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Channel flow with baffles is a multifaceted phenomenon with wide-ranging applications. It
plays a crucial role in enhancing mixing, heat transfer, and other fluid dynamics processes.
The baffles' design and placement within the channel are crucial to achieving the desired heat
transfer enhancement. Based on the specific application and fluid properties, such as baffle
geometry, spacing, and orientation must be considered. This work aims to visualize, evaluate,
and understand the effectiveness of baffles on heat transfer rates under various operating
conditions and design parameters. Computational Fluid Dynamic (CFD) investigations were
carried out to examine the performance of channels for various geometrical configurations
including Broken V-shaped, Circular, and triangular at wide operating conditions, and baffle
number densities. Computational fluid dynamic (CFD) simulations were carried out for three
different baffle shapes while the Reynolds number (Re) ranged from 1800 to 22000 and the
no. of baffle sets(N), varied as N=15,20,30. At low Re conditions channel with 30 sets of
Broken-V-shape baffles results in a higher Nusselt number due to effective turbulence
enhancement and mixing in the channel. Although the thermal performance of a V-shaped
baffles case is relatively good the friction factor is more for this case. Triangular baffles
exhibited a lower friction factor. A maximum friction factor of 0.92 is observed for N=30 sets
at Re= 1800 while the least of 0.76 is recorded for N=15.
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1. Introduction

Channel baffles are vertical plates, bolted to
the channel in parallel to the fluid flow path. They
promote turbulence in the flow and maximize
mixing efficiency [1-3]. Thus, baffles enhance the
convective heat transfer rates in case of forced
convection problems. The geometrical shape and
baffle number play a major role in the magnitude
of disturbances and accelerate the formation of
turbulent structures. These structures destroy
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the thermal boundary growth [4-6]. The shape of
the baffle plays a major role in the magnitude of
turbulence in mainstream and is found to affect
the performance of heat exchangers [7-9]. Raj et
al. [10] performed a CFD simulation for the
discretized baffle by varying the Reynolds
number. The maximum enhancement was
observed at a baffle angle of 60° 0.5 cm baffle
height, and 1.5 cm baffle pitch. Karima et al. [11]
performed three-dimensional numerical
simulations of heat exchangers with rectangular,
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triangular, and circular-shaped baffles. They
explored the effect on performance for a plate fin-
type heat exchanger. Results show that for a
circular perforated baffle, the maximum thermal
performance factor was 2.14, and for a baffle,
without perforation (TPF) it was 1.41. Fawaz et
al. [12] carried out CFD studies for a channel flow
with V-baffles at Re ranging from 5000 to 25000
for airflow. They investigated the effect of
blockage ratios (BR) and pitch ratios(PR) and
found that Higher BR increased the Nu. Also, a
lower value of PR resulted in a better
enhancement factor. Wei et al. [13] performed a
CFD simulation for a channel with 90-degree V-
shaped ribs. The performance of V-shaped ribs
was observed to be poorer in terms of pressure
drop when compared to flat channels and
favorable in terms of heat transfer coefficient.
Pongjet et al. [14] experimented with the
performance of 60-degree V-shaped ribs in a
three-dimensional channel flow. Here they
placed ribs on two opposite heated walls and
varied the flow Reynolds number from 10000 to
25000. They observed a maximum thermal
performance of about 1.8 with BR=0.0725 which
is about four times that of a flat duct without
baffles at lower Re. Although many researchers
explored the effect of baffles on thermal
performance only a few examined the
relationship between important parameters.

Wen et al. [15] investigated the effectiveness
of a baffle heat exchanger with holes of different
sizes. In this plate-fin heat exchanger, here max to
min flow velocities dropped with a change in
baffle design. They observed that improved
header configuration enhances heat transfer
rates to a great extent. Guo et al. [16] used the
Monto-Carlo algorithm for maximization of the
thermal performance of a heat exchanger. Two
different types of genetic algorithms and a
Monto-Carlo method are applied to find the
optimum values of design and operating
parameters. They reported the directions of
design optimization of heat exchangers. Taler et
al. [17] carried out computational fluid dynamic
investigations to find the thermal contact
resistance. They gave guidelines for the
measurement of mean resistance for plat-fin-
tube heat exchangers. In this study, they used
CFD methods in the accurate prediction of fluid
side and gas side temperature differences. The
average heat transfer coefficient thus measured
is in good agreement with the experimental
results.

