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Abstract: Effective thermal management becomes crucial with the rising heat produced by electronic devices. Microchannel convection
shows excellent potential as a cooling solution. This study employs numerical computational techniques to examine rectangular
microchannels’ flow and heat transfer parameters on a semi-octagonal structure, specifically focusing on the Reynolds number (Re)
ranging from 100 to 500. An extensive analysis evaluates the heat transfer design and hydraulic performance. Furthermore, the
microchannel’s diodic performance is assessed by comparing the Nusselt number (Nu) and the pressure drop in both the forward and
backward directions. The study demonstrates the excellent performance of the microchannels within the microstructure under low Re
conditions, emphasizing the significance of preserving the fundamental geometric characteristics while improving the fluid dynamics
within the microchannel. The semi-octagonal structure microchannel design surpasses the conventional design in bidirectional heat
transfer by improving spatial fluid mixing. With a Re of 300, the Nu of this microchannel surpasses that of the traditional rectangular
design by a considerable margin. In addition, at this Re, the thermal diodicity (Dit) and pressure drop diodicity (Dip) showed significant
improvements, with values of 1.16 and 1.45, respectively. Therefore, this study comprehensively compares the enhanced heat transfer of
microchannel walls under constant heat flux, highlighting the advantages of semi-octagonal structural design in improving heat transfer
and hydraulic performance. The results show that this innovative design has great potential to improve the efficiency of microchannel
cooling and provides an important reference for the development of efficient thermal management systems.
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1. Introduction

The single-phase microchannel heat sink is an incredibly
effective cooling solution for many different applications,
including air conditioning systems, battery cooling systems, and
electrical equipment [1–3]. This is due to its high surface-
to-volume ratio. Consequently, the traditional heat sink of single-
phase microchannels cannot meet the stringent requirements for
cooling relatively high-power electronic equipment. Several active
and passive techniques can significantly improve convection heat
transport in microchannels. Active strategies typically yield better
results but require more external pumping power [4, 5]. Several
studies have been conducted to confirm the continuum theory for
incompressible fluid flows in microchannels, including three-
dimensional heat transfer of solid and liquid phases in

microchannel heat sinks [6, 7]. The microchannel width is
significantly greater than the mean free path of the liquid phase,
making traditional momentum and energy conservation
calculations relevant. Passive strategies include introducing
nanoparticles into the fluid, modifying microchannel surfaces, and
designing boundary structures. For instance, heat transport
capability can be significantly enhanced by adding nanoparticles
with better thermal conductivity [8]. To evaluate the thermal-
hydraulic performance of the microchannel with triangle cavities
in the sidewalls, arranged rectangular ribs in the channel center
core flow [9]. It was discovered that the flow disturbance, the
thermal boundary layer interruption and redevelopment, and the
chaotic mixing of hot and cool fluid greatly increased heat
transfer. Microchannel heat sink design has improved heat transfer
by generating disturbances with passive microstructures like
dimple surfaces, groove structures, ribs, and cavities. Cylindrical
micro fins significantly reduce thermal resistances. Simulated a
three-dimensional grooved microchannel heat sink to study

*Corresponding author: Md Nadimul Akram, School of Energy and
Environment, Southeast University, China. Emails: 223227060@seu.edu.cn;
nadim.akram684679@gmail.com

Archives of Advanced Engineering Science
2025, Vol. 3(2) 83–92

DOI: 10.47852/bonviewAAES42023989

© The Author(s) 2024. Published by BON VIEW PUBLISHING PTE. LTD. This is an open access article under the CC BY License (https://creativecommons.org/
licenses/by/4.0/).

83

mailto:223227060@seu.edu.cn
mailto:nadim.akram684679@gmail.com
https://doi.org/10.47852/bonviewAAES42023989
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


geometrical parameter effects on forced convection heat transfer
characteristics [10]. Numerous studies have been conducted to
enhance the thermal-hydraulic performance of microchannels with
cavities and ribs, as seen in the literature review above. However,
determining the optimal channel combination is crucial for
optimizing microchannel performance. Further research is needed
to identify novel designs that can improve thermal performance
while minimizing pressure drops.

