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ABSTRACT

The turbulent convective thermal transfer in channel heat exchangers (CHEs) is studied numerically
viathe CFD (Computational Fluid Dynamics) method. Deflectors are inserted on the hot bottom walls
of the heat channel to enhance the hydrothermal characteristics. Various shapes of in-line deflec-
tors are considered, namely: rectangular (a/b = 0.00), cascaded rectangular-triangular (a/b = 0.25,
0.50, and 0.75), and triangular (a/b = 1.00) shapes. From the obtained results, the inclusion of in-line
deflectors with a/b = 0.75 has given the most significant thermal enhancement factor, which was
higher than that for a/b = 0.00, 0.25, 0.50, and 1.00 by about 5.36, 5.06, 67.27, and 3.88%, respec-
tively. Also, the in-line cascaded deflector’ case (a/b = 0.75) shows an increase in the enhancement
factor ( ) from 4 to 15.44% over the cases of one deflector (corrugated, rectangular, triangular, trape-
zoidal, arc, (+), S, 45° V, 45° W, T, ,and -shaped) or two deflectors (staggered corrugated). This
highlights the effectiveness of in-line cascaded rectangular-triangular deflectors with a/b = 0.75in

ARTICLE HISTORY
Received 14 June 2020
Accepted 17 February 2021

KEYWORDS

Thermal transfer; forced

convection; computational
uid dynamics; channel heat

exchanger; de ectors

improving the performance of the proposed exchanger for the conditions adopted.

Introduction

The continuous increase of the global energy demand
caused awareness about climate change and energy short-
ages. The renewable and environmentally sustainable
energies, such as solar energy, have become an e cient
alternative in various sectors, i.e. industrial, domestic,
rural, etc.

The investigation of the performances of solar heat-
exchangers (SHEs) is of extremely needed, since these
devices are utilized in various industrial areas and
vital applications. The enhancement of their e ciency
remains still of great concern for engineers and users.
One of the most e ective ways for an important heat
exchange (HE) within a smooth airway, such as cool-
ing or heating solar ducts, with lower high ow rates,
is the use of attached (Kadari et al., 2018) or detached
(Kaewkohkiat et al., 2017), transverse (Hosseinirad et al.,
2019) or longitudinal (Wang et al., 2019), orthogonal
(Karmakar & Mohanty, 2019) or inclined (Phila et al.,
2020), solid (Li et al., 2020a), slotted (Alfellag et al.,
2020), perforated (Liu et al., 2019) or porous (Davari &
Maerefat, 2016), and simple (Hanna et al., 2002), cor-
rugated (Gholami et al., 2019) or shaped (Menni et al.,

2020a) type inserts, known as vortex generators (VGS),
turbulators, turbulence promoters, or de ectors (Awais &
Bhuiyan, 2018; Huang et al., 2018), such as ribs, ba es, or
ns (Ameur, 2019; Boukhadia et al., 2018), placed in par-
allel, in-line, or staggered arrays (Lee et al., 2018). These
vortex generators are utilized to lengthen the trajectory of
the uid particles and to increase the interaction between
them, which generates improved thermal e ciency.
Pipes and channels with attached and detached baf-
es, nsand ribs are the focus of many research works.
Among them, Demartini et al. (2004) examined the
details of the turbulent air ow in a duct equipped with
two ba es. For aba ed duct heat exchanger, Ary et al.
(2012) reported that two ba es yield greater thermal
exchange rates than a single ba e and the number of
holes has a considerable in uence on the ow behav-
ior. The study performed by Khan et al. (2002) revealed
that the ba es create larger ow disturbance than that
of the ribs. Promvonge and Thianpong (2008) carried
out experiments to determine the hydrothermal char-
acteristics of air through an exchanger provided with
di erent shaped ribs (wedge, triangular, and rectangu-
lar) in in-line and staggered arrays. Hwang et al. (1999)
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Figure 1. Computational domain of the problem studied.
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Figure 2. Geometrical con gurations under analysis: (a) a/b = 0.00, (b) a/b = 0.25 0.75, and (c) a/b = 1.00.

predicted the e ect of rib length on the turbulent ow
characteristics inside a duct. Zhao et al. (2016) carried
out experiments on the in uence of pin density and
shapes (triangle, circular, elliptical, and square) on the

ow in a rectangular duct. Wang et al. (2012) inspected

Table 1. Structural parameters of the physical domain under
study (Demartini et al., 2004).