Jheng et al. [18] simulated channel flow with a
V-shaped baffle using RNG k-¢, Realizable k-¢, and
SST k-w models. They observed that standard k-¢
model results are much closer to the
experimental results among the turbulent
models tested. They applied a Genetic algorithm

258

in the optimization of the thermal performance
factor. Results show that GA and CFD can predict
the optimum parameters, the difference in the
results is only about 2 percent. Chai et al. [19]
evaluated the effect of ribs in the enhancement of
Nusselt number and friction factor. They
observed that the ribs enhance the thermal
performance compared to straight channels with
a 4- 31% decrease in thermal resistance. Dogan
[20] studied the thermal performance of cross-
corrugated channels with rectangular baffles.
They varied the segment angle and researched
the effect on the Nusselt number by
implementing solving numerically using a finite
volume solver. They observed that the baffle of
900 angle is 52.8% more effective than the 60°
baffle angle in terms of Nu. A lower pressure drop
of 65% was recorded at 60° baffle angle
configuration compared to 90° angle baffle
configuration. In another study, Ajeel et al. [21]
evaluated the influence of geometrical
parameters for trapezoidal-corrugated channels
with silicon dioxide nanofluid. The results show
that the (h/W) ratio has a more significant impact
on heat transfer than the (p/L) ratio. The optimal
parameters are h/W of 0.05 and p/L of 0.075,
which significantly improve thermal
performance. The trapezoidal corrugated
channel with 2% silica nanofluid was found to be
better than Al203 nanofluid [22]. In another
study, they investigated the flow structure and
heat transfer -characteristics of a curved-
corrugated channel with zinc oxide nanofluid.
Results show that the formation of vortex flow
and increased turbulence improve heat transfer
rates and the best results are observed at a 10°
pitch angle [23]. More experiments are carried
out on the flow structure and heat transfer
characteristics but with L-shaped baffles instead
of E-shaped baffles. The study evaluates the
effects of corrugations, baffle arrangement,
corner angle, blockage ratio, Re, and ZnO particle
volume fraction on performance. Results show
that reducing the blockage ratio and corner angle
yields the best PEC at 1.99 [24]. The use of hybrid
nanofluid (CuO / MgO-water) boosted thermal
performance. The thermal-hydraulic
performance (THPF) increases with increasing
volume fraction and Reynolds number. The best
improvement is recorded at a gap ratio of 0.3
[25]. Hamad et al. [26] applied the k- model of
turbulence in their CFD simulations of a ribbed
channel flow with CuO/MgO nanofluid. Results
showed that corrugations and oblique ribs
increase heat transfer. Ajeel et al. [27] explore the
flow in a curved-corrugated channel using CuO /
MgO-water nanofluid. CFD was able to report the
clear formation of the vortex and turbulent flow
structures with the k-e model between the E-
shaped rib structures. A similar analysis was
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carried out using (SiO2)-water nanofluid over
Reynolds number ranges of 10,000-30,000 in a
semicircle-corrugated channel and developed
new correlations [28]. The study reveals that the
trapezoidal corrugation profile significantly
impacts heat transfer enhancement and provides
better results [29]. Promvonge et al. [30]
examined the performance of a solar air heater
duct with a perforated rectangular wing (P-RW.
The study investigates optimal P-RWs by varying
attack angles and rearranging P-RWs. Results
show that P-RWs increase Nusselt number (Nu)
and friction factor (f) significantly over flat-plate
ducts, while backward P-RWs provide the highest
thermal performance. Dogan et al. [31]
investigated the effect of the longitudinal and
transverse pitch ratio of a vortex generator in a
channel flow. The results show an inverse
relation between the Nusselt number and pitch
ratio, with the best results at the transverse pitch
ratio of 0.12. Demirag et al. [32] carried out
numerical experiments on solar air heaters fitted
with conic vortex generators. The study
investigated the influence of various geometric
parameters and found that the highest TEF is
achieved ata =37.5° $=30°and S = 1:1. Sharma
et al. [33] used triangular wing vortex generators
(TWVQG) for a circular tube heat exchanger. The
study evaluates the impact of various flow attack
angles and non-dimensional base width, han
eight, and flow attack angle on the TWVG's
performance. TWVG improves heat transfer
through flow impingement and vortex formation,
with heat transfer decreasing with increasing
flow attack angle [33]. In past decade researchers
have studied the discrete D-shaped ribs as
artificial roughness [34], Variation in Open Area
Ratio [35], Perforated multi-V ribs [36], Multi-V
rib roughened [37], Multi-Parabolic Flat Plate
Solar Collector [38], micro finned tubes [39]
Multi-Parabolic Profile Flat-Plate Solar Collector
[40] and evaluates the different parameter to
enhanced the thermo-hydraulic performance of
space heating-cooling devices. In his study
Pachori et al. [41] have consolidated sustainable
approaches for performance enhancement. Few
researchers compared the performance of
semicircle, trapezoidal, and straight corrugated
channels. Results show that the Nusselt number
and pressure drop are higher for corrugated
channels than flat ones [42, 43, and 44]. Chand et
al. [45] conducted a study on the influence of
chemical reactions on convective double-
diffusive motion within a saturated porous layer
containing a viscoelastic fluid of the Kuvshiniski
type using both nonlinear and linear stability
techniques. Awasthi [46] investigated the impact
of heat and mass transfer on instability occurring
between a viscous gas and an Oldroyd B-
viscoelastic liquid. Awasthi et al. [47] discussed
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the Rayleigh-Taylor instability at the interface
between two viscous, fluids within a porous
medium. This occurred in a scenario where the
phases were confined between two coaxial
cylindrical surfaces along with mass and heat
transfer across the interface. Awasthi [48]
explored the nonlinear instability at the interface
of two viscous in a porous medium, there was
mass and heat transfer. Yadav et al. [49]
investigated the influence of chemical reactions
on convective double-diffusive motion within a
saturated porous layer containing a viscoelastic
fluid of the Kuvshiniski type using both nonlinear
and linear stability analysis.

