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Abstract

A computational analysis has been conducted to investigate turbulent flow and convective thermal transfer characteristics in a two-

dimensional horizontal rectangular section channel with a hot lower wall-mounted diamond-shaped baffle. The calculations are 

based on the finite volume method, by means of Commercial Computational Fluid Dynamics software FLUENT, standard k-epsilon 

turbulence model with QUICK numerical scheme, and the SIMPLE discretization algorithm has been applied. The fluid flow and heat 

transfer characteristics, i.e., dynamic pressure coefficient, stream function, mean, axial, and transverse velocities, turbulent viscosity, 

temperature field, skin friction coefficients, local and average Nusselt numbers, and thermal enhancement factor are presented for 

flow Reynolds numbers based on the aeraulic diameter of the computational domain ranging from 12,000 to 32,000 at constant 

surface temperature condition along the upper and lower walls. Effect of the diamond configuration of the insulated baffle is studied 

numerically and the data obtained from this same baffle model are also compared with that of the simple flat rectangular baffle under 

similar operating conditions. Over the range under investigation, the improvements are found to be around 3.962 and 29.820 times 

higher than the smooth air channel with no baffle for heat thermal transfer and skin friction factor, respectively. The maximum TEF is 

around 1.292 at the highest Reynolds number value, Re = 32,000.
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1 Introduction
Convective heat transfer from surfaces has been the topic 
of several studies in recent year. This interest in the sub-
ject stems from various engineering applications in geo-
thermal reservoirs, petroleum industries, transpiration 
cooling, storage of nuclear waste materials, separation 
processes in chemical industries, building thermal insula-
tion, and solar heating systems. There are many excellent 
numerical and experimental studies for convective heat 
transfer of fluids in channels.

Kelkar and Patankar [1] presented a numerical analysis 
for the flow and heat transfer in a parallel plate channel 
with staggered fins. The passage was formed by two paral-
lel plates to which fins were attached in a staggered fashion. 
Both the plates were maintained at a constant temperature. 

Streamwise periodic variation of the cross-sectional area 
causes the flow and temperature fields to repeat period-
ically after a certain developing length. Computations 
were performed for different values of the Reynolds num-
ber, the Prandtl number, geometric parameters, and the 
fin-conductance parameter. The fins were found to cause 
the flow to deflect significantly and impinge upon the 
opposite wall so as to increase the heat transfer signifi-
cantly. However, the associated increase in pressure drop 
was an order of magnitude higher than the increase in heat 
transfer. Streamline patterns and local heat transfer results 
were presented in addition to the overall results.

Habib et al. [2] reported an experimental study to pro-
vide a detailed investigation of the turbulent flow and the 
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heat transfer in a rectangular duct with segmented baffles 
at a uniform wall heat flux condition along the top and bot-
tom walls. The experimental runs were carried out for dif-
ferent values of Reynolds number and baffle-height ratios. 
The flow is characterized by a large recirculation zone 
formed behind the obstructions and by regions of large 
velocity gradients. The results indicated that the heat trans-
fer parameters increase with the increase of Reynolds num-
ber and baffle-height ratio. However, the increase in the 
pressure loss coefficient was much higher than the increase 
in heat transfer coefficient. The results indicated that for 
fluids of low heat transfer coefficient, such as gases, only 
marginal heat transfer augmentation may be expected.

Hwang et al. [3] numerically investigated the turbu-
lent flow past a surface-mounted two-dimensional rib 
with varying lengths. Computations for flow over a sur-
face-mounted rectangular rib were conducted for the vari-
ations in the rib lengths. Results indicated that upstream 
of the obstacle, the length of the recirculating region 
remains unchanged with varying rib lengths; while the 
downstream length of the recirculating region is a strong 
function of rib length and changes nearly linearly for the 
varying lengths of B / H = 0.1 to B / H = 4.0. Reattachment 
on top of the rib, owing to its increasing length, affected 
the downstream boundary layer development.

