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Abstract: The hydrodynamics of a concentric draft tube airlift reactor in a three dimensional simulation
operating with an air-water system have been investigated for series of superficial gas velocities. These
velocities have been changed from 0.018 to 0.108 m/s (with respect to the cross sectional area of the riser).
Investigations have been done with a model using computational fluid dynamic with Eulerian descriptions of
the gas and liquid phases. A comparison between the experimental data (which is made from the magnetic tracer
particle method and pressure drop in monometer) and the simulated data has been performed. 
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INTRODUCTION properties of fluid (e.g. viscosity, density, interfacial

Airlift reactors are an important class of multiphase inhibitor) greatly affect on the reactor performance [2]. 
contactors that are widely used in the chemical industry, A good airlift design requires a comprehensive
biological treatments and the biotechnology-based consideration on geometrical and operating parameters in
production of diverse products  [1].  Fluid  mixing  and hydrodynamics and mass transfer processes [7]. Several
gas-liquid mass transfer in an airlift reactor are achieved researches have been conducted on the ratio effect of
using a compressed gas which mostly is air. Further, there cross sectional area of riser to cross sectional area of
is no mechanical agitation in it. So, this simplifies its down-comer [8,9]. Further, the effect of gas liquid
mechanical design, reduces power and maintenance costs separator design in top of a reactor for a gas liquid system
[1-3]. However the bubble column reactors have the same was studied [10,11]. According to the literature, the most
advantages as an airlift reactor but, the latter is superior important parameter in an airlift reactor design and its
due to generation a good structured flow pattern [1, 3]. scale up was the system geometry on a flow with various

In an airlift reactor, a vertical baffle or a concentric percentages of phases [7]. 
draft tube is used to divide the cylindrical reactor vessel A Bubbly flow is involved gas bubbles dispersed in
into a riser zone and a down-comer zone [1, 3]. Only the the liquid phase. This flow is prepared in contacting
riser zone is generally sparged with the gas. This creates equipments such as mixing tanks, bubble columns and
a greater gas volume fraction or gas hold-up in the riser airlift reactors. According to the literature, dynamic
than in the down-comer. The consequent difference in the breakage and bubbles coalescence have not considered,
bulk density of the dispersed phase in two zones causes comprehensively. The bubble size distribution is an
the  fluid  in the riser to flow upward and fluid in the important parameter because the interfacial area is a key
down-comer zone to move downwards to create a well- parameter that controls the Oxygen transfer rate [12]. 
defined circulatory flow channeled through the riser and Since  the  three  past  decades  ago,  simulations  of
the down-comer [1, 4-5]. Reactor geometry (such as ratio gas-liquid two-phase flows in air-lift columns by
of height to diameter of the vessel, the cross-sectional computational fluid dynamics (CFD) have been started.
area ratio of riser to down-comer and the gas-liquid Several researches have been developed to achieve better
separator design) affects on the mixing and mass transfer control and reliability due to the spectacular progress in
performance of the airlift reactors [1,2,6]. Further, the digital computing, particularly in CFD, which  is  reviewed

tension and the effect of bubbles as coalescence
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by Sokolichin et al. [13]. Most of the researches are for superficial gas velocity was applied. These data has
chiefly based on two-fluid models, which assume the gas been changed from 0.018 to 0.108 m/s (with respect to the
and   liquid    phases    as   an   interpenetrating  media. cross sectional area of the riser). In this experiment a
This is equivalent   to   Euler-Euler  approach.  Besides, magnetic   particle    tracing   method   has   been  used.
the Euler-Lagrange approach involves the tracking of For determining experimental data a magnetic particle with
individual bubbles in the liquid phase followed by a high permeability has been entered into the reactor. 
researchers.  The  Euler-Euler  approach  is  more  reputed
and applicable [14]. MATHEMATICAL AND METHODS

Luo et al. [15] used the CARPT (computer automated
radioactive particle tracing) technique and they studied In  this  work, the Euler-Euler method based on a two-
on the dynamics of multiphase flow in a draft tube airlift fluid  system  is  employed. The Eulerian-Eulerian two-
reactor.  In their work they investigated some details fluid model is a general and macroscopic model for two
about the turbulent kinetic energy and liquid velocity. phase fluid flow. It treats both phases as interpenetrating
They found that turbulent kinetic energy in the top and media. A velocity zone is associated with each phase.
the bottom regions was large enough. Furthermore Therefore, a momentum balance and a continuity equation
Macro-mixing in a draft tube airlift bioreactor has been the will describe the dynamics of each phase. This method
subject of some research. luo et al. [3] worked on the will be applied for average volume fraction of each phase.
macro-mixing in an airlift bioreactor. They used a flow Therefore, it is not necessary to study every bubble,
dynamic measurement technique (CARPT) for analyzing separately.
the residence time distribution (RTD) for the individual
regions. Van Baten et al. [17] worked on the Continuity Equation: The continuity equation is derived
hydrodynamics of two configurations of airlift reactors as following:
which was operating with an air-water system. They have
developed a computational fluid dynamic model for (1)
internal airlift reactors and validated with experimental
data. where, ,  and u are gas hold-up, density and velocity in

