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Abstract
A computational fluid dynamic analysis of thermal and aero-
dynamic fields for an incompressible steady-state flow of a 
Newtonian fluid through a two-dimensional horizontal rect-
angular section channel with upper and lower wall-attached, 
vertical, staggered, transverse, cascaded rectangular-trian-
gular (CRT), solid-type baffles is carried out in the present 
paper using the Commercial, Computational Fluid Dynamics, 
software FLUENT. The flow model is governed by the Reyn-
olds averaged Navier-Stokes (RANS) equations with the SST 
k-ω turbulence model and the energy equation. The finite vol-
ume method (FVM) with the SIMPLE-discretization algorithm 
is applied for the solution of the problem. The computations 
are carried out in the turbulent regime for different Reynolds 
numbers. In this study, thermo-aeraulic fields, dimensionless 
axial profiles of velocity, skin friction coefficients, local and 
average heat transfer coefficients, and thermal enhancement 
factor were investigated, at constant surface temperature con-
dition along the heated upper wall of the channel, for all the 
geometry under investigation and chosen for various stations. 
The impact of the cascaded rectangular-triangular geometry 
of the baffle on the thermal and dynamic behavior of air is 
shown and this in comparing the data of this obstacle type with 
those of the simple flat rectangular-shaped baffle. This CFD 
analysis can be a real application in the field of heat exchang-
ers, solar air collectors, and electronic equipments.
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1 Introduction
The topic is of paramount importance. Heat exchangers 

are used in several sectors and in very diverse fields. The 
improvement of their performance has been and is still of 
major concern to theorists and practitioners. In general, in 
order to achieve high energy performances, it is essential to 
install rows of staggered or in-line, transverse or longitudinal, 
vertical or inclined, simple, corrugated or shaped, and solid, 
perforated or porous baffles and fins within the flow channel 
in the heat exchangers so as to create turbulence and also to 
lengthen the trajectory of fluids by promoting a better convec-
tive heat exchange. Consequently, a remarkable improvement 
in the thermal efficiency is obtained.

The first study on the numerical analysis of the features 
of the flow and forced-convection heat transfer in period-
ically varying cross section ducts was reported by Patankar 
et al. [1]. The authors exposed the concepts of periodically 
fully-developed flow and heat transfer. The three-dimensional 
laminar forced-convection flow was investigated by Guo and 
Anand [2] in a duct having one single baffle in the intake 
region. The impact of the Reynolds number, Prandtl number, 
baffle height and thermal conductivity ratio were examined. A 
numerical and experimental study was carried out by Demar-
tini et al. [3] on air flow inside a channel with a rectangular 
cross section with two baffle plates mounted on the upper and 
lower walls. This study included also a comprehensive investi-
gation of the velocity and pressure profiles. The solution to the 
problem was found by the Hot Wire Anemometry technique 
and the Finite Volume method using the commercial program 
FLUENT 5.2. The fluid flow and heat transfer through stag-
gered wall-mounted two-dimensional obstacles, put on the 
bottom and top walls of the channel, were attentively exam-
ined by Mohammadi Pirouz et al. [4], using the Lattice Boltz-
mann Method (LBM). The authors concluded that the Lattice 
Boltzmann Method (LBM) is well suited for studying the 
heat transfer in conjugate problems. The flow and convective 
heat transfer characteristics of a three-dimensional square 
duct with various arrangements of fins in both laminar and 
turbulent flow were numerically characterized and studied by 
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Mokhtari et al. [5]. The results presented showed that efficient 
fin arrangement highly influences on the cooling performance 
of the plate. Nasiruddin and Kamran Siddiqui [6] indicated that 
the convective heat transfer in a heat exchanger tube may be 
enhanced by placing a baffle inside the tube. The investigators 
considered a comparative study between three different baffle 
orientations. The first case examined a vertical baffle. The sec-
ond case investigated a baffle inclined towards the upstream 
end, and the third one considered a baffle inclined towards 
the downstream end. The thermal and dynamic characteristics 
in the shell side of a shell and tube heat exchanger (STHE) 
fitted with segmental baffles and different arrangements were 
numerically analyzed by Mellal et al. [7]. Two primordial 
parameters were tested: baffles spacing of 106.6, 80 and 64 
mm and six baffles inclination angles of 45, 60, 90, 120, 150 
and 180°. Dutta and Hossain [8] experimentally investigated 
the local heat transfer characteristics and the associated fric-
tional head loss in a rectangular channel with inclined solid 
and perforated baffles. A combination of two baffles of same 
overall size was used in their experiment. The upstream baf-
fle was attached to the top heated surface, while the position, 
orientation, and the shape of the other baffle were varied to 
identify the optimum configuration for enhanced heat transfer. 
Guerroudj and Kahalerras [9] simulated the influence of porous 
block shape on the laminar mixed convective heat transfer 
and airflow characteristics inside a two-dimensional parallel 
plate channel when the buoyant and forced flow effects are 
simultaneously present. The influence of the buoyancy force 
intensity, the porous blocks shape going from the rectangular 
shape to the triangular shape, their height, the porous medium 
permeability, the Reynolds number and the thermal conduc-
tivity ratio was analyzed. Other similar works can be found in 
the literature, i.e, Fodor [10], Rábai and Vad [11], Hegedus et 
al. [12], Füle and Hernádi [13], Goda and Bánhidi [14], Bidar 
et al. [15], Khrabry et al. [16], and Fenyvesi and Horváth [17]. 
The form geometry of the baffle is also a necessary structural 
parameter for the enhancement of the heat transfer phenom-
enon inside a channel, for example, ꞌLꞌ-shaped [18], discrete 
ꞌVꞌ and ꞌVꞌ-orifice [19], double ꞌVꞌ [20], diamond [21], helical 
[22], waisted triangular [23], and ꞌZꞌ-shaped [24]. 