Parameter [m] Value
Length of the exchanger, L 0.554
Height of the exchanger, H 0.146
Width of the exchanger, W 0.193
Hydraulic diameter, Dy, 0.167
De ector thickness, t 0.010
De ector height, b 0.080
Spacing, Pi 0.142
Inlet-1st de ector length, L1 0.218
2nd de ector-exit length, Lo 0.174

Table 2. Thermal physical properties of air (ANSYS Fluent 12.0,

2012).

Parameter Value
Density, ¢(kg/m3) 1.225
Heat capacity, Cps (J/kg.K) 1006.43
Thermal conductivity, ;(W/m.s) 0.0242
Kinematic viscosity, ¢(kg/m.s) 17894 10 °

Table 3. Necessary equations (Menni et al., 2020b; Yang &
Hwang, 2003).

Equations S
Continuity 1 0 0
P
X-momentum u e ~
P
y-momentum v e v
Energy T - 0
T
2 2
u v
+ ¢ 2 — +2 —
t X y
Turbulent energy k 1 +—
k v u 2
+ — + —
X y
Turbulent dissipation |+ -t R(ch c2 )

the ow and thermal exchange through a duct having
various staggered pin ns, (drop, circular, and elliptical).
Liu and Wang (2011) found in their study a signi cant
enhancement in the local thermal exchange when using
semi-attached ribs in channels. Ameur (2020) presented
an investigation of the hydrothermal characteristics of a
channel equipped with wavy ba es. Other researchers
were interested in the investigation of the e ectofba e
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Table 4. Necessary parameters.

C
Prandtl number, Pr(=0.71) Pr= Pt
f
Turbulent Prandtl number, Pre = M
Pri(=0.85 at the wall) H
UinD
Reynolds number, Re Re = _f-inth
f
L 2HW
Hydro-dynamic diameter of the Dy =
exchanger, Dh (H+Ww)
P/L)D
Friction factor, f f= ( I )Dn
Ly2
2 fln
. T To(x 1
Local coe cient of heat transfer, h(x) = ;— p( ).
h(x) Yoo Tw To(¥)
u(x,y).T(x,y)dA
Bulk temperature Tb (x) Tp(x) = AU T Y)dA
AU(X,y).dA
h(x)Dy
Local number of Nusselt, Nux Nuy = neIDn
f
1
Average number of Nusselt, Nu Nu = T Nuy X
Nu/N
Hydrothermal performance, = (Nu 503)
(Menni et al., 2018a) (f/fo)

NuO(for Re  10,000) (Dittus & Nug = 0.023Re®8pr04

Boelter, 1930)

fo (for 3,000 Re
(Petukhov, 1970)

where, yisthedi usivity formomentum transfer, yisthedi usivity for heat
transfer, P is the pressure drop, p subscript is the 1st inner-node from the
solid-wall, Tp is the temperature at the cell adjacent to the wall, y, is the dis-
tance from point p to the wall, and Nupand fpare the Nusselt number and
friction factor for the smooth exchanger.

