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ABSTRACT
A computational fluid dynamic analysis of a turbulent flow of hydrogen (H2) in a two-dimensional rectangular
channel fitted with attached and detached baffles is carried out in the present research work. The calculations are
conducted with a CFD technique based on the finite volume approach for solving the Reynolds averaged NavierStokes (RANS) equations. The QUICK scheme is selected to discretize the convective terms in governing
equations. The SIMPLE algorithm is used for the pressure-velocity coupling. The k-ε model is applied to describe
the turbulence phenomenon. The Reynolds number is ranged from 5,000 to 15,000. The numerical results are
presented in the conventional form; contours of turbulence kinetic energy and turbulent viscosity.
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1. INTRODUCTION
Significant amount of numerical and experimental studies related to the use of baffles and fins in thermal
engineering applications can be found in various references. Tandiroglu [1] experimentally studied the effect of
the flow geometry parameters on transient forced convection heat transfer for turbulent flow in a circular tube
with baffle inserts. Eiamsa-ard and Promvonge [2] numerically studied the turbulent forced convection in a two-

dimensional channel with periodic transverse grooves on the lower channel wall. Wong et al. [3] numerically
and experimentally studied the forced convection and flow friction of a turbulent airflow in a horizontal aircooled rectangular duct, with square-sectioned cross-ribs mounted on its bottom surface. Nuntadusit et al. [4]
presented detailed local heat transfer measurements and numerical simulation for better understandings on heat
transfer characteristics of surface equipped with ribs having different geometries (different locations of hole and
perforation inclination angles). Dutta and Hossain [5] reported experimental heat transfer results with two
inclined baffles where the first baffle was mounted on the heated top surface and the second baffle was either
fixed to the insulated bottom surface or to the heated top surface. Sahel et al. [6] carried out a numerical study to
investigate the turbulent flows and heat transfer characteristics in a rectangular channel fitted with two baffles
placed on the upper and lower walls. Menasria et al. [7] obtained the thermohydraulic characteristics of the fully
developed turbulent flow, in a rectangular duct provided with continuous rectangular baffles having an inclined
upper part, planted on the bottom wall, and heated by constant heat flux equal to 1Kw/m² applied on the absorber
plate, for 2-D simulations by means of FLUENT code. Mellal et al. [8] numerically analyzed the thermal and
dynamic characteristics in the shell side of a shell and tube heat exchanger fitted with segmental baffles and
different arrangements. Mokhtari et al. [9] numerically characterized and studied the mixed convection of a threedimensional square duct with various arrangements of fins in both laminar and turbulent flow. Guerroudj and
Kahalerras [10] illustrated the interest of porous blocks shape, mounted on a partially heated lower plate, in view
of heat transfer enhancement when the buoyant and forced flow effects were simultaneously present. Targui and
Kahalerras [11] studied the interest of simultaneous use of porous baffles and pulsating flow in double pipe heat
exchangers in view of improving their performances. Kahalerras and Targui [12] numerically studied the heat
transfer enhancement in a double pipe heat exchanger by using porous fins attached at the external wall of the
inner cylinder. Dong et al. [13] conducted investigations of thermo-hydraulic performance on five trisection
helical baffle heat exchangers with different inclination angles, baffle shapes, or connection patterns, and one
segmental baffle heat exchanger. Fawaz et al. [14] carried out a numerical simulation to examine a periodic fully
developed turbulent flow and thermal characteristics. Nanan et al. [15] investigated the turbulent forced
convective in a tube inserted with turbulators (typical straight baffles, straight cross-baffles, straight alternatebaffles, twisted baffles, alternate twisted-baffles, and twisted cross-baffles). Other contributions can be found in
[16,45].
In the current paper, a simulation of the turbulent flow of hydrogen (H2) in a rectangular channel fitted with
detached and attached deflectors is performed in order to characterize the kinetic energy and viscosity fields of
turbulence.
2. PROBLEM DEFINITION
The physical domain of interest is a two-dimensional horizontal rectangular cross section channel with three
detached and attached baffle plates as shown in Figure 1.

FIGURE 1. Physical domain under simulation. Dh = 0.113m
Several assumptions are considered in this simulation:





Forced-convection flow is two-dimensional.
H2 fluid is Newtonian with constant properties.
Flow is turbulent and steady.
Constant solid (Al) properties, and



Neglected radiation heat transfer.