In conclusion from the state of the art
literature survey, the main objective of the
current work is to do an extensive study on the
effect of various baffles using CFD for a wide
range of geometric and operating parameters.
Geometries, like broken v-shaped, broken
triangular, and broken circular shaped at
different inflow velocities ranging from 0.5-6.0
m/s at a heat flux of 800W/m2, are examined.
The thermal and flow characteristics are
investigated and reported systematically. The
broken V-baffles generated multiple pairs of
longitudinal vortices in the flow path and
enhanced the mixing of fluid which in turn
influenced the heat transfer coefficient along the
channel length. The trade-offs between different
baffle shapes, such as V-shaped, triangular, or
curved, in terms of their effect on flow patterns
and energy dissipation, are to be understood. The
geometry of baffles and their number density to
maximize turbulence enhancement for improved
mixing in channel flow. The influence of baffle
configurations on temperature distribution and
convective heat transfer rates within the channel
is to be studied. Flow visualization by CFD
simulation can opt to gain deeper insights into
the flow behavior in channels with baffles and its
effect on important parameters. Addressing
these questions can lead to advancements in
multiple fields of research. While there have
been studies on the influence of baffle geometry
on heat transfer, more research is needed to
identify optimal baffle shapes, sizes, and
configurations for specific applications. This
includes investigating the effects of various
broken baffle shapes on heat transfer
enhancement. Most existing research is on high
Reynolds number flows where turbulence
dominates. However, many practical
applications, such as low-velocity flows, operate
at transitional or low Reynolds numbers. Further
research is needed to understand how baffles
affect heat transfer in these regimes. An attempt
is made here to explore various shapes, sizes, and
arrangements that maximize heat transfer and
minimize friction through proper visualization
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using CFD study. This research aims to determine
the most effective baffle shapes and geometries
for specific applications. This involves studying
multiple sets of broken shapes, such as circular,
triangular, and broken V shapes with varying
number densities, to identify = which
configurations yield the best heat transfer
enhancement and fluid mixing [50-53].