In the present work, three-dimensional modeling with each phase, respectively.
computational fluid dynamics (CFD) tools is developed
based on a two-fluid system, for the simulation of Momentum Equation: The momentum transfer equation is
unsteady state flows in an airlift reactor with concentric derived as following:
draft tube. Simulation results have been validated with
reference experimental data of Blazej et al. [18].

(2)
Experimental Setup Defination: As was mentioned
before, the experimental data of Blazej et al. [18] in our
simulation has been used. Their experimental reactor was The right side of the above equation respectively
a concentric draft tube airlift reactor with riser and shows pressure difference, gravity force, stress and the
downcomer. The outer column has dimensions of a 1.818 ensemble averaged momentum exchange between the
m height and a 0.147 m internal diameter. This experimental intra-phase forces. The pressure is shared between the
reactor has a gas sparger at  the  base  of  the  column phases. The drag and lift forces and turbulent stresses
containing 25 holes that each one has 0.5 mm diameter. A model employed in the present study are described in
draft tube was placed above the gas sparger with 6mm paper of Moraveji and Davarnejad [19].
wall thickness. So the internal and external diameter of the
draft tube is 0.106 m and 0.118m, respectively. A gas Constitutive Relations: The transport equation of the
disengage has been considered with a 0.294 diameter, volume fraction of gas is given by:
which was placed at the top section. The ratio of the
cross-sectional area between the downcomer and the riser
was 0.95 and the ratio of 12:1 was obtained for the liquid (3)
height to column diameter. A series of experimental data
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Turbulence Model: For most of bubbly flow applications, preferable for 1D and 2D models. It employs the
flow zone would be turbulent. In this case, for turbulence
effect, k- model will be applied. The k-  model solves two
extra transport equations for two additional variables
involving the kinetic energy, k, (m /s ) and the dissipation2 2

rate of turbulent energy, , (m/s ). The turbulent viscosity3

can be calculated by following equation:

(4)

Where C  is model constant. The transport equation forµ

the turbulent kinetic energy, k, is as following:

(5)

The turbulent energy dissipation rate, , will be
considered by following equation:

(6)

S is related to the turbulence status which bubblesk

motion make it. S  can be calculated by the followingk

equation:
(7)

The turbulent viscosity is taken into account in the
momentum equations. Further, a drift velocity should be
considered for gas velocity calculation.

(8)

The constant values used in the turbulence model
are C , C , C =0.09, C  = 0.09, =1.0, =1.3 [19]. 1 2 µ µ k

Numerical Methodology: The governing equations and
constitutive relations have been discertized based on
finite element method. Discrtized equations have been
solved with software package Comsol multiphysics [19].
This software runs the finite element analysis alongside
with adaptive meshing and error control using a variety of
iterative numerical solvers. This software generates a
mesh  that is tetrahedral in shape and isotropic in size.
The direct solver UMFPACK  is  employed  because  it  is

COLAMD and AMD approximate minimum degree
preordering algorithms to permute the columns so that the
fill-in is minimized. Boundary conditions for principal
equations are assumed to be without slip on the walls.
The outlet stream pressure is used as the boundary
conditions. At the outlet of the column, the atmospheric
pressure was specified as boundary condition. The liquid
phase is the continuous phase and the gas phase is
presumed dispersant. For applying the flow boundary
condition; we set the aeration velocity as 0.018, 0.024,
0.036, 0.072, 0.090 and 0.108 m/s. These values have been
obtained with respect to the cross sectional area of the
sparger. As correlations have been proposed by Kastanek
[20], the bubble diameter has been set as 0.005m and air
fraction has been considered 1 (because at first just air
will introduce into the sparger). Density for air and water
were 1.225 and 998.2 kg/m and viscosity of them has been3

considered as 1.7498 ×10  and 1.003 ×10  kg/ms5 3

respectively. This study has been done in an unsteady
state model. The gas phase holdup has been defined as
the ratio of air volume fraction to water volume fraction
and it has been recorded after each time step. 

