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Abstract

This paper performed a three-dimensional numerical analysis of the flow structure and heat transfer enhancement of turbulent
airflow through a rectangular channel (without baffles, with baffles). Two partially inclined baffles with different orientations
are mounted on the bottom and top walls of the channel. The location of the baffles in the direction of flow through the chan-
nel of a heat exchanger is of great importance. It depends mainly on the geometrical parameters and the orientation of the
baffles. Hence, our study focused on analyzing the effects of the baffles on the thermal-hydraulic behavior in the exchanger
by choosing a flat baffle and four configurations of different orientations. Numerical results are presented in terms of axial
velocity U, isotherms (T), turbulent kinetic energy (k), amount of heat dissipated by the channel surfaces (Q), average Nus-
selt number (Nu), friction factor (f), and thermal performance factor (r)). The results show that the insertion of the partially
inclined baffles into the channel causes the generation of vortices in the upstream and downstream areas of the baffle location
point. Thus the mixing phenomenon occurs, which induces an increase in the heat transfer rate and generates a pressure drop
simultaneously. Furthermore, the analysis of the results shows that compared to the smooth case (without baffles), the thermal
performance factor (1) is significantly higher in the four configurations with baffles. Thus, for the different cases studied: (2);
(3); (4); (5) and (6), the factor (n) is equal to 2.18; 2.16; 2.19; 2.27; and 2.25, respectively, for a Reynolds number equal to
87,300. The results also indicate that the transmitted relative heat quantities are equal to 116.08, 113.93, 118.2, 121.71, and
109.39%, respectively, for the same cases considered. Therefore, the configuration corresponding to case (5) performs better
in heat transfer than the others. Finally, new correlations for predicting friction factor and Nusselt number as a function of
Reynolds number and configuration are found at the end of this study.

Keywords Heat transfer - Numerical analysis - Turbulent flow - Heat exchangers - SIMPLE algorithm - Computational
Fluid Dynamics
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T8 Turbulent viscosity, [Pa.s]
T Shear stress, [Pa]

¢ Stands for the dependent variables u, v, T, k and ¢
£ Dissipation rate [m/s*
Subscripts

FVM Finite volume method

Int Inlet

Low Lower

Up Upper

b Baffle

S Smooth channel

int Inlet

out Outlet

Introduction

Heat exchangers are systems whose operation is based on the
exchange and the heat/energy transfer between two or more
media imperiled to different temperatures. These exchang-
ers represent an essential element having some primordial
applications in several sectors like the industrial, transporta-
tion, residential sector, and others. Therefore, the enhancing
the performances of these exchangers became a necessity to
a better control and management of this heat energy. This
development should necessary pass through the developing
the heat and present configurations able to provide better
thermal efficiency.

Indeed, to design high-performance heat exchangers,
many researchers have dedicated to study the phenomena,
thermal and hydrodynamic, to improve their performance in
heat transfer. Among the topics studied, the improvement in
thermo-solar systems occupies a large place [1-8].

Generally, to improve the performance of a heat trans-
fer system two different ways are used: (i) increasing the
thermal viscosity of its cooling fluid or (ii) by changing
the flow structure of the heat transfer (cooling) fluid. In
the first mode, the technique substitutes a fluid with a
higher thermal conductivity for the cooling fluid. While
the second consists on the integration of baffles vortex
generators that favor the phenomenon of turbulence. In
this paper, we will focus on the second technique. But
before dealing with the methodology and the innovation
of this paper a literature review will be discussed. In fact,
to improve the rate of exchange and heat transfer by con-
vection, many researchers have used baffles [9-12] or ribs
as inserts to reduce the thickness of the thermal boundary
layer and improve the heat transfer [13—18]. In the same
context, Kelkar et al. [19] presented a numerical study
of forced convective heat transfer in ducts with periodi-
cally varying cross-sectional areas. Similarly, Maakoul
et al. [20] numerically examined the thermal-hydraulic
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performance of STHXs with helical, segmental, and tri-
lobed hole baffles. Lei et al. [21] investigated the effect of
helix angles on overall characteristics and concluded that
45° is the most advantageous. Also, Sahel et al. [22] used
a numerical models to assess the influence of hole location
(PAR) on perforated baffles. According to Sara et al. [23],
using solid ribs with a 90° angle of attack to the axial flow
resulted in heated zones. Recently, several studies have
used the V-shape concept ribs, for instance Chai et al. [24]
looked at the influence of rib form in channels, comparing
rectangular, front triangular, rear triangular, isosceles tri-
angular, and semicircular ribs. Furthermore, Chang et al.
[25] improved a channel heat exchanger's thermal-hydrau-
lic performance by adding oblique baffles and perforated
slots. TPF was raised to 3.4-2 and 3.2-1.6 for Reynolds
numbers 10,000 to 50,000. Based on the TPF values, the
authors recommended oblique slots downstream of border-
ing oblique ribs.

