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 In this work, the effects of three different fin shapes on thermal and fluid flow 

characteristics for flowing water at Reynolds numbers that vary between 100 and 500 are 

examined within a miniature channel heat sink (MCHS). The consequences of these fin 

configurations (Cases A, B, and C) were compared to an analogous case absent fins (Case 

S) using the finite volume approach, which was implemented using ANSYS software. 

Important variables were assessed, such as the hydrothermal performance factor, ordinary 

wall temperature, mean Nusselt number, and friction factor. Findings showed that adding 

fins significantly increased heat transfer rates: at Re = 500, Case C had a 66% 

improvement, preceding Cases A (36%) & B (31%). In every example, the average Nusselt 

coefficient rose as Reynolds numbers rose, yet the average wall temperature and friction 

factor fell as Reynolds numbers rose. Interestingly, Case C had the highest efficiency with 

the best thermal coefficient of performance of almost 1.3 at Re = 500. These results 

highlight how important fin design is to improving microchannel coolers' thermal 

performance and advancing the creation of more effective cooling systems.  
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1. INTRODUCTION 

 

Due to modern digital devices having increasing power 

density and compactness, it is difficult to build efficacious and 

small cooling elements for larger heat-generating processors. 

These devices' principal function is to keep electronic modules 

within the design's designated temperature range. 

Microchannel heat sinks seem to be perfect for this goal since 

they are compact and efficient, unlike conventional MCHS, 

which need a large surface area to greatly increase heat transfer 

enhancement rates significantly [1]. Semiconductor devices 

are commonly employed in many different applications, 

including solar cells, CPU components, and microelectronics. 

It has been noted that these devices' performance is very 

susceptible to operating temperature [2, 3]. Therefore, as chips 

achieve larger power densities, thermal management 

techniques become increasingly crucial [4]. 

The foundation of a microchannel heat sink is the use of 

liquid-cooling tubes with a small diameter. The heat transfer 

rate is improved by these narrow passages because they offer 

a significant surface area for heat transfer between the coolant 

and the chip. However, there are significant design limitations 

when using microchannel heat sinks to cool small electronic 

devices. To effectively dissipate heat generated at a given rate, 

the temperature increase, pressure drop, and coolant flow rate 

must be adjusted in the microchannel heat sink [5]. Zeng et al. 

[6] demonstrated flow and heat performance in a microchannel. 

Zhu et al. [7] investigated the increase of heat transfer in 

microchannels with grooved side surfaces. Zhu et al. [8] 

presented the performance factor of heat transfer and fluid 

flow in microchannels with fan-shaped cavities. Copeland et 

al. [9] simulated thermal and fluid flow fields using a 3D flow 

of microchannels. 

Microelectronic refrigeration, heat exchangers, combustion 

chambers, aeroplanes, and medical and biological equipment 

are among the many uses for undersized thermal systems that 

have lately emerged in applied science and technology. In such 

circumstances, the usage of microsystems has become more 

common, and numerous engineering and scientific 

investigations have been performed to develop more 

enhancement technologies [10]. From an applied standpoint, 

energy assessments and heat transfer analysis are critical in the 

innovative design of microsystems. Liao and Zhao [11] 

demonstrated energy transfer via a small tube utilizing 

supercritical carbon dioxide. The efficiency of nanofluid in a 

tiny heat sink was discovered by Ashjaee et al. [12]. 

Many researchers [13-22] performed various microchannel 

heat sinks numerically with different geometric designs of 

flow fields and heat transfer. Their findings suggest that the 

changes in the geometric design of the discharge field channels 

can increase the heat transfer coefficients, but at the expense 

of increased pressure drop and friction factor compared to the 
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standard smooth microchannel. As a result of their high 

thermal conductivity have been proposed to be used as super-

coolants in microchannel heat sinks to improve heat removal 

[23, 24]. However, it is well understood that the coefficient of 

heat transfer (h), which is a definition of heat transfer efficacy, 

is directly proportionate to specific heat capacity (Cp), density 

(ρ), and thermal conductivity (k), and inversely proportionate 

to surface tension (ϭ) and viscosity (μ) if a phase change is 

applied [25]. Although dispersing nanoparticles in base fluids 

increases density and thermal conductivity. As a result, a 

thorough analysis is required to determine the benefits and 

drawbacks of employing nanofluids in MCHS [25-27]. 

Utilising the quick and ongoing advancements in computers 

and computing methods, computational fluid dynamics (CFD) 

approaches are powerful tools for modelling fluid flow and the 

related heat and mass transport by numerically solving the 

mathematical equations that govern these processes. The 

results of CFD simulations may be applied to the following 

fields: in-depth product research and development; conceptual 

studies of new and redesigned designs; troubleshooting; and 

thorough, detailed analysis [28]. When compared to analytical 

and experimental fluid dynamics, CFD can offer 

comprehensive information, visualisation, and a detailed 

investigation, which makes it crucial for simulations of micro-

electro-mechanical-systems (MEMS) applications, especially 

in the design of effective microchannel heat sinks. And CFD 

may solve a variety of challenging issues that are beyond the 

reach of analytical approaches [29, 30]. As a result, CFD 

enhances fundamental understanding of fluid flow, mass, and 

heat transfer properties, which are critical in the design and 

process management of microchannel heat sinks. 

