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ABSTRACT

The conjugate heat transfer and the thermal stresses produced within a pin-fin microchannel 
heat sink are investigated numerically. The pin-fin microchannel heat sink is subjected to a 
constant heat flux from the bottom surface and cooled by water flow through the channel 
across the pin fins. Rectangular cross-section microchannel incorporating one raw of square 
pin fins are considered. The water flowing through the microchannel at Reynolds number 
varies from 200 to 800. The heat sink dissipates constant heat flux in the range of 75-175 kW/
m2. The selected materials used for the solid substrate are Copper, Aluminium, Titanium, and 
Structural steel. The results are presented as contour plots for the temperature, thermal stress, 
and deformation distribution. It is found that the heat dissipation and the Nusselt number are 
increased with increasing Reynolds number, increasing the thermal conductivity of the mate-
rial but remain constant throughout various heat fluxes. Thermal stresses are increased with 
decreasing Reynolds number, increasing heat flux, and increasing Youngs’ Modulus of the 
substrate material. The total deformation is increased with decreasing Reynolds number, in-
creasing heat flux, and increasing the thermal expansion coefficient of the substrate material.
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INTRODUCTION 

Pin fin microchannel heat sinks serve a key role in 
maintaining the integrity and quality of performance of 
modern technology electric and electronic hardware by dis-
sipating heat from heated components. Therefore, signifi-
cant studies have been carried out for better understanding 
the necessary factors or structural characteristics towards 
improving the heat dissipation. Initially, conventional 
smooth microchannels had been utilized to great extents 
towards dissipating heat from electric components as high-
lighted in references [1-3]. The effectiveness of adding pin 

fins to the microchannel structure has been discussed by 
various studies [4-8] as well as industry usage of the pin fins 
microchannels by the studies listed in the references [9-14]. 

Gunnasegaran et al. [15] performed a study examining 
the effect of varying cross-sectional shapes of the micro-
channel upon the overall heat transfer performance within 
the microchannel heat sink, focusing on rectangular, trap-
ezoidal and triangular cross sections. It was concluded that 
the rectangular cross section displayed the greatest heat 
transfer performance followed by the trapezoidal and tri-
angular cross sections. Kewalramani et al. [16] found that 
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maintaining the thickness of the solid substrate within 
the pin-fin microchannel will prevent potential hotspots 
to form. Cheng [17] had concluded that utilizing stacked 
microchannel comprising of passive structures can signifi-
cantly outperform a conventional singular microchannel. 
Xie et al. [18] studied the effect of running counter flow 
configurations within these stacked microchannels and 
found that these configurations further enhanced the heat 
transfer characteristics within the overall heat sink. Wang 
et al. [19] examined the effects of implementing truncated 
top channels within double-stacked microchannels and 
concluded the overall rise in performance within the heat 
sink. When investigating potential additional features to 
be added within the microchannel walls, it had been high-
lighted by Ding et al. [20] that cutting ribs and grooves 
into the side walls of the microchannel could outperform a 
smooth wall microchannel. This study involved utilizing a 
singular microchannel heat sink consisting of two parts, an 
upper wall filled with ribs or grooves and a smooth lower 
wall. In the efforts of singling out a building material most 
suitable for constructing a pin-fin microchannel, several 
studies in the references [16,21-26] had showed prefer-
ence towards incorporating silicon or copper due to their 
relatively well established thermal stability, their excellent 
thermal expansion properties under exposure to heat flux 
applied, cost effectiveness and general eco-friendly nature. 
However, it was also concluded that copper stands as a 
superior choice due to its higher thermal conductivity in 
comparison to silicon, resulting in it being a better conduc-
tive substrate.