Extended research has been conducted to increase fluid mixing
by exploring several microchannel shapes such as the fins, small
cylinders, baffles, and winglets, examining the effects of cavities
in microchannels on the fluid flow and convection [11–14].
A thorough analysis of the microchannel’s overall performance
with a periodic tapered segment was carried out. Their findings
showed that the Nusselt number (Nu) was raised by 12.5–27.2%
compared to the conventional rectangular (CR) microchannel [15].
A numerical simulation analyzed heat transfer in microchannel
heat sinks with varied header forms (trapezoid, triangular, and
rectangular) and inlet/outlet locations (Z, C, and I type). This
simulation included four distinct channel cross-sections: standard,
offset fan-shaped, sawtooth, and triangular [16–18]. In contrast to
earlier research that improved convective heat transfer using
different geometry [19], the current study suggests a unique
semi-octagonal structure microchannel that was motivated by a
microfluidic rectifier [20, 21]. Increasing the wall area of a
flowing fluid reduces system irreversibility due to temperature
differences. It increases pressure drop to sustain flow [22, 23],
which was investigated with triangular ribs or microchannel side
walls with a semi-octagonal form. It was projected that Model 1
would perform better when combined with a trapezoidal rib up to
Re 300 and a triangular rib for greater Re. The placement of ribs
in microchannel heat sinks enhances their thermal performance
and increases flow resistance due to the intensified flow
disturbance. This makes it unsuitable for boosting heat transfer
when dealing with higher Re.

On the other hand, cavities can improve heat transfer by
increasing fluid mixing and interrupting and redeveloping the
thermal barrier layer while maintaining a suitable pressure drop.
To take advantage of the improved thermal performance of ribs
and the reduced flow resistance, specific novel designs of
microchannels have been suggested that incorporate ribs and a
semi-octagonal structure. These designs effectively boost heat
transfer while minimizing the pressure drop. A novel
microchannel design that includes both cavities and ribs on the
sidewalls has also been introduced [24], and experimentation has
shown that the influence of various rib types on the overall
performance is noticeable.

This microfluidic rectifier’s single-phase diodicity has been
measured up to 1.50. Nonetheless, the influence of this
microchannel with a semi-octagonal structure on convective heat
transfer efficiency remains. Two models of semi-octagonal
structure microchannel designs are being studied to enhance
heat transmission by disrupting thermal barrier layers and
increasing fluid mixing. Numerical research evaluates how a
semi-octagonal structure affects convection and fluid mixing in a
single channel. We studied the diode properties of the
microchannels of the semi-octagonal structure and analyzed the
pressure increase and thermal properties in the forward and
backward directions, respectively. This study aims to highlight
the superiority of our design by comparing the numerical
results of our microchannel design with the results of CR
microchannels and other related studies.

2. Problem Statement

For cooling electronics, single-phase heat sinks with many
microchannels are frequently used. To effectively disperse heat
from electrical components, this design frequently utilizes a
schematic shown in Figure 1. In this work, flow and heat transfer
within individual microchannels of a heat sink are studied by

Figure 1
(a) Top and side view ofmicrochannel with boundary conditions.
(b) 3-D view of three different microchannel configurations
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numerical simulations. Three different microchannel layouts have
been devised, encompassing a CR microchannel and two models
of semi-octagonal structure microchannel, which are Model 1 and
Model 2. The heat sink dimensions are height= 0.7 mm,
width= 1.28 mm, and length= 30 mm. Rectangular microchannel
height is Ht = 0.4 mm, and width is Wr = 0.6 mm. 0.6 mm is the
average width of the semi-octagonal structure microchannel, and
the wall thickness is σt = 0.28 mm. The flow rate and heat transfer
properties in the microchannel with the semi-octagonal structure and
internal triangular ribs in the water-based fluid and copper-based
solid because copper has high thermal conductivity, excellent corro-
sion, and ease of manufacture used under a constant heat flux have
been explored in this study. The dimensional specifics for various
microchannel configurations are present in Table 1.

