would not completely describe
the behavior of gas bubble size distribution in entire column [10].

A large number of correlation for gas hold up have been proposed in the literature, but
the large scatter in the reported data dose not allow a single correlation. In the present
work, the effects of solid concentrations, sparger type and superficial gas velocity, on
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gas hold up into a bubble column reactor have studied, and the best correlation for
predicting the hydrodynamic behavior on slurry bubble column reactors is suggested.

Experimental set up

Experimental set up consist of a cylindrical glass column with 0.15 m inner diameter
and 2.8 m height. The column is equipped with sparger in bottom, a perforated plate
and a porous plate both with 0.1 % porosity. Designing of perforated plate is based on
Weber number, this sparger consist of 21 holes with 1 mm diameter.

In all experiences the pressure at top of the column was atmospheric. Gas injected
from the bottom of column. After injecting gas, the liquid bed expended and the
hydrostatic pressure was changed. With measuring the differential pressure through
the column, the total gas hold up can be determined. For measuring the differential
pressure through the column a monometer is used.

The liquid phase is water, gas phase is air and solid particles are slica powder. In
figure 1 the set up is showed.

Mass -
Flow
Meter

Figure 1- Experimental set up

Result and Discussion

Effect of superficial gas velocity

For studying the superficial gas velocity effect on gas hold up the two phase system is
used. All the experiences show the positive effect of superficia gas velocity on gas
hold up (figure 2). At low gas velocity the uniform bubble distribution is seen and al
the bubbles are small, after increasing the gas velocity, gas volume through the
column increase, but after finding a maximum on gas hold up the rate of increasing
gas hold up decrease. This maximum is transition point and in studying the
hydrodynamic properties in slurry bubble column reactors, finding the gas velocity on
trangition point is one of the most important parameter for predicting slurry bubble
column hydrodynamic behavior.

At low superficial gas velocity the bubble size is small (< 7 mm) and with increasing
the gas velocity the bubbles are coalescences therefore at transition regime the small
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and large bubbles are seen through the column. At high gas velocity (more than 9
cm/s) al the bubbles will be large. This regime is heterogeneous. The large bubbles
have higher rise velocity than small bubbles, therefore residence time of large bubble
decrease and cause to decrease rate of increasing gas hold up.
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Figure 2 — Effect of superficial gas velocity on gas hold up
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Figure 3-Effect of solid concentration on gas hold up

Effect of solid concentration

Concentrations of solid particle in the liquid phase in durry bubble columns changes
the gas hold up at different superficial gas velocity. This effect is shown in figure 3. It
is seen that the gas hold up decrease with increasing the solid concentration.

The mean particle size of slica powder is 50mm and density of powder is 2100
kg/m®,

Solid particles change the physical properties of durry, such as: density and viscosity.
If the viscosity and density of liquid increase the gas hold up will be decrease. In three
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phase system solid particle increase the bubble, bubble coalescence, and cause to
make large bubbles. An increase of bubble size increase bubble rise velocity, and
reduce the resident time of bubbles in reactor, therefore the total gas hold up decrease.

Effect of sparger on gashold up

In thiswork two different spargers are used: a perforated plate and a porous plate. The
orifice diameter of perforated plate is 1 mm and the porous plate consists of micro
size pore. The initial bubble size and distribution at the orifice could be controlled by
the sparger characteristics. Several investigators have reported that gas sparger had a
minimal effect on the bubble sizes and gas holdup if the orifice diameters were larger
than 1-2 mm [10, 11].

Figure 4 shows the effect of sparger type on gas hold up. When the perforated plateis
used, theinitial size of gas bubblesis larger, and then the gas hold up reduces. When
small gas bubbles are formed, the transition from homogeneous to heterogeneous flow
regime is delayed; since the rate of bubble coalescence becomes smaller. The small
bubbles have larger resident time therefore cause to increase gas hold up. It is seen
that the initial bubble size is not only effected reason for changing bubble size, but it
IS more important.
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Figure 4 — Sparger type effect on gashold up
(air-water system L/d=8)

Table 1 shows some different correlations for predicting gas hold up and figure 5
shows the experimental data and predicting value for gas hold up. It can be seen that
Reily et al. correlation is better than other correlations for determining gas hold up.

Table 1- Gas hold up correlations
Author Correlation
Raily et al.
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figure 5- test of experimental datafor total gas Hold-up against the correlation in table

Conclusion

It can be concluded that: the total gas hold up is increased with increasing superficial
gas velocity, and decrease with increasing solid concentration.

The initial bubble size which is depended on sparger type, changes the gas hold up
value. Results of this research shows that the porous plate make higher gas hold up
than perforated plate. Also, it is found that the Reily 's correlation predicted the gas
hold up value better than other presented correlations.
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