This physical model is also simulated according to the following boundary conditions:






The H2 as heat transfer fluid at 300 K flows into the channel.
Inlet uniform one-dimensional velocity field (u = Uin) [17,19] and atmospheric pressure (P = Patm) at
the exit [17].
The upper wall of the channel is kept at a constant temperature Tw = 375 K, while it is made sure to
maintain the adiabatic condition of the lower surface of the channel.
The baffle walls are considered as adiabatic.
Impermeable boundary and no-slip wall conditions are applied for the channel and obstacle walls.
3. GOVERNING EQUATIONS AND CFD TECHNIQUE

The equations of continuity, momentum and energy are described respectively as follows [6]:


Continuity equation:
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Momentum equation:
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Where the second-order tensor of Reynolds stresses is introduced in momentumequation in terms of the
Boussinesq hypothesis.
The eddy viscosity (μt) defined as
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Where Γ and Γt are molecular thermal diffusivity and turbulent tharmal diffusivity, repectively and are given
by
   Pr and
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where ρ is the fluid density, P the pressure, μ dynamic viscosity, ui and uj are average velocity components in x
and y directions, respectively.
The standard k-epsilon (ε) model, based on Launder and Spalding [46], is defined by two transport equations,
one for the turbulent kinetic energy, k and the other for the dissipation rate ε, as given below
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In Eqs (6) and (7), Gk represents the production rate of the kinetic energy due to the energy transfer from the
mean flow to turbulence. The empirical constants for the standard k-ε model are assigned the following values
[46]:

Cμ = 0.99; C1ε = 1.44; C2ε = 1.92; σk = 1.0; σε = 1.3

(8)

The Reynolds number is defined as
Re 

DhU in


(9)

where Uin is the inlet speed, and Dh is the hydraulical diameter of the channel. The Finite Volume Method (FVM)
[47], SIMPLE discretization algorithm [47], QUICK scheme [48], and k-epsilon (ε) turbulence model [46], by
means of Commercial CFD software FLUENT are applied in this simulation.
The numerical model was validated successfully (for the same fluid (air) flow and geometry conditions, as
presented in more detail in Demartini et al. [17]: air fluid, rectangular channel, Dh = 0.167 m, two baffle plates
were placed in opposite walls, Uin = 7.8 m/s, and Re = 8.73 × 104), see [31].
4. RESULTS AND DISCUSSION
Through Figure 2, it is evident that there are high turbulent kinetic energy values on the upper front
edges of the attached baffles, on the left side of the detached baffle as well as on its upper and lower
edges. In addition, turbulent kinetic energy values are high at the channel outlet. However, turbulent
kinetic energy decreases on the rest of the channel areas, in front and behind the attached baffles and
on the back of the detached baffle as well as next to the top and bottom edges of the channel outlet.

FIGURE 2. Field of k energy (m2/s2) for Re = 5,000
From Figure 3, it turns out that the turbulent kinetic energy of the H2 current is influenced by the change in the
value of the Reynolds number. The turbulent kinetic energy gets better as the number of Reynolds improves. The
turbulent kinetic energy values are very important for 15,000 compared to 5,000 and 10,000.
In Figure 4, turbulent viscosity values are very high compared to turbulent kinetic energy values. The turbulent
viscosity values are high across the three gaps and on the front ends of the detached and attached baffles. The
turbulent viscosity values also rise behind the detached baffle to the channel exit. Conversely, turbulent viscosity
values are very low near the solid boundaries of the channel and the baffles.
The turbulent viscosity is directly proportional to the values of the Reynolds number as it reaches its maximum
values in the channel outlet area, as reported in Figure 5.
5. CONCLUSION
The most important conclusions that can be drawn from this study are as follows:


There are high turbulent kinetic energy values on the upper front edges of the attached baffles, on the
left side of the detached baffle and on its upper and lower edges as well as at the channel outlet.

(a) Re = 5,000

(b) Re = 10,000

(c) Re = 15,000

FIGURE 3. Variation of kinetic energy of turbulence with Reynolds number

FIGURE 4. Field of turbulent viscosity (kg/m-s) for Re = 5,000


The turbulent kinetic energy decreases on the rest of the channel areas, in front and behind the attached
baffles and on the back of the detached baffle as well as next to the top and bottom edges of the channel
outlet.



The turbulent kinetic energy gets better as the number of Reynolds improves.



The turbulent viscosity values are very high compared to turbulent kinetic energy values.



The turbulent viscosity values are high across the three gaps and on the front ends of the obstacles as
well as behind the detached baffle to the channel exit.

(a) Re = 5,000

(b) Re = 10,000

(c) Re = 15,000

FIGURE 5. Variation of turbulent viscosity with Reynolds number


The turbulent viscosity values are very low near the solid boundaries of the channel and the baffles.



The turbulent viscosity is directly proportional to the values of the Reynolds number as it reaches its
maximum values in the channel outlet region.
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