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Abstract: Details on the hydrothermal characteristics of turbulent flows in a solar channel heat
exchanger (CHE) are highlighted. The device has transverse T-shaped vortex generators (VGs). Two
staggered VGs (baffles) are inserted on the lower and upper walls of the CHE. The working fluid
is Newtonian and incompressible, with constant physical properties. The ANSYS Fluent 17.0 is
utilized in this survey. The second-order upwind and QUICK schemes were utilized to perform the
discretization of pressure and convective terms, respectively. The SIMPLE algorithm was employed
to achieve the speed-pressure coupling. The residual target 10~° was selected as a convergence
criterion. The effects of the T-VGs’ geometrical shape and Reynolds numbers were inspected. At
the baffle level, the wall effect was augmented due to the reduction of the passage area of flows,
which is estimated here to be 55%, resulting thus in a considerable resistance to the movement of
fluid particles. The thermal distribution is highly dependent on the flow structures within the CHE.
Since the fluid agitation yields an enhanced mixing, it allows thus an excellent heat transfer. The
most considerable rates of thermal transfer were obtained with high Re, which resulted from the
intensified mixing of fluid particles through the formation of recirculation cells and the interaction
with the walls of the T-VGs and the CHE. The T-baffles with intense flow rates yielded negative
turbulent speeds and intensify the fluid agitation, which improves the thermal exchange rates.

Keywords: solar channel; heat exchanger; T-baffle; turbulence; heat transfer; hydrothermal; CFD

1. Introduction

Thermal devices are utilized in several daily and industrial processes. The optimiza-
tion of their effectiveness remains of great concern to designers [1-3]. The insertion of
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baffles inside the flow duct in HEs is known as an efficient technique to promote the energy
performance of such devices [4-6]. The presence of baffles, the so-called vortex generators,
yields turbulence and lengthens the fluid particle trajectories, which results in enhanced
convective thermal exchange and efficiency [7-9].

Some research studies have been carried out on various types of HEs and their imple-
mentations. Patankar et al. [10] produced one of the first numerical studies of hydrothermal
activity in a channel heat exchanger with various cross-sections. Kelkar and Ptankar [11]
used a parallel-plate channel to insert fins in a staggered pattern. Their numerical sim-
ulations for the laminar flow regime revealed that choosing the right geometrical and
operational parameters is crucial to improving hydrothermal properties. For low Reynolds
numbers (Re), Bazdid-Tehrani and Naderi-Abadi [12] inspected the influence of the block-
age ratio (BR) on the hydrothermal fields within a 2D horizontal CHE provided with in-line
ribs. The VGs in the shape of ribs are not highly efficient for high amounts of BR, as claimed
by these authors. Compared with a smooth backward-facing step, Tsay et al. [13] observed
an augmentation in Nusselt number (Nu) by 190% with the presence of a vertical baffle on
the bottom wall of the step. Great dependence on the hydrothermal features according to
the position of the baffle inside the step was observed.

Pirouz et al. [14] analyzed the influence of adding two staggered baffles on the lower
and upper walls of a duct. The Lattice Boltzmann Method (LBM) was confirmed to be
accurate and efficient for predicting the conjugate thermal transfer phenomena. Addi-
tionally, Nasiruddin and Siddiqui [15] considered three baffle orientations in a tube heat
exchanger, namely: vertical and inclined towards the upstream and the downstream ends.
The inclination of baffles towards the downstream end yielded less pressure drop with sim-
ilar heat transfer rates, compared with the other cases. Furthermore, Demartini et al. [16]
examined the aerothermal details of air flowing through a CHE equipped with two baffles
on the lower and upper walls. Moreover, Gajusingh et al. [17] used the PIV (Particle Image
Velocimetry) technique to explore the impact of VGs on the thermal phenomenon within
a smooth pipe. Compared with the smooth pipe, the VG induced enhancement in the
turbulent velocities by three times and a significant increase in energy production rates.
The biggest improvement in the turbulence magnitude was reached in the area within a
distance of two heights of the VG from the lower wall just downstream of the VG. Other
related achievements are available in the literature like Sakhri et al. [18-20], Chamkha and
Menni [21], Boursas et al. [22], Chekchek et al. [23], Hadidi et al. [24], and Menni et al. [25].
Also, Salmi et al. [26] tried to enhance the convective heat transfer in CHE baffles with
vortex generators. Additionally, Dutta and Hossain [27] inspected the impact of various
geometrical parameters and Reynolds numbers of the thermal transfer and pressure losses
inside a CHE provided with perforated and inclined baffles. Aiming to eliminate or to
reduce the poor heat transfer areas (PHTAs) that are created in the downstream region of
baffles, Sahel et al. [28] introduced a row of four holes at various locations. These locations
are known as the pore axis ratio (PAR). In comparison with the simple baffle, the highest
thermal efficiency of 64%, as well as the lowest reduction in pressure drop of 12 times, were
obtained with PAR = 0.190.