5 10) fo=(0.79InRe  1.64) 2

Table 5. Mesh density tests for Re =32 104at(0 x L,

y = H/2).
Mesh nodes
nx 95 120 145 170 195 220 245 370
ny 35 45 55 65 75 85 95 145
a/b = 0.00

1118 1135 1146 1155 1173 1194 1201 1210

Er(%) 7603 6.198 5289 4545 3057 1322 0784 Ref
a/b = 0.25

1129 1139 1164 1170 1180 1199 1205 1216

Er(%) 7154 6332 4276 3782 2960 1.398 0904 Ref.
a/b = 0.50

0394 0399 0402 0404 0406 0409 0415 0418

Er(%) 5741 4545 3827 3349 2870 2153 0717 Ref.

a/b = 0.75

1181 1201 1225 1231 1241 1255 1269 1283

Er(%) 7950 6391 4520 4.053 3273 2182 1091 Ref
a/b = 1.00

1137 1159 1181 1186 1194 1.208

Er(%) 8084 6305 4527 4122 3476 2344

1220 1.237
1374 Ref.

inclination on the ow and thermal exchange behaviors
(Eiamsa-ard and Chuwattanakul, 2020).Yongsiri et al.
(2014) reported that, at high Reynolds number, the 60
and 120 inclination angles of ribs generate compara-
ble thermal exchange rates and heat performance fac-
tors that are the most signi cant than those of the other
cases. Promvonge et al. (2015) determined the in uence
of inclined horseshoes ba es on the overall e ciency of
a tubular heat exchanger. For a duct tted with inclined

perforated vortex generators (VGs), Dutta and Hossain
(2005) reported that the local thermal exchange is depen-
dent on the design, orientation, and location of the
2ndVG. For an air heater channel, Bopche and Tandale
(2009) determined the impact of U-shaped VGs inserted
on the absorber surface. The U- and V-shaped ba es
have also been studied by many researchers (Misra et al.,
2020; Promvonge & Skullong, 2020). The porous ba es
were also the subject of some investigations (Ameur &
Menni, 2019; Mesgarpour et al., 2018). Detailed reviews
on the various techniques to enhance the performance
of CHEs (Channel heat-exchangers) may be found in the
literature (Alam & Kim, 2017; Kabeel et al., 2017).
According to both the numerical and experimental
models, it is well evident that nning technology has a
sensitive e ect on reinforcing the ow eld and improv-
ing the heat transfer within CHEs. Several authors and
engineers have studied and investigated di erent CHEs
with very complex de ectors in an overlapping arrange-
ment in most of their studies. In our proposed research,
new models of in-line regular-de ectors are highlighted
to increase the e ciency of CHEs. In the present analy-
sis, steady-state, Newtonian, and incompressible ows of
air over in-line de ectors in channels with in-line rect-
angular (a/b = 0.00), cascaded rectangular-triangular
(a/b = 0.25, 0.50, and 0.75), and triangular (a/b = 1.00)
shaped de ectors tted to the hot bottom walls of CHES
are simulated and analyzed numerically. These de ectors
directthe uid ow to circulate in a very small section in
the channel duct, to lengthen the trajectory of the uid,
to enhance the heat exchange surface, to force the recir-
culation zones, to create the turbulence and therefore
a successful heat transfer. On the other hand, a com-
parison of the obtained optimum de ector performance
with other de ectors from the literature (Menni et al.,
20184, 2018b) is shown to highlight the importance of the
nning technique for such exchangers.

Mathematical modelling
Channel heat exchanger under study

The hydrothermal characteristics of a CHE are deter-
mined in this paper. The computational domain of the
problem studied is given in Figure 1. It is a channel

tted with in-line transverse, vertical, and solid de ec-
tors on its bottom wall. The channel length-to-hydraulic
diameter, width-to-height aspect ratio of channel, de ec-
tor height-to-channel height, and de ector spacing-
to-channel height ratio are xed at, L/Dy = 3.317,
W/H = 1.321, h/H = 0.547, and Pi/H = 0.972, respec-
tively. These values were considered basing on the exper-
iments of Demartini et al. (2004).
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Figure 3. Mesh type for (a) a/b = 0.00, (b) a/b = 0.25, (c) a/b = 0.50, (d) a/b = 0.75,and (¢) a/b = 1.00.

