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Abstract:
Unsteady turbulent forced convection heat transfer in a rectangular section pipe with porous baffles of
different geometries studied numerically. A comparison was made between different geometries to
extract uniform heat transfer coefficients of heat uniformly in a rectangular channel provided with
porous baffles of different geometries. The baffles were alternately mounted on the top and bottom walls.
The heat transfer coefficients and pressure losses for a fully developed unsteady turbulent flow and heat
transfer were maintained for different porosity types (10, 20 and 40) pores per inch (PPI) with a constant
thickness and the ratio of hydraulic diameters (D h = 0.0762). Reynolds number (Re) varied from 10,000
to 50,000. A comparison was made between the baffles of different shapes of the porous baffle with
different heights obtained (h / h = 1/3 and 2/3). The maximum uncertainties associated with Nusselt
numbers, coefficients of friction were compared with different geometry is chosen respectively. The
procedure was validated by comparing the data for a baffle-free channel with those in the literature.
The use of porous baffles of different geometries results in a slight improvement in heat transfer and the
pressure drop at the outlet of the channel provided with the porous baffles. However, the improvement
of heat transfer per unit increase the number of pores is optimized the parameters used for this work
was studied.
Keywords: Porous medium, horizontal channel, Thermal and material transfer, Darcy-ForchheimerBrinkman model, Forced convection, finished volumes, Porous baffle.
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Introduction

Of a very great diversity, initially natural or artificial, as well structural (form of the grains and
the pores) as physicochemical (nature of the constitutive materials), the porous media can be in
many fields, as well in the sector industrial (civil engineering, geothermal ...) than in the medical
sector (example of biological membranes). The set of phenomena involved in these areas
depends on the properties of these porous media. We propose, along with this article, to bring
the proposed works in porous media. Turbulent flow and heat transfer. (Patankar, 1979)Al
Arabi analyzed tubes with longitudinal internal fins (Al-Arabi, 1982)studied the conditions of
entry on heat transfer by forced convection in a tube equipped with fins. (Oguz Turgut, 2015)in
this study, steady-state 3-D turbulent forced convection flow and heat transfer characteristics
in a circular pipe with baffles attached inside pipe have been numerically investigated under
constant wall heat flux boundary condition. (M.E.Nimvari, 2012) in this study, turbulent flow,
and heat transfer through a partially porous channel are studied numerically. The porous sub-

layers at the border, in a pipe of different values of the thickness of the porous layer as well as
the number of Darcy (Yue-TzuYang, 2009) Numerical simulations were performed to study the
improvement of turbulent heat transfer in a pipe filled with porous media. In this numerical
simulation studied the turbulent k-e models are used to calculate the fluid flow and heat transfer
characteristics in a pipe filled with porous media. (Nicolau B. Santos, 2006) Numerical
simulations are presented for laminar flow in a pipe with a solid and porous baffle. The
continuity of mass, momentum, and energy equations are written for a representative
elementary volume, giving a set of equations valid for the entire computational domain. Others
by comparing the efficiency of porous material with low porosity. (Abdelkader Korichia, 2007)
a numerical simulation is conducted in a rectangular pipe with heated baffles alternately
mounted on the upper and lower walls. Time-dependent two-dimensional laminar flow with
constant thermo-physical properties. A detailed analysis is carried out to study the flow pattern
and the Nusselt number, stable flow, and unsteady flow. (Lai, 1997) Numerically studied the
suppression of turbulence in a pipe. (Nieckele, 2000)performed an experiment to determine the
average friction factor and the heat transfer coefficient for turbulent flow in a double pipe heat
exchanger. (Tijing, 2006) studied the effect of straight and twisted internal fins on improving
heat transfer. (Raj, 2012) Numerically studied the effect of baffle tilt angle on flux and heat
transfer (F. Fakiri K. R., 2017), (F. Fakiri K. R., 2018) A numerical simulation in a pipe with
porous corrugated baffles in an unsteady medium of convection forced turbulence. In the
literature reveals the lack of information on the unsteady turbulent heat transfer of forced
convection in unsteady state and the pressure drop for rectangular section pipes with geometry
difference of the porous baffle. In this study, the characteristics of unsteady three-dimensional
turbulent flow and heat transfer in a rectangular pipe with differences in geometry of the porous
baffle are numerically studied using Fluent 12.0.1 commercial software under heat flow
conditions. On the walls of the pipe. The standard k-ε turbulence model is used to simulate
flow. The aim of this paper is numerically quantify forced convection heat transfer for different
flow velocities and to analyze the geometric and physical effects of baffles of different
geometries on heat transfer. A review of the literature reveals the lack of information on 3D
continuous forced convection turbulent heat transfer and the loss of charge for rectangular
channels with porous baffles of different geometries. In this study, the characteristics of
equilibrium 3D turbulent flow and heat transfer in a rectangular behavior with porous baffles
are studied numerically using Ansys Fluent 12.3.26 commercial software. Under constant wall
heat flow, limit condition. The turbulence model k-ε is used to simulate the flow. The effects
of Reynolds number, porous baffles of different geometry on fluid flow, and heat transfer are