Karwa et al. [4] presented the paper results of an exper-
imental study of heat transfer and friction in rectangular 
ducts with baffles (solid or perforated) attached to one of 
the broad walls. The duct has width-to-height ratio of 7.77; 
the baffle pitch-to-height ratio is 29; the baffle height-to-
duct height ratio is 0.495. The Reynolds number of the study 
ranges from 2850 to 11500. The baffled wall of the duct was 
uniformly heated while the remaining three walls were insu-
lated. These boundary conditions correspond closely to those 
found in solar air heaters. They showed an enhancement of 
73.7 - 82.7 % in the Nusselt number over a smooth duct for 
the solid baffles and from 60.6 - 62.9 % to 45.0 - 49.7 % for 
the perforated baffles (the enhancement decreases with the 
increase in the open area ratio). The friction factor for the 
solid baffles was found to be 9.6 - 11.1 times of the smooth 
duct, which decreased significantly for the perforated baffles 
with the increase in the open area ratio; it is only 2.3 - 3.0 
times for the baffles with an open area ratio of 46.8 %. The 
baffles with the highest open area ratio give the best perfor-
mance compared to a smooth duct at equal pumping power.

Singh et al. [5] conducted experiments on rectangu-
lar duct having one broad wall roughened with discrete 
V-down rib and subjected to constant heat flux. The effect 

of roughness parameters on Nusselt number and friction 
factor was determined and the results obtained were com-
pared with those of smooth duct. The maximum increase 
in Nu and f over that of smooth duct was 3.04 and 3.11 folds 
respectively. The rib parameters corresponding to maxi-
mum increase in Nu and f were d / w = 0.65, g / e = 1.0, 
P / e = 8.0, α = 60° and e / Dh = 0.043. Correlations for the 
Nu and f in terms of Re and rib parameters were developed.

Tamna et al. [6] presented a study on heat transfer aug-
mentation in a solar air heater channel fitted with multiple 
V-baffle vortex generators (BVG). During the test air was 
passed through the test channel under a uniform wall heat-
flux of the absorber plate. The fluid flow and heat transfer 
characteristics were presented for Reynolds numbers based 
on the channel hydraulic diameter ranging from 4000 to 
21,000. The V-baffles were applied at a relative baffle 
height (in terms of blockage ratio, BR = b / H = 0.25) and 
attack angle of 45° with respect to the main flow direction. 
The use of BVG in the channel was to generate multiple lon-
gitudinal vortex flows through the test channel to increase 
turbulence intensity and stronger mixing of fluid between 
the core and the near-wall flow. Influences of three differ-
ent baffle pitch to channel-height ratios (PR = P / H = 0.5, 
1 and 2) on heat transfer and pressure drop in terms of 
respective Nusselt number and friction factor (or energy 
loss for propelling air through the channel) were examined.

Wen et al. [7] proposed an improved structure of lad-
der-type fold baffle to block the triangular leakage zones in 
original heat exchangers with helical baffles. The numer-
ical results showed that the distribution of shell side 
velocity and temperature in improved heat exchanger are 
more uniform and axial short circuit flow is eliminated. 
The experimental results showed that the shell-side heat 
transfer coefficient α0 and overall heat transfer coefficient 
K are improved by 22.3 - 32.6 % and 18.1 - 22.5 %, respec-
tively. The increment in shall-side pressure drop was about 
0.911 - 9.084 kPa, while the corresponding pumping power 
penalty was about 2 - 80 W. The thermal performance fac-
tor TEF enhanced by 18.6 - 23.2 %, which demonstrates 
that the ladder-type fold baffles can effectively improve 
the heat transfer performance of heat exchangers with 
helical baffles. The results of this paper are of great signif-
icance in the optimal design of the heat exchanger.

Zhao et al. [8] experimentally studied the pressure drop 
and friction factor of de-ionized water flowing across 
staggered mini pin fins of the same height and transverse 
spacing but with different pin density and different shapes 
of circular, elliptical, square, diamond and triangle, in a 



102|Menni et al.
Period. Polytech. Mech. Eng., 63(2), pp. 100–112, 2019 

rectangular channel. Comparisons were made between 
experimental data and existing correlations, and results 
showed that there were large deviations between them.

Du et al. [9] designed a special flow layout with 
U-shaped tubes applied in the laboratory for testing the 
heat transfer performances (HTPs) of molten salt in the 
shell side of a shell-and-tube heat exchanger (STHE). 
Based on this design, the transitional convective HTPs 
(6142 < Re < 9125) of molten salt with higher temperature 
(209.41-241.49 °C) in the STHE with segmental baffles 
(STHE-SBs) were experimentally studied, and the corre-
sponding heat transfer correlations were fitted.