Many studies have been conducted over the last few decades 

to investigate the behaviour of thermal and flow characteristics 

in different types of MCHS. Qu and Mudawar [31] 

investigated heat transport properties in a rectangular MCHS 

cooled by pure water. The temperature rose about linearly 

along the primary flow path in both the fluid and solid areas. 

Moreover, the maximum temperature was found at the base 

wall of the heat sink, directly above the channel's outflow. Xie 

et al. [32, 33] investigated the laminar and turbulent flow and 

heat transfer properties of a water-cooled directly MCHS 

numerically. Heat fluxes ranging from (256 to 350 W/cm2) 

were reduced for a closely-optimized microchannel, while 

pumping power rose from (0.205 to 5.365 W). Using statistical 

methods, Sui et al. [34] examined heat and liquid flow in 3D 

wavy MCHS with rectangular cross-sections. The simulation 

results showed that the wavy microchannel outperformed the 

straight rectangular channels with identical cross-sections in 

terms of thermal performance. Moreover, the enhancement in 

heat transfer may be far greater than the penalty for pressure 

losses. Laminar flow and thermal in longitudinal and 

transversal wavy MCHS for electronic chip cooling were 

recently studied by Xie et al. [35, 36]. The outcomes displayed 

that the transversal wavy microchannel overreached the 

conventional straight MCHS in terms of overall heat transfer 

enhancement, particularly at higher wave amplitudes at the 

same Reynolds number. 

The microchannel heat sinks were constructed using similar 

theory-based methods. For instance, Zhang et al. [37, 38] used 

experimental and computational studies to examine the heat 

transfer characteristics of multiple microchannel heat sinks in 

single-phase liquid flow under various heat flux and flow rate 

conditions. Although it had a greater maximum temperature, 

the heat sink with U-shaped channels distributed the 

temperature more evenly than the serpentine channels. The 

flow and heat fields of asymmetric/symmetric leaf-like and 

tree-like branching networks employed in electronic cooling 

were simulated by Wang et al. [39, 40]. They found that the 

maximum inlet-to-outlet fluid temperature differential and 

pressure drop may be considerably decreased by offset in leaf-

like branching networks. Gilmore et al. [41] thoroughly 

examined and evaluated several studies that considered 

concentrator photovoltaic active cooling techniques. They 

concluded that a workable option for high-density heat fluxes 

is single-phase microchannel cooling. The most current 

experimental and numerical studies on MCHS geometric 

designs for heightened heat flux applications were compiled 

by Naqiuddin et al. [42]. According to the review, one crucial 

factor that significantly affects the flow heat transfer process 

is the geometric design of microchannels. 

A microchannel cooling device with a complex design was 

analytically examined by Di Capua et al. [43] at high heat flux 

levels. The findings indicated that a microchannel device 

could maintain a chip temperature below 28℃. With inclined 

fins, a unique small heat sink was optimised for heightened 

heat flux applications by Alfellag et al. [44]. The fluid flow 

and heat transfer enhancement of the investigated heat sink 

improved when the tendency angle of the slots was widened 

up to 55℃. Ali et al. [45] presented a numerical analysis to 

investigate the effect of V-shaped attack rib angle on the 

hydrothermal performance of MCHC over a Reynolds number 

range of Re = 100 - 900. The results indicated that a rib angle 

has a significant influence on the thermal and flow field. Okab 

et al. [46] investigated the thermal efficiency of microchannels 

with sidewall dimples (1 mm and 0.5 mm) and a fillet shape 

on the lower surface under a laminar range (Re = 200 - 1200). 

Outcomes showed that dimples and the fillet profile 

particularly enhance thermal performance. Attached, these 

characteristics achieved a 60% higher Nu compared to straight 

microchannels. In fan-shaped cavity microchannels, Ali et al. 

[47] investigated seven distinct rib placements and found that 

the front and rear configurations significantly enhance flow 

mixing, leading to a 19% increase in the Nu in comparison to 

standard designs. Li and Chen [48] investigated a double-

layered MCHS that used both solid and porous ribs in 

combination with microencapsulated phase change materials, 

in contrast to traditional solid rib designs, resulting in a 

significant improvement in the heat transfer. Additionally, Li 

et al. [49] described a microchannel heat sink with a slant rib-

quatrefoil rib arrangement that greatly improved heat transfer 

performance, leading to a 131% increase in the Nu and a 

66.6% drop in thermal resistance at Re = 696. 

Microchannel heat sinks (MCHS) have been the subject of 

extensive research into developing innovative fin designs to 

enhance their hydraulic and thermal performance. Porous fins 

have been the subject of some studies that sought to improve 

heat transfer, while microinserts have been the subject of other 

studies that sought to alter fluid flow and heat transmission. 

However, there are still a lot of unanswered questions about 

how different MCHS fin configurations impact important 

parameters across a range of Reynolds numbers (100 to 500), 

including the average Nusselt number, friction factor, mean 

wall temperature, and hydrothermal performance factor. 