Other researchers have been interested in the baffling technique by using porous ma-
terial baffles. Among other studies, Yang and Hwang [29], Yilmaz [30], and Guerroudj and
Kahalerras [31] found a significant relationship of hydrothermal features on the assigned
baffle porosity and duct aspect ratio. The baffle shape is another significant issue in the
design and performance of thermal devices. Many shapes have been proposed and ana-
lyzed, like diamond [32], helical and continuous [33], twisted [34], delta [35], trapezoidal
winglet [36], arc [37], trisection helical [38], oblique horseshoe [39], ‘U’ [40], "V’ [41,42],
perforated ‘V’ [43], double ‘V’ [44], discrete “W’ [45], and “Z’-shaped [46].

In the present work, a newly designed shape of the baffle was considered. It concerns
T-shaped baffles inserted in a horizontal CHE with a constant temperature on the duct
walls. The turbulent airflow patterns and thermal fields were predicted numerically under
various operating conditions.
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2. Problem under Inspection

The physical model is schematically highlighted in Figure 1, where the geometrical
characteristics are similar to the experimental work in Ref. [16]. A horizontal duct with two
transverse T-shaped obstacles inserted on the top and bottom surfaces of the exchanger
was employed. The length L, width (W), and height (h) of the duct were 0.554, 0.193, and
0.146 m, respectively. Baffle No. 1 was inserted on the upper surface at L;, = 0.218 m from
the channel inlet. The clearance between the two baffles was ¢ = 0.142. The baffle height
was a = 0.08 m, which corresponds to a reduced space of the flow passage at the baffle
level by 54.79%. The thickness of the T-shape was b = 0.01 m. A constant temperature
(Tw = 375 K) was set on the top and bottom surfaces of the CHE. A uniform temperature
(Tin = 300 K) and constant velocity profile of the fluid (u = Uj,, v = 0) with 2% of turbulence
intensity were defined at the inlet section of the duct.

= Upper channel wall [Y =H/2 ; T = Tw] il
o] L CH
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=)
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a} L H| X
= b =
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Figure 1. Channel heat exchanger with T-shaped baffles.

For air fluidity (Prandtl number Pr = 0.71), the Reynolds numbers ranged within
12,000-32,000. No-slip and impermeable boundary conditions were put for the walls of the
channel and baffles. P = Pay, was put at the exchanger exit.

3. Mathematical Tools
3.1. Considerations

The study was carried out by the CFD method, where the following considerations
were undertaken during the computations: two-dimensional, turbulent, and steady-state
flow, for a Newtonian and incompressible fluid. The thermal transfer by radiation and
viscous dissipation were neglected. The main equations were:

a%(pui) ~0 1)

aTCZ,(P“l“J) = ox; [i‘ (E)x] —puig | — ax; @
where P, p, and p are the pressure, fluid density, dynamic viscosity. u; and u; are mean
velocity components in x; and x; directions.

d d d
oy, PiT) = (%((HD) T> ®)

% ox;
where I't and I are, respectively, the turbulent thermal diffusivity and molecular thermal
diffusivity, defined as:

I'=u/Pr and I} = u:/Pr; 4)

In Equation (2), pu{uj’ is the Reynolds stresses defined by the Boussinesq hypothesis as:

Ju; Uj 2 ou;
—pugu;. = ]Jt(;—F;) — 3<pk+ytaxl->5ij 5)
] ! ]
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where &;; is the Kroenecker delta and p the eddy viscosity defined as:
k2
ue = pCy o (6)

3.2. Turbulence Model
The standard k-e model was utilized. It is defined by.

3.2.1. k-Equation

It is represented as follows:

d d Ut
— (oku;) = — Z)=|+G 7
ax, (Pk) axj[(wak)aj + Gy + pe @)
3.2.2. e-Equation
It is defined as:
0 0 He\ oe € &
aTC],(PE“J) ~ o <IH‘ Ug)axj +Cey — Coepp 8)
where
Cy=099 Ci=144; Cx=192; 0p=10; =13 )
are the empirical constants of the model.
3.3. Governing Parameters
3.3.1. Reynolds Number
It is calculated as:
Re = pUDy,/ u (10)
where Dy, is the hydraulic diameter, given by:
D, =2HW/(H+ W) (11)
3.3.2. Friction Factor
It is given by:
AP/L)D
f= (1% (12)
sl
2P

where U is the average axial velocity, and T, is the shear stress.