Skullong et al. [10] carried out an experimental and 
numerical work to study the heat transfer enhancement in 
a heat exchanger square-duct fitted with 30° oblique horse-
shoe baffles (HB). Numerical flow and heat transfer behav-
iors such as streamlines, temperature and Nusselt number 
contours of the duct flow model were also reported.

Mellal et al. [11] investigated a three-dimensional numer-
ical simulation of turbulent fluid flow and heat transfer in 
the shell side of a shell and tube heat exchanger (STHE). 
The investigations were performed with the CFD COMSOL 
Multiphysics 5.1 software using the finite elements method, 
for Reynolds number ranging from 3000 to 10 000.

Mokhtari et al. [12] numerically characterized and stud-
ied the mixed convection of a three-dimensional square 
duct with various arrangements of fins in both laminar 
and turbulent flow. The computations confirmed that fin 
arrangement significantly changes the temperature distri-
bution and cooling performance of the fins.

Amraoui and Aliane [13] presented the study of fluid 
flow and heat transfer in solar flat plate collector by using 
Computational Fluid Dynamics (CFD) which reduces time 
and cost. In those studies, the computational fluid dynam-
ics (CFD) tool was used to simulate the solar collector for 
better understanding the heat transfer capability.

Rashidi et al. [14] performed a review of the litera-
ture on the area of heat transfer improvement employing 
a combination of nanofluid and inserts. Inserts are baf-
fles, twisted tape, vortex generators, and wire coil inserts. 
The progress made and the current challenges for each 
combined system are discussed, and some conclusions and 
suggestions are made for future research.

Selimefendigil et al. [15] numerically investigated the 
fluid flow and heat transfer in a vertical lid-driven CuO-water 
nanofluid-filled square cavity with a flexible fin attached to 
its upper wall under the influence of an inclined magnetic 
field. The influence of Richardson number (between 0.01 

and 100), Hartmann number (between 0 and 50), inclination 
angle of the magnetic field (between 0 and 90 %), nanoparti-
cle volume fraction (between 0 and 0.05) and Young's mod-
ulus of flexible fin (between 250 and 5000) on the flow and 
heat transfer were numerically studied. They observed that 
the presence of the elastic fin affects the flow field and ther-
mal characteristics of the cavity.

Akbarzadeh et al. [16] investigated the combined effects 
of using nanofluid, a porous insert and corrugated walls on 
heat transfer, pressure drop and entropy generation inside 
a heat exchanger duct. A series of numerical simulations 
were conducted for a number of pertinent parameters. 
They showed that the waviness of the wall destructively 
affects the heat transfer process at low wave amplitudes 
and that it can improve heat convection only after exceed-
ing a certain amplitude. A number of design recommenda-
tions were made on the basis of the findings of this study.

Heydari et al. [17] numerically studied the effect of attack 
angle of triangular ribs, by using finite-volume method, in a 
two-dimensional microchannel. In this study, the effects of 
variations in attack angles on triangular ribs, volume frac-
tion of nanoparticles, nanoparticles diameter and Reynolds 
number were investigated. Using triangular rib with higher 
attack angle can improve heat transfer significantly due to 
the high-velocity gradients and better mixing of fluid flow.

Khoshvaght-Aliabadi et al. [18] used the delta-winglets to 
enhance heat transfer in wavy plate-fins (WPFs) in presence 
of Al2O3 / water nanofluid. Impacts of the most effective 
parameters, including waviness aspect ratio (c = 0.33, 0.42, 
and 0.51), winglets height (h = 2, 4, and 6 mm), nanoparti-
cles mass fraction (0-0.4 %), and Reynolds number (4500-
11,500), were examined. The results showed that the use 
of proposed geometries leads to a considerable heat trans-
fer enhancement in plate-fin heat exchangers, especially 
at the highest values of waviness aspect ratio and wing-
lets height. The maximum heat transfer enhancement of 
11.3 % is observed for 0.4 % nanofluid flow over the WPF 
with c = 0.51 and h = 6 mm. Other works can be found in 
the literature, i.e, Menni and Azzi [19], Menni et al. [20-23], 
Fodor [24], Rábai and Vad [25], Hegedűs et al. [26], Füle 
and Hernádi [27], Goda and Bánhidi [28], Bidar et al. [29], 
Fenyvesi and Horváth [30], and Noghrehabadi et al. [31-33].

