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Abstract. Pneumatic bioreactors have shown great potential for biotechnological processes, because not utilize moving 

parts in its construction and operation, and there is a lower power consumption when compared to conventional sti

tank bioreactors. These bioreactors are widely used in processes that require continuous contact between two phases, 

gas and liquid, due to their excellent heat and mass transfer characteristics. However, the process of designing, 

building and evaluating bioreactors for high

sugarcane bagasse, is both costly and time consuming. The use of a computational fluid dynamics (CFD) model can aid 

in bioreactor development by providing detailed

necessary for optimal process. The aim of this work was to compare performance in an internal loop airlift reactor and 

identify the flow pattern. For this study, the ANSYS CFX 13.0 commercial compu

used to predict the flow pattern. Parameters evaluated were averaged liquid circulation velocity and overall gas 

holdup. In these simulations the conditions adopted were: dispersed phase (gas) 

drag model: Grace and different air superficial velocities (Ug). A two

application mode was employed in this project. In the liquid phase, the turbulence can be described using the k

Through this study, it was possible to obtain useful and ssential information about the design and operation of this 

equipment. 
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1. INTRODUCTION 
 

Airlift reactors is the main types pneumatically agitated reactors. They possess good mixing, mass and heat transfer

characteristics and they are used in a wide range of industrial applications such as waste water treatment, chemical (e.g.

hydrogenations and oxidations) and biochemical processes, and others. The other advantages are simplicity of

construction, absence of moving parts, and low power 

biochemical processes are ease of long term sterile operation, and a hydrodynamic environment suitable for fragile

biocatalysts, which are susceptible to physical damage by fluid turbulence or mechanical agitation (Chisti, 1998).

Airlift reactors are one of the most important types of modif

ALR: internal and external loop. Internal loop reactors consist of concentric tubes or split vessels, in which a part of the

gas is entrained into the downcomer, whereas external loop reactors are two con

bottom, in which little or no gas recirculates into the downcomer. The part in which the sparger is located is called the

riser, and the other is the downcomer. The driving force, based on the static pressure difference, 

difference, between the riser and the downcomer generates the loop liquid circulation. Compared with conventional

reactors, such as stirred tank reactors or bubble columns, shear stress is relatively constant and mild throughout the

reactor (van Baten et al., 2003). In the design of airlift reactors, the geometry of the system plays an important role in its 

efficiency for mixing and mass transfer. Thus, two key hydrodynamic parameters of airlift reactors are the gas holdup 

and liquid circulation velocity. The knowledge of the airlift hydrodynamics is needed for the design of the airlift reactor 

(Ebrahimifakhar et al., 2011). The hydrodynamic and other relevant parameters such as the airlift geometry are 

interrelated and their relationship can be quite complex and they directly or indirectly influence each other in sometimes 

not so obvious ways (Chisti, 1998), e.g. the driving force for the liquid circulation is the difference in gas holdups 

between the riser and the downcomer. This driv

and in the bottom and top parts of the reactor (influence of bottom and top clearances in the case of internal loop airlifts 

or losses in connecting pipes in the case of external 
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Pneumatic bioreactors have shown great potential for biotechnological processes, because not utilize moving 

parts in its construction and operation, and there is a lower power consumption when compared to conventional sti

tank bioreactors. These bioreactors are widely used in processes that require continuous contact between two phases, 

gas and liquid, due to their excellent heat and mass transfer characteristics. However, the process of designing, 

ing bioreactors for high-substrate concentration process, as enzymatic hydrolysis process of 

sugarcane bagasse, is both costly and time consuming. The use of a computational fluid dynamics (CFD) model can aid 

in bioreactor development by providing detailed information on the hydrodynamic and chemical environments 

necessary for optimal process. The aim of this work was to compare performance in an internal loop airlift reactor and 

identify the flow pattern. For this study, the ANSYS CFX 13.0 commercial computational fluid dynamics package was 

used to predict the flow pattern. Parameters evaluated were averaged liquid circulation velocity and overall gas 

holdup. In these simulations the conditions adopted were: dispersed phase (gas) - air; phase continuous (li

drag model: Grace and different air superficial velocities (Ug). A two-phase flow model provided by the bubbly flow 

application mode was employed in this project. In the liquid phase, the turbulence can be described using the k

Through this study, it was possible to obtain useful and ssential information about the design and operation of this 

: airlift, computational fluid dynamic (CFD), liquid circulation velocity, overall gas holdup, air sparger.