3.3.3. Heat Transfer

The local (Nuy) and average (Nu) Nusselt numbers are:

Nu, = D (13)
kg
1
Nu=1 / N, dx (14)

3.4. Experimental Correlations

To normalize the values of f and Nu, the Petukhov [47] and Dittus—Boelter [48]
correlations (Equations (15) and (16), respectively) can be used. The quantities fy and Nug
are the friction factor and the average Nu for an unbaffled channel, respectively.
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3.4.1. Petukhov Correlation
It is calculated by:
fo=(0.79InRe — 1.64) 2 for 3 x 10° < Re < 5 x 10° (15)
3.4.2. Dittus—Boelter Correlation
It is defined as:
Nug = 0.023Re*8Pr%4 for Re > 104 (16)
3.5. Thermal Enhancement Factor (TEF)
It is given by:
TEF = (Nu/Nug)/(f/fo)*? (17)

4. Computational Details
4.1. Numerical Methods

In this survey, ANSYS Fluent 17.0 was used. The discretization of pressure and
convective terms was done using the second-order upwind and QUICK methods, respec-
tively [49,50]. To accomplish the speed-pressure coupling, the SIMPLE algorithm was
adopted. As a convergence criterion, the residual goal 10~ was selected.

4.2. Mesh Dependency Tests

The computational domain was created by GAMBIT. To control the flow changes near
the wall, the mesh was refined near the walls of the channel and baffles. Mesh sizes were
varying in the ranges of 95-370 and 35-145 for the length and depth of the duct. The results
depicted in Table 1 show a small variation in Nu values (less than 0.35%) with the mesh
245 x 95. This mesh size was utilized in all computations.

Table 1. Influence of mesh size on Nu, at Re = 8.73 x 10%.

Mesh 95x35  120x45  145x55  170x65  195x75  200x85  245x95 /0 x 14
(reference)
Nu 210.56 212128 214,592 218.624 219.52 222.09% 223.216 224

4.3. Validation of the Model

The validation of some computed findings was performed against those in Ref. [16].
With similar geometric conditions as these authors, the variation of axial velocity is depicted
in Figure 2a,b. At Re = 8.73 x 10* and x = 0.525 m, the velocity curves are presented along
with the duct depth. As shown, a satisfactory agreement was found from the comparison
between both results.

Another verification of the predicted results of the Nusselt number (Nug) was per-
formed against the correlation of Dittus—Boelter [48] for a smooth duct (Figure 3). The
correlation that is given in Equation (16) was applied for a range of Re of 12,000 to 32,000.
The second verification revealed a deviation from the correlation results by 3.5%, which
confirms the reliability of our numerical model.

On the other hand, many other studies, such as Menni et al. [41,42,51,52], have
investigated numerically the same CHE in the presence of other different VGs. All of these
studies adopted the same numerical methods, the range of mesh density in both X and Y
axes, as well as the validity of the numerical model.
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Figure 2. Axial velocity curves at Re = 8.73 x 10* and x = 0.525 m: Validation against experimental data. (a) Lower side of
the CHE. (b) Upper side of the CHE.

o, @
3.5% &
le——a >
Dittus-Boelter )| 2
35000 g
=
30000 o
-
=
@
"
5 £
5 A
£ 25000
_'El Bl Present smooth channel
% 20000 B Dittus-Boelter correlation
(274
é Present smooth CHE
15000
e Dittus-Boelter [48]
10000 + T T T T

Nusselt number

Figure 3. Nu values for an unbaffled duct.

5. Findings and Analysis

From the five plots of flow fields highlighted in Figure 4, three main zones are distin-
guished. In the first one, a particle fluid acceleration with great axial velocity is observed
just upstream of the baffles, where the streamlines are deflected. Another acceleration
of fluid flow is yielded in the area limited by the obstacle tip and the channel surface
(i.e., 2nd zone), which is due to the limitation of the main passage area of flows. In the
region following the baffles (i.e., 3rd zone), the expansion impact on the flow patterns is
significant, where the recirculation cells extend with the raise of Re.