Our work is unique since it examines three different fin 

designs in an MCHS and does it over a wide range of Reynolds 

numbers. We compare the thermal and hydraulic performance 

of these suggested designs to a baseline situation without fins 

using the finite volume approach and numerical simulations in 
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ANSYS software. This method provides new information 

about how to optimize fin layouts for better thermal 

performance. This research gap can be filled by our study 

contributes to the advancement of microelectronics cooling 

technology by offering comprehensive insights on fin design 

optimization, especially for applications that demand efficient 

heat dissipation in small places. 

A summary of the comparative analysis of the 

hydrodynamic and thermal performance of micro-heatsinks 

with various fin designs is provided in Table 1. 

 

Table 1. Comparative evaluation of microchannel heat sinks' thermal and hydrodynamic performance with various fin 

configurations 

  
Ref. 

No. 

Publish 

Year 
Technology Applied Average Heat Transfer Thermal Efficiency 

[1] 2020 
Nanofluid-based microchannel heat 

sink 

Improved due to nanofluid 

enhancement 
High thermal performance reported 

[5] 2016 
Micro heat sink for power transistor 

using CFD 
Moderate 

Limited efficiency due to design 

simplicity 

[6] 2021 Open-ring pin fins in microchannels Significant improvement Enhanced due to turbulence 

[7] 2021 Grooved microchannels Increased Nusselt number High thermal efficiency 

[8] 2021 
Fan-shaped cavities with rib 

configurations 
Enhanced mixing 

Balanced efficiency with moderate 

losses 

[9] 1997 Manifold microchannel heat sinks Uniform heat distribution Isothermal efficiency 

[10] 2023 
Hybrid nanofluid-based microchannel 

heat sink 
High heat transfer rates Superior cooling performance 

[11] 2002 Supercritical CO2 flow Moderate Low thermal resistance 

[12] 2015 Magnetic nanofluids in heat sinks Enhanced forced convection Improved under magnetic field 

[13] 2013 
Periodic expansion-constriction cross-

sections 

Increased heat transfer 

coefficients 
High efficiency 

[14] 2013 Bifurcation microchannels Improved laminar flow Efficient heat dissipation 

[15] 2014 
Multiple-length bifurcation 

microchannels 
Enhanced thermal gradients 

High thermal-hydraulic 

performance 

[16] 2016 Fan-shaped ribs on sidewalls Reduced pressure drop Balanced performance 

[17] 2016 
Fan-shaped ribs (pressure drop 

analysis) 
Consistent heat transfer Moderate 

[18] 2016 
Fan-shaped ribs (thermal 

characteristics) 
Improved heat transfer High 

[19] 2017 Wavy porous fins 
Simultaneous reduction in 

pressure drop 
High thermal efficiency 

[20] 2018 Slant rectangular ribs 
Parameter-dependent heat 

transfer 
Variable 

[21] 2018 Internal vertical bifurcations Enhanced laminar flow High efficiency 

[22] 2018 Dimple and pin fin configurations Optimized flow and heat transfer High thermal performance 

[23] 1999 Nanoparticle-enhanced fluids Increased thermal conductivity High 

[24] 1995 Nanofluids Enhanced thermal properties High 

[25] 2009 Review of nanofluids Mixed results Application-specific 

[26] 2009 Benchmark study on nanofluids Variable heat transfer Moderate 

[27] 2020 
Hydrothermal behavior in a curved 

annular tube 
Enhanced mixing High efficiency 

[28] 2010 PEM fuel cell transport phenomena Not applicable High electrochemical efficiency 

[29] 2009 
Hygro-thermal stresses in PEM fuel 

cells 
Not applicable High durability 

[30] 2009 
Deformation prediction in PEM fuel 

cells 
Not applicable High reliability 

[31] 2002 Single-phase microchannel heat sink High heat transfer rate High efficiency 

[32] 2007 Turbulent heat transfer in minichannels Enhanced turbulent mixing High thermal performance 

[33] 2009 Laminar heat transfer in minichannels 
Improved heat transfer 

coefficients 
High efficiency 

 

 

2. THEORETICAL MODEL AND NUMERICAL 

PROCEDURE 
 

2.1 Physical model 
 

In the actual application, the straight channel heat sink has 

120 parallel microchannels with a rectangular cross-sectional 

area with a height of channel H = 0.4 mm and a bottom size of 

(L × W) 30 × 30 mm2. However, to reduce the simulation time 

and size of the grid due to the symmetry condition, a single-

branch microchannel is taken as the computational model, as 

shown in Figure 1(a). The straight microchannel heat sink 

(MCHS-S) is utilized as the baseline microchannel heat sink 

to estimate the enhancement by the different rectangular fins 

in microchannel heat sinks in terms of hydro-thermal 

performance and fluid flow behavior. There are three cases of 

microchannel heat sink as shown in Figure 1(b), The MCHS-

A is a microchannel heat sink with two rectangular fins in the 

bottom wall of the middle of microchannel, The MCHS-B is a 

microchannel heat sink with four rectangular fins in the bottom 

wall, two in the inlet of channel and two in the outlet of 

channel, while  the MCHS-C including five rectangular fins, 

one in the top wall of channel and four in the bottom of inlet 

and outlet of channel. Figure 2 illustrates schematically the 
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cases studied in this work, and the detailed geometric 

parameters are summarized in Table 2. 