Airlift reactors is the main types pneumatically agitated reactors. They possess good mixing, mass and heat transfer

characteristics and they are used in a wide range of industrial applications such as waste water treatment, chemical (e.g.

hydrogenations and oxidations) and biochemical processes, and others. The other advantages are simplicity of

construction, absence of moving parts, and low power consumption. Their other advantageous features in case of

ong term sterile operation, and a hydrodynamic environment suitable for fragile

biocatalysts, which are susceptible to physical damage by fluid turbulence or mechanical agitation (Chisti, 1998).

Airlift reactors are one of the most important types of modified bubble columns (BCs) and there are two types of

ALR: internal and external loop. Internal loop reactors consist of concentric tubes or split vessels, in which a part of the

gas is entrained into the downcomer, whereas external loop reactors are two conduits connected at the top and the

bottom, in which little or no gas recirculates into the downcomer. The part in which the sparger is located is called the

riser, and the other is the downcomer. The driving force, based on the static pressure difference, 

difference, between the riser and the downcomer generates the loop liquid circulation. Compared with conventional

reactors, such as stirred tank reactors or bubble columns, shear stress is relatively constant and mild throughout the

In the design of airlift reactors, the geometry of the system plays an important role in its 

mass transfer. Thus, two key hydrodynamic parameters of airlift reactors are the gas holdup 

velocity. The knowledge of the airlift hydrodynamics is needed for the design of the airlift reactor 

., 2011). The hydrodynamic and other relevant parameters such as the airlift geometry are 

hip can be quite complex and they directly or indirectly influence each other in sometimes 

(Chisti, 1998), e.g. the driving force for the liquid circulation is the difference in gas holdups 

downcomer. This driving force is balanced by friction losses in the riser and the downcomer 

parts of the reactor (influence of bottom and top clearances in the case of internal loop airlifts 

pipes in the case of external airlifts and of the airlift geometry in general). However, the 
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Pneumatic bioreactors have shown great potential for biotechnological processes, because not utilize moving 

parts in its construction and operation, and there is a lower power consumption when compared to conventional stirred 

tank bioreactors. These bioreactors are widely used in processes that require continuous contact between two phases, 

gas and liquid, due to their excellent heat and mass transfer characteristics. However, the process of designing, 

substrate concentration process, as enzymatic hydrolysis process of 

sugarcane bagasse, is both costly and time consuming. The use of a computational fluid dynamics (CFD) model can aid 

information on the hydrodynamic and chemical environments 

necessary for optimal process. The aim of this work was to compare performance in an internal loop airlift reactor and 

tational fluid dynamics package was 

used to predict the flow pattern. Parameters evaluated were averaged liquid circulation velocity and overall gas 

air; phase continuous (liquid) -water; 

phase flow model provided by the bubbly flow 

application mode was employed in this project. In the liquid phase, the turbulence can be described using the k-ε model. 

Through this study, it was possible to obtain useful and ssential information about the design and operation of this 

: airlift, computational fluid dynamic (CFD), liquid circulation velocity, overall gas holdup, air sparger. 

Airlift reactors is the main types pneumatically agitated reactors. They possess good mixing, mass and heat transfer 

characteristics and they are used in a wide range of industrial applications such as waste water treatment, chemical (e.g. 

hydrogenations and oxidations) and biochemical processes, and others. The other advantages are simplicity of 

. Their other advantageous features in case of 

ong term sterile operation, and a hydrodynamic environment suitable for fragile 

biocatalysts, which are susceptible to physical damage by fluid turbulence or mechanical agitation (Chisti, 1998). 