The present computational fluid dynamic work focuses on 
the study of an interesting topic from different points of view, 
i.e. theoretical, practical as well as numerical modelling. This 
study aims to improve the heat transfer within thermal devices 
such as heat exchangers and other electronic equipment; these 
thermal devices play a major role in the industry these days. 
This work consists of a numerical study of a turbulent air flow, 
in forced convection, in the presence of two solid-type baffles 
of cascaded rectangular-triangular form, arranged in an over-
lapping manner, in a horizontal two-dimensional pipe of rect-
angular section.

2 Flow description
2.1 Baffle and channel geometry

The physical geometry considered in this study is a two-di-
mensional rectangular cross section channel with heated upper 
and lower wall-mounted solid-type baffles in a periodically 
staggered manner as presented in more detail in Demartini 
et al. [3]. Detail of the test channel with the segmented baf-
fles and thermo-aeraulic boundary conditions is presented in 
Fig. 1. The aspect ratio of channel width-to-height, channel 
length-to-aeraulic diameter, baffle spacing-to-channel height 
ratio, and blockage ratio of baffle height-to-channel height 
are fixed at W/H = 1.321, L/Dh = 3.317, Pi/H = 0.972, and 
b/H = 0.547, respectively.

Fig. 1 Solid-type baffled channel geometry with boundary conditions.

The extended baffle geometry under investigation is a 
cascaded rectangular-triangular baffle (CRTB) as shown in 
Fig. 2a. It is triangular baffle of height, a, in cascade with a 
rectangular baffle such that the overall height of assembly is b, 
and a/b is fixed at 0.5. The base thickness of the baffle assem-
bly is assumed to be w, equal to 0.01m

Also, a simple flat rectangular-shaped baffle (a/b = 0) pair 
with the same geometrical dimensions b and w is introduced for 
comparison, as presented in Fig. 2b. Air is the working medium 
with the flow rate in terms of Reynolds numbers ranging from 
10,000 to 30,000.

Fig. 2 Shape geometry of the baffle under investigation: a) cascaded 
rectangular-triangular baffle (CRTB: a/b = 0.5) and b) flat rectangular baffle 

(simple baffle: a/b =0).
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2.2 Assumptions
These assumptions are: (i) airflow is supposed to be turbu-

lent and under steady-state condition; (ii) flow and heat trans-
fer are two-dimensional; (iii) viscous dissipation and pressure 
force work are negligible; (iv) the physical properties of fluid 
and solid are constant; (v) the fluid is Newtonian and incom-
pressible; (vi) the fluid enters the channel with a uniform 
temperature and constant velocity profile; and (vii) the Shear-
Stress Transport k-ω model, is used for the closure of the con-
figuration under study.