 

 
 

Figure 1. Schematic diagram of MCHS: (a) Integrated model 

of MCHS; (b) Isometric view of MCHS with different fin 

configurations 

 

 
 

Figure 2. Schematic diagram of different microchannels with 

fins 

 

Table 2. The size parameters utilized in the current study 

 
Geometric 

Parameters 

Value 

(µm) 

Geometric 

Parameters 

Value 

(µm) 

H 400 Hc 300 

W 30,000 Hb 50 

L 30,000 Hf 150 

L1 20,000 C1 70 

L2 5000 C2 70 

Wc 150 C3 30 

Wb 50 f 10 

 

2.2 Mathematical model and boundary conditions 

 

A mathematical model of fluid flow and thermal 

performance processes in the micro-channel heat sink is 

established in this study based on the following assumptions: 

1. The flow is laminar, incompressible, single phase, and 

steady state. 

2. There is a no-slip boundary condition between the fluid 

and the walls. 

3. The radiation heat transfer, gravitational force, and surface 

tension are not considered. 

Based on the above assumptions, the steady-state 

conservation  for momentum, mass, and energy equations in 

the fluid are defined as [50, 51]: 

The Continuity equation: 

 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0  (1) 

 

where, 𝑢, 𝑣, 𝑤  in m/sec are the velocity in 𝑥, 𝑦, 𝑧  direction 

respectively. 

The Momentum equations: 

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
+ 𝑤

𝜕𝑢

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑥
+

µ

𝜌
(

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2 +
𝜕2𝑢

𝜕𝑧2)  (2) 

 

𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
+ 𝑤

𝜕𝑣

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑦
+

µ

𝜌
(

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2 +
𝜕2𝑣

𝜕𝑧2)  (3) 

 

𝑢
𝜕𝑤

𝜕𝑥
+ 𝑣

𝜕𝑤

𝜕𝑦
+ 𝑤

𝜕𝑤

𝜕𝑧
= −

1

𝜌

𝜕𝑝

𝜕𝑧
+

µ

𝜌
(

𝜕2𝑤

𝜕𝑥2 +
𝜕2𝑤

𝜕𝑦2 +
𝜕2𝑤

𝜕𝑧2 )  (4) 

 

where, 𝑝 in Pa is pressure, 𝜌 in kg/m3 is density, and µ in Pa·s 

is viscosity. 

The energy equations, in the fluid region: 

 

𝜌𝐶𝑃 (𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
+ 𝑤

𝜕𝑇

𝜕𝑧
) = 𝑘𝑓 (

𝜕2𝑇

𝜕𝑥2 +  
𝜕2𝑇

𝜕𝑦2 + 
𝜕2𝑇

𝜕𝑧2)  (5) 

 

where,  𝐶𝑃 , kf and 𝑇  are the specific heat of fluid, thermal 

conductivity, and fluid local temperature, respectively. 

At the inlet, the Reynolds number is described as [51, 52]: 

 

𝑅𝑒𝑖𝑛 =
𝜌𝑢𝑖𝑛𝐷ℎ

𝜇
  (6) 

 

where, Dh is the hydraulic diameter of the cross-sectional area 

at the inlet. 

At steady state, the average convection heat transfer 

coefficient ℎ̅  on the bottom wall surface may be computed 

using [52]: 

 

ℎ̅ =
𝑞

𝐴𝑠(𝑇𝑤−𝑇𝑏)
  (7) 

 

In the above equation, q is the heat flux, As represents the 

surface area, whereas Ts and Tb represent the average wall 

surface and bulk fluid temperatures, respectively. 

The average Nusselt number is calculated based on the 

preceding equation [53, 54]: 

 

𝑁𝑢̅̅ ̅̅ =
ℎ̅𝐷ℎ

𝑘𝑓
  (8) 

 

The friction factor (𝑓) is depicted as follows [55]:  

 

𝑓 = ∆𝑃
𝐷ℎ

𝐿

2

𝜌𝑢𝑖𝑛
   (9) 

 

where, ∆𝑃  is the pressure drop equals ( 𝑃𝑜𝑢𝑡 − 𝑃𝑖𝑛 ) and L 

represents channel length. 

The performance evaluation criterion (PEC) utilized in this 

study may be stated as follows [52, 56]: 

 

𝑃𝐸𝐶 =
(𝑁𝑢̅̅ ̅̅ ,𝐹/𝑁𝑢̅̅ ̅̅ ,𝑠)

(𝑓,𝐹/𝑓,𝑠)1/3 
  (10) 
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2.3 Boundary conditions  

 

Silicon was selected as the solid walls of the microchannels, 

and water was the working fluid domain for this investigation. 

Table 3 shows the thermophysical characteristics of the 

materials at 300 K, which were taken to be temperature-

independent. A working fluid inlet temperature of 300 K was 

established. A steady 800 KW/m2 heat flux was used to heat 

the bottom wall. With no-slip velocity circumstances, it is 

assumed that the top walls and the side walls' outer surfaces 

are adiabatic. For the microchannel heat sink's inlet and outlet, 

the velocity inlet and pressure outlet boundary conditions are 

used, respectively. This study uses a Reynolds number that 

ranges from 100 to 500. 