ied bubble columns (BCs) and there are two types of 

ALR: internal and external loop. Internal loop reactors consist of concentric tubes or split vessels, in which a part of the 

duits connected at the top and the 

bottom, in which little or no gas recirculates into the downcomer. The part in which the sparger is located is called the 

riser, and the other is the downcomer. The driving force, based on the static pressure difference, or the mixture density 

difference, between the riser and the downcomer generates the loop liquid circulation. Compared with conventional 

reactors, such as stirred tank reactors or bubble columns, shear stress is relatively constant and mild throughout the 

In the design of airlift reactors, the geometry of the system plays an important role in its 

mass transfer. Thus, two key hydrodynamic parameters of airlift reactors are the gas holdup 

velocity. The knowledge of the airlift hydrodynamics is needed for the design of the airlift reactor 

., 2011). The hydrodynamic and other relevant parameters such as the airlift geometry are 

hip can be quite complex and they directly or indirectly influence each other in sometimes 

(Chisti, 1998), e.g. the driving force for the liquid circulation is the difference in gas holdups 

ing force is balanced by friction losses in the riser and the downcomer 

parts of the reactor (influence of bottom and top clearances in the case of internal loop airlifts 

airlifts and of the airlift geometry in general). However, the 
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resulting liquid circulation in turn affects the riser and downcomer gas holdup and thus the driving force. The gas 

holdup depends also on bubble slip velocity, which depends on the bubble size

distributor, coalesce properties of the involved fluids and by turbulence. Turbulence is influenced by liquid circulation, 

etc (Simcik et al., 2011).  

Computational fluid dynamics (CFD) is one of the most powerful too

save a great deal of time and expense (Ebrahimifakhar 

potential of computational fluid dynamics (CFD) for describing the hydrodynamics of bubble

(Simcik et al., 2011; Ebrahimifakhar et al

2008; Zhang et al., 2012). 

The objective of the present work was to study, using of the CFD (computational fluid d

hydrodynamics (liquid circulation velocity and on the gas holdup) in an internal loop airlift reactor with air injection

between the cylinders (annulus). The introduction of air was performed for 18 holes located near the outer cyl

wall. In the simulations were employed different gas superficial velocities.

 

2. MATERIAL AND METHODS 

 

2.1 Reactors configuration and operating conditions
 

The simulations were done in an internal loop airlift reactor with air injection between the 

(Figure 1). The total volume of the apparatus was 5 L. The outer cylinder has a diameter of 0.115

m, and the inner cylinder, or the draft tube (downcomer), has a diameter of 0.08 m, a height of 0.35 m and this is

mounted into the column 0.03 m above at the bottom. At the bottom of the column, the gas phase is introduced through 

a circular holes arranged near the outer cylinder with 18 holes of 0.38mm diameter. This equipment has a sparger to the

gas inlet, the more efficient than conventional ones, for example, ring

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Mathematical modeling 

 
In the present work, an Euler–Euler two

phases in the internal loop airlift reactor because of the obvious computational advantages of this model at high

dispersed phase volume fractions. In this model, liquid is considered to be the continuous phase, and gas bubbles are

considered to be the dispersed phase. Two fluids are considered to be incompressible, and the uniform pressure field is
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turn affects the riser and downcomer gas holdup and thus the driving force. The gas 

velocity, which depends on the bubble size. Bubble size is influenced by the gas 

involved fluids and by turbulence. Turbulence is influenced by liquid circulation, 

Computational fluid dynamics (CFD) is one of the most powerful tools for analyzing and optimizing results and can

save a great deal of time and expense (Ebrahimifakhar et al., 2011). Several recent publications have established the

potential of computational fluid dynamics (CFD) for describing the hydrodynamics of bubble

et al., 2011; van Baten et al., 2003; van Baten and Krishna, 2001; Wasewar 

The objective of the present work was to study, using of the CFD (computational fluid d

hydrodynamics (liquid circulation velocity and on the gas holdup) in an internal loop airlift reactor with air injection

between the cylinders (annulus). The introduction of air was performed for 18 holes located near the outer cyl

wall. In the simulations were employed different gas superficial velocities. 