In regards to choosing a suitable fluid coolant Grande 
and Kandlikar [27] highlighted the excellent reliability, low 
maintenance costs and simple compatibility when utiliz-
ing air as the coolant fluid. However, modern technology 
releasing increasingly greater excess heat to be dissipated. 
Studies such as those conducted by Luo et al. [28] con-
cluded that the cooling effect due to the air coolant can no 
longer provide adequate heat extraction. A popular choice 
that stands is to swap out air with water or nanofluid cool-
ants where these two alternatives have been constantly 
compared to each other in several studies [29-33]. Park et 
al. [29] performed numerical analysis on separate pin-fin 
microchannels with one utilizing nanofluid coolant and the 
other consisting of water coolants. It was found that nano-
fluid coolants significantly outperformed water coolants in 
terms of heat transfer performance. However, due to the 
difficulty of implementing nanofluids within conventional 
applications, water coolants have been preferred as the 
most suitable alternative to replace the traditionally used 
air coolant.

The flow of the coolant commonly adopts several char-
acteristics within conventional applications and parametric 
studies regarding the pin-fin microchannel. Ronge et al. [34] 
had considered the fluid flow to be fully uniform with uni-
form velocity throughout a pin-fin microchannel. Bhandari 
and Prajapati [25] had assigned purely atmospheric pressure 

acting to the fluid outlet of the channel within their study. 
When conducting their study regarding the modelling of 
microchannel heat sinks, Saha et al. [35] had applied sev-
eral assumptions including incompressible fluid flow, neg-
ligible heat losses from the arrangement and the flow would 
be uniformly distributed among the microchannels. These 
set of assumptions can be standardized within any form 
of pin-fin microchannel analysis as it considers the ideal 
conditions.

A crucial element that affects the heat transfer perfor-
mance of a pin-fin microchannel is the structure or shape of 
the pin fins. Ronge et al. [34] had compared the heat trans-
fer capabilities of different shaped pin fins: elliptical; circu-
lar; square; hexagonal. It was found that at low Reynolds 
number within laminar flow, circular pin fins showed 
the best overall thermal performance. In contention to 
this, Bayazitoglu et al. [36] concluded that triangular and 
square pin-fin arrangements showcased the highest values 
of Nusselt number when compared to other options, indi-
cating superior thermal performance. However, triangular 
and square pin fins also induce the largest pressure drop 
within the microchannel which would result in high pump-
ing power required. To investigate the potential of enhanc-
ing the heat transfer performance within square pin fins, 
Huang et al. [37] studied the effect of varying attack angles 
upon a square pin-fin, ranging from 0 to 45 degrees. It was 
found that increasing the attack angle up to 30 degrees will 
greatly increase thermal performance and generally causes 
negligible flow resistance due to the boundary of the square 
pin-fins being in-line with the streamline of the flow, over-
all resulting in an enhanced convection effect. Bhandari 
and Prajapati [25] had compared pin-fin microchannel heat 
sinks consisting of different pin fin heights, utilizing water 
coolant of laminar flow with a constant heat flux within the 
range of 75-150 kW/m2 being exerted to the microchan-
nel. It was concluded that utilizing a pin-fin height that is 
four-fifths of the overall flow height will result in the best 
thermal performance within the heat sink where increas-
ing or decreasing the fin height will worsen the heat dis-
sipation effects. With appropriate clearance given, there is 
an enhanced effect on the recirculation and mixing of the 
coolant in the open spaces between the pin fins, enhancing 
heat transfer.

With an extensive range of studies conducted towards 
improving the performance of the microchannel heat 
sink, there has been a significant void of studies that have 
focused on the subsequent effects on the solid substrate due 
to thermal stresses and deformations. 

The microchannel heat sink material is exposed to 
expansions and contractions of the solid substrate due to 
the difference in the temperatures along and across the heat 
sink. The mechanism of these expansions and contractions 
acting upon the microchannel results in the formation of 
thermal stresses. These deformations and thermal stresses 
may result in structural damage to the microchannel, sig-
nificantly hampering its ability to dissipate heat effectively 
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and accelerating mean time to failure. Due to the lack of 
such important investigations, a parametric study is con-
ducted in this article. The parameters to be considered 
within the static structural analysis will be the Reynolds 
number, heat flux applied to the bottom of the microchan-
nel and the type of material to be utilized within the solid 
substrate. Following the study conducted by Bhandari and 
Prajapati [25], a rectangular cross-section microchannel 
consisting of a row of 12 square pin fins will be considered 
as shown in Figure 1 and Table 1. A constant heat flux is 
applied to the bottom of the microchannel where the solid 
substrate will be cooled by water coolant.