On the other hand, Vashistha et al. [26] examined a cir-
cular tube's fluid flow and thermal behavior with multiple
counter-flow inserts. Gunes et al. [27] discovered excellent
overall enhancement efficiency in turbulent flow in a circular
tube with a free spiral wire inserted with three-pitch ratios
and two distances. Demartini et al. [28] analyzed turbulent
airflow in a rectangular duct with two baffles. The selected
shape is a simple tubular heat exchanger baffle geometry.
This research demonstrates that the pressure and velocity
fields are most variables around the baffles. Feij6 et al. [29]
offered a geometric optimization of a channel heated by vari-
ous chemicals on the top and bottom sides. Also, Bazdidi-
Tehrani et al. [30] simulated laminar fluid flow and heat
transfer in a two-dimensional horizontal channel with in-
line baffles. They found that V-baffles are inefficient due to
Reynolds number and blocking ratio for high blocking ratios.

In the present study, we presented a novel concept of ribs
integration and optimize them to enhance the heat transfer
inside a cannel. These integrations have as objective increas-
ing the turbulent, convective and forced flow of a heat trans-
fer fluid. The concept is proposed by two partially inclined
baffles, with different orientations. Moreover, our objective
is to make a three-dimensional analysis and study the effect
of the orientation of the baffles about the direction of flow
on the thermohydrodynamic phenomenon and to seek the
optimal position corresponding to the maximum rate of heat
transfer with a minimum of pressure loss. The thermo-aer-
odynamic characteristics are listed below:

e Aerodynamic characteristics are streamlines, axial veloc-
ity (U), turbulence kinetic energy distribution (K), and
friction factors (f).

e Thermal characteristics are isotherms, average Nusselt
number (Nu), amount of heat transmitted by the system
(Q), and fluid temperature profiles (T).
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e The thermo-aerodynamic characteristic is the thermal
performance enhancement factor (1).

Finally, a benchmark of the thermal performance of our
proposed model has been conducted with other rib shapes
already published in the literature. The results show that our
proposed ribs configuration can enhance the thermal perfor-
mances by around 48% in comparison to the V-Shape ribs.
Which proofs the performance of the novel proposed config-
uration on enhancing the thermal transfer in heat exchangers.

Physical model

The geometry of the problem studied is illustrated in Figs. 1
and 2. Figure la represents a three-dimensional schematic
diagram of a smooth rectangular section channel model,
which is placed horizontally and traversed by a heat transfer
fluid's turbulent, convective, and forced flow. Figure 1b illus-
trates the experimental and numerical model studied by [28],
a horizontally placed rectangular section channel containing
two straight baffles installed on its lower and upper walls.
To intensify the heat exchange, it is necessary to mod-
ify the flow structure by creating recirculation zones to
ensure good mixing and increase the heat exchange rate
between the heat transfer fluid and the exchange surfaces.

Upper Wall

Adiabatic wal] ‘ .........
Lower Wall

(a) Smooth Channel (Case 1).

Upper Wall

Lower Wall

Adiabatic wal]

(b) Channel with two straight baffles (Case 2).

Fig.1 The schematics of the: a Smooth Channel (without baffles); b
Channel with two straight baffles

The choice of the studied heat exchanger model, presented
in Fig. 2, was made based on experimental and numeri-
cal data from [28]. The new model is characterized by
the insertion of two partially inclined baffles (see Fig. 3),
which can have different orientations and are adiabatic.
The physical properties of the considered heat transfer
fluid (air) have been kept for all the analysis cases and are
illustrated in Table 1. All the required details on the geo-
metrical parameters are provided in Table 2.