The manuscript reports a numerical study on turbulent 
forced-convection flow and friction loss characteristics in 
a solar air channel of rectangular section. A two-dimen-
sional diamond-shaped baffle was inserted in the field 
to force a recirculation to improve the thermal transfer 
rate. In particular, the fields of dynamic pressure, stream 
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function, velocity, turbulent viscosity, and temperature, 
the dimensionless profiles of axial velocity, the local and 
average numbers of Nusselt, the coefficient and factor 
of skin friction, and the thermal performance factor are 
obtained. The Reynolds number is ranged from 12,000 to 
32,000. The finite volume method is adopted for model-
ling the problem by using the software Fluent.

2 Mathematical modelling
Fig. 1 shows schematically the computational domain with 
the diamond baffle and boundary conditions for this inves-
tigation. The flow is assumed to be turbulent and fluid 
properties to be constant. Air, whose Prandtl number (Pr) 
is 0.71, is the working fluid used, and the Reynolds num-
bers considered range from 12,000 to 32,000. A uniform 
one-dimensional velocity (Uin) is applied as the aeraulic 
boundary condition at the intake of channel, as presented 
in more details in Demartini et al. [34] and Nasiruddin 
and Kamran Siddiqui [35]. A constant surface tempera-
ture condition of 375 K was applied on the upper and 
lower walls of the channel as the thermal boundary con-
dition [35]. The temperature of the working fluid was set 
equal to 300 K at the inlet of the channel [35]. In addi-
tion, non-slip and impermeability boundary conditions 
are imposed at the walls [34], and in the channel outlet 
it is prescribed the atmospheric pressure [34]. Structural 
parameters were based on the experimental study of 
Demartini et al. [34]. Finally, a conventional flat rectan-
gular baffle under similar operating conditions is inserted 
into the filed for comparison.

The channel model with one diamond-shaped baffle 
under examination is governed by the steady two-dimen-
sional form of continuity, the Reynolds-Averaged Navier-
Stokes, and energy equations.

In the Cartesian tensor system these equations can be 
written as follows:
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where ρ is the fluid density, P is the pressure, μ is the 
dynamic viscosity, ui and uj are mean velocity components 
in xi and xj directions, u'i and u'j are fluctuation velocity 
components in xi and xj directions.
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where Γ and Γt are molecular thermal diffusivity and tur-
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Where μt is the turbulent viscosity, δij the Kroenecker 
delta, and k the kinetic energy of the turbulence, defined as 
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Where
C C C kµ ε ε εσ σ= = = = =0 99 1 44 1 92 1 0 1 3

1 2
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are chosen to be empirical constants [36] in the turbulence 
transport equations. Gk is the production rate of the kinetic 
energy due to the energy transfer from the mean flow to 
turbulence, defined as

G u u
u
xk i i
j

i

= − ′ ′
∂

∂
ρ .  (11)

Fig. 1 Geometry under investigation.
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The production term Gk is modeled according to 
Boussinesq's hypothesis, by

G Sk t= µ 2
.  (12)

Where S is the modulus of the mean strain tensor, given by

S S Sij ij= 2  (13)

and the strain tensor is
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which is the symmetrical part of the velocity gradient. 
The Law-of-the wall for mean velocity yields is defined as
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The value of y* is taken as the minimum distance of the 
first grid point (p) from the adjacent wall, given by 
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Where κ is the Von Kármán constant, E is an empirical 
constant, kp represents the kinetic energy of turbulence at 
position p, yp is the distance from position p to the wall. 
The boundary condition for k imposed at the wall is
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Where n is the local coordinate normal to the wall. 
The production rate of k and the averaged dissipation rates 
over the near-wall cell for the k-equation as well as the 
value of ε at the point p are computed respectively from 
following equations:
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Where up is the mean velocity of the fluid at position p, 
and τw the wall shear stress defined as
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For the temperature boundary condition, the heated flux 
to the channel wall is derived from the thermal wall function:
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and Cp is the specific heat of fluid, qw represents the wall 
heat flux, Tp is the temperature at the cell adjacent to the 
wall, Tw is the temperature at the wall, Pr is the molecular 
Prandtl number, Prt is the turbulent Prandtl number, and A 
is the Van Driest constant.