Vortex generators under investigation

E ects of the de ector shape were examined by realizing
three geometrical cases, namely: atrectangular (a/b = 0
or case A in Figure 2a), cascaded rectangular-triangular
(a/b = 0.25, 0.50, and 0.75 or case B in Figure 2b), and
triangular (a/b = 1.00 or case C in Figure 2c).

Used geometrical dimensions and materials
thermal-physical properties

The required details on geometrical parameters are sum-
marized in Table 1. The thermal-physical properties of
the working uid (air) are summarized in Table 2.

Assumptions and hydrothermal boundary
conditions

The study concerns turbulent ow and forced-convection
of an incompressible Newtonian uid (Pr = 0.71) with
constant thermal physical properties and owing inside
a channel. The 2D steady-state with neglected radi-
ation thermal exchange mode are treated. Air enters

the exchanger at 300K with zero pressure (Pj, = 0)
(Nasiruddin & Siddiqui, 2007). A uniform 1D veloc-
ity pro le (u = Ujp, v = 0) is set at the exchanger inlet
(Demartini et al., 2004). A temperature of 375K is set on
the entire walls of the exchanger (Nasiruddin & Siddiqui,
2007). The walls of the exchanger, as well as the de ec-
tors, are considered impermeable and no-slip (Demartini
et al., 2004). At the exchanger outlet, the atmospheric
pressure is set Pexy = Pam (Demartini et al., 2004). Fur-
ther details on the theoretical and mathematical tools are
provided in (Menni et al., 2020b; Yang & Hwang, 2003).

Governing equations and parameters

For these considerations, the governing-equations are
given in the common form as follows(Menni et al., 2020c,
2021; Yang & Hwang, 2003):

—X(U)"'—y(V)

= + *s W

xox oy oy
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Figure 4. Veri cation of (a) Nug and (b) fo for various turbulence models and Re numbers, using SIMPLE algorithm and Quick scheme.

where s avector composed of the scalars u, v, T, k, and

isthe turbulent di usioncoe cient,andS isthe
source term associated (Table 3). The turbulent-air char-
acteristics are modeled by the standard-type k- model
(Launder & Spalding, 1974). All the parameters charac-
terizing uid transport and heat transfer are detailed in
the following table (Table 4).

Numerical modelling
Numerical schemes

The Quick(Quadratic Upstream Interpolation for Con-
vective Kinetics) scheme (Leonard & Mokhtari, 1990)
and the SIMPLE(Semi Implicit Method for Pressure
Linked Equations algorithm) algorithm (Patankar, 1980)
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Figure 5. Streamlines at Re = 12,000, for (a) a/b = 0.00, (b) a/b = 0.25, (c) a/b = 0.50, (d) a/b = 0.75, and (e) a/b = 1.00.

were employed to achieve computations with the
computer software ANSYS Fluent 12.0 (2012). The
probed exchanger is simulated with a two-dimensional,
non-uniform, structured, and quadrilateral mesh
(Figure 3), as it is very concentrated near the solid
boundary.

Mesh density tests

Several grids have been adopted with di erent (ny  ny)
nodes, starting from 95 to 370 according to the hori-
zontal axis, while from 35 to 145 according to the ver-
tical axis. The performance values ( ) were checked
according to the hot topwall (0 x L,y = H/2) for
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Figure 6. Axial velocity eldsatRe = 12,000, for (a) a/b = 0.00, (b) a/b = 0.25, (c) a/b = 0.50,(d) a/b = 0.75, and (e) a/b = 1.00.

Re = 3.2 10* and for all de ector models considered
(Table 5). Comparing the di erent-cell results shows that
it is not necessary to raise the number of cells from
(245 95)to (370 145)since the relative error does not
exceed 1 percent in the case of a/b = 0.00, 0.25 and 0.50
models, while it does not exceed 1.5 percent in the case
of the remaining models (a/b = 0.75 and 1.00). Then,
the incoming mesh of (245 95) nodes is built for all
investigated models.