3. Numerical Technique

3.1. Governing equations

A solid-fluid conjugate mathematical model is used to model
thermal-hydrodynamic performance in all three dimensions. The
assumptions for this study include the following:

1) The fluid Newtonian is steady, laminar, and incompressible.
2) The physical parameters of the microchannel are consistent.
3) The environment’s loss of heat may be overlooked.
4) No phase change occurs in the heat transfer process of the fluid.

Based on the assumptions mentioned above, throughout this
investigation, the following governing equations have been used:

Δ:ui ¼ 0 (1)

uiρ:Δui ¼ �Δpþ µΔ2ui (2)

cpρ ui:ΔTf

� � ¼ kfΔ
2Tf þ φ (3)

The energy equation for conduction is derived by:

ksΔ
2Ts ¼ 0 (4)

where specific heat, velocity, and fluid density are cp, ρ, and u
accordingly. Copper thermal conductivity, water, the temperature
of the fluid, and temperature of solid are ks, kf , Tf , and Ts

accordingly. φ is the expression of the ratio at which mechanical
energy is transformed into heat energy as a result of viscous friction.
Additionally, the fluid thermophysical characteristics (density,
internal energy, specific heat capacity, and thermal conductivity)
may be computed and depend on temperature. These COMSOL-built
formulas provide the temperature dependency of the fluid character-
istics. Furthermore, the fluid thermophysical properties (ρ, u, cp,
and kf) can be determined based on temperature [25, 26].

ρ Tf

� � ¼ 838:466135þ 1:40050603 Tf � 0:0030112376T2
f

þ 3:718222313 � 10�7T4
f

µ Tf

� � ¼ 1:3799566804� 0:021224019151Tf

þ 1:3604562827 � 10�10T2
f � 4:6454090319 � 10�7T3

f

þ 8:9042735735 � 10�10T4
f � 9:0790692686 � 10�13T5

f

þ 3:8547331488 � 10�16T6
f

cp Tf

� � ¼ 12010:1417� 80:4072879Tf þ 0:309866854T2
f

� 5:38186884 � 10�4T3
f þ 3:62536437 � 10�7T4

f

kf Tf

� � ¼ �0869083936þ 0:00894880345Tf þ 1:5866345

� 10�5T2
f þ 7:9543259 � 10�9T3

f (5)

3.2. Boundary conditions

Model 1 for rectangular microchannels establishes specific
boundary conditions mirrored in the simulation of both
conventional microchannels and Model 2 rectangular
microchannels. A consistent heat load of 150000 W/m2 is
delivered to the rear surface, and all side walls are adiabatic, as
shown in Figure 1(a). It is assumed that the heat sink mechanism
of heat transmission is conjugate heat transfer. The sidewalls are
set as no-slip velocity boundaries (unon�slip ¼ 0). Solid interface

Ts ¼ Tf and ks
@T
@n jr ¼ kf

@Tf
@n jr . T is the solid wall’s interface with

liquid. The specified Re from 100 to 500 determined the flow veloc-
ity at the inlet. While 293.23 K is the inlet temperature, it remained
constant. Zero pressure was enforced at the outlet, and the no-slip
condition was applied to the microchannel walls. The upper limit
was considered as adiabatic (Figure 2).

3.3. Grid and validation

The proper mesh size and structure significantly impact the
accuracy of numerical simulations. Figure 3 shows some of the
structured meshes used in various microchannel designs. The
mesh surface was extruded using the standard method and
contained small features. A mesh independence check was
performed to ensure the accuracy of the numerical results. Table 2
lists the information on the mesh studies. The governing equations
were solved using Comsol Multiphysics 6.0, a commercial
software that uses the finite element method. The number of
elements corresponding to different mesh sizes was analyzed
specifically 3.1 million, 5.4 million, and 10 million. In this case,
5.4 million grid nodes are used. Table 2 compares the fluid outlet
temperature, pressure drop, and average solid temperature of a
semi-octagonal structured microchannel with the results of a fine
mesh example for Re of 100 and 300. The results show that the
outlet fluid temperature complies with the law of energy

Table 1
Different microchannel configurations and dimensions

Parameters Values

Length (L) 30000 μm
Width (W) 1280 μm
Height (H) 700 μm
Length (Lt) 188 μm
Single channel height (HtÞ 400 μm
Wall thickness (σtÞ 280 μm
Rectangular channel width (WrÞ 600 μm
F. Channel width Wf