MATHEMATICAL MODEL

The governing equations for the heat and fluid flow are 
the continuity, momentum and energy equations which 
derives from the mass, momentum and energy conserva-
tions respectively. The fluid flow is assumed incompressible 
Newtonian fluid in the laminar flow conditions. Viscous 
heating along with the effect of gravity and radiation heat 
transfer are ignored. Therefore, the governing equations 
can be written as follows:

	 	 (1)

	 	
(2)

	 	
(3)

	 	
(4)

	 	
(5)

where the velocity component u, v, and w are in the x, y, 
and z directions respectively, T is the fluid temperature, ρ is 
the density, µ is the dynamic viscosity, P is the pressure, cp 
is the specific heat at constant pressure and k is the thermal 
conductivity. 

The steady state conduction within the solid substrate is 
governed by the following equations: 

	 	
(6)

where the subscript s represents the solid. No slip 
boundary condition was applied to the solid surfaces. 
For the interface solid fluid surfaces, the coupled thermal 
boundary condition is implemented as:

	 	 (7a)

	 	 (7b)

where n is the normal direction. Water is used as the 
cooling fluid with constant properties as: dynamic viscosity, 
µ = 0.001003 kg/ms, density, ρ = 1000 kg/m3, and thermal 
conductivity k = 4.18 kJ/kgK.

Constant inlet velocity and temperature are imposed at 
the inlet section. The inlet velocity is calculated from the 

Table 1. Dimensional parameters of the pin-fin microchannel 

 Notation Value(mm) 

Length of fin Lf 1 
Foot print area of fins Lf x Wf 1x1 
Length of duct Ld 30 
Length of base Lb 27 
Length in between fins Lc 1 
Length of inlet Lin 1.5 
Height of duct Hd 2 
Height of fins Hf 1 
Base thickness Hb 1 
Base width/Duct width Wb 2 
Fin width Wf 1 
Distance between fins and side walls Ws 0.5 
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Figure 1. Schematic diagram of the physical model.
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specified Reynolds number, which is defined based on the 
hydraulic diameter as: Re = ρuin Dh ⁄ μ. The cooling per-
formance of the heat sink is evaluated using the average 
Nusselt number, which is defined as: Nu = hDh ⁄ k. The aver-
age heat transfer coefficient h is calculated from the results 
of the thermal field.

The temperature field produced from the thermal analy-
sis is generating thermal stresses and deformations. The ther-
mal stresses are governed by the following equations [38]: 

	 	
(8)

	 	
(9)

	 	
(10)

where σ is the normal stress, τ is the shear stress. The 
relationship between the stresses and the resultant strains 
are given by Hooke’s law, which can be written as:

	 	
(11)

	 	
(12)

	 	
(13)

	 	
(14)

	 	
(15)

	 	
(16)

where E is the Young’s Modulus, v is the Poisson’s ratio. 
ε is the normal strain, γ is the shear strain. The strain lead-
ing to the deformation formed can be directly related to the 
thermal expansion coefficient of the solid substrate by the 
following equation:

	 	 (17)

where εT is the thermal strain, α is the thermal expansion 
coefficient, Ts is the temperature of the solid substrate and Tref 
is the reference temperature at zero stress. The strain com-
ponents can be written in terms of displacements as follows:

	 	

(18)

where s represents the displacement of the material due 
to thermal stresses. The equivalent stresses (or von Mises 
stresses) are usually used in the static structural analysis, 
which can be expressed by the following equation:

	 	 (19)

NUMERICAL SOLUTION METHOD

The numerical solution of the mathematical models 
is carried out using ANSYS R2 2022 software. FLUENT 
software (which is a part of ANSYS) [39] is used to solve 
the mathematical model for heat and fluid flow defined in 
the equations (1)-(7). For the solid mechanics and stress 
analysis, the Static Structural software (which is a part of 
ANSYS) is used to solve the governing equations for ther-
mal stress formations and deformation defined in the equa-
tions (8)-(19).