2.3 Boundary conditions
The aerodynamic boundary conditions are set according to 

the numerical and experimental analysis of Demartini et al. [3] 
while the thermal boundary conditions are chosen according 
to the numerical investigation of Nasiruddin and Kamran Sid-
diqui [6]. A uniform one-dimensional profile of fluid velocity 
(u = Uin, v = 0) at 27°C (Tin = 300 K) is introduced as the 
aeraulic boundary condition at the start of the whole domain 
investigated while an atmospheric pressure (P = Patm) outlet 
condition is applied at the channel outlet, as shown in Fig. 1. 
The inlet turbulence intensity was kept at I = 2%. Imperme-
able boundary and no-slip wall conditions were implemented 
over the surfaces of the channel as well as the CRTB surface. 
And to accurately simulate the flow in the near-wall region, the 
standard wall function method is used. A constant temperature 
of 102°C (Tw = 375 k) was applied on the top and bottom sur-
faces of the channel as the thermal boundary condition. The 
flow Reynolds number (Re) based on channel aeraulic diameter 

D HW H Wh = +( )2

is given by 

Re = ρ µUDh

The skin friction coefficient (Cf) is given by

C Uf w= 2 2τ ρ

The friction factor (f) is evaluated from the pressure drop 
(ΔP) as

f P L D Uh= ( )2 2∆ ρ

where U  presents the average axial velocity of the section, and 
τw is the shear stress to the wall. 

For determining the heat transfer rate inside the channel, the 
heat transfer is measured by the local Nusselt number (Nux) 
which can be written as 

Nu h D kx x h f=

and the average Nusselt number (Nu) can be obtained by 

Nu
L
Nu xx= ∂∫

1 �

The following expression represents the thermal enhance-
ment factor (TEF):

TEF Nu Nu f f= ( ) ( )0 0

1 3/

The quantities Nu0 and f0 are the average Nusselt number and 
the friction factor of the smooth channel, respectively. 
The Dittus and Boelter correlation has the form [25]: 

Nu
0
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. .
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The Petukhov correlation has the form [26]: 

f
0
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3 CFD procedure
Based on the above assumptions, the flow model in the iso-

thermal wall channel with staggered CRTBs is governed by 
the Reynolds-averaged Navier-Stokes (RANS) equations with 
the Shear-Stress Transport (SST) k-ɛ turbulence model and the 
energy equation. 

A non-uniform grid system with a large concentration of 
nodes in regions of steep gradients, such as those close to the 
walls and baffle plates was employed. The grid independence 
tests were performed by realizing CFD simulations in the 
whole domain investigated, using different structured quadri-
lateral-type grid systems with the number of mesh nodes rang-
ing from 35 to 145 along the pipe depth and 95 to 370 along the 
length (95 × 35; 120 × 45; 145 × 55; 170 × 65; 195 × 75; 220 
× 85; 245 × 95; and 370 × 145), for Re = 8.73 × 104. The grid 
system with the number of nodes equal to 245 × 95 (in X and Y 
directions respectively) performs around 0.33 %, and 0.371 % 
deviation for the Nu, and f, respectively, in compared with the 
grid of size 370 × 145. Therefore, the grid cell of 245 × 95 is 
selected for the rest of our study.

The wall functions are employed to prescribe the boundary 
conditions along the faces of the baffle plates and the channel 
walls in the computational domain. In this study, CFD model-
ling is performed using the commercial CFD software FLU-
ENT. The finite volume method, developed by Patankar [27], is 
adopted for the discretization, and all the variables are treated 
with the Second order upwind scheme [27]. The SIMPLE dis-
cretization algorithm [27] was used to solve the pressure-ve-
locity coupling in order to avoid the appearance of irrational 
pressure field and velocity field. To control the update of the 
computed variables at each iteration, under-relaxation was var-
ied between 0.3 and 1, as reported in Ref. [6]. The criterions of 
convergence are set as: relative residual of 10-6 for the flow and 
10-9 for the energy equation.

