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A B S T R A C T 
Background and Objectives: Pomegranate juice (PJ) contains large particles that stick to evaporator walls 
causing off flavors in the concentrate due to burning. Microfiltration is used to clarify PJ. Fouling is a limiting 
phenomenon that can prevent the industrialization of membrane clarification. Changes in the geometry of the 
membrane module such as using baffles are useful to decrease this problem. Computational fluid dynamics 
(CFD) is a powerful numerical tool used in modeling membrane processing. 

Materials and Methods: The effect of baffle geometry on the efficiency of membrane clarification of 
pomegranate juice in a flat-sheet module was simulated using computational fluid dynamics (CFD). The 
geometry of the membrane unit was plotted and meshed with Gambit software, and was solved using FLUENT 
software. A two-dimensional double-precision method at steady state was selected to simulate the membrane 
process. The convective terms were discretized with a standard first-order upwind scheme in computational 
solution. The RNG k-ߝ model was used due to its high accuracy in eddy flows with a low Reynolds number. 
The effects on the process performance of the number of baffles, their angle and the distance between the 
baffles and the membrane surface were evaluated. 

Results: The results showed that the configuration with the feed-channel height of 2 cm, the baffle angle of 90o 
and the distance between the membrane surface and baffles of 2 mm had maximum permeate flux. 
Conclusions: Reducing the distance between the baffles and the membrane surface increased the permeate flux 
due to create an eddy flow near the membrane surface in the flat-sheet module and reduced the total and cake-
layer resistances. 
Keywords: Baffle, Computational fluid dynamics, Juice, Membrane, Pomegranate 

 
Introduction 

Pomegranate juice (Punicagranatum L., 
Punicaceae), which has many nutritional benefits, 
contains large particles in its original state. Such 
particles may stick to evaporator walls, causing off 
flavors in the concentrate due to burning (1). 

Microfiltration (MF) is a pressure-driven process 
used to clarify fruit juices (2, 3). Fouling is a limiting 
phenomenon that can prevent the industrialization of 
membrane clarification due to increased time and 
costs (4-6). Changes in the geometry of the membrane 
module (e.g. using baffles) can decrease fouling in 

membrane processing by causing increased 
turbulence on the membrane surface. 

Computational fluid dynamics (CFD) is a powerful 
numerical tool, which is becoming more commonly 
used to simulate and predict food processes such as 
drying, sterilization and mixing (7-9). It can also be 
used to model membrane processing. Pak et al. (10) 
modeled water treatment in porous membranes using 
CFD. They studied the effects of geometrical 
dimension, required membrane surface area, 
Reynolds number and fouling on process performance 
in membrane treatment. Ahmed et al. (11) employed 
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CFD to simulate tubular membranes equipped with 
baffles oriented in different directions. They 
evaluated the effects of local parameters such as 
stream functions, velocity, static pressure, shear 
stress, kinetic energy and dissipation energy on the 
membrane surface using CFD. Jafarkhani et al. (12) 
used a three-dimensional CFD method to simulate the 
fluid flow in a tubular membrane module equipped 
with semi-circular baffles, examining geometrical 
parameters like the ratio of pitch to baffle diameter, 
and baffle angle. Liu et al. (13) applied CFD to 
simulate central and wall baffles inserted in a tubular 
membrane channel. Rahimi et al. (14) predicted the 
permeate flux in the membrane treatment of water 
using CFD, and investigated the effects of 
transmembrane pressure and mass flow rate on the 
permeate flux. 

Although the effect of baffles on the efficiency of 
membrane processing in membrane tubes has been 
widely investigated, the effect of plate baffles on the 
efficiency of membrane clarification of fruit juices in 
flat-sheet microfiltration units has not been studied. 
The current work simulated the effect of baffles on 
the membrane clarification of pomegranate juice in 
flat-sheet modules. 
Materials and Methods  
Module geometry: The geometrical structure of the 
membrane module was plotted and meshed in Gambit 
software using a two-dimensional coordinate system. 
The plate-and-frame module was 150 mm long and 80 
mm wide. The membrane-module channel’s height 
was adjusted at three heights: 1, 1.5 and 2 cm. Some 
geometrical parameters of baffles, including the 
number of baffles (distance between baffles), baffle 
angle, and distance between the baffles and the 
membrane surface, were investigated. Five angles 
(30, 45, 90, 135, and 150o) were selected to evaluate 
the effect of the baffle angle on the process efficiency.  