The numerical solution produced for the fluid flow and 
heat transfer is based on finite volume method whereas the 
structural analysis will utilize the finite element method. 
The geometry is divided into multiple various two-dimen-
sional elements for the surface area and three-dimensional 
segments for the volume. Due to the relatively simple 
geometry, a structured quadrilateral mesh was adopted 
for a majority of the grid with an average element sizing of 
1.3×10-4 m. Figure 2 shows the top view of the mesh geom-
etry of part of the channel and the fins.

Figure 2. Top view of the mesh geometry.
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The fluid used in this study is water where its properties 
are considered to be varying dependently upon the fluid 
temperature [40]. The governing equations for the proper-
ties of the water are as follows:

	 	 (20a)

	 	 (20b)

	 	
(20c)

	 	
(20d)

The solid component of the microchannel heat sink, 
which includes the base and the fins, are to be made up of 
any of the following materials: Copper Aluminium, Steel, 
and Titanium. The thermal and structural properties of 
these solid materials are listed in Table 2 [36].

The water enters the channel from the left side with 
constant velocity and temperature and exit from the right 
side to the atmospheric pressure as shown in Figure 1. The 
bottom surface of the channel is subjected to constant heat 
flux. The coupled boundary condition (defined in equa-
tion (7)) is imposed to the fin surfaces and the surface 
in-between the fins. The symmetry boundary condition 
is imposed on the side surfaces of the channel, where the 

gradient of all the dependent variables are set to zero on 
these surfaces.

In the solution method, SIMPLE algorithm [39] is used 
for pressure-velocity coupling with second order upwind 
scheme for solving the momentum and energy equations. 

The resulting thermal field and fluid flow are then 
exported to Static Structural model to undergo structural 
analysis in efforts to investigate the thermal stresses and 
deformations. In the structural analysis the fluid section is 
to be suppressed within the structural analysis and bound-
ary conditions are applied. Zero displacements are set on the 
bottom of the base, symmetry surfaces and inlet/outlet sur-
face in all directions. These boundary conditions are estab-
lished in order to accurately approximate the constraints of a 
microchannel heat sink within the actual operations.

RESULTS AND DISCUSSION 

For validation purposes, the results of the present model 
using various mesh sizing are compared with the results of 
Bhandari and Prajapati [25] for the average Nusselt number 
(Nu) at various Reynolds numbers (Re). Note that the study 
by Bhandari and Prajapati [25] utilized a pin microchannel 
geometry with multiple rows of pin-fins rather than a sin-
gular row of pin fins. For the validation study, the present 
model, copper is used as the material for the solid substrate 
with a constant heat flux of 150 kW/m2 applied to the bot-
tom of the microchannel. The results of the comparison are 
presented in Table 3. For verification of the present model, 
the grid independent study is conducted using coarse mesh 

Table 3. Comparison of the average Nusselt number values

Re Bhandari and Prajapati [25]
Present Results

31324 elements (Coarse) 342154 elements (Moderated) 510456 elements (Fine)
200 15.11 14.66 14.74 14.74
400 20.47 18.43 19.29 19.28
600 24.56 21.37 23.59 23.56
800 28.11 23.94 28.17 28.12

