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Abstract

Gas-Liquid-Solid system as slurry in a reactor have a wide range of applicationsin
industry, adlurry reactor is avessel containing the catalyst suspended in aliquid phase.
In this study, we develop a CFD model to predict the gas holdup at different gas
superficial velocities.
The experiments were done in a gas-liquid-solid durry bubble column to find the gas
holdup (eg). The experimental data showed a good agreement with CFD results. An
empirical correlation has been developed to predict the gas holdup for three-phase
slurry with a correlation co-efficient of 0.994; this correlation shows that the gas
holdup predicted was in good agreement with experimental values.

Keywords: CFD modeling, Gas holdup, Three-phase and slurry bubble column.

Jad ladal) Jasad @Aﬁ Ql.ul,{é K) g..al..ud\ @\JAS\ lialiag é‘“ﬁ“‘i-.‘ aau.n
PREIA a.'\..,\.sd\ 33 ‘;91333\ 3 gaxd) gﬁ

Ladal

Jelie s dand 5 Lelia Clindss AW dimal Jelie (b (oo Jilam 5le) DN sl s
sda A i skl Glle JSa ebual Jalall e g5y sle s ce b )be AL dunal
Slatial Jae cilua DA e 2y (eenll o8 sl Slaalind) ) Jidse skt 5 dud
L jlie oy Lad Glee L) Slaial Jame (3. 5lall dbide & de 3genl) Jaly Sl
Janal Gy a8 Alalae Ui 25 SIS 3o Legi 4 il g5 Ailenl) 30510 e o sal) il
2398 Ll ) Jebay Aleal) o0l pa gt jlie 1 Sl laial

* Material Engineering Department, Univer sty of Technology/ Baghdad
** Chemical Engineering Department ,Univer sity of Technology/ Baghdad

3012

2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4


http://www.pdffactory.com
http://www.pdffactory.com
https://orcid.org/0000-0003-3006-9837
https://doi.org/10.30684/etj.27.16.10

.& Tech. Journal ,Vadl.27, N0.16,2009

CFD Modeling and GasHoldup M easurement
in Three-Phase Slurry Bubble Column

1. Introduction:

Gas-liquid-solid ~ fluidization
systems have been applied extensively
in industry for physical (eg., sand
filter cleaning and granular material
drying), chemica (e.g., hydrogen
peroxide production and methanol
synthesis), petrochemical (e.g., reside
hydro treating and hydro treating of tar
sands), and biochemical (eg.,
treatment of lactose wastewater and
bioleaching of metals from ores)
processing (Fan, 1989). The interest in
the application of three-phase
fluidization systems has promoted
continued research and development
efforts in these systems. Examples are
biological operation for human viral
vaccine for chemical processes where
gas-liquid mass transfer is the rate
limiting step, it is important to be able
to estimate the gas holdup as this
relates directly to the mass transfer
(Schweitzer et al., 2001). Considerable
work has been carried out on the gas
holdup in three-phase fluidized
columns. Various aspects of these
fluidized beds have been reviewed by
several investigators (Fan, 1989; Lee et
al.,, 2001; Safoniuk et a. 2002),
which include the importance of gas
holdup and various factors affecting it.
Fluidised bed systems are of great
interest in chemical process industry,
pharmaceuticals production, mineral
processing, energy related processes
etc. Computational fluid dynamics
(CFD) of multiphase flow processes
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provides a new tool for design and
optimisation of multiphase flow
systems such as fluidised reactors.
CFD has during the last decades shown
promising results and will probably
become a useful tool in design of
chemical reactors in near future,
Mathiesen (2000).
Before the advent of CFD techniques,
reactor modeling for chemical and
biotechnological purposes was mainly
carried out by means of highly
simplified, semi-empirical parameter-
fitting models. This was due to the fact
that with computational resources
available until just a short time ago,
calculations with more precise models
would have taken up a prohibitive
amount of time thus being way too
expensive for any application of
interest.
While the limited range of a model’s
gpplicability always has to be kept in
mind, in the field of two- and three-
phase bubble column and airlift loop
reactor modeling (and the
adjoining area of fluidized bed
modeling a number of approaches have
gained large popularity due to ther
comparatively general validity
(Schluter et al., 1998). Namely these
models are:
- Cell models: These models assume
circulation cells inside the reactor
which are responsible for back mixing
processes ( Dassori ,1998).

The onedimensional dispersion
model: This model assumes that two-
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and three-phase flow processes can be
modeled as a superposition of
convective and dispersive flow where
the latter is described in analogy to
Fick’sfirst law of diffusion (Krishna et
al., 2000, Liu, 1999, Schi“uter et al.,
1998, Sommer and Bohnet, 1996,
Sommer, 1997).

The two-dimensional dispersion
model in cylindrical coordinates. This

model includes radia effects in
addition to axial disperson. In
cylindrical coordinates it can be
formulated as
follows (Schl uter, 1992).
2
1

Te,
Drada.ﬁ ....... @
Where:-
Dag= 1.23 D¢° U>®  (Towell, G.D.
et al. 1972)
b,=0.01D4, (Camacho, R.F.2004)

- Mechanical power balance modeds:
These models caculate liquid
circulation velocities from pneumatic
power input into the reactor due to gas
sparging. This is accomplished by
solving

force balances including pressure loss
and gravitational terms (Zehner and
Benfer, 1996).