Turbulence model tests

Five di erent models are considered, namely (i) Standard
-typek- , (ii) RNG-k- , (iii) Realizable-k- , (iv) Standard-
type k- , and (v) SST-k- model. Beginning by the
determination of the Nusselt number (Nug), where
Nug values are provided in Figure 4(a) in the case of
1.2 10* Re 3.2 10* The results obtained by the
ve various two-equation models are veri ed against
those calculated by the empirical correlation of Dit-
tus and Boelter (1930). We note that these values are

given for a smooth exchanger. Firstly, an increase in
Nug is noted with the rise of Re for all turbulence
cases. The comparison plots between the di erent mod-
els revealed that the standard-k- type is able to pro-
vide satisfactory Nug values over the range of Reynolds
number used here. The standard-k- and SST-k- mod-
els gave excellent predictions at low Re, but the devia-
tion from those of the correlation increased at high Re.
However, it seems that the RNG-k- and realizable-k-
model cases perform better at high Re (as observed for
Re 22 10%.

In the same smooth exchanger, the variation in the
fo vs. Re is plotted in Figure 4(b) for the ve types of
two-equation models. Veri cation and comparison of
these plots is made against the experimental data of
Petukhov (1970). From this gure, it seems that the stan-
dard k- model remains the most e cient for all values
of Re. However, asigni cant deviation is observed for the
other models, where the realizable-k- case gave the low-
est amounts of fy and the SST-k- vyielded the greatest
values of f at high Re, especially at Re = 3.2 10%.
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Figure 7. Distribution elds of the dynamic pressure at Re = 12,000, for (a) a/b = 0.00, (b) a/b = 0.25, (c) a/b = 0.50, (d) a/b = 0.75,
and (e) a/b = 1.00.
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Figure 8. Variation of the turbulent kinetic energy elds at Re = 12,000, for (a) a/b = 0.00, (b) a/b = 0.25, (c) a/b = 0.50, (d)
a/b = 0.75,and (e) a/b = 1.00.
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Figure 9. Thermal eldsatRe = 12,000, for (a) a/b = 0.00, (b) a/b = 0.25, (c) a/b = 0.50, (d) a/b = 0.75, and (e) a/b = 1.00.

Results and discussion

The overall performances of a heat exchanger depend
on the working uid, as well as the geometrical param-
eters (Abadi et al., 2020; Ramezanizadeh et al., 2019).
The turbulent characteristics of a CHE with two in-line
de ectors are evaluated in the present paper. Five di er-
ent cases (a/b = 0.00, 0.25, 0.5, 0.75, and 1.00) are con-
sidered concerning the shape of de ectors. The results are
reported for various Reynolds numbers and for the ve
mentioned cases in the form of streamlines and contours
of velocity, dynamic pressure, turbulent Kinetic energy
and isotherms. The variations of friction factor, Nusselt
number, and hydrothermal enhancement factor are also
analyzed.

Hydrothermal elds

The stream function elds for the cases a/b = 0.00,
0.25,0.5, 0.75, and 1.00, at Re = 1.2 10* are shown in
Figure 5a e, respectively.

As observed, the streamlines are disturbed near the
de ectors on their left and right sides for all studied
cases. In the region before the rst de ector, the air-

ow is disturbed near its left side. The presence of a
de ector on the lower section of the exchanger allows
the current to be directed towards the top region while

total-temperature

374
372
370
368
| 366
364
362
360
358
356
354
350
~ 346
o 342
= 338
| 334
330
326
322
318
| 314
310
306
302

forming a small recirculation loop at the bottom of the
de ector. The current moves over the rstde ector, split-
ting at the front of the sharp edge of the same de ec-
tor with the formation of an intense recycling cell on
its right side. These cells extend to the left wall of the
second de ector. In addition, a large recycling cell is gen-
erated behind the second de ector in the upper part of
the exchanger. In this gure, the formation of vortices
within the ba ed channel is similar in all cases, but with
di erent intensities.