2.1 Reactors configuration and operating conditions 

The simulations were done in an internal loop airlift reactor with air injection between the 

(Figure 1). The total volume of the apparatus was 5 L. The outer cylinder has a diameter of 0.115

m, and the inner cylinder, or the draft tube (downcomer), has a diameter of 0.08 m, a height of 0.35 m and this is

m above at the bottom. At the bottom of the column, the gas phase is introduced through 

circular holes arranged near the outer cylinder with 18 holes of 0.38mm diameter. This equipment has a sparger to the

efficient than conventional ones, for example, ring-type nozzles, perforated plates and spider type.

Euler two-fluid model was employed to investigate the hydrodynamics 

phases in the internal loop airlift reactor because of the obvious computational advantages of this model at high

dispersed phase volume fractions. In this model, liquid is considered to be the continuous phase, and gas bubbles are

to be the dispersed phase. Two fluids are considered to be incompressible, and the uniform pressure field is

turn affects the riser and downcomer gas holdup and thus the driving force. The gas 

. Bubble size is influenced by the gas 

involved fluids and by turbulence. Turbulence is influenced by liquid circulation, 

ls for analyzing and optimizing results and can 

., 2011). Several recent publications have established the 

potential of computational fluid dynamics (CFD) for describing the hydrodynamics of bubble columns and airlifts 

2003; van Baten and Krishna, 2001; Wasewar et al., 

The objective of the present work was to study, using of the CFD (computational fluid dynamics) simulation, the 

hydrodynamics (liquid circulation velocity and on the gas holdup) in an internal loop airlift reactor with air injection 

between the cylinders (annulus). The introduction of air was performed for 18 holes located near the outer cylinder 

The simulations were done in an internal loop airlift reactor with air injection between the cylinders (annulus) 

(Figure 1). The total volume of the apparatus was 5 L. The outer cylinder has a diameter of 0.115 m and a height of 0.6 

m, and the inner cylinder, or the draft tube (downcomer), has a diameter of 0.08 m, a height of 0.35 m and this is 

m above at the bottom. At the bottom of the column, the gas phase is introduced through 

circular holes arranged near the outer cylinder with 18 holes of 0.38mm diameter. This equipment has a sparger to the 

type nozzles, perforated plates and spider type. 

fluid model was employed to investigate the hydrodynamics of gas–liquid 

phases in the internal loop airlift reactor because of the obvious computational advantages of this model at high 

dispersed phase volume fractions. In this model, liquid is considered to be the continuous phase, and gas bubbles are 

to be the dispersed phase. Two fluids are considered to be incompressible, and the uniform pressure field is 
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assumed to be shared by both phases. Simulations were performed for transient state, the simulation time of 120 s and

time step of 0.001s. The physical properties of the gas and liquid phases (at 25 

 

 

 

 

 

 

 

 

The conditions adopted were dispersed phase (gas) air; continuous phase (liquid) water. The drag model used was

from Grace (Santos, 2005) and liquid phase turbulence

mass and momentum balance are solved for each phase and can be written as follows.

 

2.2.1 Continuity equations 

 

 

 

 

 

where i denotes the gas or liquid phase; t is the time, and 

fraction of phase i, respectively. The mass source term Si on the right side of Eq. (1) is zero because interphase mass

transfer is not taken into consideration in this model. The total sum of phasic volume fractions

condition of unity (Zhang et al., 2012). 

 

2.2.2 Momentum equations 

 

 

 

 

 

 

where ρ is the pressure field, µeff is the effective viscosity, g is the gravitational acceleration vector, and M

interphase momentum exchange force (Zhang 

 

2.2.3 Closure law for interphase momentum exchange

 

For the momentum transfer, the said closure is provided by the momentum transfer, which is given by the drag force

between the phases. For gas–liquid flows, important interfacial forces include drag, lift, virtual mass, rotation and strain

forces. 

In the system of bubble columns, the amount of movement in the system is provided by the rising of the dispersed

phase (d, gaseous) to the rise, due to the buoyant force provides energy (momentum) to the continuous phase (c, liquid).