Computational Fluid Dynamics (CFD)
is an engineering tool which has gained
large popularity during the last years.
As opposed to the semi-empirical
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models described above, CFD aims at
solving the (complete or simplified)
fundamental physical equations that
describe a flow phenomenon.

The most general form of these
equations has been given by Navier
and Stokes more than 150

years ago, therefore the set of
equations has been named Navier-
Stokes equations (Anderson, 1995).
These eguations encompass mass,
momentum and energy balances; they
have to be adapted to

the  specific problem under
consideration by additional closure
laws (Feistauer., 1997).

While CFD has been very popular
among car manufacturers and in the air
and space industry

(Griebd, 1995), chemical engineers
have only recently become aware of
the large potential it bears for the
development and improvement of
process equipment. This is mainly due
to the fact that with modeling flow
around a car body or an airplane wing,
only single-phase flow has to be
considered

(Cockx et al. 1999) reported on CFD
calculations for an industrial-scale
drinking water ozona-tion tower. They
included ozone mass transfer into their
calculations and computed the ozone
concentration in the liquid phase. By
adding baffles and moving the
contactor inlet to a different position,
they could achieve a 100 % efficiency
increase of the disinfection process.
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CFD modeling results using CFX-4.2
for a randomly packed distillation
column was presented by (Yin et al.
2000). They compared their results to
measurement data obtained at different
operating conditions from a 1.22-m-
diameter 3.66 m high packed bed that
was equipped with several sizes of pall
rings. Good agreement with the
predictions was achieved giving rise to
the hope that CFD will become a
useful tool for the scale-up of this class
of apparatus as well. Similar
computations have been carried out for
semi-structured catalytic packed beds
by (Calis et a., 2001) using CFX-5.3.
They found that pressure drop in such
beds can be predicted with an error of
less than 10 % compared to
measurement results; still for such
precision, very fine discretization grids
(up to three million grid cells) and
correspondingly high computational
power is necessary.

(Erdal et al., 2000) reported on
modeling of bubble behavior in gas-
liquid cyclone separators.

Using CFX-4.1 they could determine
the percentage of bubbles that
unwontedly leave the reactor through
the bottom liquid outlet and show the
influence of correct modeling of
turbulent dispersion on this so-called
bubble carry-under effect.

Reducing gas hold-up has been
identified as a key objective to
improve the performance of Syncrude's
LC-FinerSM unit. Redesign of the
liquid recycle pan in the freeboard
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region, aided by multiphase CFD
simulation and tests in a kerosene cold
model experimental system, led to
reduced gas hold-ups. The addition of
an anti-foam agent did not provide any
improvement (Mcknight, C.A. et 4.
2008).
2. Experimental

The experimental setup is shown
in Figure (1). The main components
are a column made up by two
cylindrical sections of Plexiglas of 0.20
m of inner diameter and an entrance
cone, a salf-metering pump, two plastic
feed tanks, filter devices, a rotameter to
measure the gas flow rate, and a
pressure transducer connected to a data
acquisition system.
The three-phase solid, liquid and gas
are Silica particles (particle size
=38mm), tap water and oil free
compressed air, respectively.
Accurately  weighed amount  of
material was fed into the column and
adjusted for a specified initial static
bed height. Water was pumped to the
fluidizer at a desired flow rate using
water rotameter. The air was then
injected into the column through the air
Spurger at a desired flow rate using air
rotameter.
The gas holdup was calculated by two
methods. The firss method was the
disengagement of the gas, in which
two volumes are measured: the total
volume when two phases are present in
the system during the operation of the
bubble column and the volume when
the valves that fed the bubble column
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are closed suddenly, and the gas go out
from the bubble column (Anderson, J.
D. 1995).
V-V,
= . (2
v )
The second method was through the
pressure drop, where the friction and
acceleration contribution to total
pressure drop were neglected. The
acceleration contribution was
neglected because no changes in cross-
sectional area and phase are present,
while friction  contribution  was
neglected due to the size of the
diameter compared to the traditiona
pipes as it is made by the mgjority of
researchers;  however, latter a
calculation of two-phase friction factor
was made to verify this
assumption(Anderson, J. D. 1995).

€

_r, -DP/gH
© ro-re

3. Computer Simulation:
Computational  fluid  dynamics
(CFD) software offers a promising
option for the study of durry reactor
hydrodynamic. As our first step, we
used computer simulations to calculate
bed expansion and gas holdup where
gas holdup is an important factor in the
reaction rate because holdup affects
interfacial surface area and therefore
mass transfer coefficient and reaction
rate. Gas holdup is one of the variables
that need to be maximized to have a
high performance bubble column.
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The first step in developing the
computer simulation is to create
geometry and meshing, the geometry
of the column was simple to made.