RESULTS AND DISCUSSION 

Figures 1 and 2 represent the vectors of the gas
phase (air) velocity colored by velocity magnitude of the
gas phase and the liquid phase velocity (water) colored
by velocity magnitude of the liquid phase. These figures
have been recorded for each superficial gas velocity
which was applied as boundary condition for gas input
(0.018, 0.024, 0.036, 0.072, 0.090 and 0.108 m/s). The higher
water velocities have been observed near the half of the
reactor across the riser length and the higher air velocities
also happened near that region or maybe at a lower
height.

Figure  3  shows  the  mixture  phase   gas   holdup
(air volume fraction/water volume fraction) in the reactor
for each applied superficial gas velocity. With comparison
the Fig. 3 and Figs. 1 and 2, it would be observed that in
the downcomer and in very low velocities, the gas holdup
has been reached to its minimum values. With increasing
the entrained bubbles in the downcomer, the gas holdup
has been increased there too and this has been observed
when the driving forces increased. These results have in
agreement with Blasj et al. [18]. With increasing aeration
velocity, entrainment of the bubbles have been increased
and as it was shown in Fig. 3, at superficial gas velocities
greater than 0.07 m/s, this effect has been more obviously.
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Fig. 1: Vectors  of  the  gas  phase  velocity  colored  by  velocity  magnitude  of  gas  phase  for  each  applied
superficial  gas  velocity.

Fig. 2: Vectors  of  the  liquid  phase  velocity  colored  by  velocity  magniyude  of  liquid  phase  for  each  applied
superficial  gas  velocity.

Fig. 3: The counters of the mixture phase gas holdup for each applied superficial gas velocity.
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Fig. 4: The liquid phase velocity in the downcomer with Fig. 6: The percentage of gas phase holdup in the riser
respect to the superficial gas velocity in the riser. with respect to the superficial gas velocity in the

Fig. 5: The percent of gas holdup (%) in the downcomer
with respect to the superficial gas velocity in the This article reports the three dimensional CFD
riser. simulation results of hydrodynamics of concentric draft

Figures 4 and 5 show the liquid phase velocity and the hydrodynamics parameters as liquid phase velocities and
gas phase holdup curves with respect  to  the  superficial gas phase holdup in the downcomer and riser have been
gas velocity. These curves have been obtained from modeled. CFD simulation results have been compared
simulated data. These figures also include experimental with reference experimental data and good agreement has
data. So comparing the simulated curve with experimental been shown.
data is too easy with such curves. Simulation results for
liquid phase velocity by measuring the mean value in the General Symbols:
downcomer have been shown in Fig. 4 and for gas holdup
in the downcomer in Fig. 5 have been presented. Fig. 4 C Coefficient
approximately shows that increasing in superficial gas F External force (kg m/s )
velocity influenced the liquid velocity and as we can see G Generation of turbulent energy (kg/m s )
in the figure, the liquid velocity has been increased. But g Gravity acceleration (m/s )
this change in the experimental data was more obvious i Co-ordinate index
than in the simulated data. With paying attention to the j Co-ordinate index
Fig. 5, for a large increase in the superficial gas velocity k Kinetic energy (m /s )
obviously  a  least  significant  increase  in the gas holdup n Number of phases
of the downcomer was observed and it can be seen that p Pressure shared by all phases (N/m )
with a little increase in the downcomer gas holdup with q Phase name
the   simulated data,   in   the   gas   holdup  obtained S Source term
with experimental  data  a  linear  change  can   be   seen. t Time

riser.

Just in superficial gas velocities greater than nearly 0.06
m/s the most significant increase in the gas holdup of the
downcomer was happened (with experimental data). 

Figure 6 represents the gas phase holdup in the riser
with respect to the superficial gas velocity. In this figure
it has been observed that with increasing superficial gas
velocities the gas phase holdup in the riser has been
increased approximately.

CONCLUSION

tube airlift reactor. Effect of aeration velocity on the
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u Component of the velocity (m/s) 9. Popovic, M.K. and C.W. Robinson, 1989. Mass
v Component of the slip velocity (m/s) transfer studies of external-loop airlifts and bubble
x Special co-ordinate column, AIChE J., 35: 393-405.

Greek Symbols: in rectangular airlift reactors, scale-up and the

Volume fraction Chemical Engineering, 69: 465-473.
Rate of dissipation of turbulent energy (m /s) 11. Merchuk,  J.C.  and  R. Younger, 1990. The role of2

Dynamic viscosity (kg/m s) gas-liquid  separator  of  airlift  reactors  in  the
Density (kg/m ) mixing    process,    Chemical    Engineering   Sci.,3

Turbulent prantl number for the kinetic energy 45(9): 2973-2975.k

Turbulent prantl number for the rate of energy 12. Lo, C.S. and S.J. Hwang, 2003. Local hydrodynamic
dissipation properties of gas phase in an internal-loop airlift
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