� �
600 μm

B. Channel width (WbÞ 600 μm
Model 1 triangular ribs (height + width) 244 μm+ 244 μm
Model 2 triangular ribs (height + width) 244 μm+ 422 μm
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conservation in all three cases. One validation study was conducted
on a CR microchannel without cavities, while the other studies were
conducted on a semi-octagonal microchannel with triangular ribs on
the sidewalls. All boundary conditions in the previous and current
numerical studies are consistent, except for those at the inlet and
outlet. This study shows that numerical results obtained with the
finite difference method by Qu and Mudawar [27]. Copper and DI
(deionized) water are considered. A steady wall heat flux of 150 W/
cm2 is applied to the bottom wall conditions, while the other walls
remain adiabatic. The output thermal resistance Rt;out is displayed
for Reynolds values between 100 and 500 and defined Rt;out as:

Rt;out ¼
Tw;out � Tin

q
00
w

(6)

where Tin and Tw;out represent the inlet fluid and top wall temperature
and heat flux is q

00
w. The numerical results closely correspond to the

reported values. At low Re, there is an insignificant deviation. The rea-
son for this exception is the dissipation of thermal energy. According to
Figure 4, the highest relative error between the numerical model used in
this study and previous studies is approximately 11.4%. This suggests
that the simulations conducted in this study are accurate and reliable.

The area of heating and inlet indicates themicrochannel’s cross-
sectional and bottom areas. As shown in Figure 5, the temperature
difference relative inaccuracy is less than 4.5%, verifying the
correctness of the current simulation.

Figure 2
Boundary conditions: (a) Microchannel cross-section area. (b)

Top view of the computational domain

Figure 3
Microchannel close-up view of mesh

Table 2
Grid information

No.
Grid

number Re

Solid
temperature
average (K)

Outlet fluid
temperature (K)

Pressure
drop (Pa)

1 3111040 100
300

368.93
300.33

400.43
311.30

513.12
12529.06

2 5474819 100
300

366.16
302.33

401.20
311.56

516.1
12829.21

3 10859901 100
300

369.70
301.88

400.32
310.66

514.23
12940.10

Figure 4
Comparisons of the current model with earlier numerical

analyses
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Figure 5
Temperature differences between theoretical and simulation

results
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3.4. Data reduction

There is an accumulation of numerical data regarding pressure
drop, temperature, Re, flow velocity, heat transfer coefficient (HTC),
Nu, and other related parameters. The Re is calculated by:

Re ¼ ρumDh

µ
(7)

where hydraulic diameter and dynamic viscosity are Dh, um, and µ.
The hydraulic diameter is identified by:

Dh ¼
2HW
H þWð Þ (8)

The hydraulic diameter is estimated in this work using the average
width of a semi-octagonal structure microchannel. So, it is
calculated by:

W ¼ W1 þW2

2
(9)

Here, minimum and maximum width can be found asW1 andW2 in
this semi-octagonal structure microchannel. Pressure drop can be
found as:

ΔP ¼ Pin � Pout (10)

Dip (Pressure drop diodicity) is pressure drop ratio in opposite
directions

Dip ¼
ΔPb
ΔPf

(11)

where forward direction and backward directions represent ΔPf ,
ΔPb and pressure drop. Moreover, the efficiency of heat transfer
can be defined by averaged HTC, which may be indicated as:

h ¼ q
00
wAh

Ac Tw:ave � Tf :ave

� � (12)

Average Nu is obtained by:

Nuave ¼
hDh

kf
(13)

Here, Ac and Ah are an area of convective heat transfer (accordingly,
the surface area of the fluid contact and the inner fluid/solid wall) and
the area of the heating surface (heat sink of the bottom surface). Tf :ave

and represents the average temperature of fluid and surface average
temperature. The ratio of Nu in the forward and backward directions
is known as thermal diodicity Dit .