In the cases of Fig. 2, which follow, the conduit is in the
presence of differently inclined baffles.

Mathematical formulation of the problem

The present numerical model is designed based on the
following assumptions:

e Three-dimensional steady-state flow.

e The fluid is Newtonian, incompressible and turbulent
flow;

e Fluid properties are assumed to be constant.

e Viscous dissipation and radiation are negligible.

e The Baffles are considered as adiabatic walls;

e The axial velocity and temperature at the entrance of
the channel are uniform,;

e The walls (upper and lower) are maintained at constant
temperature;

Fluid flow and heat transfer procedures must obey the
laws of conservation of mass (1), momentum (2)-(4) and
energy (5).

These governing equations are described as follows
[35]:

e The continuity equation [35]:

d(pu) d(pv)  d(pw) _
0x * ady * 0z

0 ey

e The momentum equation [35]:

o(pu?) | d(puv) . d(puw)  oP a[ 014]
P % Y Tt (i + 1)(52)

@
Jd du d Ju
+ S [(ﬂz + H:)(a—y)] + % [(M[ + ”t)(a_z)]
dpuv) | d(pv?)  dNpwv)  oP | 0 v
ox + dy * 9z _E + ox [(Ml + ”t)(a)] 3)

J dv 2 dv
+ P [(ﬂz + Mr)(a—y)] + e [(llz + llz)(a—z)]
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Fig.2 Schematic of the different configurations studied with different orientations

Fig.3 dimensions of the baffle
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Table 1 Properties of air as a function of temperature [34]

Coefficient aj+a,xT+a;xT>+a,xT? +asx T*

Properties of air p (ke/m’) C, (Jkg.K))

a; 4.5399557047065677 1.0540764984602797E+ 3
a, -2.3244292640615217E-2 -3.5067618164922393E-1
a 5.6404522707476041E-5 5.8416753365658986E-4
a, -6.2803748539876179E-8 3.0329858178609656E-7
as 2.3678170919661321E-11 -5.2479296621138882E-10

u(kg/(m.s))
9.4680032779877928E-5
-1.0222587861878098E-6
4.7054455296163551E-9
-9.1119064881185846E-12
6.5461225665736524E-15

MW/m.K))
1.8028147194179223E-2
-1.6851766935888901E-4
1.3838388187738584E-6
-3.2630462746304979E-9
2.7514584927209003E-12

Table 2 Details of the

dimensions of the physical Parameters Values

problem [28] L(m) 0.554
H(m) 0.146
L,(m) 0.218
Ly(m) 0.142
Ly(m) 0.174
é(m) 0.01
D (degré) 65°
c.sin(g) 0.02
b(m) 0.03
W(m) 0.097

h(m)=2b+ c.sin(¢p) 0.08

d(puw)  9I(pvw) 6(pw2)_ P 0[ av]
pran o + Fran az+ax (ﬂl+/4,)(ax)

4)
d av d v (
+ P [(/41 + Mr)(a—y)] + e [(Mz + H’)(d_z)]
e The energy equation [35]:
dpul)  o(pvT)  dpwT) 9 My OT
x "oy 9z ox [(”’+ o dx)] 5

d He 0T d My 0T
+ d_y [(Ml + G_T)(a_y)] + % [(ﬂl + E)(a_z)]

The k-¢ model [31, 32] was chosen to describe the turbu-
lence phenomenon and the SIMPLE algorithm [33] is used
to overcome the pressure—velocity coupling problem.