Two distances between the baffles and the 
membrane surface (2 and 5 mm) were selected to 
evaluate the effect of shear stress in the membrane 
surface on the process performance. Configurations 
using 6, 8 and 12 baffles were selected to study the 
effect of distance between the baffles on permeate 
flux.  
Definition of boundary conditions in Gambit: The 
following boundary conditions were selected in the 
Gambit software: 

 The entrance of feed into the membrane module was 
defined as velocity inlet. 

 The exit of retentate from the feed channel was 
defined as pressure outlet. 

 The exit of permeate from the membrane module was 
defined as pressure outlet. 

 The membrane was defined as a porous jump. 
 The baffles and other walls were defined as well. 

Problem-solving: FLUENT software (version 6.2, 
FLUENT Inc., New Hampshire, USA), which uses a 
finite-volume method, was used to simulate the 
baffle-equipped membrane module. A two-
dimensional double-precision method at steady state 
was selected. The convective terms were discretized 
by a standard first-order upwind scheme in the 
computational solution. 

Pomegranate juice was defined as a fluid with 
density of 1060 kgmିଷ and viscosity of 1.7 ×
10ିଷ kgmିଵsିଵ. The convergence dimensionless 
criteria were adjusted on 10ିଷ. In all cases, the 
pressure of retentate and permeate was adjusted on 
0.5 and 0 bar, respectively, and the inlet feed velocity 
was adjusted on 0.5 ms-1.  

Porous jump in FLUENT was defined with three 
parameters: face permeability, porous-medium 
thickness, and pressure-jump coefficient. 

Face permeability was calculated according to 
Eq.1: 

હ = ઽܘ۲

 (ିઽ)                                                       (1) 

Where, ܦ is the mean particle diameter of 
pomegranate juice (m) and ߝ is the membrane void. 
The calculated face permeability was 4.3949 ×
10ିଵସ mଶ. 

A mixed cellulose ester (MCE) membrane 
(Millipore, USA) was used in this study. The 
thickness of the porous medium was 150 µm.  

The pressure-jump coefficient was calculated 
according to Eq. 2: 
۱ = . (ିઽ)

ઽܘ۲
                                                       (2) 

The calculated pressure jump coefficient was 
ૡૠૠ.ૡ ିܕ (15). 
Development of turbulent mode: The pressure 
gradient across the membrane is the driving force in 
microfiltration. The Darcy model was used to 
determine the permeate flux as follows: 
۸ = 

ۯ
܄܌
ܜ܌

= ۾∆
(܋܀ାܕ܀) ૄ

                                             (3) 

Where, ∆ܲ, ߤ, ܴ and ܴ  are transmembrane 
pressure, viscosity, membrane resistance and cake 
resistance, respectively (14). 

Turbulent regimes in fluids flow are specified with 
the flow and the statistical properties of their 
fluctuations. Considering the time-averaged 
properties such as mean velocities, mean pressure, 
mean stress and the time-dependent Navier-Stokes 
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equation leads to the use of the time-average Navier-
Stokes equation (14).  

Turbulent viscosity can be calculated with several 
turbulent models, including the mixing length, 
standard k-ߝ, RNG k-ߝ, Reynolds stress and algebraic 
stress models (13). The RNG k-ߝ model has 
engineering applications, and was used here due to its 
accuracy in describing eddy flows with low Reynolds 
numbers. It also uses less CPU time than other 
models, and its form is simpler than that of the 
standard k-ߝ model (14). 

According to the RNG k-ߝ model, the turbulent 
viscosity was calculated as below: 

௧ߤ = ܥߩ
మ

ఌ
                                                         (4) 

Where, k is kinetic energy and ߝ is turbulent 
dissipation. 

 
Verification of the simulated model: Pomegranate 
juice was clarified with the laboratory-scale 
membrane unit in bath mode to verify the simulated 
model (Fig. 1). The feed was pumped from the feed 
tank to the plate-and-frame membrane module using a 
rotary van pump (PROCON, Series 2, Milano, Italy). 
The permeate was collected in the permeate tank, 

which was on a digital balance to measure its flux, 
and the retentate was recycled to the feed tank. A 
coupled transmitter (WIKA, type ECO-1, 
Klingenberg, Germany) and inverter (LS, model 
sv015ic5-1f, Korea) were used to adjust constant 
trans-membrane pressure in different feed-flow rates, 
and to adjust the feed-flow rates for different 
pressures. Hydrophilic mixed cellulose ester (MSE) 
flat-sheet membrane with a pore size of 0.22 µm and 
an active area of 78 cm2 (Millipore, Billerica, MA, 
USA) was employed to clarify the pomegranate juice. 
 