Dit ¼
NuB
NuF

(14)

The forward and backward Nussle numbers represent as NuF and
NuB, respectively. To evaluate ribbed microchannel hydrodynamic
performance and thermal comprehensively, performance evaluation
criteria (PEC) can be used in this study [28, 29].

PEC ¼ Nu=Nu0
ðf �=f �0Þ1=3

(15)

The equation mentioned above has the symbol 0 to denote the results
of CR microchannels. Average friction (f �) can be expressed by:

f � ¼ ΔPDh

2ρLum2 (16)

Here, microchannel length is L, and average intel fluid velocity is um.

4. Result and Discussion

4.1. Properties of fluid flow

Anumerical study of triangular ribs was conducted to determine
the effect of rib shape on fluid flow characteristics. The plane closest
to the wall was selected as an ideal place to analyze the fluid and heat
transfer characteristics of flow boiling in ribbed channels. Figures 6
and 7 show the velocity distribution of flow streamlines in the plane
(z= 0.4 mm) between the x and y directions when the Re is 100 to
500 in different microchannel configurations. The results show that
the flow structure of triangular rib microchannels is significantly
different from that of CR microchannels. The semi-octagonal rib

Figure 6
Three different microchannel designs’ flow field variation at

Reynolds number 100

Figure 7
Three different microchannel design flow field variations at

Reynolds number 500
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shape disturbs the flow characteristics and significantly destroys the
fluid boundary layer. By introducing semi-octagonal structural units
into the flow field, the vortex in the Model 2 microchannel extends to a
wider area.WhenRe increases to 500, the fluidmixing and vortex in the
semi-octagonal microchannel are enhanced, especially in the
downstream area. When Re is 500, the vortex area becomes more
prevalent and significant. The semi-octagonal periodic interruption of
the microchannel continuously splits, elongates, and destroys the
fluid boundary layer. In addition, the semi-octagonal microchannel’s
downstream velocity gradient is smaller than the upstream velocity
gradient, further promoting interlayer mixing. Figure 7 shows the
variation of this velocity gradient in detail. Through the periodic
perturbations of these structures, the fluid boundary layer is
frequently destroyed and reconstructed, thereby improving the fluid
mixing efficiency and heat transfer performance. This flow and heat
transfer characteristic shows that the semi-octagonal microchannel
has significant advantages in enhancing mixing and heat transfer.

4.2. Comprehensive thermal efficiency

Figure 8 shows the temperature distribution in the x-y plane for
different microchannels when the Re is 500. The results show that the
triangular ribmicrochannel can effectively reduce the wall temperature
(Tw) and fluid temperature, especially at the rib height. Due to the
effect of convective heat transfer, the fluid temperature gradually
increases along the flow direction. As shown in Figure 8, in all
microchannels, the area between the two octagonal structures near
the leading edge shows a higher temperature because the velocity in
this area is reduced. Compared with the Model 1 and Model 2
microchannels, the CR microchannel has the lowest fluid
temperature at the center of the microchannel, showing comparable
thermal performance. However, the fluid temperature distribution of
the semi-octagonal structure microchannel is more uniform. This
indicates that the fluid mixing and periodic disturbance in the semi-
octagonal structure microchannel significantly improve the heat
transfer rate. Moreover, the reverse flow of the semi-octagonal
microchannel also shows superior thermal performance, as shown
in Figures 7 and 8. The semi-octagonal structure promotes fluid
mixing by periodically destroying and rebuilding the fluid boundary
layer, thereby improving heat transfer efficiency. This design has

significant advantages in terms of enhanced thermal performance,
indicating that at high Re, the half-octagonal microchannels can be
more effective in thermal management.