2. Methodology

Selecting the size and shape of baffles in a
channel flow system is a crucial design decision
that can significantly impact heat transfer, fluid
mixing, and system performance. The choice of
baffle size and shape is guided by the specific
objectives of the application, as well as
considerations related to fluid properties, flow
rates, and design constraints. The criteria and the
ideas of choosing such artificial roughness
growing rapidly in recent times [54-56]. In the
current work, the shape and size are taken as per
the following reference[18]. Figures 1, 2, and 3
shows the geometrical details of the current
problem. Baffles with different geometries
(broken - V, Triangular, and circular) were shown
in Figures 1, 2, and 3 respectively. In the next
stage, these models were meshed using the
meshing tool. The length of the channel Lin = 500
mm, L(heater) = 1200 mm, Lout = 300 mm, the
height H = 30 mm, and width W = 300 mm and is
the same for all the cases. The thickness and
height of the baffles are tb = 10 mm and h = 10
mm, respectively[18].

The flow is assumed to be a three-
dimensional, steady incompressible flow with
uniform inlet velocity and heat at the bottom with
uniform heat flux conditions. No-slip conditions
boundary conditions applied at walls and
constant pressure conditions at the outlet. The
standard K-e model is used to model the
turbulence.

Case I: Broken V Baffles:

The CAD model of the channel with multi-
broken V baffles is shown in Fig. 1(a) and Fig.
1(b). The pitch and slit distances are 35 mm and
15mm respectively (ref Fig. 1(b)).

Case II: Triangular Baffles:

The geometry of the channel with triangular
baffles is shown in Fig. 2(a). The pitch and slit
distances are 35 mm and 15mm respectively as
shown in Fig. 2(b).

Case III: Circular Baffles:

A CAD model of the channel with Circular
baffles is shown in Fig. 3(a). Slit size is again taken
as 15 mm as shown in Fig. 3(b).
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Fig. 1. CAD model of the channel with
multi broken V baffles

Fig. 2. Geometry of the channel with
triangular baffles

Fig. 3. Geometry of the (a) channel with circular baffles with
pitch and slit distance is 35 mm and 15mm respectively

2.1. Grid

Validation

Independence  Test and

Figure 4 shows the computational domain and
the portion of meshed elements. Fine to medium
scale sizing is done in the meshing process and
the total number of elements is found to be about
3.4 Lakh to get a grid-independent result of
friction factor(f) and Nusselt number(Nu). To
validate the obtained results Li et al. [18]
experimental results were taken as a reference to
compare. Choosing broken V-shaped ,triangular,
circular baffles in channel flow is often motivated
by their ability to provide a balance between
effective heat transfer enhancement, reduced
pressure drop, and improved fluid mixing.
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Fig. 4. Computational Doman and elements
generated by meshing

0.5
0.4
o —e— Jheng-Long et al.(2018)
I — O CUTENt WOTK
-
‘go.s-
&
=
'302 =~
277 S
—_ e
& —f e — —
01t
ol R R RS SRR S
5000 10000 15000 20000 25000
Re
(@)
120
10
100 |
90 |-
3
= 80 |- -
70} g = an e
I g
60 [
50 |
40_\\l\\\\l\\\lll\l\l\l\l
5000 10000 15000 20000 25000
Re

(b)
Fig. 5. Validation of current results for with that of

Jheng-Long [18]: (a) fvs Re; (b) Nu vs Re.
at a=60°, Pr=2, e/H=0.3.