At Re = 12,000, the velocity elds of air are plotted
in Figure 6 for ve di erent sizes of de ectors, namely:
a/b = 0.00, 0.25, 0.50, 0.75, and 1.00. In the following
areas, the air velocities are low next to the right sides
of both de ectors due to the existence of the recircu-
lation loops in these regions. In the area between the
de ector tip and the upper surface of the exchanger, an
increase in the axial velocity is observed due to the limi-
tation of the ow passage that is resulted by the presence
of de ectors.

At the same Re number, the change in the dynamic
pressure (P) is plotted in Figure 7 for three types of
de ectors ( at, cascaded, and triangular) in an in-line
arrangement. As expected, the most signi cant amount
of pressure (Pmax) is obtained at the upper part of the
channel, through the gaps, next to its top wall, due to the
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intense velocity in these regions. While the Py, value
is observed in the recirculation regions that are located
in the lower part, next to the right and left walls of both
de ectors.

The distribution of turbulence kinetic energy (k) is
highlighted in Figure 8 for the ve considered values
of a/b. In this gure, the Reynolds number is xed at
Re = 12,000. For all cases studied, the kmax is found

near the front top sharp edges of the rst and second
de ectors. However, the kmyin value is located in the
upstream and downstream regions of the de ector, for
all cases.

The isotherms are shown in Figure 9 for the ve dif-
ferent a/b ratios. For all cases under investigation, small
values of the temperature are remarked in the spaces
between the tip of each de ector and the upper wall of
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Figure 10. Continued.

channel. Moreover, the isotherms show that the vortex

uid temperature in the followed regions of the de ector
is higher than that obtained in the same region of the
smooth channel.

Axial velocity pro lesin various stations

Figure 10 highlights the axial velocity (u) pro les of air at
the cross sections x = 0.159, 0.223, 0.285, 0.315, 0.375,
and 0.525m for a/b = 0.00, 0.25, 0.50, 0.75, and 1.00,

@

respectively. At the axial location x = 0.159m, i.e. before
the rst de ector, the air ow is highly intensi ed in the
top region channel, approaching 114.61 141.12% of the
inlet velocity (Figure 10a). However, and in the bottom
part of channel, the velocity drops as the ow approaches
the rstde ector.

Figure 10b addresses the variation of axial velocity(u)
in the cross-section starting from the upper wall of the
channel to the tip of the rst de ector, at x = 0.223 m.
A strong relationship between the uid velocity and
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Figure 10. Continued.

the ratio a/b is observed in this gure. In terms of
improved velocities, the inclusion of in-line de ectors
in its triangular geometry (a/b = 1.00) performs better
than that of the other de ector cases. The u value in the
case a/b = 1.00 is found to be higher by about 18.89,
9.39, 6.71, and 4.03% over the air ba ed channel with
a/b = 0.00, 0.25, 0.5, 0.75, and 1.00, respectively. After
the rst obstacle, at x = 0.218, 0.285, and 0.315m from
the channel inlet, there is appearance of recycling cells

in the bottom channel area with low negative values of
velocity. These vortices are extended with the changes
of the obstacle geometry from the at rectangular form
(a/b = 0.00) to the triangular from (a/b = 1.00). In the
upper part of the exchanger, the air current starts to
accelerate toward the gap formed between the tip of the
second de ector and the opposite wall (Figure 10c and d).
In addition, the cascaded rectangular-triangular geom-
etry of the obstacle in the case a/b = 0.75 shows most
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Figure 12. Friction factor vs. Reynolds number for di erentde ectors.

signi cant speeds than that in the cases a/b = 0.25 and
0.50 by about 106.00 and 102.91%, respectively.

At the axial location x = 0.375m, the pro les of u-
velocity in the second space starting from the tip of the
second de ector to the upper surface of the exchange rare
reported in Figure 10e. The analysis of this gure reveals

that the speed increases when changing a/b from 0.00 (or

at rectangular geometry obstacle) to 1.00 (or triangular
geometry obstacle). At x = 0.525m, i.e. next to the chan-
nel outlet (Figure 10f), the at rectangular and cascaded
rectangular-triangular obstacles (a/b = 0.25 0.75) show
a decrease in the axial velocity by about 18.78 18.96
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and 3.89 9.37%, respectively, compared to the triangular
obstacle (a/b = 1.00).