The validation of the current numerical simulation is also 
done in this section. Fig. 3 shows the comparison between the 
present numerical simulations and the numerical and experi-
mental data of Demartini et al. [3] on the axial profiles of the 
velocity. The geometry of their problem is a simplification of the 
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geometry of baffle plates found in shell-and-tube heat exchang-
ers. Both the numerical and experimental axial velocity pro-
files are computed along the duct height at Re = 8.73 × 104. A 
comparison of numerical and experimental results of velocity 
profiles after the second baffle, near the channel outlet is given 
in Fig. 3. At a position x = 0.525 m, 29 mm before channel out-
let, and as shown in this plot of the validation, our numerical 
results are very agreeable. These results give confidence that 
the numerical method used was accurate.

4 Results and discussion
4.1 Structure of flow

The effect of the CRTB (a/b = 0.5) on the flow pattern of the 
near solid surface is reported in this section and this in com-
paring the results of this type with those of the simple flat rect-
angular-shaped baffle (a/b = 0). For the representation of the 
figures, Re = 10,000 is chosen as base case.

Fig. 4a and b shows the magnitude velocity field of air 
through the channel with W/H = 1.321 and Re = 10,000 for 
simple and cascaded baffles, respectively. In both cases studied 
(a/b = 0 and a/b = 0.5), the result analysis shows that the flow 
is quite disorganized at high air velocity, when hitting obsta-
cles, the disturbance is consistent and it is easy to distinguish 
three major perturbation regions. In the first zone, immediately 
upstream of the two baffles, the fluid is accelerated and reaches 
a velocity in the axial direction, at the approach of the baffle; the 
streamlines of fluid are deflected. Regarding the second region, 
located between the end (the top) of each baffle and the chan-
nel wall, the flow is characterized by relatively high velocities, 
approaching values of the order of 440% of the inlet velocity. 
This increase is generated by reducing the effect of the passage 
sections of flow. The air is then accelerated by the effect of con-
traction. Finally, the third zone is situated downstream of each 
baffle. The streamlines are generated by the effect of the expan-
sion of the flow out of the section formed by the baffles and the 
walls. The most important phenomenon in this region lies in the 
formulation of zone of recirculation of air and with very low 

velocity values are observed. The understanding of the effect of 
each form of baffle simulated can be quantified by plotting the 
profiles of axial velocities in three regions of the whole domain 
investigated, upstream, downstream, and between baffles. 
Velocity values are scaled to the velocity at the entrance (Uin).

In the two studied cases (a/b = 0: simple) and (a/b = 0.5: 
cascaded rectangular-triangular), Fig. 5 shows the profiles of 
dimensionless axial velocity (U/Uin) upstream of the first baf-
fle, for two transverse positions at x = 0.159 m and x = 0.189 m. 
Can be clearly seen a reduction of axial velocities of the flow in 
the upper part of the channel approach of the first baffle, while 
in the free segment the flow is accelerating to the space beneath 
the next fin to the baffle. The figure also shows that the pro-
file of velocity upstream of the cascaded baffle has dimensions 
greater than those of the simple baffle.

Fig. 5 Profiles of U/Uin upstream of the first baffle, Re = 10,000.

(a)

(b)

Fig. 4 Magnitude velocity field distribution along the channel for: 
a) simple and b) cascaded baffles, Re = 10,000

Fig. 3 Validation plot of axial velocity profiles with reported numerical and 
experimental data [3] at x = 0.525 m for Re = 8.73 × 104.
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Fig. 6a and b shows the dimensionless axial velocity pro-
files (U/Uin) between the first and the second baffle at distances 
equal to 0.032 m and 0.062 m after the first baffle, correspond-
ing to positions x = 0.255m and x = 0.285 m from the entrance, 
respectively. In the upper part of the channel, the negative 
velocities indicate the presence of a recirculation zone down-
stream of the first baffle, which has been also noticed that the 
flow is characterized by relatively high speeds in particular in 
the area between the tip of the fin and the bottom wall of the 
channel, approaching values of the order of 299% of the inlet 
velocity. The velocity value increase with the increase of a/b 
ratio and thus, the a/b = 0.5 provides maximum velocity of 
airflow. The figure also shows that the baffle shape has a sig-
nificant impact on the recirculation zone length in the region 
downstream of the first baffle. For both the sections investi-
gated, the maximum recirculation zone length was found at 
a/b = 0.5, which decrease with a decrease in a/b.

