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ABSTRACT
A numerical investigation carried out to evaluate the effect of presence of baffles series in membrane tube on
the qualitative and quantitative properties of the fluid dynamics, using ANSYS Fluent computer code. The
baffles are placed for four attack angles: 80°, 70° and 60°, thus 90° for the validation and comparison of
results. The numerical results obtained in the case of 80° present remarkable increases in the average wall
velocity and wall shear stress, which can considerably enhance the execution of filtration phenomenon. Where,
the intense fluctuations velocity near the wall tube can perturb the development of hydrodynamic boundary
layer. In other hand, the static pressure along the membrane tube appreciably decreased due to the less frequent
changes in the flow direction.
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NOMENCLATURE
Symbols :
u velociy ,m/s
t time, s
P pressure, Pa
Greek Letters:
ρ density, kgm-3
μ viscosity Pa.s

ui x-velocity m/s
uj y-velocity m/s
ut turbulent viscosity Pa.s
Indices / Exponents :
δij kKronecker sign
W wall

1. INTRODUCTION
The membrane tubes were used intensively in several industrial processes such as water treatment, removal of
heavy metal, brackish water treatment, desalination, etc. However, the major problem in using of membrane
tube in these processes is the concentration polarization, which reduces the filtration flux due to the formation
of hydrodynamic boundary layer. For increase the membrane processes output, the baffles or turbulence
promoters are mostly widespread to stop the appearance of the boundary layer and to modify the fluid
hydrodynamic structure on the membrane surface. Within this framework, several authors propose and study
various geometrical parameters for developing the filtration execution in membrane tubes [1-5]. Therefore, in
order to enhance the filtration flux, the majority of work based on physical parameters related to the flow
structure such as velocity, wall shear stress, turbulence kinetic energy, dissipation energy and static pressure.
Several experimental works were carried out on the mass transfer in the tubes to membrane [6,7]. However, the
problems of convergence concerned in numerical calculation limited the availability of numerical studies in the
literature, for example. Wangs et al [8] carried out their investigation on a membrane tube for lower Reynolds
number (Re < 200), where the convergence of Re <200 is very difficult. Certainly, the numerical simulation for
higher Reynolds number requires robust computational materials. Currently, according to the formidable
development of the data-processing tools and the numerical methods, the computational fluid dynamic (CFD)

is a very suitable device in the membrane science field, where the researchers can treat the difficulties and time
of convergence. Using the CFD Fluent, Y. Liu et al [9] studied numerically the performances of turbulent flow
in baffled membrane tube. They proposed two baffled tube shapes (central and wall baffle).They concluded
that the presence of baffles row inside membrane tube caused a frequent change of the flow direction, where
the central baffle presents higher shear stress on the tube wall. Consequently, the central baffle is a best choice
for the filtration execution in the membrane tube. M. Jafarkhani et al. [10] test in 3D, the effect of baffle
orientation angle (180°, 90°) and diameter ratio (1, 2 and 3) on the filtration flux. They concluded that the
baffle orientation angle 180° presents a higher wall shears stress and filtration rate compared with 90°.
Consequently, the frequent change of the flow direction causes a pressure drop due to the energy dissipation of
turbulent flow.
Although it is well known that the presence of baffles inside membrane tube improves the filtration flux.
However, it remains a number of difficulties related to the cost production such as the pressure loss along the
membrane tube. In this work, a numerical study is carried out to test the impact of the attack angles of baffles
on the filtration execution in a membrane tube, using the ANSYS Fluent software.

2. MATHEMATICAL AND NUMERICAL SOLUTION
2.1 Problem geometry
The studied system in this work, illustrated in Fig.1, is a bi-dimensional horizontal membrane tube fitted
with a series of inclined baffles (90°, 80°, 70° and 60°) placed on the upper and lower wall. The dimensions
are known: the baffles thickness equal to 1mm, the tube length equal to 200 mm, the baffle interval equal to
22.5 mm, the distance between inlet tube and the first baffle equal to 22 mm and 15 mm of inner diameter
tube.