Heat transfer characteristics

E ect of the variation of Reynolds number and obsta-
cle size (a/b = 0.00, 0.25, 0.5, 0.75 and 1.00) on Nu is
plotted and reported in Figure 11. As expected, the value
of Nu/Nug augments with the raise of Re value in all
cases studied. The Numax is obtained for a/b = 0.75 at
Re = 32,000, while the Numin is reached at a/b = 0.50
for all Re values. At Re = 32,000, the improvements
in Nu values for a/b = 0.00, 0.25, 0.5, 0.75 and 1.00,
respectively, are about 320.73, 315.73, 118.79, 355.43,
and 323.33% over the smooth channel. The inclusion of
obstacles with a/b = 0.75 at Re = 32,000 gives high Nu
values than that with a/b = 0.00, 0.25, 0.50, and 1.00
around 9.76, 11.16, 66.57, and 9.03%, respectively.

Friction loss

The impact of the de ector geometry and Reynolds num-
ber on the normalized average skin friction coe cient
(f/fo) is highlighted in Figure 12. An enhancement in f
values ranging from 3.75 to 24.31 times over the smooth
channel is obtained. The amount of f at Re = 32,000 and
a/b = 0.50 is found to be around 18.96, 23.31, 7.31, and
20.26% higher than that with a/b = 0.00, 0.25, 0.75, and
1.00, respectively.

E ectof shape on performance

Figure 13 reports the changes in the thermal enhance-
ment factor ( )vs Re for all geometrical con gura-
tions under study. H augments with the raise of
Re. At Re = 32,000, the insertion of de ectors with
a/b = 0.75 yields the most signi cant . However,
the de ectors with a/b = 0.50 yield the lowest  for
all Re values considered here. At Re = 32,000, the
most signi cant values of is reached with a/b =
0.75, which is higher by about 5.36, 5.06, 67.27, and
3.88%, compared to a/b = 0.00, 0.25, 0.50, and 1.00,
respectively.

Moreover, the optimum n case, obtained with
a/b = 0.75, is compared with various de ector models
(Figure 14) from the literature (Menni et al., 2018a,
2018b). Under the same simulated conditions, the 0.75-
cascaded model shows an improvement in the perfor-
mance over all other de ector cases. At Re = 32,000, the
cascaded rectangular-triangular de ector case (a/b =
0.75) shows an increase in the enhancement factor ( ) by
about 10.795, 8.274, 7.486, 7.880, 11.189, 14.814, 11.662,

6.146, 15.445, 14.972, 12.371, 4.018 and 10.795% com-
pared to the cases of one de ector (corrugated, rectan-
gular, triangular, trapezoidal, arc, (+), S, 45 V, 45 W,
T, ,and -shaped) or two de ectors (staggered corru-
gated), respectively. This highlights the e ectiveness of
in-line cascaded rectangular-triangular de ectors with
a/b = 0.75 in improving the performance of the pro-
posed exchanger for the conditions adopted.

Conclusion

The hydrothermal characteristics of turbulent air ow
inside a channel heat exchanger were determined with
the CFD computations. The exchanger was equipped
with de ectors to enhance the overall performances.
Various geometrical con gurations concerning the
inserted de ectors, as well as various Reynolds num-
bers were considered in an attempt to augment the ther-
mal enhancement factor. From all calculations, the main
ndings may be summarized as follows:

The distribution of streamlines within the channel was
similar in all cases through the formation of vortices,
but with various intensities.

The Pmax value was observed at the upper part of the
channel, through the spaces, next to the top wall due to
theintense ow velocity in these regions. However, the
Pmin value was found in the recirculation loops that
are formed in the lower part of channel, next to the
right and left walls of both de ectors.