The numerical results presented by the dimensionless axial 
velocity profiles for the two sections x = 0.315 m and x = 0.345 
m, are shown in Fig. 7a and b. These positions are located 
in the intermediate zone upstream of the second baffle. It is 
noted that the flow approaching the second baffle, its velocity 

is reduced in the lower part of the channel, while in the upper 
part; the flow begins to accelerate above the second baffle to 
output. This limitation depends considerably recirculation 
zones downstream of each baffle. These vortices occur in their 
neighborhood, grow and increase greatly the flow resistance. 
These disorderly movements, localized, characterized by neg-
ative values observed in Figs. 6 and 8. As expected, the use of 
a baffle of cascaded form leads to a considerable increase in 
the axial velocity for both stations analyzed, compared with a 
simple baffle; the cascading existing at the upper part of the 
baffle facilities the flow with the mean flow direction which 
makes it possible to increase the axial component of the veloc-
ity and to considerably increase the recirculation zone length.

At the outlet of the channel, at the transverse position 
x = 0.029 m before the exit section of the channel, the axial 
velocity profile is presented in Fig. 8. When the fluid flows 
through the section x = 0.525 m, just before the outlet of the 
channel, the value of the velocity is approximately 3.96 m/s, or 
4.41 times higher than the reference velocity. These values are 
only possible because of the very high recirculation rearward 
of the second baffle. It is also noticed that the case of a/b = 0.5 
ensures axial velocities higher than that in the case of a/b = 0.

(a)

(b)

Fig. 6 Profiles of U/Uin downstream of the first baffle at locations 
a) x = 0.255 m and b) x = 0.285 m from entrance, Re = 10,000.

(a)

(b)

Fig. 7 Profiles of U/Uin between the baffles for positions a) x = 0.315 m and b) 
x = 0.345 m, measured downstream of the entrance, Re = 10,000.
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The velocity field is also affected by the Reynolds number as 
it appears in Fig. 9. Fig. 9a and b shows the variation of dimen-
sionless axial velocity profiles with Reynolds number for both 
the simple and the cascaded obstacles at axial positions x = 
0.255 m and x = 0.525 m, measured downstream of the entrance.

For a Reynolds number ranging from 10,000 to 30,000, we 
find that the airflow is accelerated in the direction from left to 
right (positive direction), increasing the size of the recircula-
tion zones (negative direction), where by the length of these 
regions recycling is proportional to the increase in the flow 
Reynolds number. As the figures, the cascaded baffle performs 
greater axial velocity than the simple baffle for all Reynolds 
numbers used. This is because the use of the cascaded baffle 
can induce larger recirculation flow appearing behind the baffle 
than that of the simple baffle as can be seen from the U/Uin plots 
in Figs. 6, 7, and 8.

4.2 Heat transfer
Fig. 10a and b shows the contour plots of temperature field 

for the two cases studied, a/b = 0 and a/b = 0.5, at Re = 10,000, 
respectively. The analysis of the isotherms shows a reduction in 
temperature in the area situated between the top of each baffle 
and the channel walls. In the region downstream of the two baf-
fles, there are cells with a recycling of relatively high tempera-
ture. Due to changes in the direction of the flow produced by 
the baffle, the value of the highest temperature appears behind 
the lower wall of the channel with the acceleration process that 
starts just after the second baffle. It is clear that for high veloc-
ity values, temperatures drop significantly. In other words, it 
exists an inverse proportionality between increasing Reynolds 
number and the total temperature in each channel cross section. 
These results can we certify that the heat exchange between the 
fluid and the walls in our study is higher with low Reynolds 
numbers. It addition, according to analysis of our numerical 
results on axial velocity (see Fig. 4), and the temperature fields 
for the whole domain investigated, it is found that the tempera-
ture of the fluid is related to the velocity of flow.

Fig. 8 Profiles of U/Uin after the second baffle, near the exit, Re = 10,000.
(a)

(b)

Fig. 9 Variation of (U/Uin) profiles with Re number at stations: 
a) x = 0.285 m and b) x = 0.525 m from entrance.