The thermal aerodynamic boundary conditions for the 
current problem is defined as 
at the intake, x = 0: 

u Uin=  (24)

v = 0  (25)

k Uin in= 0 005 2
.  (26)

ε in ink= 0 1 2
.  (27)

T Tin=  (28)

at the outlet, x = L: 

P Patm=  (29)

∂ ∂ =φ / x 0  (30)

in which ϕ is a variable used to represent quantities such 
as velocity components u and v, temperature T, turbulent 
kinetic energy k or turbulent energy dissipation rate ε.

At the walls, y = H / 2 and y = −H / 2: 

u v= = 0  (31)

k = =ε 0  (32)
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At the interface fluid / solid: 
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Where λf and λs are thermal conductivities of fluid 
and solid, respectively. The Reynolds number is defined 
as follows:

The flow Reynolds number, Re is calculated as

Re ./= ρ µUDh  (36)

The hydraulic diameter of the channel, Dh is calculated as 

D HW H Wh = +( )2 / .  (37)

The skin friction coefficient, Cf is given by
C Uf w= 2 2τ ρ/ .  (38)

The friction factor, f is computed as

f P L D Uh= ( )2
2∆ / / .ρ  (39)

The local Nusselt number, Nux which can be written as 
Nu x x h fh D k= / .  (40)

The average Nusselt number, Nu can be obtained by 

Nu Nu= ∂∫
1

L
xx .  (41)

The following expression represents the thermal 
enhancement factor, TEF:

TEF f f= ( ) ( )Nu Nu/ / / .
/

0 0

1 3  (42)

The Dittus-Boelter and Petukhov correlations can be 
used to normalize the average Nusselt number and friction 
factor, respectively. The quantities Nu0 and f0 are the aver-
age Nusselt number and the friction factor of the smooth 
channel, respectively. The Dittus and Boelter correla-
tion [37] has the form: 

Nu for
0

0 8 0 4 4
0 023 10= ≥. Re Pr Re .

. .  (43)

The Petukhov correlation [38] has the form: 

f
0

2 3 6
0 79 1 64 3 10 5 10= −( ) × ≤ ≤ ×−
. ln Re . Re .for  (44)

3 Numerical modelling
The governing equations, i.e., continuity, momentum and 
energy equations, employed to simulate the incompress-
ible steady fluid flow and heat transfer in the given com-
putational domain are solved numerically using the finite 
volume method. Most of the details of the method can be 
found in [39]. A two-dimensional, non-uniform, struc-
tured, quadrilateral-type grid with refinement near of all 
solid boundaries in the two directions X and Y is used, as 
shown in Fig. 2. To ensure the accuracy and validity of the 
numerical model, different mesh cells are examined and a 
mesh system of 245 × 95 cells in X and Y directions respec-
tively, is chosen in view of saving solution precision.

The heat transfer (Nu) and friction factor ( f ) verifica-
tion of the present smooth rectangular air channel with no 
obstacle as baffle or fin is conducted by comparing with 
the previous data under a similar operating condition as 
reported in Figs. 3 and 4, respectively.

The current CFD smooth rectangular air channel data 
is found to be in good agreement with exact solution data 
obtained from the Dittus-Boelter and Petukhov correla-
tions for both the Nu and the f, respectively.

Fig. 2 Grid system.

Fig. 3 Verification of Nusselt number for smooth air channel  
with no baffle.

Fig. 4 Verification of friction factor for smooth air channel  
with no baffle.
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4 Results and Discussion
4.1 Stream function 
Fig. 5 (a)-(e) shows the contour plots of streamlines for the 
cases of Re = 12,000, 17,000, 22,000, 27,000 and 32,000, 
respectively. The plots reveal the existence of three main 
regions. In the first region, just upstream of the dia-
mond-shaped baffle, the fluid is accelerated and arrives with 
an axial speed. At the approach of this same baffle, the cur-
rent lines are deflected. In the second region, located between 
the top of diamond baffle and the upper wall of the channel, 
the flow is accelerated due to the effect of cross-sectional 
reduction. In the third region, downstream of the diamond, 
the current lines are generated by the effect of flow expan-
sion, thus leaving the section formed by the baffle and the 
top channel wall. The most important phenomenon occur-
ring in this zone is the formation of a recirculating flow 
whose extent is proportional to the Reynolds number.