examined. The results of this study should provide numerical data for 3D turbulent convection
heat transfer in complex geometries
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Study the different geometries of porous baffles.
We propose a three-dimensional numerical simulation of an unsteady turbulent flow of

forced convection in a horizontal rectangular pipe with porous baffles of different solid and /
or porous geometries. Solving the problem by the finite volume method; it is based on the
augmented Lagrangian method. We present a historical and comprehensive review of the work
done on this topic in (F. Fakiri K. R., 2018). We report in detail the results will be based on a
seminar work experiment. The objective of this work is to study the extent to which numerical
simulations agree with the experimental results of different geometries to improve the thermal
efficiency at the exit.

Fig.1. A mesh portion of the rectangular pipe with porous baffles of different shapes

The numerical study, of a three-dimensional compressible unsteady turbulent flow of air
passing through a pipe of rectangular section provided with transverse porous baffles by the
different shape of the porous baffles (rectangular, inclined, wavy, arched) with the variation of
the height of the proposed porous baffle. The governing equations, based on the standard k-ε
model used to model turbulence, are solved by the finite volume method using the SIMPLE
algorithm. We present the various very important parameters such as the axial velocity profiles,
as well as the distribution of the average Nusselt number and the thermal efficiency in a
rectangular pipe, were obtained for all the geometries considered and for different selected
sections, namely, in upstream, downstream and between the two baffles of different shape
placed on the planes of the copper used. All the results of the weakly nonlinear stability are
reproduced by the 3D simulation and that they can be treated only by the numerical simulation
3D.
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Problem statement

Let us consider a turbulent, unstable and compressible flow inside a rectangular channel of
porous baffles of differential geometry, of a thickness of 0.00635m. Also, the length of the
canal is 2.59 m. porous baffles (Al 601) is placed on the plates with thickness 0.00635. The
fluid (air) enters the domain with a variable flow distribution and constant temperature T0.
Constant heat flow is used at the plate and it is uniform along the channel. Calculation domain
and coordinate system for heating are shown in Fig. 2. The Cartesian coordinate system is
placed at the axis and only the lower half of the channel is considered for numerical calculations.
In this article, the following assumptions are made:
- The porous layer is homogeneous, isotropic and saturated with a monophasic fluid (KangHoonKo, 2003)
- The fully developed flow is desired.
- The temperature of the fluid phase is equal to that of the solid phase (local thermal
equilibrium).

Fig.2. Geometry of the proposed problem
This assumption breaks down during the rapid cooling, the problems of important
temperature variation through the porous media. On the other hand, this hypothesis is valid for
the solar heater with a slow warming. Constant heat flow is imposed on the plate and is uniform
along the heater. A diffusion process models the heat transfer inside the porous baffle. The

analysis is performed for the variable Darcy number and the thermal conductivity ratio and the
Prandtl number were set respectively. Note that the ratio of the thermal conductivity is fixed,
which means that the solid phase (AL 601) is a better heat conductor than the fluid (air). Heat
loss is minimized by using the thermal insulation on the outside of the walls and the appropriate
distance or evacuation. Thus, the heat flow was used on the heating.
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Hydrodynamic appearance
The unsteady turbulent forced convection air flow in a rectangular section pipe

provided with porous baffles of different geometries. It is characterized by the presence
of instabilities whose knowledge and control of their dynamics are very important.
5

Speed field for different geometry
The impact of the porous baffles of different geometries on the structure, a turbulent

flow near the walls is presented in the following figure respectively for axial velocity
and current lines, for the four forms treated (A) porous baffles transverse, (B) inclined
porous baffles, (C) arcuate porous baffles and corrugated porous baffles. In all cases, it
is the importance of the geometry of the porous baffles was studied for h / Dh = 1/3.