For the kinetic energy of turbulence (k) [35]:

Apuk) | Apvk) | Apwk) _ 0. [(m K )(%)}
o, Ox

ox dy 0z X

(6)
2 Hy 0k 0 M Ok
+ 6_y [(Hz + a)(a—y)] + % [(Mz + U_k)(a_z)]
For the dissipation rate of kinetic energy (¢) [35]:
d(pue) | d(pve)  d(pwe) _ 9 Hy |, 0
ax "o TTa T a [(,4, * zxa)]
P )

3 J Hi |, O€
y)] + [(MI + Z)(a_z)]

0 Hy
* 5 [(m + o X o

Table 3 The empirical constants

C19=C3e C2£ C Ok G,
of the model k-¢ [31, 32]

n

1.44 1.92 009 10 13

2
= pc”k €

®)
The empirical constants of the model k-¢ are mentioned
in Table 3 below:

Where p,is the turbulent viscosity and is written as :

Boundary conditions

Solving the system of equations governing the physical
problem requires incorporating boundary conditions for
each dependent variable.

e At the inlet of the channel

U=U0,;V=0WwW=0T=T,, 9)
e At the walls (upper and lower)

U=V ==W= 0;andT =T,; (10)
e At the solid liquid interface

dT drT
1\ s _
*f(s—n% =4 )N’ and T = T.J5 (an

o At the exit

0
—ad) =0¢=UV, W, T ke;andP =P,,, 12)
X

The formula defines the main parameters of the current
investigation:

e The Reynolds number is a dimensionless parameter that
is defined as follows [35]:

o’
’r @ Springer
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Table 4 Convergence criterion for normalized residuals for the flow and energy equations

Convergence Continuity equa-  Energy equation k-equation e-equation Velocity equation- Velocity equation- Velocity equation-z
criterion tion X y
Values 107 107 10 10° 10° 10 10°
pU. D
Re = int™~h ( 13 )

u
e The friction factor (f) [34]:

o

¢ Average Nusselt Number (Nuy,,) [34]:

_ D,

Nuavg 7

as)

e The heat flux dissipated by the hot surface can assumed
equal to that evacuated by convection into the fluid as
[35]:

Q = m Cp(Tout - Tinl) = hA(TW - Tb) (16)

e The thermal enhancement factor (n) is defined by [35]:

wi—

n= (Nu/Nuo) [ (/) an

The average Nusselt number (Nu) and the friction fac-
tor (f) are normalized by the Dittus—Boelter and Blasius
correlation.

For a smooth channel [37, 38].

Dittus—Boelter correlation [37]:

0.4
Nu = 0.023Re%® Pr Forl0* < Re (18)

Blasius correlation [38]:

f=03164Re T For2x 10° < Re < 10° (19)

Numerical procedure

The numerical calculation is implemented by ANSYS Flu-
ent 19.0 [39], and the governing equations are discretized
and solved based on the finite volume method, the SIMPLE
algorithm [34] is selected to handle the coupling between
velocity and pressure. The convective terms of the governing
equations are discretized by adopting the QUICK scheme
[36]. The convergence criterion for the normalized residuals
is shown in Table 4 for the flow and energy equations.

w @ Springer

Fig.4 Mesh of the study area
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Fig.5 Variation of axial velocity as a function of cell number

Mesh independence

In order to determine the grid offering the best accuracy
with a reduced computation time, various grid sensitiv-
ity tests were performed for a Reynolds number equal to
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Re =10 000. Knowing that the value of the mean Nus-
selt number depends on the chosen mesh, then to study
its sensitivity to the number of cells of a mesh (Fig. 4),
the tests were carried out on six different grids, as indi-
cated in Fig. 5. Moreover, it could notice that the values
of the average Nusselt number change with the change of
the mesh. However, beyond grid 944,942, this sensitiv-
ity becomes negligible; between grid 944,942 and grid
1,396,842, the calculated maximum axial velocity differ-
ence is less than 0.0002=0.02%. The 944,942 grid can
therefore be considered the most optimal and chosen to
perform all calculations in our study. The simulations
were performed on a computer with an Intel Xeon Duo
3.4 GHz processor and 64 GB of RAM. The convergence
was obtained after 7000—10,000 iterations.
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© [—=—]our simulation
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Fig.6 Axial velocity at x,=0.525 m, for experimental and numerical
results of Demartini [28] and our results
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Fig.7 Variation of the pressure coefficient along with the channel
height

Numerical validation

Figure 6a-b shows the results of the velocity profiles along
the channel height obtained by our (numerical) simulation
and those obtained by numerical approach by Demartini
et al.[28], at the two particular positions, respectively,
x;=0.159 m and x,=0.525 m.

Figure 7 shows the excellent agreement of our simu-
lated results and those calculated by numerical approach
at position x =0.255 m, presented in the paper [28], for the
variation of the pressure coefficient along with the chan-
nel height.