 

Table 3. Thermophysical properties for water and silicon 

are utilized in the current investigation 

 

Materials ρ (kg/m3) Cp (J/kg‧K) k (W/m‧K) 
µ 

(kg/m‧s) 

Water 998.2 4182 0.6103 0.001003 

Silicon 2330 710 148 - 

 

2.4 Numerical work 

 

The Numerical calculation is conducted based on the 

commercial software ANSYS FLUENT 2020R1, based on the 

finite volume method (FVM) [57]. A pressure-based solver is 

adopted. The coupled pressure-velocity field was decoupled 

using the coupled algorithm, which allows for faster 

convergence. The gradient calculation uses a Least Squares 

Cell-Based scheme. The expression of diffusion in the 

momentum and energy equations was approximated by a 

second-order upwind. The calculation is considered to be 

converged when the iteration residual is less than 10-7 for the 

continuity, momentum, and energy equations. 

 

 

3. GEOMETRY MESHING AND GRID INDEPENDENT 

TEST (GIT) 
 

A suitably fine computational mesh is crucial, and this was 

the focus of efforts. All cases of MCHS were designed using 

ANSYS Design Modular. The geometry was divided into 108 

bodies to get a suitable mesh (as shown in Figure 3(a) and 3(b)) 

and then defined as a fluid domain and a solid domain and 

thermally coupled together. The faces of the solid and fluid 

domains are named as inlet, outlet, insulated walls, symmetry 

walls, and heated wall. After that, export the geometric file to 

ANSYS meshing. Multi-zone method was selected for 

geometry in ANSYS meshing, which automatically generates 

a pure hexahedral mesh where possible. The GIT was 

performed for (MCHS-S) and (MCHS-C) before the 

simulation was carried out for the highest Reynolds number 

(Re = 500) while the node number is varied from 1.1 × 106 to 

10.7 × 106. Since the increase in cell number after 6.75 × 106 

for (MCHS-C) led to less than 0.3% of 𝑁𝑢 , and f, and for 

(MCHS-S) led to less than 0.02%, thus, the cell number 6.75 

×106 is considered as mesh independence for (MCHS-C) and 

(MCHS-S) as shown in Figure 4. 

Also, Figures 3(b) and 3(c) illustrate the intensity of the 

pure hexahedral mesh for both fluid and solid domains of the 

selected MCHS-C. The skewness, aspect ratio and orthogonal 

quality of mesh are also tested and it is found that the skewness, 

aspect ratio and orthogonal quality of MCHS-C are equal to 

0.001, 31.5, and 0.99, respectively. 

 

 
 

Figure 3. Display the meshing of geometry: (a) Division of 

geometry, (b) intensity of mesh, and (c) solid and fluid 

domain of MCHS-C 

 

 
 

Figure 4. Nusselt number and friction factor versus number 

of nodes for MCHS-S and MCHS-C cases GIT 

 

By plotting the Nusselt coefficient (Nu) and friction 

coefficient (f) against the number of nodes, Figure 4 shows the 

grid independent test (GIT) for the MCHS-S (baseline option) 

and MCHS-C (Case C with five fins). The findings indicate 

that Nu and f changes are negligible beyond 6.75 × 10⁶ nodes, 

with variations of less than 0.3% for MCHS-C and 0.02% for 

MCHS-S. This shows that the mesh has enough detail to give 

accurate numerical results. The results show that the chosen 

grid size is both accurate and consistent, and it also costs less 

to compute. This mesh is a good balance between accuracy and 

usefulness for the purpose of studying how heat and fluid flow 

behave. 

 

 

4. INITIAL VALIDATION INVESTIGATION 

 

To verify the accuracy of the numerical CFD, a comparison 

was made with a numerical analysis of a channel featuring a 

single bifurcation plate along the centerline, following the 
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downstream path to the channel's outflow [58]. Figure 5 shows 

a comparison of wall temperature and channel length with the 

results of the current study's CFD. The results were rather 

consistent. Figure 6 shows how pressure drop affects channel 

length, and there is a strong agreement between the two studies, 

which shows that the data is real and correct. 

 

 
Figure 5. Validation of numerical results for wall 

Temperature with Xie et al. [58] 

 

 
 

Figure 6. Validation of numerical results for pressure drop 

with Xie et al. [58] 

 

Figures 5 and 6 back up the conclusions by comparing the 

study's numbers to those of earlier work by Xie et al. [58]. 

Figure 5, which shows how the temperature of the wall 

changes over the length of the channel, proves that the thermal 

equation is correct. It shows a high level of agreement with 

both the work of Xie et al. [58] and the current study. Figure 6 

compares how the pressure drop changes over the length of the 

channel, which further proves that the simulation is accurate. 

The accuracy of the numerical approach is ensured by the 

constant trends shown in both figures. The accuracy of the 

study is confirmed by these validations, which offer a strong 

basis for examining how various fin configurations affect both 

the hydraulic and thermal characteristics of microchannel heat 

sinks. 

 

 

5. RESULTS AND DISCUSSIONS 

 

This section presents and discusses the effect of different 

types of fins with variable configurations (Cases A, B, and C), 

comparing them with the reference case (Case S) within the 

microchannel on the velocity and temperature contours at Re 

= 500. 