The drag force is the force that acts on the dispersed phase and the continuous phase is given by Eq. (3) (Santos, 2005).

 

 

     

 

 

where CD is the drag force coefficient between liquid and gas phases, and db is the equivalent diameter of the bubbles.

Bubble diameter is set as uniform at 7 mm.

Many different correlations can be found in the literature to compute the drag force coefficient. The

used drag force correlation proposed by Grace was used in this work. As in Ishii

consider the effect of the shape of the dispersed phase in the calculation of the coefficient of drag. This model assumes

that the bubble has constant interfacial tension.

For Grace model equation for the CD 

 

     

 

 

where Ut is the terminal velocity of rise of
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assumed to be shared by both phases. Simulations were performed for transient state, the simulation time of 120 s and

sical properties of the gas and liquid phases (at 25 
o
C) are specified in Tab. 1.

The conditions adopted were dispersed phase (gas) air; continuous phase (liquid) water. The drag model used was

from Grace (Santos, 2005) and liquid phase turbulence was modeled using the k-ε model. The governing equations of

mass and momentum balance are solved for each phase and can be written as follows. 

where i denotes the gas or liquid phase; t is the time, and ρi, ui and αi are the density, velocity vector and volume

fraction of phase i, respectively. The mass source term Si on the right side of Eq. (1) is zero because interphase mass

transfer is not taken into consideration in this model. The total sum of phasic volume fractions

 

is the effective viscosity, g is the gravitational acceleration vector, and M

interphase momentum exchange force (Zhang et al., 2012). 

Closure law for interphase momentum exchange 

For the momentum transfer, the said closure is provided by the momentum transfer, which is given by the drag force

uid flows, important interfacial forces include drag, lift, virtual mass, rotation and strain

In the system of bubble columns, the amount of movement in the system is provided by the rising of the dispersed

e buoyant force provides energy (momentum) to the continuous phase (c, liquid).

The drag force is the force that acts on the dispersed phase and the continuous phase is given by Eq. (3) (Santos, 2005).

      

is the drag force coefficient between liquid and gas phases, and db is the equivalent diameter of the bubbles.

Bubble diameter is set as uniform at 7 mm. 

Many different correlations can be found in the literature to compute the drag force coefficient. The

used drag force correlation proposed by Grace was used in this work. As in Ishii-Zuber model, the model de Grace

consider the effect of the shape of the dispersed phase in the calculation of the coefficient of drag. This model assumes

bubble has constant interfacial tension. 

D (ellipse) is given by Eq. (4) (Santos, 2005). 

      

is the terminal velocity of rise of a bubble and is given by Eq. (5). 
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assumed to be shared by both phases. Simulations were performed for transient state, the simulation time of 120 s and 

C) are specified in Tab. 1. 

The conditions adopted were dispersed phase (gas) air; continuous phase (liquid) water. The drag model used was 

 model. The governing equations of 

the density, velocity vector and volume 

fraction of phase i, respectively. The mass source term Si on the right side of Eq. (1) is zero because interphase mass 

transfer is not taken into consideration in this model. The total sum of phasic volume fractions should satisfy the 

is the effective viscosity, g is the gravitational acceleration vector, and MI is the 

For the momentum transfer, the said closure is provided by the momentum transfer, which is given by the drag force 

uid flows, important interfacial forces include drag, lift, virtual mass, rotation and strain 

In the system of bubble columns, the amount of movement in the system is provided by the rising of the dispersed 

e buoyant force provides energy (momentum) to the continuous phase (c, liquid). 

The drag force is the force that acts on the dispersed phase and the continuous phase is given by Eq. (3) (Santos, 2005). 

  (3) 

is the drag force coefficient between liquid and gas phases, and db is the equivalent diameter of the bubbles. 

Many different correlations can be found in the literature to compute the drag force coefficient. The most widely 

Zuber model, the model de Grace 

consider the effect of the shape of the dispersed phase in the calculation of the coefficient of drag. This model assumes 

  (4) 
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where, M is Morton number (dimensionless) (Eq. 