(a)

(b)

Fig. 10 Distribution of temperature field along the channel for 
a) simple and b) cascaded baffles at Re = 10,000
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The fluid temperature profiles are shown in Figs. 11-13, for 
a Reynolds number of 10,000 at various cross-sections of the 
channel, x = 0.159, 0.189, 0.255, 0.285, and 0.525 m; they 
are identical to those shown in the figures above. It is also 
observed that the section close to the baffle is better heated 
than the distant one.

Fig. 14 shows the numerical results of normalized local 
Nusselt number (Nux/Nu0) distributions at the upper wall of 
the channel with two models of baffles (simple and cascad-
ed-shaped) when Re = 10,000. The local Nusselt number, Nux 
is calculated from their definition as given in Eq. (5). Nu0 is 
the Nusselt number for turbulent flow in a smooth channel 
at the same Re number, and is given by [25]. The trends of 
Nux/Nu0 are similar for both models of baffles investigated. The 
normalized local Nusselt numbers show the smallest value in 
the region around the first heated upper channel wall-mounted 
baffle and the largest value in the region opposite the second 
lower wall-attached baffle for the two cases treated. The upper 
Nux/Nu0 values near the tip of the second baffle are due to the 

strong temperature gradients in that region. The figure also 
shows that in the region downstream of both baffles, the local 
Nusselt number is enhanced [6]. This enhancement is due to the 
intense mixing by the recirculation cells [6]. The Nux/Nu0 value 
decreases gradually in the region downstream of the recircula-
tion, near the channel outlet, where the effect of the recircula-
tion mixing is diminishing [6]. These remarks are confirmed 
numerically by Nasiruddin and Kamran Siddiqui [6], and Sri-
pattanapipat and Promvonge [21].

To increase the Reynolds number of the flow, the velocity 
of the airflow at the entrance of the channel was increased. 
This acceleration causes the increased the size of the recy-
cling zones (see Fig. 9) and consequently the Nusselt number 
rate is found strongly affected by the change of the Reynolds 
number, as shown in Fig. 15. It was found that the highest rate 
of heat transfer is achieved by increasing the Reynolds num-
ber where the flow structure very disturbed which promotes 
mixing of the fluid. On each baffle model, when the Reynolds 
number increases from 10,000 to 30,000, the Nusselt number 

Fig. 11 Profiles of fluid temperature upstream of the first baffle at axial 
stations equal to x = 0.159 m and x = 0.189 m for the lowest Reynolds 

number value.

Fig. 12 Profiles of fluid temperature between the first and the second baffles at 
axial locations equal to x = 0.255 m and x = 0.285 m for the lowest Reynolds 

number value.

Fig. 13 Profiles of fluid temperature behind the second baffle at x = 0.525 m 
for the lowest Reynolds number value.

Fig. 14 Axial variation of Nux/Nu0 along the upper channel wall for the two 
investigated baffle, Re = 10,000.
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believed, where we also find that the temperature gradient at 
the level of the heated walls decreases with increasing flow 
rate. As the figure, the baffle of cascaded rectangular-triangular 
form performs greater heat transfer rate than the simple baffle. 
The reason of this may be that the cascaded baffle can produce 
stronger impinging flow than the simple baffle. Over the range 
examined, the CRTB increases the average heat transfer rate 
by 16.209-40.403 % than the simple baffles. The Nu/Nu0 value 
for CRTBs is found to be about 2.34-5.18 times over the plain 
channel with no baffle depending on the Re values.

4.3 Pressure drop
Fig. 16 presents the variation in the normalized skin fric-

tion coefficient (Cf/f0) along the top wall of the channel for the 
simple (a/b = 0) and cascaded (a/b = 0.5) cases at Re = 10,000. 
Skin friction coefficient (Cf ) is calculated from their definition 
as given in Eq. (3). The f0 is the friction factor in a smooth 
channel at the same Reynolds number, and is given by [26]. The 
results show that the values of the coefficient of skin friction is 
very low near the first baffle especially in upstream areas, this 
may be caused by the absence of baffle as obstacles. However, 
the skin friction coefficients are increased again at the stations 
corresponding to the region of recirculation which then results 
in an abrupt change in direction of flow as seen in the figure. 
We also note that the highest values of friction coefficient are 
situated in the output of the channel; these values correspond to 
significant pressure drops which are caused by the effect of the 
expansion of the air leaving the section formed by the second 
baffle and the top wall. 