Verification for the case of a smooth rectangular
channel

The working fluid used is air. The inlet velocity is given
in Reynolds number (Re), ranging from 10,000 to 87,300.
The Nusselt number (Nu) and the friction factor (f) are the
quantities chosen to analyze the characteristics of the airflow
structure in the considered physical space (smooth rectan-
gular channel), of the heat transfer, as well as the losses
in the flow by friction. The calculated values of Nu and f
were compared with those obtained from the Dittus—Boelter
(Eq. (18)) and Blasius (Eq. (19)) correlations under identical
operating considerations. As shown in Fig. 8, the calculated
results agree pretty well in the ranges of 2.5% and 1.15%
for the Nusselt number and Dittus—Boelter correlation, and
for the friction factor and Blasius correlation, respectively.

In conclusion, it can say that the developed numerical
scheme is quite reliable and can be used to predict the tur-
bulent flow in forced convection within the whole studied
domain.

(]
’r @ Springer
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Fig.8 Comparison of simulated numerical and correlation results,
variation of Nusselt number (Nu) and friction factor (f) versus Reyn-
olds (Re) for a smooth channel

Results and discussion

The insertion of solid blocks (baffles) in a heat exchanger
system causes disturbances in the flow and generates vor-
tices that promote mixing of the heat transfer fluid, thus
improving the heat transfer rate. Nevertheless, this increase
in the transfer rate is always accompanied by pressure losses.
So, the work presented in this paper aims in particular at
the search for a configuration allowing an improvement in
the thermohydrodynamic performance of the system with a
minimum of pressure drop, i.e., it is necessary to increase
the thermal improvement factor ().

In order to study the possibility of improving the ther-
mohydrodynamic performance of a heat exchange device,
it is necessary to understand the thermal phenomenon and
the dynamic behavior, which is translated by the nature of
the flow structure and the value of the heat transfer rate.
These two phenomena, thermal and dynamic, are always
coupled and are influenced by the same parameters. For
example, the location of a solid obstacle in the flow direc-
tion effectively affects its structure, and consequently, the
heat exchange coefficient. Indeed, when the heat transfer
fluid passes through the space limited by the top wall and
the top of the baffle, which constitutes the attachment zone,
the speed of the fluid particles is very high. We then observe
the formation of two flow zones@[]. The first one, called the
central zone, corresponds to the previous attachment zone,
where the phenomenon is observed in the case (5) of Fig. 9.
This zone is characterized by the fluctuation of the speed
and intensity of the turbulence, which induces an intensifi-
cation of thermal exchange and results in an increased heat
transfer coefficient. A second zone, called the secondary
recirculation zone, is located behind the deflector, and it is
characterized by the birth of vortices that favor a mixing of

]
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the different fluid flows and thus increase the heat transfer
rates. Therefore, the flow structure in a heat exchange device
and the transfer rate is directly related to the shape of the
baffles inserted in the system duct. The improvement in the
system's thermal performance by the insertion of the baffles
naturally depends on its shape, position, and orientation. In
order to carry out this analysis, different shapes of baffles
are examined in this work. The positioning, inclination, and
inter-baffle space are studied according to the different cases
in Fig. 9 presented below. Cases 3, 4, 5, and 6 in Fig. 9 show
that the inclination of the baffles actively contributes to the
thermal and dynamic efficiency of a heat exchange system.

Figure 10a-d shows the influence of baffle placement and
orientation on the hydrodynamic structure of the flow in
terms of axial velocity profiles (variation of axial velocity
along with the channel height). The curves presented rep-
resent the velocity profiles around the four baffles placed at
the particular positions defined by: x; =0.2 m; x,=0.255 m;
Xx3=0.285 m and x,=0.315 m. The Reynolds number chose
to be equal to Re=287.300. The different curves in Fig. 10
show the modification of the flow structure near the wall
and the generation of vortices induced by the perturbations
caused by the presence of the baffles, especially in the upper
part of the channel. We can thus observe that the size of the
vortices changes with the direction of the baffle's orientation.
We also observe that when the fluid flow approaches a baffle,
its velocity increases in the vicinity of the lower part of the
channel. We note that the curves at the different positions
have almost the same shape but with negative velocity val-
ues more marked in cases 2, 3, 4, and 5. Far from the baffle,
since the fluid is not constrained, the flow is very intense,
and after its passage in the downstream zone, it becomes
less intense.