Microfiltration was performed with water after the 
clarification of pomegranate juice to calculate the 
total fouling resistance (Rt, m-1) according to Eq. 5. 
ܴ௧ =  ଵ

ఓೢభ
                                                            (5) 

Where, µw is the viscosity of pure water (pa.s) and 
ଵܮ
  is the hydraulic permeability of membrane after 

juice treatment, which was determined as follows:  
ଵܮ = ೢభ

∆
                                                                (6) 

Where, ܬ௪ଵ  (m3/m2s) is the water permeate flux after 
juice clarification and ΔP is the transmembrane 
pressure (pa). 

 
 

Fig. 1. Plate and frame membrane unit: (1) membrane, (2) feed vessel, (3) centrifugal pump, (4) pressure meter, (5) permeate 
tank, (6) balance, (7) water flow, (8) transmitter, and (9) inverter. 
 
Results 

Effect of distance between the baffles and the 
membrane surface on the permeate flux: Baffles were 
designed at five angles (30, 45, 90, 135 and, 150o), 
three channel heights (1, 1.5 and, 2 cm) and two 
distances between the baffles and the membrane 
surface (2 and 5 mm) to evaluate the effect of baffles 
on the volumetric flow rate of permeate during the 
membrane clarification of pomegranate juice. This 
section describes the results for six baffles spaced at 2 
cm.  

The results showed that the configuration with a 2 
cm feed-channel height, a baffle angle of 90o and 2 
mm distance between the membrane surface and the 
baffles had the most permeate flux, and the membrane 
module with a channel height of 1.5 cm, a baffle 
angle of 135o and 2 mm distance from the membrane 
surface had the second most permeate flux (Table 1). 
In contrast, decreasing the distance between the 
baffles and the membrane surface increased the 
volumetric flow rate of the permeate (Table 1).  
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Table 1. Effect of the geometrical characteristics of baffles on the volumetric flow rate of permeate during the membrane 
clarification of pomegranate juice  

Channel height of 2cm  Channel height of 1.5cm  Channel height of 1cm  
2mm 5mm  2mm 5mm  2mm 5mm  

0.0015053 0.0014066  0.0015528 0.0014129  0.0014934 0.0013906* 30o 
0.0015281 0.001467  0.0015192 0.0014129  0.0014958 0.0014192 45o 
0.0016676 0.0015205  0.001604 0.0014811  0.0015325 0.0014284 90o 

0.0015376 0.0015102  0.00165 0.0014902  0.0015542 0.0013952 135o 
0.0013549 0.0013412  0.0015621 0.0014457  0.0015158 0.0013826 150o 

* Data were reported in ݉ଷିݏଵ. 
 
 
Evaluation of the velocity magnitude on the 

membrane surface showed that the feed velocity 
extensively increased at the baffles due to high shear 
stress on the membrane surface (Fig. 2). In contrast, 
the feed velocity extensively increased on the 
membrane surface with a reduction of the distance 
between the baffles and the membrane surface 
(Fig.2).  

 
Fig. 2. Velocity magnitude on membrane surface in baffled 
module with channel height of 2 cm, baffle angle of 90o 
and different distances between baffles and membrane 
surface (a: 2 mm, b: 5 mm). 

Evaluation of the counter of feed flow in the feed 
channel showed that where the distance between the 
baffles and the membrane surface was 5 mm, the feed 
flow was denser than when the distance was 2 mm; 
however, in both configurations, the feed flow was 
produced on the total surface of the membrane 
(Fig.3).  

 Fig. 3. Counter of feed flow over membrane surface with 
different distances between baffles and membrane surface 
(a: 5 mm, b: 2 mm). 
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Fig. 4 shows the velocity contours of the baffled 
module with a channel height of 2 cm and a baffle 
angle of 90o. As expected, when the baffles were 2 
mm from the membrane surface, turbulent flow on the 
membrane surface was more than when the distance 
was 5 mm. In both configurations, feed velocity 
between the baffle edge and the membrane surface 
decreased from the feed entrance toward the retentate 
exit (Figs. 2 and 4).  