 

 

     

 

 

where σ is surface tension [N m
-1

]; and 

 

 

     

 

 

 

where,                                       ,  E0 is Eotvos number (dimensionless)

 

 

2.2.4 Closure law for turbulence 

 

In this study, the superficial gas velocities are relatively low, the concentration of the dispersed gas phase is dilute,

and the liquid is clearly the primary continuous phase, so the dispersed standard k

turbulence. The effective viscosity of the liquid phase in Eq. (2) consists of the molecular viscosity and the turbulence

viscosity (µt,l) of the liquid phase and is descri

 

     

 

The turbulence viscosity of the liquid phase is calculated by Eq. (

 

 

     

 

where Cµ = 0.09, kl and εl are turbulence kinetic energy and the turbulence dissipation rate, respectively, and are

obtained by solving the scalar transport equations (Eq. 

 

     

 

 

 

     

 

 

The standard constants used in the turbulence equations are C

production of turbulent kinetic energy, Π

phase. All the definitions for these terms can be found in CFX guide (CFX, 2011) (Zhang 

2003; Wasewar et al., 2008). 

 

2.3 Boundary conditions 
 

In this work, the entire internal airlift reactor was employed as the computational domain. At the inlet, the boundary

conditions were specified by the superficial gas velocity. Superficial gas velocities (U

m s
-1

 for the simulation. The outlet was considered to be at atmospheric pressure so the gas coming out of the reactor

can exit freely. The boundary conditions were a no

on all reactor walls. Isothermal conditions are assumed in the computational domain, so the energy equation is not

calculated. Mass transfer and chemical reactions were neglected. In this work, simulations were performed using the

program commercial computational fluid dynam
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where, M is Morton number (dimensionless) (Eq. 6) 

      

 

      

is Eotvos number (dimensionless),                     ,                             

In this study, the superficial gas velocities are relatively low, the concentration of the dispersed gas phase is dilute,

the primary continuous phase, so the dispersed standard k–ε model was used to model

turbulence. The effective viscosity of the liquid phase in Eq. (2) consists of the molecular viscosity and the turbulence

) of the liquid phase and is described by Eq. (8). 

      

The turbulence viscosity of the liquid phase is calculated by Eq. (9). 

      

are turbulence kinetic energy and the turbulence dissipation rate, respectively, and are

obtained by solving the scalar transport equations (Eq. 10 and 11). 

      

      

The standard constants used in the turbulence equations are C1ε = 1.44, C2ε = 1.92, σk = 1.0 and 

kinetic energy, Πkl and Πεl represent the influence of the dispersed phase on the continuous

phase. All the definitions for these terms can be found in CFX guide (CFX, 2011) (Zhang et al

In this work, the entire internal airlift reactor was employed as the computational domain. At the inlet, the boundary

conditions were specified by the superficial gas velocity. Superficial gas velocities (Ug) were varied from 0.004 

for the simulation. The outlet was considered to be at atmospheric pressure so the gas coming out of the reactor

can exit freely. The boundary conditions were a no-slip condition for liquid and a free-slip condition for the gas phase

s. Isothermal conditions are assumed in the computational domain, so the energy equation is not

calculated. Mass transfer and chemical reactions were neglected. In this work, simulations were performed using the

program commercial computational fluid dynamics (CFX 13.0 - ANSYS). 

  (5) 

  (6) 

  (7) 

,                                   (water value). 

In this study, the superficial gas velocities are relatively low, the concentration of the dispersed gas phase is dilute, 

ε model was used to model 

turbulence. The effective viscosity of the liquid phase in Eq. (2) consists of the molecular viscosity and the turbulence 

  (8) 

  (9) 

are turbulence kinetic energy and the turbulence dissipation rate, respectively, and are 

  (10) 

  (11) 

= 1.0 and σε = 1.3. Gk,l is the 

represent the influence of the dispersed phase on the continuous 

et al., 2012; van Baten et al., 

In this work, the entire internal airlift reactor was employed as the computational domain. At the inlet, the boundary 

) were varied from 0.004 - 0.22 

for the simulation. The outlet was considered to be at atmospheric pressure so the gas coming out of the reactor 

slip condition for the gas phase 

s. Isothermal conditions are assumed in the computational domain, so the energy equation is not 

calculated. Mass transfer and chemical reactions were neglected. In this work, simulations were performed using the 

ISSN 2176-5480

4019



3. DEFINITIONS 

 
3.1 Superficial gas velocity (VG): 
 

It is a velocity at which gas passes upwards through (liquid filled) stirred tank. It is calculated as follows.