4.3. Diodic performance

This study evaluates the diode performance of a specific design,
focusing on the pressure drop fluctuation in two rectangular
microchannel configurations. Figure 9 shows the difference in the
pressure drop diode performance in the Model 1 and Model 2
setups. When the Re is low, the pressure drop is close to 1.24, but
when the Re increases to 500, the pressure drop rises to about 1.45.
Thermal diode performance is another important component of
diode performance, and it is calculated using Equation (14). In this
work, the diodic performance of a specific design is evaluated,
concentrating on the fluctuation of pressure drop in two
configurations of rectangular microchannels. Figure 10 represents
the differences in pressure drop diodicity for both setups Model 1
and Model 2. The pressure drop in both the forward and backward
flow directions is higher in Model 2 compared to Model 1. First,
the average Nu for reverse flow is obtained, as shown in Figure 11.
The Re significantly affects Nu because as Re increases, convection
is enhanced, resulting in improved fluid flow, which affects Nu and
the thermal diode performance of the system. In the heat transfer
performance comparison, Model 1 outperforms Model 2 for
rectangular microchannels on a semi-octagonal structure. At a Re of
300, the Nu of the microchannels of Model 1 in the forward and
backward directions are 52.44 and 60.67, respectively. The Nu
values of the rectangular microchannels on the semi-octagonal
structure of model 2 are 62.39 and 65.86, respectively. This
indicates that the microchannels of Model 2 have better heat
transfer capabilities than Model 1 and exhibit higher Nu values in
the above case. Figure 12 shows the relationship between Dit and
Re. The results show that with the increase of Re, the thermal
performance is significantly improved, with Dit as high as 1.16.
This enhancement is mainly attributed to the semi-octagonal
structure promoting spatial fluid mixing, thereby considerably
enhancing the reverse thermal conductivity.

Figure 8
Temperature of different microchannels when Re 500

Figure 9
Pressure diodicity Dip versus Re
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4.4. Effect of ribs on fluid flow

One potential remedy is to create a heat sink system with heat
dissipation ribs and enhanced heat transfer performance. To this end,
the fluid flow characteristics of a heat sink system with a semi-
octagonal geometry and the effect of the aspect ratio of the
triangular ribs on its performance have been investigated. In all
analyses, other parameters remain constant. The length of the
major axis of the triangular ribs in Model 1 remains constant at
0.2 mm. The height of model 2 is 0.224 mm, while the height of
the other two regions is 0.442 mm. Figures 6 and 7 show the
three-dimensional pressure and velocity distributions in the plane
parallel to the (x, y) plane, respectively, revealing the complex
heat transfer dynamics in the triangular rib heat sink system with
different semi-octagonal structures. The pressure field shows
regions of various intensities, reflecting the flow behavior and the
resistance distribution, while the velocity field highlights the

momentum direction of the fluid flow. Specifically, the pressure
distribution map reveals the changes in resistance encountered by
the fluid when passing through different structural regions, which
directly affect the overall pressure drop of the system. The
velocity distribution map shows the direction and velocity
magnitude of the fluid flow, revealing the existence of vortices,
recirculation regions, and high- and low-velocity regions. These
distribution plots help understand how the triangular ribs and half-
octagonal structures affect the flow path of the fluid and the heat
transfer efficiency. By analyzing these plots, the heat sink design
can be optimized to enhance the heat transfer performance and
reduce the system’s pressure drop, thereby improving the overall
thermal management efficiency.

4.5. Convection heat transfer improvement

The results of this study are analyzed in detail and compared with
previous studies that have investigated the mechanism of enhanced
thermal/hydraulic performance within semi-octagonal microchannels.
Figure 13 shows the Nu (Nu/Nu0) versus the Re for Model 1 and
Model 2, where Nu0 represents the Nu in a CR channel. In Model
1, the average improvement across all data points is approximately
204.90%. For Model 2, the average improvement is approximately
263.13%. Figure 13 shows the relative Nu at different Re calculated
using this formula Nu/Nu0, where Nu is Model 1 and Model 2 Nu in
both case forward and backward directions and Nu0 represents a CR
microchannel. Based on early results Figure 13 made. The relative
Nu at different Re provides insight into how the effectiveness of heat
transfer enhancement varies with the flow regime. If the relative Nu
is greater than 1, it shows that the enhancement is effective even in
laminar flow. So our result is greater than 1, which means enhanced
flow and heat transfer. The results show that the Nu for the two
semi-octagonal microchannel configurations investigated in this
study are much larger than those reported earlier. This suggests that
the semi-octagonal microchannels’ thermal and hydraulic
performance is superior to the previously tested designs. Without a
continuous array of enhancement units, the fluid mixing in the

Figure 10
Pressure drop versus Re
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The difference between Nu and Re
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center is insufficient. However, the repeated semi-octagonal
microchannels can effectively disrupt the boundary layer and
promote three-dimensional fluid mixing, significantly enhancing
convective heat transfer. The periodic semi-octagonal microchannels
induce alternating vortices at different spatial locations through
diverging-converging effects. This configuration ultimately improves
the overall efficiency of heat exchange and fluid flow operations.
Transverse and longitudinal vortices further enhance the three-
dimensional fluid mixing and more effectively disrupt the
boundary layer.