Evaluation of the pressure contour in the membrane 
setup showed that the pressure was reduced after each 
baffle due to eddy flow on the baffle edges near the 
membrane surface (Fig. 5).  The decrease in the static 
pressure after each baffle in the baffle-equipped 
module with 2 mm distance between the baffles and 
the membrane surface was more than its decrease in 
the module with 5 mm distance between the baffles 
and the membrane surface (Fig. 5). This phenomenon 

can reduce the energy of the system during the 
filtration process. 
Effect of the number of baffles on the permeate flux: 
Different baffle geometries with two baffle distances 
(1.5 and 2 cm) and two baffle angles (90 and 135o) 
were simulated with maximum permeate flux to 
investigate the effect of distance between the baffles. 
The results revealed that the most permeate flux was 
in the membrane module with six baffles (2 cm 
distance between baffles), a channel height of 2 cm 
and a baffle angle of 90o. Increasing the baffle 
number reduced the volumetric flow rate of the 
permeate (Table 2). This fact was confirmed with the 
velocity and static-pressure contours, which showed 
that increasing the number of baffles can reduce the 
energy in the microfiltration process. The reduction of 
pressure and velocity when the number of baffles was 
increased had a negative effect on the permeate flux 
(Figs. 6 and 7). 

 
 

 
Fig. 4. Velocity contour in baffled module with channel height of 2 cm, baffle angle of 90o and 2 mm distance between baffles 
and membrane surface. 
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Fig. 5. Static pressure contour of baffled module with channel height of 2 cm, baffle angle of 90o and different distances 
between baffles and membrane surface (a: 2 mm, b: 5 mm). 
 

 
Fig. 6. Velocity contour in baffle-equipped module with 2 cm channel height, 135o baffle angle and 2 mm distance between 
baffle and membrane surface (a: 8 baffles, b: 12 baffles). 

Verification of simulated data: Pomegranate juice 
was clarified with microfiltration in both a baffle-
equipped and a non-baffle equipped membrane 
module, and total fouling resistance was calculated 
after juice processing. It was observed that the total 
fouling resistance in the membrane module without 
baffles was 1.63 × 1013 m-1; however, its value in the 

baffle-equipped membrane unit was 1.27 × 1013 m-1. 
Reduction of the fouling resistance using baffles in 
the membrane unit was also confirmed by the images 
of the membranes after the clarification of 
pomegranate juice, which showed that formation of a 
cake layer on the membrane surface and under the 
baffles was less than at other areas (Fig. 8).
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Fig.7. Static pressure contour of baffle-equipped module with 2 cm channel height, 135o baffle angle and 2 mm distance 
between baffle and membrane surface (a: 8 baffles, b: 12 baffles). 

 

Fig. 8. Membranes used to clarify pomegranate juice (a) 
with and (b) without using baffles on microfiltration unit. 

 
Discussion  

Evaluation of the effect of baffle configuration on 
the permeate flux showed that the results were 
according to the findings of some other researchers. 
Ahmad and Mariadas (16) observed increasing of 
permeate flux by application of helical baffles during 
the microfiltration of saccharomyces cerevisiae 
solutions. Also Ahmed et al. (11) obtained similar 
results during the application of circular baffles in the 
microfiltration unit. 

Increasing the volumetric flow rate of the permeate 
with decreasing the distance between the baffles and 
the membrane surface was due to high turbulence of 
the feed flow between the baffles and the membrane 
surface, which can reduce cake formation on the 
membrane surface. However, Ahmad and Mariadas 
(16) found that increasing the number of turns per 
baffle length can initially increase and then decrease 
the permeate flux. 

Increasing the feed velocity at the baffles can 
reduce the thickness of the cake layer on the 
membrane surface, and consequently, increase the 
permeate flux during the membrane clarification of 
pomegranate juice. Liu et al. (13) obtained similar 
results by application of baffles in the membrane 
processing of calcium carbonate suspension. They 
concluded that inserting the baffles can increase the 
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feed velocity and shear stress near the walls and the 
membrane surface.  

CFD simulation of the effect of a baffle structure 
on the process efficiency in membrane clarification of 
pomegranate juice showed that: 

 the permeate flux in the membrane module with a 
channel height of 2 cm, a baffle angle of 90o and 2 
mm between the baffles and the membrane surface 
was more than in other geometries. 

 Reducing the distance between the baffles and the 
membrane surface increased the permeate flux. 

 Baffles created an eddy flow near the membrane 
surface in the flat-sheet module and reduced the total 
and cake-layer resistances. 

 Baffles reduced the static pressure in the system, and 
consequently, decreased the driving force in the 
microfiltration unit. 

 Increasing the number of baffles reduced the 
volumetric flow rate of permeate, and thus the system 
performance. 

 Increasing the number of baffles could increase the 
reduction of both static pressure and feed velocity. 
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