The unique size of broken spaced baffles and
the different number densities offers several
advantages in certain applications. Several
numerical experiments were conducted related
to each in order to deeply examine the effect of
number density of baffle sets of different broken
geometrical configurations. Figure 5 shows the
comparison of current results for the friction
factor (f) and Nu with that of Li et al. [18] . Here
the Nu and f are compared in the case of a v-
shaped baffle. Results are presented for four
different Re 8000, 12000, 16000, and 20000,
from the chart it can be seen that the variation is
less than 5% in each case. Thus, further analysis
is carried out for other geometries.

3. Results and Discussion

In this work, numerical experiments on
channel flow with baffles set of different
geometries were carried out by using a finite-
volume solver. Steady-state forced convective
investigations were carried out for five different
velocities between 0.5 - 6 m/s (corresponding

Re= 1800 to 22000) and with a bottom heat
source of 800 W/m2. Here Nu and friction factor f
were compared for all the models considered.

(e
LALCACCCGIIIHHE

(e
LALALCLLRCAALCACAI

Fig. 6. Nu contour (top) and Temperature contour (bottom)
at 6 m/s velocity and 800 W/m? heat flux

Figure 6 shows the base case contours of the
Nusselt number, surface temperature for broken
v-shaped baffles corresponding to 6 m/s velocity,
and 800 W/m? heat flux. For modeling
turbulence, the k-e model is applied, and second-
order accurate schemes are used for
discretization. It can be seen in Fig. 6(a) that at
800 W/m2 and 6m/s velocity, the surface Nusselt
number at the heater was 55.99. Also, it can be
noted that the average surface temperature rises
(ref. Fig. 6b) from 300K to 347K at 800 W/m? at
6m/s velocity due to steady-state heating and
convective heat transfer.

Figures 7 and 8 give a comparison of thermal
contours with variation in inlet flow Reynolds
number for the selected three baffle shapes and
different baffle densities respectively. From the
contours (ref. Fig. 7) it can be observed that the
surface temperatures are relatively low in each
case concerning V-shaped baffles followed by
circular baffles.

Re | Triangular baffles V- shape baffles

Circular baffles ‘
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Fig. 7. Temperature contour with a variation of
Re vs. Shape of baffles.
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The difference is high when the Reynolds
number is high compared to the low Reynolds
number and a difference of about 8 degrees is
noticed. This could be due to enhanced
turbulence factor and higher flow Reynolds
number when encountering a baffle. Thus, it can
be said here that is V-shaped baffle as shown in
the figure is relatively more effective in
generating turbulence in the channel flow.

Re No of baffles=15 No of baftles=20
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No of baffles=30

Fig. 8. Temperature contour with a variation of
Re vs. the number of baffles

Figure 8 shows the effect of baffles number on
the surface temperature decreased with Re as a
result of increased convection rates. The
temperature is on almost equal levels with the
change in the count of baffles, which shows the
effect is relatively low. At lower Re higher
number of baffles recorded lower temperatures
whereas at higher Reynolds numbers lower
number of baffles is found to be suitable. On
average about 334 °C observed at Re=1800 while
the temperature is about 322°C at Re= 22000.

Figures 9 and and 10 give a comparison of
streamlines with variation in inlet flow Reynolds
number for the selected three types of baffles
geometries and number of baffles respectively.

Figure 9 presents the streamlines and their
pattern concerning Triangular, V-shaped, and
circular baffles. The flow patterns are different in
each case but the common in each case is that the
flow turns turbulent as it passes through the
baffles. From the figure (ref. fig. 9) it can be seen
that flow is initially straight-lined and then it
turns random with different patterns as they
start passing through baffles.

A similar phenomenon is also seen in Figure
10 where the effect of baffles density or change in
the number of baffles is presented.
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Fig. 9. Streamlines with a variation of
Re vs. Shape of baffles

Re | No of baffles=15 No of baffles=20 No of baffles=30
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Fig. 10. Streamlines with a variation of
Re vs. the number of baffles.