 

 

     

 

 

3.2 Gas hold up (εg) 
 

It is the ratio of gas phase volume to total volume. Gas holdup is an important hydrodynamic parameter and is a

basic measure of gas-liquid contacting airlift reactor. Gas hold up is governed by average bubble size, population of

bubbles and bubble velocity. The interfacial 

the volume fraction of gas phase and mean residence time of the gas phase in the vessel. It also governs the velocity or

flow field in the vessel, turbulence characteristics in the 

of gas holdup is important for scaling up and design of airlift reactors.

 

4. RESULTS AND DISCUSSIONS 
 

The hydrodynamics simulation results at different superficial gas velocities for the int

presented here. 

Figure 2 show the volume fraction of air at superficial velocities in riser (U

homogeneously over the bottom region. The air bubbles move upwards due to the differences 

gas and liquid phases. The simulation time, represented in the figure, is 120 s.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Through Figure 2 shows that for low UGS values that all the volume fraction of gas present the reactor is in the riser

region defining the arrangement type I. In this type of regime, the gas is not present in the downcomer region. This

regime occurs only at low volumetric flow rates of gas feed (Q

bubbles to the downcomer region (van Benthum 

Through Figure 3 was possible to verify that increasing the total gas holdup in the reactor increases with the

increasing superficial gas velocities in the range of this study (0.004 
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It is a velocity at which gas passes upwards through (liquid filled) stirred tank. It is calculated as follows.

      

phase volume to total volume. Gas holdup is an important hydrodynamic parameter and is a

liquid contacting airlift reactor. Gas hold up is governed by average bubble size, population of

bubbles and bubble velocity. The interfacial area and mass transfer rate are dependent on holdup. Holdup also indicates

the volume fraction of gas phase and mean residence time of the gas phase in the vessel. It also governs the velocity or

flow field in the vessel, turbulence characteristics in the individual phases and the energy dissipation rates. Thus a study

of gas holdup is important for scaling up and design of airlift reactors. 

The hydrodynamics simulation results at different superficial gas velocities for the internal loop airlift reactor are

Figure 2 show the volume fraction of air at superficial velocities in riser (UGS) in the reactor. The gas was injected

homogeneously over the bottom region. The air bubbles move upwards due to the differences 

gas and liquid phases. The simulation time, represented in the figure, is 120 s. 

Through Figure 2 shows that for low UGS values that all the volume fraction of gas present the reactor is in the riser

defining the arrangement type I. In this type of regime, the gas is not present in the downcomer region. This

regime occurs only at low volumetric flow rates of gas feed (QG), when the liquid velocity is not sufficient to drag

on (van Benthum et al., 1999). 

Through Figure 3 was possible to verify that increasing the total gas holdup in the reactor increases with the

increasing superficial gas velocities in the range of this study (0.004 - 0.22 m s
-1

). 
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It is a velocity at which gas passes upwards through (liquid filled) stirred tank. It is calculated as follows. 

  (12) 

phase volume to total volume. Gas holdup is an important hydrodynamic parameter and is a 

liquid contacting airlift reactor. Gas hold up is governed by average bubble size, population of 

area and mass transfer rate are dependent on holdup. Holdup also indicates 

the volume fraction of gas phase and mean residence time of the gas phase in the vessel. It also governs the velocity or 

individual phases and the energy dissipation rates. Thus a study 

ernal loop airlift reactor are 

) in the reactor. The gas was injected 

homogeneously over the bottom region. The air bubbles move upwards due to the differences of density between the 

Through Figure 2 shows that for low UGS values that all the volume fraction of gas present the reactor is in the riser 

defining the arrangement type I. In this type of regime, the gas is not present in the downcomer region. This 