4.2 Velocity-magnitude 
The mean velocity fields in the whole domain examined 
are presented in Fig. 6 (a)-(e) for cases Re = 12,000, 17,000, 
22,000, 27,000, and 32,000, respectively. It can clearly be 
noticed that the values of the fluid velocity are very low in 
the vicinity of the diamond baffle, especially in the down-
stream region; this is due to the presence of the recirculation 
zone. Far from this zone, the current lines become parallel, 
which results in the progressive development of the flow. 
One should also note that the mean velocity increases in the 
space between the end of diamond and the upper wall of the 
channel. This rise in mean velocity is generated first by the 
presence of the diamond baffle and then by the presence of 
a recycling which results in a sudden change in the direc-
tion of the flow. It is also observed that the highest values of 
the mean velocity appear near the top of the channel, with 
a process of acceleration that begins just after the diamond 

Fig. 5 Variation of streamlines with Reynolds number: (a) Re = 12,000, 
(b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, and (e) Re = 32,000.

Fig. 6 Variation of mean velocity with Reynolds number:  
(a) Re = 12,000, (b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, 

and (e) Re = 32,000.
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baffle, thus approaching values of the order of 904.421 % of 
the inlet velocity, at the highest value of Reynolds number, 
Re = 32,000. From Fig. 6, it can clearly be seen that the mean 
velocity is proportional to the Reynolds number, for the case 
of the configuration under study.

4.3 Axial component of velocity 
Fig. 7 (a)-(e) presents the distribution of axial veloc-
ity fields for various values of the Reynolds number. 
Note that the presence of the diamond baffle in the lower 
half of the channel induces a strong decrease in the axial 
velocity. Negative axial velocities indicate the presence 
of a large recirculation zone located downstream of this 
same diamond, paradoxically in the upper half, where the 

flow increases, and particularly in the vicinity of the pas-
sage above the diamond. The increase in the Reynolds 
number leads to an acceleration of the flow and causes a 
rise in the axial speed.

4.4 Transverse component of velocity 
Fig. 8 (a)-(e) shows the transverse component of the velocity 
versus the Reynolds number for the channel with a diamond 
baffle on the hot upper surface of the lower wall. From Fig. 8, 
it is interesting to note that for all the Reynolds number cases 
positive velocity gradients are observed at the top of the dia-
mond geometry of the baffle. These same plots also indicate 
that the transverse component of the velocity increase con-
siderably as the number of Reynolds number.

Fig. 7 Variation of axial velocity with Reynolds number:  
(a) Re = 12,000, (b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, 

and (e) Re = 32,000.

Fig. 8 Variation of transverse velocity with Re number:  
(a) Re = 12,000, (b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, 

and (e) Re = 32,000.
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4.5 Turbulent kinetic energy
The distribution of turbulent kinetic energy (TKE) fields 
along the airway and its variation as a function of Re num-
ber are presented in Fig. 9 (a)-(e). The TKE values range 
from negligible at small Reynolds numbers in different 
areas of the channel, to weak at intermediate Re numbers 
from the tip of the baffle to the exit, to considerable at the 
large values of Re.

4.6 Turbulent intensity
The effect of changing Reynolds number values on the flow 
structure in terms of turbulent intensity (TI) for the chan-
nel with modern obstacle is represented in Fig. 10 (a)-(e). 
Through this figure (Fig. 10) and compared to the previous 
figure (Fig. 9), we note that the TI values are increasing 
rapidly and widely with the rise in the Reynolds number 
compared to the TKE of low acceleration.

4.7 Turbulent viscosity
The contour plots of turbulent viscosity fields obtained 
under turbulent flow regime for the case of a channel 
with a lower wall-attached diamond-shaped baffle with 
various values of Reynolds number, i.e., Re = 12,000, 
17,000, 22,000, 27,000 and 32,000, are presented in 
Fig. 11 (a) to (e), respectively. The plots show the largest TI 
value in the region downstream of the diamond baffle cor-
responding to the zone of vortex, and the smallest value in 
the regions around the left face of this same obstacle for 
all Reynolds numbers simulated. The TI augments with 
the augmentation of flow Reynolds number and thus, the 
Re = 32,000 provides maximum TI values.

4.8 Temperature field
The thermal field, represented by the temperature con-
tours, is shown in Fig. 12 (a)-(e) for five different values 

Fig. 9 Variation of turbulent kinetic energy with Re number:  
(a) Re = 12,000, (b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, 

and (e) Re = 32,000.

Fig. 10 Variation of TI with Re: (a) Re = 12,000, (b) Re = 17,000,  
(c) Re = 22,000, (d) Re = 27,000, and (e) Re = 32,000.  