The velocity contours for the micro-channel with variable 

configurations of fins and compared with the base topic (Case 

S), are presented in Figures 7 and 8. For (Case S), the flow is 

usually uniform as the fluid enters the micro-channel at a cold 

temperature. The velocity is highest at the center and decreases 

near the walls due to the effect of the boundary layer that 

begins forming at the micro-channel's inner surface. A 

boundary layer develops along the walls when the fluid moves 

through the micro-channel, which causes a change in the 

velocity distribution. A boundary layer develops along the 

walls when the fluid moves through the micro-channel, which 

causes a change in the velocity distribution. It is observed that 

the velocity reaches a steady state after the center of the 

microchannel, indicating the development of a full flow. For 

cases A and B, in the beginning, middle and end of the micro-

channels, fins are clearly visible in the cross-section, designed 

to have a specific effect on the flow. It is noticed that the flow 

here is symmetrical and the highest velocity is found in the 

center and end of the micro-channel for cases A and B, 

respectively, depending upon the fins location. All fins change 

the velocity distribution, which interferes with the flow and 

causes velocity increases in the upper areas close to the fin and 

decreases in the lower areas. Furthermore, the fin leads to the 

splitting of the flow and increases the contact areas between 

the fluid and the surface, which improves the fluid mixing and 

heat transfer enhancement. 

 

 
 

Figure 7. Velocity contours for variable configuration fins 

(Cases A, B, C, and S) at side and front views 

 

Whereas, for Case C, the addition of a fin on the upper 

surface increases the velocity contour inside the microchannel. 

As stated earlier, with the presence of the fin, the cross-

sectional area decreases at the middle portion of the micro-

channel, which shows an increment in the flow velocity 

beneath the central fin near the heated surface. This local 

increase in velocity increases mixing and enhances the heat 
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transfer by increasing convective effects in the region. Case C 

thus has better thermal performance because of better mixing 

and enhanced convection heat transfer compared to cases 

without fins or with different configurations of fins. 
 

 
 

Figure 8. Velocity contours for varying configurations of 

fins (Cases A, B, C, and S) at 3D modelling views 

 

Temperature contours for the micro-channel with different 

fin configurations (compared to the base case S) at Re = 500 

are shown in Figure 9. For Case S, the temperature distribution 

shows a gradual decrease in temperature along the channel 

when the heat is transferred from the heated wall (at the inlet) 

to the fluid. However, the temperature difference between the 

fluid near the walls and the fluid in the middle of the channel 

remains large due to poor mixing. It is observed that the 

absence of fins results in a uniform (laminar) flow with 

minimal turbulence and mixing. Therefore, the heat transfer 

efficiency is low because the cold fluid in the center of the 

channel does not interact effectively with the heated wall. For 

the A and B cases, it is found that the presence of fins creates 

turbulence within the flow, which leads to improved fluid 

mixing. The thermal distribution shows a lower gradient 

compared to Case S, which means improved heat transfer. The 

thermal contours show that the fluid exits at a higher 

temperature compared to Case S, which means better thermal 

performance. For Case C, the fins show a greater improvement 

in mixing compared to the previous cases, as the thermal 

distribution appears more uniform along the channel. This is 

because the fin design in this case causes more efficient 

turbulence compared to the other cases. The results show that 

the temperature gradient on the hot wall is lower than in the 

previous two cases, indicating more enhancement of thermal 

transfer. The flow exiting the microchannel is at a higher 

temperature, proving that the thermal performance is better in 

this case. 

Figure 10 presents the variation of the average Nusselt 

number with Reynolds number for different types of fin 

configurations in a microchannel heat sink (MCHS), which are 

compared with the baseline case without fins (MCHS-S). It is 

found that the average Nusselt number increased with 

increasing Reynolds number for all configurations due to the 

decreased thermal boundary layer thickness at the heated wall 

and the increased heat transfer rate at high flow [59]. It is 

discovered that adding fins in different arrangements 

significantly influences the mean Nusselt number. 

Furthermore, it is observed that the highest Nusselt number 

values were obtained at the MCHS-C compared to the other 

designs for all Reynolds ranges. This is due to the upper fin 

improving the mixing flow and enhancing heat transfer. 

Results indicated that the micro-channel heat sink Type A 

achieves a higher heat transfer than MCHS-B and MCHS-S 

due to the effect of fin arrangement. The outcomes indicated 

that using fins improved the mean Nusselt number by 66, 36, 

and 31% for designs Case C, A, and B, respectively, compared 

to the base case at Re = 500. 

 

 
Figure 9. Temperature contours for varying configurations of 

fins (Cases A, B, C, and S) at the side, front 3D, and 

modelling views 

 

 
Figure 10. Effects of varying configurations of fins (MCHS 

A, B, C, and S) on the average Nusselt number 

 

Figure 11 presents the variation of the friction factor with 

Reynolds number for various kinds of fin configurations in the 

MCHS. It is observed that as the Reynolds number increases, 

the friction factor reduces for all configurations. Moreover, the 

baseline case (MCHS-S) has a lower friction factor due to the 
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absence of obstruction to the fluid flow. With the addition of 

fins, it was found that case MCHS-C provided the highest flow 

losses, followed by cases (MCHS-A and MCHS-B) due to the 

flow obstruction and the recirculation that occurs downstream 

of the fin.  