The numerical results shown in Fig. 16 show the impact of 
the obstacle form geometry on the normalized friction coeffi-
cient for a Re value of 10,000. However, it is also important to 
examine the impact of the Re variation on this parameter. The 
flow was simulated for the Reynolds number of 10,000, 15,000, 
20,000, 25,000, and 30,000. 

Fig. 17 shows the normalized friction factor (f/f0) as a func-
tion of the Reynolds number. The friction factor distribution is 
defined by using Eq. (4). In the figure, it is found that the CRTB 
yields substantial pressure drop with a similar trend in compar-
ison with the simple baffle case and the f/f0 increases with the 
increment of Re in flow. 

These results are obtained because the increase in the Reyn-
olds number increases the flow rate of introducing large areas 
of recycling, which leads to an acceleration of the air flow 
and also the coefficient of friction and consequently pressure 
drop. The higher friction loss can be seen at the CRTB case 
(a/b = 0.5). This is because the use of the CRTB can induce 
larger recirculation appearing behind the obstacle than that of 
the flat baffle as can be seen from the U/Uin plots in Fig. 9. 

The friction factor is around, respectively, 4.103-23.606 and 
5.063-33.825 times above the smooth rectangular pipe for the 
simple and cascaded baffles, depending on the Re values.

Fig. 17 Evaluation of normalized average skin friction coefficient as a 
function of Reynolds number for various cases applied.

Fig. 15 Evaluation of normalized average Nusselt number as a function of 
Reynolds number for various cases applied.

Fig. 16 Axial variation of Cf/f0 along the upper channel wall for the two 
investigated baffle, Re = 10,000.
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Fig. 18 Evaluation of Thermal enhancement factor as a function of 
Reynolds number for various cases examined.

4.4 Thermal enhancement factor
Fig. 18 shows the evolution of the thermal enhancement 

factor (TEF), calculated by Eq. (7), as a function of Reynolds 
number (Re = 10,000, 15,000, 20,000, 25,000, and 30,000) 
with a constant section of the cascade-baffles for the upper 
surface of the channel. As expected, the thermal enhancement 
factor increases with the increase in the Reynolds number in 
both studied cases (flat rectangular or simple, and cascaded 
rectangular-triangular shaped baffles). The TEF values range 
from 1.256, in the case of simple baffles for the lowest value 
of the Reynolds number (10,000), to 1.625 in the case of cas-
caded rectangular-triangular shaped baffles for the maximum 
value of the Reynolds number (32,000). This value decreases 
by 20.246 % for the case of simple baffles.

5 Conclusion
In this paper, we reported a computational fluid dynamical 

analysis on fluid flow and heat transfer through a constant tem-
perature-surfaced rectangular cross section channel with trans-
verse, staggered, cascaded rectangular-triangular, solid-type 
baffles (CRTBs) in the turbulent regime from Re = 10,000 to 
30,000. The time-independent incompressible Reynolds- Aver-
aged Navier-Stokes (RANS) and the energy equations were 
integrated through the finite volume method (FVM), by means 
of Computational Fluid Dynamics (CFD), Commercial soft-
ware FLUENT with the SST k-ω model to describe the turbu-
lence phenomenon. Effects of different Reynolds numbers on 
the dynamic and thermal behavior of the air inside the channel 
are examined and the results of the CRTB are also compared 
with those of the simple baffle. In particular, velocity and tem-
perature fields, profiles of dimensionless axial velocity, profiles 
of fluid temperatures, normalized local and average heat trans-
fer coefficients, profiles and the distribution of the normalized 
skin friction coefficients, as well as thermal enhancement fac-
tors were obtained for all the whole domain treated and chosen 
for different locations at constant wall temperature condition 

along the upper and lower walls of the channel. The insertion 
of CRTBs in the channel with a/b = 0.5 causes a much high 
friction loss, f/f0 = 5-33 times but also provides a considerable 
heat transfer rate increase in the channel, Nu/Nu0 = 2-5 times, 
depending on the Re numbers.
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