Figure 11a-d presents the streamlines and the tempera-
ture field in the plane of symmetry (x, y) in z=0 at Re =87
300 for different baffle orientations. One can observe the
different zones where the baffles give rise to vortices along
the channel, which generates a turbulence phenomenon that
intensifies the heat exchange at the wall-fluid interface. On
the other hand, it can be noticed that at the entrance of the
channel, just upstream of the first baffle, there is the forma-
tion of dead zones where the fluid does not contribute to the
flow. The sharp edge, located upstream of the baffle, presents
a point of detachment. The flow is then detached from the
wall of this one, which generates a depression downstream
of this same baffle. The baffles in the direction of the flow
within a heat transfer device make it possible to redirect
the flow either toward the higher wall or toward, the lower
wall. The first baffle directs the flow toward the bottom wall,
while the second baffle directs it toward the top wall; this
allows the fluid to capture all the thermal energy. This results
in the appearance of the main flow and a secondary flow.
The effects of the baffle on the flow structure and the heat
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Fig.9 Contours of the axial velocity [m/s] for Re =87 300

exchange coefficient can be seen on the curves drawn in the
transverse planes. The second baffle facilitates the flow of
the fluid along the main direction of flow, thus decreasing
the transverse component of the velocity and significantly
reducing the length of attachment. This changing flow ori-
entation allows the fluid to follow a very long path, which
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creates a reasonably high vortex force within the flow and a
more significant heat exchange coefficient.

The insertion of solid bodies (baffles) in the flow direc-
tion in a tubular channel induces disorientation of the flow
accompanied by an intense fluctuation of the velocity.
This causes solid local turbulence in the flow. The ovals
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represented in Fig. 12 show the distribution of the kinetic
energy of the turbulence for the six cases studied. We find
that, unlike the case of the tubular channel without baffles,
in the device with baffles, the flow is characterized by a
considerable turbulence kinetic energy, indicating that the
fluid flow in the duct is entirely turbulent overall. Thus, the
thickness of the thermal resistance layer decreases, the depo-
sition of particles on the channel surface cannot take place,
and the heat exchange improves.

Figure 13a-d illustrates the temperature profiles of the
fluid for a given Reynolds number equal to 87,300, which is
calculated for different cross sections of the channel: x=0.2,
0.255, 0.285, and 0.315 m.

The analysis of the results represented by the differ-
ent graphs show that, in each cross section, the more the
axial speed of the fluid increases, the more its temperature
decreases. That is to say that they are inversely proportional.

w @ Springer

It is also observed that the sections closer to the baffle are
more heated than the distant vertical sections. This finding
is consistent with the observation about the channel's tem-
perature field distribution.

Figure 14 represents the evolution of the average Nusselt
number (Nu) as a function of the Reynolds number for dif-
ferent geometric cases. The variation of the Reynolds num-
ber is chosen in the same range (10,000 and 87,300) for all
geometric configurations. It is observed that in all cases, the
curves have the same slope. In other words, the values of
the Nusselt number increase proportionally with increasing
Reynolds numbers. Thus, the higher the Reynolds number
of the flow, the higher the heat transfer coefficient, and a sig-
nificant improvement of the system's thermal performance
is observed.

It is more logical to note that any increase in heat
transfer results from an increase in friction between the
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Fig. 11 Streamlines and isotherms [K°] for Re=87 300

particles, therefore an increase in the friction coefficient
leading to a loss of pressure. In Fig. 15, we have repre-
sented the variation of the friction factor as a function
of the Reynolds number for the different cases that we
have considered. However, according to the analysis of the
results, in comparison with the smooth channel without
baffle, the insertion of the baffles increases the friction,
but the insertion of the partially inclined baffles proves to
be the most optimal technique to acquire the best friction
factor. Moreover, for a Reynolds number equal to 10,000,
the percentage of the friction factor for the different cases
studied: (2); (3); (4); (5) and (6), the percentage of friction
factor is equal to 32.37%; 30.35%; 37.09%; 37.15%; and
26.41%, respectively. It can conclude that the formation of
vortices in the downstream area of the baffles is the cause
of the pressure drop observed inside the channel, while
the presence of the incline contributes to the elimination
of vortices behind the baffles, thus reducing the pressure
drop.