 

 
Figure 11. Effects of varying configurations of fins (MCHS 

A, B, C, and S) on the friction factor 

 

Figure 12 shows the relation between wall temperature and 

Reynolds number for different types of fin designs in the 

MCHS. It is found that the wall temperature decreases with 

increased Reynolds number for all designs due to the high flow 

velocity. Furthermore, MCHS-C provided the lowest wall 

temperatures across the entire range of Reynolds numbers, 

followed by cases (MCHS-A and MCHS-B). Correspondingly, 

the reference case (MCHS-S) achieves a high wall temperature 

due to poor flow mixing and limited heat transfer efficiency. 
 

 
Figure 12. Effects of varying configurations of fins (MCHS 

A, B, C, and S) on the wall temperature 

 

The relation between the Reynolds range and the PEC for 

particular fin shapes used in microchannel coolers (MCHS) is 

shown in Figure 13. It was found that all values of the PEC are 

more than unity in all cases. From the results, it is clear that 

MCHS-C has the greatest PEC (about 1.3) at Re = 500 

compared to other configurations. This illustrates how well the 

MCHS-C gadget performs in striking a balance between a heat 

transfer enhancement and fewer friction losses. In contrast to 

the MCHS-C, the PEC values for the MCHS-A and MCHS-B 

configurations are still near cohesion with minimal fluctuation 

inside the improved Reynolds quantity, suggesting that they 

have less of an effect on performance. 

 
Figure 13. Effects of variable configurations of fins (MCHS 

A, B, C, and S) on the PEC 

 

 

6. CHALLENGES 

 

To create effective thermal management systems, it is 

necessary to overcome a number of obstacles related to the 

construction and optimization of microchannel thermal sinks 

(MCHS) with different fin designs. Computerized modeling, 

experimental verification, material selection, flow dynamics, 

and practical implementation are only a few of the several 

domains impacted by these obstacles. Detailed solutions to 

these problems in five separate areas are provided below: 

 

6.1 Complexity of computational modeling 

 

One of the main issues with studying very small heat 

exchangers is that it's hard to construct computer models that 

are realistic. You have to answer a number of hard math 

problems at once. These are some of the things that happen: 

How heat transfers, how energy is kept in balance, and how 

gases and liquids act. We used the FVM and ANSYS software 

to do this project. This method is known to take a lot of 

computer power, especially when you're working with shapes 

that are hard to interpret or places that need highly exact 

calculations. Figure 4 demonstrates that as you make the 

calculation areas smaller and smaller, the Nusselt number and 

the friction factor will also be smaller. That's an important first 

step: we need to make sure that the calculation grid we used 

didn't affect our results in any way. You can get to that point 

where the grid doesn't impact the result, but it still takes a lot 

of computing power, especially when you're working with 

tough heat exchanger designs like Case C. 

 

6.2 Limitations of experimental validation 

 

CFD models of fluid flow teach us a lot, but we still need to 

test them in the actual world to make sure they stay accurate. 

Figures 5 and 6 show that our investigation's results are in 

agreement with those of Xie et al. [58]. The computer's 

predictions may not match the actual results of the study. 

There may not be any set regulations controlling the system, 

materials may differ, and manufacturing processes may 

change. For example, having completely smooth surfaces 

could make it hard to make little channels of the right size. 

Reproducing an experiment under conditions as near as the 

ones predicted by the models is not always possible. 

Inadequate wall insulation and inconsistent water flow are two 
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of the many possible problems. New and better measuring 

instruments are necessary to close the gap between virtual and 

physical environments. 

 

6.3 Choosing materials and managing heat 

 

A micro channel heat sink's efficiency is highly dependent 

on the materials used to build it. Silicon, with its remarkable 

microfabrication capabilities and high heat conductivity, was 

selected as the experimental material. Because of its high price 

and structural instability, silicon isn't great for a lot of 

commercial uses. Copper and aluminum are superior to other 

materials when it comes to heat permeability, corrosion 

resistance, and compatibility with coolants. Additionally, over 

time, fouling or degradation may result from the coolant's 

interaction with the channel walls, which would lower long-

term performance. It's still quite difficult to create long-lasting, 

reasonably priced materials that resist corrosion and wear 

while retaining good heat conductivity. developments in 

nanotechnology. 

 

6.4 Trade-offs between flow dynamics versus pressure 

drop 

 

Innovative fin designs that improve heat transfer frequently 

result in higher flow resistance and pressure drop. All fin 

arrangements (Cases A, B, and C) showed higher friction 

factors than the baseline example (example S), as shown in 

Figure 11. Fins increase surface area and turbulence, which 

enhances heat transmission, but they also disturb the flow 

field, creating recirculation zones and requiring more pumping 

force. Finding the sweet spot between permissible pressure 

drop and heat transfer enhancement is a major problem in 

MCHS design. This trade-off becomes more apparent at higher 

Reynolds numbers, when the benefits of better mixing have to 

be weighed against the disadvantages of increasing flow 

losses. 