FIGURE 1. Baffle configurations.
2.2 Governing equations
The numerical model of Newtonian, incompressible and isothermal fluid, with constant physical properties in
the bi-dimensional tube is governed by the continuity and Reynolds averaged Navier–Stokes equations.
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The Reynolds-averaged approach to turbulence modeling requires the modeling of the Reynolds
′ u′ in Eq. (2). The Boussinesq hypothesis relates the Reynolds stresses to the mean velocity
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In the present study, all the governing equations are discretized by a second-order upwind numerical scheme,
decoupling with the SIMPLE algorithm and solved using a finite volume method. For closure of the equations,
the RNG k-ε model was used. The RNG k-ε turbulence model is derived from the instantaneous Navier-Stokes
equations, using a mathematical technique called “renormalization group” (RNG) methods.
The turbulent kinetic energy k and turbulent dissipation rate ε are determined by the following equations.
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Pk is the production term of turbulent kinetic energy due to mean velocity gradient, defined as Pk  μ t S2 ,
where S is the modulus of mean rate of strain tensor, defined as S  2 SijSij 1 2

The values of The RNG k-ε turbulence model constants are: C1ε  1.42 , C 2 ε  1.68 , η  Sk/ε η 0  4.38 ,
β  0.012.

2.3. Numerical solution
The turbulent flow in the baffled membrane tubes was simulated in this section. For all cases of these
investigations, the inlet average velocity is equal to 0.5 m/s and 50 kPa for outlet pressure. In industrial
membrane processes, the rate is habitually less than 0.5% of the total cross flow velocity in the feed tubes, so
the wall suction does not influence the fluid flow structure.
The different computational domains are resolved by triangular meshes. The grid independent solution is
obtained by comparing the solution for different grid levels. It is found that the adequate meshes about to
124830, utilized for numerical computation.
ANSYS Fluent is the computer code used to simulate the turbulent flow in a baffled membrane tubes in the
computational domain. For pressure-velocity coupling and the SIMPLE algorithm is utilized. For the solution
algorithm, the second order upwind scheme is selected to discretize the convective terms in governing
equations. Default under-relaxation factors of the solver are employed. The criterion of convergence is that the
normalized residuals which are fixed at 10−4 for the flow equations.
3. RESULTS AND DISCUSSION
A numerical study affected in this section for the prediction of the turbulent flow in the baffled membrane
tubes, using the ANSYS Fluent software. In the present work, the boundary conditions used are identical for all
cases of these simulations, with an inlet velocity of 0.5 m/s and outlet pressure of 50 KPa. Wall velocity, wall

shear stress, turbulence characteristics and static pressure are the presented parameters for the membrane tubes
performances.
3.1. Velocity Contours
It is known that the circulation of fluid inside channels creates a hydrodynamic boundary layer near of wall
channels, where the wall velocity is very feeble. In the filtration domain, the filling of the surface membrane
tube is caused by the formation of hydrodynamic boundary layer. However, the feeble velocity causes the
precipitation of particles on the membrane surface. Therefore, the undesirable consequence of the filling
problem is the decline in the filtration flux. Decades, the presence of baffles inside of channels can increase the
membrane tube performances. In this work four cases of inclined baffles series towards in the opposite
direction of the flow were used: 60°, 70°, 80°, and the simple baffle (90°) for the comparison and validation
with extract data in literature. Fig. 2 presents the velocity contours of flow for all cases, where the inlet velocity
is 0.5 m/s. This figure shows that the change of flow direction and formation of periodical structure is due to
the presence of baffles series inside tube. But, the observable phenomenon is the formation of vortex zones
before all baffles except the first one, and the zone of stagnated flow behind of all baffles. In effect, the
presence of baffles interrupts the appearance of the hydrodynamic boundary layer and intense the fluctuation of
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stagnate on the surface of membrane. Consequently, the
intensification of velocity fluctuation on the surface of membrane decreases the filling of pores and enhances
the tube membrane performances. For this reason, several researches used baffled membrane tubes to intensify
the fluctuations of velocity which can increase the local mass transfer on the surface of membrane [9, 11,12].
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FIGURE 2. Velocity magnitude contours along the membrane tubes.
3.2. Wall velocity
Figure 3 presents the distribution of the velocity near the wall baffled channels with 0.1 mm, where the
admission velocity is 0.5 m/s. This figure illustrates very clearly, a periodic flow form in the presence of
baffles on the walls of channels. We can see in channel admission, the velocity of fluid abruptly decreases next
to the first baffle. Except this baffle, velocity reaches their maximum value in the medium, between two
successive baffles, due to the acceleration of the flow in these zones. Thus, we can notice the formation of
three flows: a larger zone between two successive baffles, the wall velocity is attained the highest values due to
acceleration of the flow. Another zone sited before baffles, where the formation of small vortex due to the