The kmax Was found near the tip of each de ector
for all cases studied. However, the Kmin value was
observed in the upstream, and downstream regions of
de ectors for all cases studied.

The isotherms showed that the air temperature in
the area behind the de ectors was higher than that
obtained in the same region for the smooth channel.
At Re = 32,000, the inclusion of de ectors with
a/b = 0.75 has given higher Nu values than those with
a/b = 0.00, 0.25, 0.50, and 1.00 around 9.76, 11.16,
66.57, and 9.03%, respectively.

The f value at Re = 32,000 and a/b = 0.50 was found
to be higher by about 18.96, 23.31, 7.30, and 20.26%
than those with a/b = 0.00, 0.25, 0.75, and 1.00,
respectively.

The most signi cant TEF was reached at Re = 32,000
and with a/b = 0.75, which was higher by about 5.36,
5.06, 67.27, and 3.88% compared to a/b = 0.00, 0.25,
0.50 and, 1.00, respectively.

At Re = 32,000, the cascaded rectangular-triangular
de ector case (a/b = 0.75) showed an increase in the
enhancement factor ( ) by about 10.795, 8.274, 7.486,
7.880, 11.189,14.814, 11.662, 6.146, 15.445, 14.972,



ENGINEERING APPLICATIONS OF COMPUTATIONAL FLUID MECHANICS . 527

12.371, 4.018 and 10.795% compared to the cases
of one de ector (corrugated, rectangular, triangular,
trapezoidal, arc, (+), S, 45 V, 45 W, T, , and
-shaped) or two de ectors (staggered corrugated),
respectively.
This improvement in the thermal enhancement fac-
tor highlights the e ectiveness of in-line cascaded
rectangular-triangular de ectors with a/b = 0.75 in
improving the performance of the proposed ex-
changer for the conditions adopted.

This study may be extended by examining the e ect
of thermo physical properties of the working uids, as
well as the dimensions, inclination, and arrangement (in-
line/staggered) of porous cascaded ns on the overall
performances. The combination of n, nano uid, and
porous media techniques may be also an interesting sub-
ject for future works on the enhancement of the perfor-
mance of channel heat exchangers.
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Nomenclature

b De ector height, m

Cp Speci ¢ heat capacity, Jkg 1 K 1
C1 Constant of standard k- model
C2 Constant of standard k- model
Dy, Hydraulic diameter, m

f Ba ed channel friction factor

fo Smooth channel friction factor
H Height of the exchanger, m

hy Local heat transfer coe cient, Wm?2K 1
k Turbulent kinetic energy, m?s 2
L Length of the exchanger, m

Ly Inlet-15tde ector distance, m

L, 2nd de ector-outlet distance, m

Nu Ba ed channel average Nusselt number
Nuy Local Nusselt number

Nug Smooth channel Nusselt number

Pam  Atmospheric pressure, Pa

Pi Spacing, m

Pr Prandtl number

Pr¢ Turbulent Prandtl number
Re Reynolds number

S Source term

t De ector thickness, m

T Temperature, K

Tin Inlet uid temperature, K

Tw Wall temperature, K
u Velocity in the axial direction, ms 1

Uin Inlet velocity, ms 1
v Velocity in the streamwise direction, ms 1
W Width of the exchanger, m

Greek symbols

Vector composed of the scalars u, v, T, k, and
Thermal enhancement factor
Turbulent dissipation rate, m?s 3

f Fluid density, Kgm 3
Turbulent di usion coe cient

f Thermal conductivity, Wm 1K 1

f Kinematic viscosity, Kgm 1s 1

e E ective viscosity, Kgm 1s 1

| Laminar viscosity, Kgm 1s 1

t Turbulent viscosity, Kgm s 1

P Pressure drop, Pa

K Constant of standard k- model for k
Constant of standard k- model for

T Constant of standard k- model for T

Subscripts

atm  Atmospheric
E ective
Fluid
Hydraulic
Inlet
Laminar
Turbulent
Wall
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