It is noted that the most important phenomenon due to the presence of baffles as an
obstacle to the front of the direction of flow is the appearance of the recirculation zones
behind the arcuate and wavy porous baffles; they reorient the flow of air. The latter is
characterized by relatively high speeds, in particular in the passage zones situated
generated between the end of each porous baffle and the plates of each wall of the pipe,
the flow velocity takes the maximum value at the level of the passage space above the
transverse porous baffle and inclined to the outlet of the pipe with porous baffles. It is
noted that the increase of the velocity in the space between the summation of the chicane
and the walls of the channel, this increase is generated first of all by the presence of the
porous baffles which are placed periodically, also by the presence recycling that results
in a change of direction of flow. The highest values of the velocity appear near the top
of the channel with an acceleration process that starts just after the second porous baffle,
thus approaching values of the order of 217.7811% of the input velocity (Uin = 3.833m
/s).

Fig.3 The velocity vectors of the pipe provided with porous baffles of different geometry. A),
B), C) and D) respectively transverse, inclined, arcuate, corrugated (Re 2 ×10 4 PPI 40 h / (Dh
= 1/3)).
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Axial velocity profiles in selected sections of a pipe.
The variation in speed for the four cases is clearly apparent on the contours and on

their scales which have positive and negative values. To study this evolution of axial
velocity in a rectangular section pipe with different geometries of the treated porous
baffle (A) transverse baffle (B) inclined, (C) arcuate, (D) corrugated, axial velocity
curves have been plotted for selected positions: x = 1.2192m, x = 1.3716m. The results
show the axial velocity profiles downstream of the first and the second porous baffle for
the two selected sections x = 1.2192 m and x = 1.3716 m, is shown in Fig.3.
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Fig.4 Comparison of the axial velocity profiles for the different transverse, inclined,
corrugated, arcuate geometries Re = 2 × 10 4PPI = 40, h / Dh = 1/3 respectively.

The presence of the porous baffle which is in the lower half of the pipe of rectangular
section induces a strong decrease of the speed, paradoxically in the upper half for all the realized
geometries, where one observes an increase of the speed and especially at the near the passage
under the porous baffle arched by bringing the other forms. In the upper part of the channel, the
negative velocities indicate the presence of a small recirculation zone downstream of the first
porous baffle, but the decreased area para pores the two undulating and arcuate geometries. The
results also show that the use of one of the four geometries of the porous baffle, does not affect

much the dynamic behavior of air downstream of porous baffle because of the height is short
(h / Dh = 1 / 3).
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Influence the number of local Nusselt on upper and lower walls of the canal.
The variation of the number of Nusselt along the upper and lower plate as a function of the

length of the rectangular section channel provided with porous baffles of different geometries
is shown in Figures.5. Comparing the distribution of the local Nusselt number calculated along
the upper plate, a pipe provided with baffles of different geometries, the figures show that the
number of local Nusselt along the canal with a slight increase in the number of the Nusselt para
port porous arcuate baffle (about 7%). The profile of the Nusselt number along the canal wall
takes the same look for the four geometries, which means that the profile is almost independent
of the geometry of the porous baffle, Figures.5. The heat transfer ratios are more intense in
changing the shape of the baffle, the contribution of the porous arcuate baffle is the most
effective compared to the other transverse, inclined and corrugated geometries with a rate of
improvement ranging from 6% to 8% respectively.
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Fig.5. Number of Nusselt for different geometry with h / Dh = 1/3.
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Evolution of the local Nusselt number according to the Reynolds number
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Fig.6. Evolution of the Nusselt number versus Reynolds number in a pipe with arcuate porous
baffles.

Figure.6. Shows the evolution of the Nusselt number in a pipe with porous arcuate
baffles in areas where there is a strong acceleration of flow near the porous arcuate baffle, the
velocities in these zones reach maximum values because of the shape of the porous baffle, allow
to obtain maximum values of the number of Nusselt. It is also noted that the increase in flow
rates with a direct effect on the convective heat transfer rate and the Nusselt number can reach
a maximum value of 252.12 for a Reynolds number of 5 × 104. We can say that the Reynolds
number is proportional to the Nusselt number.
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Effect of arcuate porous baffle height.