The variation of the mean velocity along the channel domain is highlighted in Figure 5.
Low velocities of fluid flow are observed in recirculation loops that are formed around the
baffles, and precisely in the corner zones. In the regions elsewhere, the flow is reattached,
and the streamlines become uniform and parallel. The sudden variation of the flow
direction that is caused by the first baffle yields an increase in speed in the area between
the baffle tip and the duct wall.
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(a)

(b)

(c)
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(d)

Figure 5. Velocity distribution for: Re = (a) 12,000; (b) 17,000; (c) 22,000; (d) 27,000; (e) 32,000.

Besides this, the most significant amounts of velocity, by about 406.54% over Uj,,
are observed near the upper wall of the duct just behind the second VG. Moreover, a
proportional increase in the velocity is remarked with the raise of Re for the geometrical
case under investigation. Variations of the air transverse speed are depicted in Figure 6.
The speed gradients are negative and then positive at the tip of the first and second baffle
tips, respectively. The most significant amounts of velocity are observed in the left corner
of the first baffle and they become more considerable with increased Re.
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(a)

(b)

(c)

(d)

(e)

Figure 6. Fields of Y-velocity for: Re = (a) 12,000; (b) 17,000; (c) 22,000; (d) 27,000; (e) 32,000.

Changes in the dynamic pressure (P) are also highlighted under two-dimensional
plots along with the exchanger, as seen in Figure 7. The same distribution as that of the
velocity (reported in Figure 5) is observed. In general, the most significant values of the
dynamic pressure are located in regions where the flow velocities are intense. The lower
amounts of pressure are located in the vicinity of baffles and precisely behind them due to
the existence of vortices. However, the highest values of P are obtained on the inner wall
of the exchanger, in the region of the front to the baffles tip. Additionally, the raise of Re
yields a continuous increase in P amounts.

Another critical parameter is inspected and presented in Figure 8. It concerns turbulent
kinetic energy (TKE), where its variation is given according to various Re. The amounts of
TKE are varying from negligible at low Re in almost all the ducts, to feeble at moderate Re
in the area from the 1st VG to the duct exit, until it becomes significant at high Re. Limited
amounts of TKE are recorded on the walls of the 1st VG and the left corner of the 2nd
one. The intensification of Re values generates a raise in the TKE, where several loops are
formed above the tip of the 2nd VG and near the upper surface of the device. At the baffle
level, the wall effect is augmented due to the reduction of the passage area of flows, which
is estimated here to be 55%, resulting thus in a considerable resistance to the movement of
fluid particles.

Changes in the turbulent dissipation rates (TDR) are also examined for several Re
values (Figure 9). Three main regions are distinguished. The first one corresponds to
the position of the 1st VG, where the flow paths are sharply destroyed, resulting thus in
augmented friction. The 2nd region concerns the area near the 2nd VG, from the lower
corner and through the left side of VG, towards the duct outlet. The 3rd region is the
area above the 2nd VG next to the upper surface of the device. The 3rd region is also
characterized by significant values in friction due to the strong variation in flow patterns,
as well as the interaction with the exchanger walls. Furthermore, and as expected, an
augmentation of TDR values is induced with the raise of Re, especially in the upper part of
the 2nd VG.



Energies 2021, 14, 6698 9 of 19

(a)
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Figure 7. Distribution of the dynamic pressure for: Re = (a) 12,000; (b) 17,000; (c) 22,000; (d) 27,000;
(e) 32,000.
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Figure 8. Variation of the turbulent kinetic energy for: Re = (a) 12,000; (b) 17,000; (c) 22,000; (d) 27,000;
(e) 32,000.
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Figure 9. Fields of the turbulent dissipation rates for: Re = (a) 12,000; (b) 17,000; (c) 22,000; (d) 27,000;
(e) 32,000.

The effects of Reynolds numbers on the turbulent intensity (TI) are also examined
(Figure 10). As highlighted, a rapid and ample increase in the TI amounts is yielded with
increasing Re, compared with those of TKE (Figure 8). The gradual augmentation of TI
begins from the 1st VG, while marginal amounts are obtained at the 2nd VG next to the top
surface of the exchanger.

The thermal behavior within the CHE equipped with T-vortex generators (T-VGs) is
inspected in Figure 11. The thermal distribution is highly dependent on the flow structures
within the CHE. Since the fluid agitation yields an enhanced mixing, it allows thus an
excellent heat transfer.