blocking of the flow. A third one down stream baffle where the stagnation of the fluid increases the suspension
of particles in this zone. Precisely, a maximum value of the wall velocity observes in the baffle case with 80°,
these values diminished for 90°, 70° and 60°, respectively. We noticed that the highest value of velocity
observed behind baffles in the case of 60° is caused by roughened blocking of fluid in small zone.
Consequently, the highest velocity on the channel wall decreases the deposit of flow particles on membrane
surface; which improve the output of membrane tube. Therefore, the intensification of velocity fluctuation can
increase the local mass transfer on the membrane surface [9, 11,12].
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FIGURE 3. Wall velocity distribution along the membrane length
3.3. Static pressure
In the section of the tubes symmetry, Fig.6 presents the distribution of static pressure along the four baffled
tubes, between the admission (x = 0 m) and the outlet (x = 0.2 m). The sudden diminution of static pressure
around baffles is due to the formation of recirculation zones behind baffles. For inlet velocity of 0.5 m/s and
outlet pressure of 50 KPa, figure 6 represents the distribution of static pressure for four studied cases in this
work: 60°, 70°, 80° and 90° where the drop of pressure along the channels is approximately 51-50, 51.19-50,
51.30-50 and 51.39-50 KPa, respectively.The diminution of the static pressure along the channel in 0.2 KPa at
10° of baffle inclination, thus the attenuation of static pressure leads to reduce in the energy cost of the
membrane installation. The static pressure decrease according to the reduction in the attack angle due probably
to the enlarging of flow passage section, especially in the zone between symmetrical baffles pair, in addition,
the decrease of static pressure is caused by the reduction of formation of the recirculation zones behind baffles.
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FIGURE 4. Static pressure distributions along the membrane length

3.4. Results validation
The comparison between the results of present ANSYS Fluent simulation and its drawn from literature are
shown in Fig.8. However, the cross-flow micro filtration (1 µm for average pore size) suspensions of calcium
carbonate (7.96μm for mean particle size) were performed with inlet velocity of 0.5 m/s and transmembrane
pressure of 50 KPa. The dimensions of the membrane tube and different geometrical parameters of the baffles
are shown in the section 2.1. Fig. 8 illustrates the effect of the baffle location on the membrane surface, where
the 80° baffle case presents a better filtration performance of 6% compared with simple baffle. The cases of
70° and 60° present a bad choice for the phenomenon of filtration in membrane tube, where the filtration rate is
low by 8% and 11 %, again in the comparison with simple baffle, respectively. The 80° baffle is the best
advised case to design the membrane tube.
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FIGURE 5.Flux enhancement by baffles.

4. CONCLUSIONS
A numerical investigation carried out to evaluate the qualitative and quantitative performances of turbulent
flow in baffled membrane tube.The calculations are based on the ANSYS Fluent computer code. The
velocity, shear stress of the wall, turbulence characteristics and the static pressure are the physical parameters
used to predict numerically the execution of the filtration in membrane tube. The results showed that the
presence of baffles series on the membrane wall causesintense velocity fluctuations due to the shear stress on
the wall. Hence, the shearing force is the parameterused to estimate the filtration flux and the deposit of the
fluid particles on the membrane surface.
The 80° baffle case produces a higher shear stress of the wall, which can explain that this case presents more
filtration flux rate compared with simple baffle (90°). Generally, the presence of baffles row on the wall of
membrane caused frequent changes of the flow direction and the formation of the recirculation zones behind
baffles, which increased the pressure drop and the energy costs due to the energy dissipation of the turbulent
flow. In other hand, the baffle of 80° which presents the best choice for the phenomenon of filtration produces
a weaker static pressure than the simple baffle. Therefore, it is easy to increase the filtration flux in membrane
tube. But, the principal challenge is the minimization of the pressure loss during local mass transfer in
membrane installations. Also the absence of the optimization parameter judges the rivalry between the
filtration flux and pressure loss.
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