The Nusselt number/friction factor correlations presented
in Tables 5 and 6 are valid for a fixed Prandtl number, and
the Reynolds number varies between 10,000 and 87,300 and
formulates from the results in Figs. 14 and 15.

Temperature - Kl
300.00 318.75 337.50 356.25

Case 6

In Fig. 16, the variation of the thermal performance
enhancement factor (TEF) as a function of Reynold's num-
ber (Re) for the cases considered in this study. From the
data obtained from Nu and f, it is observed that the values
of the thermal performance enhancement factor (TEF) tend
to decrease with increasing values of Reynolds number (Re)
for all the cases analyzed. On the other hand, for a Reynolds
number fixed at the value 87,300, the values of the factor
(TEF) are, respectively, equal to 2.18; 2.16; 2.19; 2.27; and
2.25, respectively, for the different cases studied: (2); (3);
(4); (5); and (6). In addition, it can see that the value of
TEF corresponding to case (5) is higher than that of the
other cases studied. Therefore, the geometrical configura-
tion corresponding to case (5) can be chosen and adapted
to improve heat the thermal performance for heat transfer
inside the channel.

The curves in Fig. 17 illustrate the evolution of the
quantity of heat transmitted as a Reynolds number (Re)
function for the different cases studied. The results
obtained show that the amount of heat transmitted by
the system is proportional to the increase of the Reyn-
olds number. We find that for the cases studied, case (2),
case (3), case (4), case (5), and case (6), relative to the
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smooth case and for the exact value of Reynold's number
87300, the relative heat quantities transmitted are, respec-
tively, equal to, 116.08%, 113.93%, 118.2%, 121.71, and
109.39%. Furthermore, we can say that the configuration
corresponding to case (5) is more efficient for heat transfer
than the others.
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Comparison with previous works

By comparing our results to literature results calculated
by other models (Fig. 17); one with four baffles (yellow),
and the second with ten baffles (purple), for a Reynolds
number around 12,000, we could see that the configuration
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corresponding to case (5) (with two partially inclined
and orientable baffles) are more optimal to make the heat
exchanger more efficient (Table 7).

Conclusion

This study aimed to investigate the impact of a novel baf-
fle configuration on enhancing heat transfer for the duct.
The system studied is a rectangular channel equipped with
two baffles placed in different positions and orientations and
crossed by a turbulent flow of a heat transfer fluid.

The results of this analysis show that:

e The baffles' presence generates vortex flows that effec-
tively act on the flow characteristics and heat exchange,
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resulting in intensifying heat exchange at the fluid-wall
separation surface.

The baffle inclination's presence contributes to eliminat-
ing vortices behind the baffles, which reduces the pres-
sure drop. In all cases, inclined baffles perform better
than straight baffles.

The results also indicate that the thermal performance
enhancement factor (TEF) is more significant in case (5).
Therefore, the configuration corresponding to this case
performs better in heat transfer than in the other cases.
In perspective, a combined heat exchanger analysis with
inclined baffles with differently arranged perforations is
proposed.

The relative heat transfers for case 5 are equal to 121%,
but the friction factor is only increased by 37%, which
shows that it is the most optimal configuration to improve
the system in terms of heat transfer.
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Table 7 Benchmark of thermal-hydraulic performance parameters
for the same Reynolds number (Re=12,000) compared to prior stud-
ies

investigators configuration Thermo-hydraulic
performance
parameter
Present Study Case (5): channel with two 2.85
partially inclined baffles
Sahel et al. [40]  Channel with ten Simple- 3.05
baffles
Menni et al. [41] Channel with four V-baffles 1.67

e New correlations for predicting the friction factor and
Nusselt number as a function of the Reynolds number
and the configuration developed at the end of this analy-
sis.

e The proposed case (5) has a thermal performance of 2.85,
which is 70.65% more performant than the proposed
V-shape baffles.
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