The thermal distribution reported in Figure 11 reveals a drop in the temperature
magnitude in the area between the obstacles end and the opposing wall of the exchanger.
The heat transfer process starts just after the 1st VG. Furthermore, and compared with the
unbaffled CHE, high amounts of the temperature are observed in the recirculation cells
that are formed in the area downstream of the T-VGs. In this region, a poor heat transfer
process is occurring. Additionally, an inverse proportionality is remarked between T and
Re, where a significant temperature drop is induced with increasing Re (Figure 11).

The impact of the T-shaped model of vortex generators on the profiles of axial velocity
(U) is inspected for various locations within the channel (Figure 12). The 1st baffle yields
a dead zone at its right corner and low velocities in the upper half of the device, where
Velocities with negative values represent the existence of recirculating cells. These negative
velocities are present at each corner of the T-baffle, as seen in Figure 12a,b.

At x =0.255 and 0.285 m, i.e., in the downstream region of the upper T-baffles, two
wide areas are distinguished (Figures 12c and 12d, respectively). The 1st area is that
where the air particles follow the principal direction of the stream and the U-profiles are
still parabolic. The 2nd vortex loop is located in the right corner of the T-VG, where the
U-curves are oriented towards the opposite direction of the stream. The U-profiles in the
space between the two T-fins are plotted in Figures 12e and 12f for x = 0.315 and 0.345 m,
respectively.
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Figure 11. Impact of Re on the thermal fields: Re = (a) 12,000; (b) 17,000; (c) 22,000; (d) 27,000;
(e) 32,000.
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Figure 12. Changes in the axial velocity vs. Re for several locations within the channel: (a) x = 0.159 m; (b) x = 0.189 m;
() x=0.255m; (d) x = 0.285 m; (e) x = 0.315 m; (f) x = 0.345 m; (g) x = 0.525 m.

When approaching the 2nd VG, the velocity decreased in the lower half of the duct,
whereas a new acceleration of the flow started from the tip of this obstacle. Additionally,
the 2nd T-shaped VG generates a considerable movement of the fluid particles in the
vertical direction, which increases the reattachment length of the separated flows. At the
location, x = 0.525 m from the inlet section, i.e., at 0.145 m after the 2nd T-VG, the velocity
reaches the value 11.496 m/s, which is higher by about 4.120 times than that at the inlet
(Figure 12g). This is generated by the strong interaction of the fluid particles with the wall
of the 2nd T-baffle. Moreover, and as illustrated in the plots of Figure 12, the size of the
recirculation loops, as well as the reattachment length, augments with the raise of Re.

The T-baffles revealed a similar behavior to the above with a sudden expansion, which
induces vortices in the vertical direction relative to the horizontal plane of the channel.
From its definition, the heat transfer coefficient does not allow a local determination of
regions where poor heat transfer occurs. From this viewpoint, it seems useful to perform a
local investigation on the hydrothermal characteristics and to predict the local Nu within
the exchanger. The changes in the dimensionless local Nusselt number (Nuyx/Nug) were
computed for the top and bottom duct walls (Figure 13). The lowest values of Nu are
observed at the base of the T-obstacle, while its highest amount is reached at the baffle
tip. The change in Nu is significantly affected by increasing Re. The most considerable
rates of thermal transfer are obtained with high Re, which results from the intensified
mixing of fluid particles through the formation of recirculation cells and the interaction
with the walls of the T-baffles and the channel. The T-baffles with intense flow rates yield
negative turbulent speeds and intensify the fluid agitation, which improves the thermal
exchange rates.

From a thermal viewpoint, the investigation of the impact of Re on the dimensionless
average Nusselt number (Nu/Nuy) is needed. From the results provided in Figure 14.
where Re changes from 12,000 to 32,000, a proportional relationship between the augmen-
tation of Nu/Nug and that of Re is shown. The maximum amount of thermal transfer rates
is reached on the upper wall due to the highest temperature gradients in this area.
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The change in the dimensionless local skin friction coefficient (C¢/fy) is also inspected
along the lower wall (Figure 15a). In the space between 0.1 and 0.3 m, an increase C;/fj is
shown due to the direction of the streamlines through the 1st VG towards the lower half of
the exchanger with intensified speeds. However, C;/f{j is negligible at the channel exit due
to changes in the streamlines that are generated by the 2nd VG.