Table 2. Properties of the solid materials

 Material Copper Aluminum Steel Titanium
Density, ρ (kg/m3) 8933 2719 8030 4850
Thermal conductivity, k (W/m.K) 401 202.4 16.27 7.44
Specific heat, cp (J/kg.K) 385 871 502.48 544.25
Youngs modulus, E (Pa) 1.10E+11 7.10E+10 2.00E+11 9.60E+10
Poissons ratio, v 0.34 0.33 0.3 0.36
Bulk modulus, K (Pa) 1.15E+11 6.96E+10 1.67E+11 1.14E+11
Shear modulus, G (Pa) 4.10E+10 2.67E+10 7.69E+10 3.53E+10
Thermal expansion coefficient, α (1/oC) 1.8E-05 2.3E-05 1.20E-05 9.40E-06
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with 31324 elements, moderated size mesh with 342154 
element, and fine mesh with 510456 elements. The present 
results listed in Table 3 were generated for the same model 
and boundary condition but using 3 different meshes. The 
differences between the values of the Nusselt number cal-
culated using the moderated size mesh and the fine mesh 
are negligible. 

It can be concluded from Table 3 that the results for 
Nusselt number from the present solution are within a small 
margin of difference to the results presented by Bhandari 
and Prajapati [25] (<10%). Therefore, the present results 
can be considered as valid results and grid independent 
simulations. The moderated size mesh is used to generate 
the results for the parametric study.

The details of the velocity and temperature contours for 
the validation case (Cupper heat sink subjected to a heat 
flux of 150 kW/m2) study are presented in Figure 3 and 4 
respectively.

The velocity contours presented in Figure 3, show 
that the average velocity profile increases with increasing 
Reynolds number. The velocity reaches its highest mag-
nitude in the region directly above the pin-fins due to the 
smaller flow area with constant mass flow rate (due to the 
constant velocity condition boundary condition applied) at 
the inlet. 

Figure 4 shows the temperature contours, in which it 
can be observed that the average temperature profile of the 
pin-fins decreases in temperature with increasing Reynolds 
Number. The same trend can be observed within the fluid 
upon leaving the last fin in the heat sink. This trend is due to 
the increase of Reynolds number (as a result of the increas-
ing flow velocity) allows for more efficient and intense 
transport/mixing of the fluid. This allows for an increase 
of the convective heat transfer effect within the fluid hence 
allows better cooling of the solid pin-fin arrays. 

The calculated values of the average Nusselt number 
at various values of Reynolds number and heat fluxes are 

Figure 4. Temperature contours (K) with heat flux of 150 kW/m2 and (A) Re=200, (B) Re=400, (C) Re=600, (D) Re=800.

Figure 3. Velocity contours (m/s) with heat flux of 150 kW/m2 and (A) Re=200, (B) Re=400, (C) Re=600, (D) Re=800.
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presented in Figure 5. It can be observed from Figure 5, 
the Nusselt number increases with increasing Reynolds 
number. This is due to the increasing overall heat transfer 
coefficient between the fluid and solid section within the 
microchannel heat sink as the Reynolds Number increases. 
Figure 5 shows also that varying the heat flux is not sig-
nificantly affect the resulting Nusselt number at a constant 
Reynolds number (difference of < 5%). This is due to the 
heat transfer capability (heat transfer coefficient) of the 
microchannel heat sink remaining constant throughout no 
matter the amount of heat flux applied as the temperature 
rise within the system would vary accordingly and there-
fore the Nusselt number will not change significantly.

Figure 6 shows the effect of changing the solid mate-
rial of the microchannel on the variation of Nusselt number 
against Reynolds number for fixed value of heat flux of 150 
kW/m2. The calculated Nusselt numbers show the highest 
for the cases which utilizing the high conductive materi-
als (Copper and Aluminium). This is due to values of the 
thermal conductivity of the material (presented in Table 
2), where the higher the thermal conductivity, leads to the 
higher value of the heat transfer coefficient and Nusselt 
number.

For the same case study geometry and dimensions, 
which is used for the validation, the thermal field obtained 

 

Figure 6. Variation of the Nusselt number with Reynolds Number and material of the microchannel for fixed value of heat 
flux of 150 kW/m2.