Figures 11 and and 12 give a comparison of
the Nusselt number with variation in inlet flow
Reynolds number for the selected three baffle
shapes and baffle numbers respectively. Figure
11 gives a comparison of the Nu contour for the
three configurations chosen; results show that
the Nu enhances with the Re which can be seen
through an increase in red indication in the
contour. The higher side of the local Nusselt
number here is about 77.1 and the same can be
seen through the legend underneath the figure.
On average the Nusselt number is about 45 for
triangular baffles and as high as 55 for V-shaped
baffles at Re=22000 But the difference found less
significant at Re=1800.



Reddy et al. / Journal of Heat and Mass Transfer Research 10 (2023) 257 - 268

Re Triangular baffles V- shape baffles Circular baffles

G sissss
T
Ann

5000

P77
A

N

SN
==

NN

16000

P Z

22000

.
AN

NN

HUEAE
HRREE

i

RN LA EERAN RN N REREN RRERERRALE RRny
WAL T T T T T T

000100 771ev00 15400t 23tes01  308ee01  385esdt 462001 54001  617es0i  G4esdt  T7tes0t

Fig. 11. Nusselt Number with a variation of
Re vs. Shape of baffles

Figure 12 shows the effect of the number of
baffles on the Nu in the case of a V-shaped
configuration. From the figure, it can be seen that
a lower Re side n=30 showed better Nu values
while a higher Re side n=15 is found to be more
effective. This can be attributed to the fact that at
lower velocities more baffles are required to
generate turbulence while at higher velocities a
few can do the job.
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Fig. 12. Nusselt Number with a variation of Re vs. the
number of baffles

Figure 13 shows Reynold's number
augmentation led to  Nusselt number
enhancement due to forced convection effects in
all three cases.

From Fig. 13, it can be observed that the Re
showed a positive effect on Nu. V-shaped baffles
case recorded the highest Nu. In all three sets of
baffles, at lower velocities, the Nusselt number is
nearly equal for all the geometries, as the
velocities increase the Nusselt number increases
in broken V-shape baffle due to the vortex flow.
These vortices hamper the boundary layer
growth and thus enhance the convective heat
transfer rates.
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Fig. 14. Nu vs. Re for different sets of V-shape baffles

Figure 14 represents the comparison of
Surface Nusselt number (Nu) contours of V-
shaped geometric configuration for a different
number of baffle sets. Fig. 14 shows the highest
Nusselt number for 15 sets of baffles at higher Re,
whereas the Nusslet number is slightly high for
30 sets in the case of lower Re. In all three sets of
baffles, a small difference in the Nusselt number
is noticed as the Re increases. More baffles can
enhance disturbance, and record powerful
turbulence but it is equally important to provide
proper spacing in between to sustain the
turbulence. Otherwise, the number of baffle sets
may not be as effective as intended.

— Triangular
+ Circular
V-shape

1 1
5000 15000 25000
Re

Fig. 15. fvs. Re for different geometries of baffles

The effect of the Re on the friction factor(f) for
three cases is shown in Fig. 15. The friction
factor(f) decreased slightly with an increase in
Re, for the V-shaped case and circular baffles case
reported high friction factor when compared to
triangular baffles. The lowest friction factor is
reported in triangular baffle sets because the
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streamlined geometrical shape reduces the
resistance significantly and reduces energy
consumption. Whereas a V-shaped baffle case has
reported relatively greater flow disturbances due
to its blunt front portion.

15 baffles
— — — 20 baffles

N —_——— 30 baffles

0.3 o e 0 s
5000 10000 N 15000 20000 25000
e

Fig. 16. f vs. Re for different sets of V-shape baffles

The effect of the Re on the 'f' for different
baffle sets is presented in Fig. 16. Friction
factor(f) decreases with the increase in Re, and it
is noted that 30 no. of baffle sets case has a higher
'f' than the other cases. The lowest friction factor
was recorded with the case of 20 no. of baffle sets
at higher Re and 15 number sets at lower Re. This
phenomenon may be due to enhanced turbulence
athigher Re may lead to lower pressure drop and
thus lower friction coefficients.