The values of C¢/fj along the lower wall of the duct are given in Figure 15b. Weak
amounts of C¢/f( are remarked in the upstream space of the 1st T-baffle. However, C;/fy
augments in the space between baffles, which results from an abrupt variation in the
streamlines. Moreover, the highest amounts of C¢/fy are shown in the unbaffled zone
closed to the channel exit. These significant amounts correspond to the considerable
pressure losses that are yielded by the abrupt change in the airflows at the level of the
2nd baffle.
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the exchanger.

Concerning the Reynolds number, the increased Re yields a considerable augmentation
of /£y, as well as the pressure drop. These findings are confirmed by the maps of Figure 16,
where the dimensionless average skin friction coefficient (f/fj) is presented at the vertical
locations y = 0.073 m and y = —0.073 m and nn obvious relationship between the raise of
Re and that of f/fy. The most significant value of f/f is remarked on the upper surface of
the thermal device due to the highest speed gradients in this area.
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Figure 16. Dimensionless friction factor along with the exchanger vs. Re.

In terms of performance, and according to Figure 17, the thermal enhancement factor
(TEF) is shown for all tested Reynolds values. Obviously, the performance improvement
increases with the higher Reynolds values. All TEF values exceed 1.00. Therefore, having
T-shaped VGs can enhance turbulent heat transfer for all flow rates used. The TEF factor
reached 1.10 at the lowest value of Re, i.e., 12,000, while it increased to 1.47 with an increase
in the flow rate (Re) to 32,000.
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In addition, as shown in Figure 17, the achieved performance is compared to that of
several previous studies [51,52]. As the Reynolds number rises, the thermal improvement
factor tends to rise as well. For all Re numbers, these improvement factors are larger than
unity; they vary between 1.08 and 1.47 depending on the geometrical shapes of the VGs,
i.e., CHE with one deflector [51] or two VGs [52] and the flow rate (Re, 12,000 to 32,000).
Among all the VGs used, the best improvement factor was obtained with the new tested
obstacles, T-shaped VGs. However, this enhancement was slightly lower in the case of two
flat-corrugated VGs.

It is important to note that the T-VG model, for a Re number of 32,000, gave a higher
improvement factor than that of a case with one VG (Plus, arg, flat, triangular, V, epsilon,
and diamond-shaped); or two VGs (flat-flat, flat-trapezoidal, and flat-corrugated-shaped)
of about 26.65%, 23.53%, 21.01%, 20.33%, 19.17%, 17.35%, and 12.33%; or 7.75%, 6.05%, and
1.84%, respectively.

Therefore, the T-VG model can be chosen as the best geometric model for good
improvement of heat transfer inside a CHE.
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6. Conclusions

Hydrothermal behavior within a T-baffled CHE was presented. The presence of T-
baffles yielded big changes in the flow patterns and thermal fields. The main flow was
deflected towards the lower half of the thermal device at the level of the first baffle. In the
downstream region of each T-obstacle, a strong recirculation cell was observed.

This estimation showed the following points:

(1) Atthe VG level, the wall effect is augmented due to the reduction of the passage area
of flows, which is estimated here to be 55%, resulting thus in a considerable resistance
to the movement of fluid particles.

(2) The 2nd T-shaped VG generates a considerable movement of the fluid particles in the
vertical direction, which increases the reattachment length of the separated flows.

(3) The thermal distribution is highly dependent on the flow structures within the CHE.
Since the fluid agitation yields an enhanced mixing, it allows thus an excellent heat
transfer. The heat transfer process starts just after the 1st VG. Furthermore, and
compared with the unbaffled CHE, high amounts of the temperature are observed in
the recirculation cells that are formed in the area downstream of the T-VGs. In this
recirculation region, a poor heat transfer process is occurring.

(4) The most considerable rates of thermal transfer are obtained with high Re, which
results from the intensified mixing of fluid particles through the formation of recircu-
lation cells and the interaction with the walls of the T-baffles and the channel.

(5) The T-baffles with intense flow rates yield negative turbulent speeds and intensify
the fluid agitation, which improves the thermal exchange rates.

(6) The highest amounts of C¢/fy are shown in the unbaffled zone closed to the channel
exit. These significant amounts correspond to the considerable pressure losses that
are yielded by the abrupt change in the airflows at the level of the 2nd baffle.

(7) The most significant values of Nu and f are observed on the upper surface of the
exchanger, due to the highest temperature and speed gradients in this area.

(8) The achieved performance has been compared to that of several previous studies.
Among all the VGs reported and investigated, the best improvement factor is obtained
with the new tested obstacles, i.e., T-shaped VGs.

As a result, the T-VG model may be selected as the most effective geometric model for
improving heat transport within a CHE.
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