Figure 14 depicts the variation of the PEC with Re in Model 1
and Model 2 microchannels. Notably, the PEC value decreases
significantly when the Re exceeds especially when it is less
than 500. Model 2 microchannels perform better in helping the
fluid flow forward especially at high Re. Overall, the results
demonstrate the significant impact of channel type on fluid
dynamics and highlight the advantages of Model 2
microchannels in specific operating scenarios.

Through these analyses, this study reveals the potential of semi-
octagonal structured microchannels in enhancing heat transfer and
hydraulic performance, especially for applications in complex
fluid dynamics operations. These findings provide valuable
guidance for optimizing heat dissipation systems and other
engineering applications that require efficient thermal management.

5. Conclusions

This work thoroughly investigates the cooling performance of
a semi-octagonal microchannel with triangular ribs placed near the
semi-octagonal structure, emphasizing conjugate heat transfer
processes. The thermal and hydraulic performance of the three
configurations is rigorously examined through numerical studies.
The configurations investigated include a CR channel and
two semi-octagonal microchannels with triangular ribs. The
comprehensive analysis focuses on the thermal and pressure
drop characteristics, elucidating the inherent bidirectional nature
of these parameters. We demonstrate the effectiveness of the
semi-octagonal arrangement in improving convective heat
transfer within microchannels. In particular, at a Re of 300, the
heat transfer performance is significantly improved compared to
the CR microchannel. This enhancement can be attributed to the
enhanced spatial fluid mixing achieved by the unusual geometry
of the semi-octagonal structure. The performance parameters of
the thermal diode (Dit) and the pressure drop diode (Dip)
are 1.16 and 1.45, respectively, at a Re of 300 for the
semi-octagonal microchannel. These results highlight the greater
directional control over thermal and pressure aspects within
microchannels, demonstrating the practical relevance of our
approach in thermal management applications. This innovative
design significantly improved the microchannel system’s cooling
efficiency, demonstrating its potential for efficient thermal
management.
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Nomenclature

Ah: Surface of heating area, m2

Ain: Inlet, m2

Ac: Convection heat transfer area, m2

Dh: Hydraulic diameter, m
Cp: Capacity of specific heat, J/(kg⋅K)
Di: Diodicity
Dip: Pressure diodicit
Dit: Thermal diodicity
f: Friction average
h: Coefficient of heat transfer, W/(m2⋅K)
ks: Solid’s thermal conductivity, W/(m⋅K)
kf: Fluid’s thermal conductivity, W/(m⋅K)
L: Heat sink length, m
Lt: Single microchannel length, m

NuF: Forward direction of Nusselt number
NuB: Backward direction of Nusselt number
Nu0: Nusselt number of the rectangular microchannel
Pout: Pressure outlet, Pa
q‘’: Heat flux, W/m2

Pin: Pressure inlet, Pa
ΔP: Pressure drop, Pa
T: Temperature, K

Tb,ave: The average temperature of the solid surface

Tw,out: Temperature at the top wall of the heat sink, K
u: Velocity of the fluid in the x direction, m/s
um: Average velocity of the inlet fluid
W: Width of the heat sink’s cross-section, m
Wr: Width of rectangular microchannel, m
Wb: Backward microchannel width, m
Wf: Width of the forward direction of microchannel,m

Greek symbols

ρ: Density, kg/m3

Φ: function of viscous dissipation
μ: Dynamic viscosity, Pa⋅s
σ: Wall thickness, m

Appendix

0: Rectangular microchannel
out: Outlet
B: Backward
f: Fluid

ave: Average
s: Solid
F: Forward
in: Inlet
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