), when the liquid velocity is not sufficient to drag 

Through Figure 3 was possible to verify that increasing the total gas holdup in the reactor increases with the 
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Figure 4 show the liquid velocity (UL) at superficial velocities in riser (U

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the results obtained (Figures 4 and 5) it was verified that at low superficial gas velocities (U

the velocity (UL) increased significantly with increase of U

with UGS was less intense. This is due to the fact that the gas does not achieves more momentum transfer to the liquid,

as well as difference between the gas retention in regions of riser and downcomer decrease with increasing U

there is no more a difference significant densities between these two regions, which is the driving force for circulating

the liquid. 

Similar results were reported by Zhang 

when superficial gas velocities are less than 1 cm/s, the liquid velocity increases rapidly with the increasing superficial

gas velocity. However, when the superficial gas velocity is beyond 1 cm/s, the increasing rate of liquid velocity

becomes slow, probably because, at low superficial gas velocity ranges, the gas holdup in the riser increases rapidly

while the gas holdup in the downcomer do

into the downcomer. The increased difference in gas holdup between the riser and the downcomer leads to the

increasing liquid velocity in the downcomer. As the superficial gas vel

increasingly entrained into the downcomer. This phenomenon can also be observed in the experiment.
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) at superficial velocities in riser (UGS) in the reactor. 

From the results obtained (Figures 4 and 5) it was verified that at low superficial gas velocities (U

) increased significantly with increase of UGS and UGS values greater than 0.02 m s

was less intense. This is due to the fact that the gas does not achieves more momentum transfer to the liquid,

e gas retention in regions of riser and downcomer decrease with increasing U

there is no more a difference significant densities between these two regions, which is the driving force for circulating

Similar results were reported by Zhang et al., (2012) and Chisti e Haza, (2002). Zhang et al

when superficial gas velocities are less than 1 cm/s, the liquid velocity increases rapidly with the increasing superficial

wever, when the superficial gas velocity is beyond 1 cm/s, the increasing rate of liquid velocity

becomes slow, probably because, at low superficial gas velocity ranges, the gas holdup in the riser increases rapidly

while the gas holdup in the downcomer does not increase in an obvious manner because bubbles can hardly be entrained

into the downcomer. The increased difference in gas holdup between the riser and the downcomer leads to the

increasing liquid velocity in the downcomer. As the superficial gas velocity is over 1 cm

increasingly entrained into the downcomer. This phenomenon can also be observed in the experiment.

From the results obtained (Figures 4 and 5) it was verified that at low superficial gas velocities (UGS < 0.02 m s
-1

), 

values greater than 0.02 m s
-1

, the increase UL 

was less intense. This is due to the fact that the gas does not achieves more momentum transfer to the liquid, 

e gas retention in regions of riser and downcomer decrease with increasing UGS. Thus, 

there is no more a difference significant densities between these two regions, which is the driving force for circulating 

et al., (2012) observed that 

when superficial gas velocities are less than 1 cm/s, the liquid velocity increases rapidly with the increasing superficial 

wever, when the superficial gas velocity is beyond 1 cm/s, the increasing rate of liquid velocity 

becomes slow, probably because, at low superficial gas velocity ranges, the gas holdup in the riser increases rapidly 

es not increase in an obvious manner because bubbles can hardly be entrained 

into the downcomer. The increased difference in gas holdup between the riser and the downcomer leads to the 

ocity is over 1 cm. s
-1

, bubbles begin to be 

increasingly entrained into the downcomer. This phenomenon can also be observed in the experiment. 
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5. CONCLUSIONS 
 

In the present study, the effects of reactor geometry on the hydrodynamic

were investigates theoretically using CFD. Special attention was given to the liquid circulation velocity and the gas

holdup in the riser. An important parameter in airlift reactors is the location and type of spa

into the reactor. With the results obtained, it can be concluded that the location of the sparger, in the gap between the

cylinders, possible to obtain adequate values of gas holdup close to those found in the literature. Experim

conducted in order to compare the results of these simulations with those obtained in the reactor benchtop.
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