 

6.5 Scalability and real-world application 

 

Finally, there are a lot of challenges when trying to turn 

ideas for cooling systems into practical ones. Microchannel 

heat sinks are commonly used in small electronic devices 

where there is little room for design freedom due to 

manufacturing tolerances or space constraints. Additional 

complications arise when these systems are scaled up for 

larger applications, like photovoltaic cooling or industrial heat 

exchangers. For instance, as the entire system size increases, 

it becomes more challenging to maintain consistent flow 

distribution over several parallel channels. Hotspots and 

decreased performance might result from uneven flow. 

Additionally, careful investigation into system-level 

interactions is necessary when integrating MCHS with current 

cooling infrastructures, such as pumping and reservoirs. In 

order to provide scalable and dependable solutions, addressing 

these issues requires interdisciplinary approaches that 

combine knowledge of thermal engineering, substance 

science, and manufacturing technology. 

In conclusion, even though microchannel cooling systems 

with fin topologies that are tuned have a great deal of promise 

to improve thermal performance, their widespread adoption 

depends on resolving the issues outlined above. Researchers 

may create the foundation for next-generation cooling 

techniques that satisfy the needs of contemporary electronics 

and beyond by developing computational tools, refining 

experimental procedures, investigating new materials, 

maximizing flow dynamics, and resolving scalability 

concerns. 

 

 

7. CONCLUSIONS 

 

In order to optimize cooling systems for contemporary 

electronic devices, this study offers a thorough numerical 

analysis of the hydraulic and thermal efficiency of 

microchannel cooling systems (MCHS) with different fin 

designs. The study compares three different fin configurations 

(Cases A, B, and C) to a baseline example with no fins (Case 

S) using the finite volume technique with ANSYS software 

over a range of Reynolds numbers from 100 to 500. The 

findings highlight how important fin design is for increasing 

heat exchange rates while balancing related trade-offs like 

friction losses and pressure drop. 

The results show that adding fins greatly enhances heat 

transfer performance; for Re = 500, Case C showed the largest 

improvement, at 66%, followed by Case A (36%) and Case B 

(31%). Increased turbulence, improved mixing, and a larger 

contact area between the fluid and the surface that is heated, 

made possible by the fins, are the reasons for this improvement. 

Additionally, in every case, an average Nusselt number rises 

with Reynolds number, emphasizing the advantages of greater 

flow rates in enhancing convective heat transfer and 

decreasing the thickness of the thermal boundary layer. On the 

other hand, when the Reynolds number rises, the average wall 

temperature and friction factor fall, highlighting the 

significance of striking a balance between thermal 

performance and flow efficiency. 

With a thermal-hydraulic performance coefficient (PEC) of 

roughly 1.3 at Re = 500, Case C is the most effective design. 

The highest (PEC) for Cases (A, B) is around 1.10 at Re = 100 

and 1.11 at Re = 500, respectively. This product works better 

because its revolutionary design keeps the temperature steady 

along the channel and makes convection stronger. These 

experiments show how innovative fin designs can assist in 

meeting the increased demand for small, very effective cooling 

systems in microelectronics.  

The research emphasizes the importance of using computer 

simulations in the creation of tiny heating elements. However, 

it also points out that achieving trustworthy and scalable 

results requires tackling several key hurdles: making sure the 

simulation's accuracy isn't affected by the fineness of the mesh, 

confirming the model's accuracy through experiments, and 

carefully choosing the right materials. Overcoming these 

challenges will allow for improvements in thermal 

management, leading to the creation of better and more 

energy-saving cooling technologies. The work highlights the 

revolutionary potential of improved fin configurations in 

fulfilling the thermal needs of next-generation electronics by 

connecting theoretical analysis with real-world applications. 

 

 

8. FUTURE WORK 

 

The following determinants can be suggested for future 

work: 

- Improving the heat transfer of microchannels by adding 

fins of different shapes under the influence of turbulent 

flow. 
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- Numerical and experimental study of improving the 

thermal performance factor of three-dimensional 

microchannels using nanofluids. 
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NOMENCLATURE 

𝐴𝑠 surface area, mm2 

𝐶𝑃 specific heat, J/kg‧K 

CFD computational fluid dynamics 

𝐷ℎ hydraulic diameter, mm 

F friction factor 

H microchannel height, µm 

H heat transfer coefficients, W/m2‧K 

ℎ̅ average heat transfer coefficients, W/m2‧K 

K thermal conductivity, W/m‧K 

L microchannel length, µm 

MCHS micro-channel heat sink 

MEMS micro-electro-mechanical-systems 

Nu Nusselt number 

PEC performance evaluation criterion factor 

P pressure, Pa 

Q heat flux, W/m2 

Re Reynolds number 

T temperature, K 

Ts average wall surface, K 

Tb bulk fluid temperatures, K 

u, v, w velocity components, m/s 

x, y, z 3D cartesian coordinates, mm 

W microchannel width, µm 

Greek symbols 

Δp pressure drop, pa 

Ρ density, kg/m3 

µ dynamic viscosity, N‧s/m2 

Ϭ surface tension, N/m 

Subscripts 

in inlet 

out outlet 
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