Fig.7. Axial velocity vectors for different heights of porous baffle attached to the
upper and lower surface of the plate
Figures.7-8. Show the effect of height on the local Nusselt number along with the
rectangular section channel provided with arched porous baffles, the Nusselt variation is
promotional at the arched porous baffle height. It is also noted that the pipe provided with
porous baffles with a height of h / Dh = 2/3 is more efficient than in the case: h / Dh = 1/3
successive, Table.1. It can be seen that the height of the arcuate porous baffles contributes
actively to the heat exchange between the fluid and the channel plates, and each time that the
height of the porous baffle is increased, the Nusselt number takes on more values. High and
reaches the maximum in the case where the heights of the baffles are the same.
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Fig.8. Effect of the baffle height attached to the lower surface of the wall on the
Nusselt number.
The results of the Tables show the numbers of Nusselts obtained, with a relative
difference: ΔNu average of h / Dh = 1/3 = 6.23% and ΔNu average of h / Dh = 2/3 = 8.31%,
this difference is due at the different heights of porous baffle and different geometries of the
porous baffle, the widening of the fluid passage hydraulic section in the first case. For the
second case, the enlargement of this band is generated by the end of the baffle and the surface
of the wall.
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2/3
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1/3
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2/3
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Table.1. Average value of different for different number of mean Nussels relative to
the height of the porous baffle for Re = 2 × 104 20PPI.

10 Influence of local temperature on canal walls.

Fig.9. The effect of temperature for different heights of arcuate porous baffle attached to the
upper and lower surface of the plate.
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Fig.11. Effect of geometry on overall mean Nusselt number and coefficient of friction
for h / Dh = 1/3.
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Fig.12. Effect of geometry on overall mean Nusselt number and coefficient of friction
for h / Dh = 2/3.
The variation of the average Nusselt number ̅̅̅̅̅̅
𝑁𝑢+ and the coefficient of friction f as a
function of the Reynolds number which is represented in Figures.11. and 12. for different
geometries and the factor of the height porous baffle h / Dh = 1/3 and 2/3 the figures show that
the mean Nusselt number ̅̅̅̅̅̅
𝑁𝑢+ increases with decreasing pore number (PPI) and increasing with
height the porous baffle of different geometries. It is concluded that the elevation of the mean
Nusselt number values ̅̅̅̅̅̅
𝑁𝑢+ is strictly related to the variation of the porous baffle geometry of
the same conclusion for the disturbance coefficient of friction and the height of the chicane.
The porous baffle effect for different geometries is only dominant in other cases, Table
V.2.


Case A: Porous baffle with transverse part.



Case B: Baffle with inclined part θ = 15 °.



Case C: Corrugated baffle.



Case D: Arched baffle.

case

A

B

C

D

Δ (%)

14.4

14.6

15.5

15.9

Table V.2. Deviation of ̅̅̅̅̅̅
𝑁𝑢+ for different geometry of porous baffles.

11 Thermal efficiency
The efficiency of the exchanger is defined by:
𝑒𝑓𝑓 =

Quantity of heat actually exchanged
Maximum quantity that can be exchanged(ideal exchanger)
1

̅̅̅̅̅̅
𝑁𝑢𝑝𝑖 𝑓𝑠𝑐 3
𝜂=(
)( )
̅̅̅̅̅̅
𝑓𝑝𝑖
𝑁𝑢
𝑠𝑐
Efficiency is shown in Figure.13., this factor increases with increasing the number of
the pore (PPI) and the height of the porous baffle and decreases with the Reynold number result
shows that geometry plays a very important role on the thermal efficiency and the heat exchange
surface.
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Fig.13. Effect of geometry on thermal efficiency η h / Dh = 1/3 and 2/3

12 Conclusion
The numerical results, obtained by a fluent commercial software 6.2.2, are valid and
presented to analyze the thermal effect of a proposed geometric heat exchanger on the operation
of the heat exchangers for an unsteady turbulent flow of the fluid in forced convection in a pipe
of rectangular section provided with porous baffles having an inclined portion and other parts
of different geometries. The presence of porous baffles leads to the generation of the
recirculation zones responsible for the axial velocity profile variation characterized by negative
and positive values expressed by a change of direction of the flow as well as the recirculation
zones influence the instability heat exchange along the channel provided with porous baffles.
The sense of orientation acts strictly on the rate of performance of heat exchange in a pipe with
porous baffles of different geometries. The corrugated and arched baffles are more favored from
the point of view of heat transfer. Air can be applied in a flat sensor.
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