It was basically avertical cylinder with
an inlet at the bottom and outlet at the
top. When the modd had been
developed the boundary conditions of
the system was supplied. Theseinclude
the sides of the cylinder as wall, and
the inlet at the bottom as a velocity
inlet, and the outlet on top. The
boundary conditions used as follows:
At r=0, U=Umax , e;= e;max (in
the centre) ,

a r=R,U=0, e;=
walls) .

4. Results and Discussion:
Experiments were conducted with the
gas and liquid flow rates which varied
from 0.001to 0.0462 m/s and from
0.02123 to 0.16985mV/s, respectively.
The temperature was maintained at
25+3°C. To ensure steady in operation
a least five minutes were alowed.
Readings for bed expanson and
pressure drop were noted down. Each
experiment was repeated three times to
have an accurate reading.

Gas holdup increased with increasing
gas superficial velocity as shown in
figures (2, 3). At higher velocities the
gas bubbles is smaler, then the
interfacial area increased and the gas
holdup as a fraction of gas in liquid
increased too.

Figure (4) shows the agreement
between the CFD results and

esmin (at the
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experimental data with an average
error of 10.2%.

Conceivable variables on which the
gas holdup in the present system may
depend are: gas velocity (ug), liquid
velocity (u), particle size (dp), column
diameter (Dc), expanded bed height
(He), static bed height (Hs), diameter
of the sparger orifice (do), density of
gas (r), density of liquid (r,), density
of solid (rs), viscosity of gas (ug),
viscosity of the liquid (m), surface
tension of liquid (o)) and gravitational
constant (g). The large number of
possible variables on which the
dispersed phase holdup depends has
been reduced to a pertinent few, since
many of these variables are interrelated
or are maintained as constant.
Therefore, if a theoretical relation
exists between the true fractional gas
holdup, €9, and the physica
characterigtic, and flow variables of the
system, then eg may be written in the
following form:

& =flu.y.r,r.remd,HD.d...(4)
The dimensional analysis carried out
indicates that the fractional gas holdup
may be simplified to Eq. (4) as,

gg=f [Frg]*[Rel]’[Hr]dr]® ...... (5)
In order to establish the functional
relationship between g and the various
dimensionless groups in Eqg. (5),
multiple linear regression analysis has
been used to evaluate the constant and
coefficients of the equation, assuming
the power

law functional relationship. It can be
seen that the following equation, which
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yields the regression coefficient of
0994 and a standard deviation of
percentage error 2.57, presents the best
possible correlation among the family
of eguations.

£g 6.23[Frg)”® [Rel] **[H*%®
[dr]0.088

The values of gas holdup predicted by
Eq. (6) have been plotted against the
experimental values of fractional gas
holdup in Fig.(5). Vey close
agreement between the experimental
and calculated values from the
developed correlation is seen. This has
been possible due to the repeated
experimentation and regjection of odd
data points. The correlation (Eq. (6) is
highly significant at 99% confidence
level.
5. Conclusions

Gas holdup characteristics are one
of the important design parameters for
gas-liquid-solid  three-phase  durry
system since the rate of gas-liquid
mass transfer is influenced by the gas
holdup. In this paper an attempt has
been made to predict gas holdup from
measurement of bed pressure drop for
air—water—solid  particles  in  the
fluidization regime. Detailed
experimental investigations have been
carried out to study the effect of gas
velocity.
We develop a CFD model to predict
the gas holdup values at different gas
superficial velocities. The data of gas
holdup is compared with data from
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CFD model and this compariion isin a
good agreement.

A correlation has been developed to
predict the gas holdup for three-phase
system with a correlation co-efficient
of 0.994. It has been found that the gas
holdup predicted was in good
agreement with experimental values. A
maximum of 6.5% deviations was
found in all flow conditions.
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Nomenclature

D  Column inner diameter (m).

Dc  Column diameter (m).

Dao Axial dispersion coefficient of

phase
(m?/s).

Drax Radia dispersion coefficient of
phase (m?/s).

dp Particle diameter (mm).

Fr Froude number of the gas phase.

g gravitational acceleration (m/s?).

H Height of column (m).
Hs Height of solid particle (m).
P Pressuredrop (Pas.).
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r  Radiusof column (m). e Phaseholdup.

R. Reynolds number. r  Newtonian viscosity (Kg/m.s).

t  Time(s). p density at atmospheric conditions,
u; Superficial gas velocity (m/s). (Kg/md).

u  Superficia liquid velocity (m/s). Subscripts

V  Total volume of liquid (m?). G gasphase.

Greek symbols L Liquid phase.

a  Index denoting a continuous

phase.
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Figure (1) Experimental setup
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Figure (2) Overall gas holdup vs. superficial gas velocity

Figur e (3) Effect of superficial gasvelocity on gas holdup
[velocities from left to right are 0.01, 0.02, 0.03 and 0.04 m/s].
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Figure (4) Comparison of experimental and calculated values of fractional
gas holdup from CFD model for superficial gas velocity (ug =0.02m/s).
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Figure (5) Comparison of experimental and calculated
values of fractional gasholdup from Eq. (6)
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