In all the cases friction loss increased although
the heat transfer improved. Therefore, it is
important to evaluate the Thermal Enhancement
Factor (TEF) in this field [36]. TEF is calculated as
the ratio of the heat transfer coefficient of the
augmented surface to that of the smooth surface
at equal pumping power. The thermal
enhancement factor or the efficiency of the
introduced ribs is calculated by using the below
equation[57-58]. The thermo  hydraulic
performance parameter or enhancement factor is
calculated as

()

Figure 17 presents the variation in thermal
enhancement factor concerning the Reynolds
number for different geometries. From the plot, it
can be observed that the TEF initially increases in
all the cases with an increment in Reynolds
number and then decreases gradually. This initial
increment can be due to the transition from
laminar to turbulent regime with a change in
Reynolds number. Maximum TEF is recorded
with Triangular baffles followed by V-shaped
baffles and the least is noted with Circular Baffles.
The important observation is that the TEF is
always above 1.0 which ensures economic
viability.

n= (1)
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In Figure 18 as the number of baffles is
increased from 15 to 30 the TEF is reduced and
the peak value of TEF is noticed in the transition
regime for all the cases with these V-shaped
baffles. Here it clearly shows that although the
heat transfer rates are influenced by the increase
in baffles, the baffle density also has a major effect
on Nu and Friction factors. Thus, it is
recommended to use the baffles optimally for a
good thermal enhancement factor.

Metal baffles can be manufactured by using
machining, laser cutting, water jet cutting,
stamping, or welding to create the desired baffle
shapes. In case of Composite baffles, can opt for
layup and curing processes. Multiple baffles can
be placed in channel by following means. Based
on the spacing and number, baffles can be
welded, bolted, or fastened in place, depending
on the material and application. Surface
treatments could include painting, anodizing, or
applying corrosion-resistant coatings [59-61].

4. Conclusions

Channels with baffles, often referred to as
baffled channels, find applications in various
industrial and scientific processes. Three-
dimensional investigations were carried out on
the turbulent thermal performance of a channel
flow under different baffle configurations. The
effect of operating parameters like Reynolds
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number and geometric parameters on three
types of baffle shapes and configuration densities
are examined. The impacts of the above inputs on
the friction factor(f) and Nusselt number(Nu) are
investigated and recorded. Results show that:

e The average surface temperatures recorded
are high for circular-shaped baffles for all
Reynolds numbers among all three shapes.
The channel with V-shape baffles showed a
higher Nusselt number when compared to
the other two geometric configurations.

e A maximum average Nusselt number of 56.46
is recorded for V-shaped baffles at Re=22000
and the least of 20.82 is recorded for circular
baffles at Re=1800. At a lower Reynolds
number, more baffle sets generate effective
turbulence while at a higher Reynolds
number, few baffles could do.

e The friction factor(f) reduced with the Re and
it augmented with an increase in the baffle
set count(N). At N=30 highest friction factor
is recorded. A maximum friction factor of
0.92 is observed for N=30 sets at Re= 1800
while the least of 0.76 is recorded for N=15.

e Although the thermal performance of the V-
shaped baffles case is relatively good the
friction factor is more for this case.
Triangular baffles exhibited a lower friction
factor.

e At Re= 1800 maximum friction factor of 0.81
is recorded for the V-shaped baffle while the
least of 0.54 is recorded for Triangular
baffles. At higher Re i.e. at 22000, the friction
factor is below 0.5 for all three cases.

e Thermal Enhancement factor is found to be
better in the case of triangular baffles and its
value is high in transition regime.

Nomenclature

D hydraulic diameter (mm)
E baffle height(mm)

F friction factor

H height of channel (mm)

Nu Nusselt number

w channel width (mm)

L channel Length

A angle of the V-shape baffle

M dynamic viscosity (N-s/m?)

P density (kg/m3)
Computational fluid dynamics

p pressure (Pa)
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P baffle pitch (mm)

q heat flux (W/m2)

Re Reynolds number

T Temperature (°K)

tbh thickness of the baffle

Subscripts

n inlet

out Outlet

b Baffle

o smooth channel
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