TI values in % (× 100).
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of Reynolds number, Re = 12,000, 17,000, 22,000, 27,000, 
and 32,000, respectively. The field shown indicates a tem-
perature drop in the regions situated between the end of 
diamond baffle and the upper wall of the channel, with 
an acceleration process that begins just after this same 
obstacle. Moreover, the temperature field shows that the 
air temperature in the recycling zone, downstream of the 
diamond baffle, is slightly higher than that obtained in the 
same region, but without any diamond baffles.

4.9 Normalized average Nusselt number 
The variation of the normalized average Nusselt num-
ber (Nu / Nu0) with the Reynolds number range (12,000-
32,000) is plotted in Fig. 13 for the situation under 
investigation. It is obvious that increasing the flow rate 

Fig. 11 Variation of turbulent viscosity with Re number:  
(a) Re = 12,000, (b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, 

and (e) Re = 32,000.

Fig. 12 Variation of temperature with Re number: (a) Re = 12,000, 
(b) Re = 17,000, (c) Re = 22,000, (d) Re = 27,000, and (e) Re = 32,000.

Fig. 13 Variation of normalized average Nusselt number  
with Re number.
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significantly raises the heat transfer rate due to the rise in 
the flow velocity in both of course, for high Reynolds num-
bers, temperatures drop significantly, as shown in Fig. 12. 
Therefore, there is an inverse proportionality between the 
increase in the Reynolds number and the temperature of 
the fluid, in each cross-section of the channel. As a conse-
quence, the Nusselt number value rises as well. The maxi-
mum Nu / Nu0 is obtained for Re = 32,000 while the lowest 
one is for Re = 12,000. The increases in Nu / Nu0 values 
for using Re = 12,000, 17,000, 22,000, 27,000, and 32,000, 
respectively, are about 194.423 %, 250.784 %, 305.351 %, 
348.080 %, and 396.267 % over the smooth rectangular air 
channel with no diamond baffle.

The diamond geometry provides higher Nu / Nu0 rates 

than the simple geometry. The diamond-shaped baf-
fle provides higher Nu / Nu0 rate than the simple baf-
fle around 5.046 %, 8.943 %, 12.241 %, 13.625 %, and 
17.794 % for Re = 12,000, 17,000, 22,000, 27,000, and 
32,000, respectively.

4.10 Normalized friction factor 
The effect of the change in the flow Reynolds number on 
the profiles of the normalized friction factor ( f / f0), along 
the hot upper wall, is shown in Fig. 14. The number of 
Reynolds has an impact on the average rate of friction; 
a correlation exists between the two variables. Indeed, 
increasing the Reynolds number results in a substantial 
growth in the fluid velocity (Fig. 6); the losses due to skin 
friction are also very significant, Fig. 14. The highest 
friction loss is detected at the highest Reynolds number 
(Re = 32,000) while the lowest value of Reynolds number 
(Re = 12,000) performs the lowest values.

The diamond-shaped baffle provides higher f / f0 than the 
simple baffle. The friction factor is around 5.683 - 29.820 
and 5.140 - 22.586 times above the smooth rectangular 
channel for the diamond and simple baffles, respectively.

4.11 Thermal enhancement factor
Fig. 15 presents the variations of the thermal enhancement 
factor (TEF) with the flow Reynolds number for both the 
cases of simple and modern baffles. The thermal aerody-
namic performance for air flowing in the simple or dia-
mond baffled duct with larger Reynolds number is found to 
be higher than that with smaller flow rate. The TEF value 
augment with the augmentation of Reynolds number (Re) 
and thus, the Re provides maximum thermal enhance-
ment. The maximum TEF is around 1.292 at the highest 
Reynolds number for the case under study. This value 
decreases by 9.900 % in a comparison with the simple baf-
fle at the same upper Reynolds number.

5 Conclusion
This is a computational fluid dynamic analysis of air over 
a diamond-shaped baffle mounted on the hot upper surface 
of the lower wall of a rectangular cross section channel 
using a CFD technique. The Reynolds number was varied 
from 12,000 to 32,000. The best configuration for using 
the baffle is found for the diamond geometry at upper 
Reynolds number values. Future work will involve more 
complex geometries and using nanofluids to assess the 
optimum conditions for heat transfer enhancements.

Fig. 14 Variation of normalized friction factor with Re number. Fig. 15 Variation of TEF with Re number.
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