 

Figure 5. Variation of Nusselt number with various Reynolds Numbers and heat fluxes for Copper microchannel.
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in the computational fluid dynamics (CFD) analysis is 
exported and communicated to the structural analysis.

Figure 7 shows the thermal equivalent stress contours 
in the steel solid substrate microchannel heat sink, which 
are obtained from the solution of the static solid mechanics 
model defined in equations (8) to (19). By observing the 
contour in Figure 7, it can be seen that the higher values of 
thermal stresses are concentrated within the base section of 
the microchannel where these base stresses will peak in the 
area surrounding the pin fins. The stresses towards the top 
of the pin fins are generally low. This is due to the pin fins 
experiencing the maximum cooling effect through convec-
tion with the fluid flow. This results in the pin fins having 
a significantly higher heat transfer compared with the base 
section therefore hampering the formation of significant 
thermal stresses. However, the bottom of the pin fins expe-
riences less direct exposure to fluid flow (mostly experienc-
ing recirculated flow), therefore the heat transfer occurring 
at the bottom of the pin fins is less than the top of the pin 

fin. This leads to the thermal stresses at the bottom of the 
pin fin are significantly higher than the rest of the pin fin. 

It is important to note that the point position where max-
imum thermal stresses will be experienced in the solid sub-
strate will be within the heat dissipation area surrounding the 
last pin-fin before the outlet as shown in Figure 7. This is 
due to the fluid is heated while flowing through the channel 
and reaching its highest temperature point when approach-
ing the outlet section. Both the fluid and solid sections near 
the outlet are at relatively high temperatures with not much 
heat transfer occurring between the two sections therefore 
the solid section will experience maximum thermal load at 
the outlet section causing the subsequent thermal stress.

The maximum thermal stresses experienced within the 
microchannel heat sink decreases with increasing Reynolds 
number (at constant heat flux) as shown in Figure 8 for 
copper heat sink. As Reynolds number increases, the heat 
transfer coefficient increases leading to an enhanced cool-
ing effect upon the solid substrate, resulting in a decrease of 
the thermal load within the heat dissipation interface.

Figure 7. Side view (Top) and top view (bottom) of the thermal equivalent stress contour of steel solid substrate micro-
channel heat sink at Re=400 and q=150 kW/m2.

 

Figure 8. Variation of maximum equivalent thermal stresses against the Reynolds numbers of the fluid flow at various heat 
fluxes applied on the copper substrate.
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In an opposite sense, again referring to Figure 8, the 
maximum thermal stresses experienced within the copper 
microchannel heat sink will increase as the heat flux applied 
increases (at constant Reynolds number). Since overall heat 
transfer characteristic of the microchannel heat sink does 
not increase with the heat flux applied therefore the cooling 
effect upon the solid section will not vary, resulting in the 
residual thermal load within the microchannel heat sink to 
increase with the heat flux. Overall, this will lead to increas-
ing thermal stresses to form within the solid substrate.

The results of the maximum equivalent thermal stresses 
generated within different materials of the solid substrate at 
various values of Reynolds Number is presented in Figure 9 
for a fixed heat flux of 150 kW/m2. It can be observed that 
the maximum thermal stresses being experienced will be 
the highest in the structural steel substrate followed by cop-
per then aluminium and finally titanium. This is due to the 
Youngs modulus of the materials dictating the behaviour 
of the thermal stresses produced which can be verified 
by referring to the structural properties for the materials. 
Similar results were presented by Saeid [41] for the case of 
jet impingement cooling of a solid block.

The total deformations are calculated for Aluminium 
microchannel subjected to heat flux 150 kW/m2 and cooled 
with water flow at Re = 400 and their contour plots are 
presented in Figure 10. It can be seen in Figure 10 that 
the greater values of deformation within the microchan-
nel heat sink is concentrated within the mid-section of the 
microchannel heat sink with minimal deformation occur-
ring along the inlet and outlet section of the heat sink. It 
is noted that at each pin fin, the deformations will peak at 
the top of the pin-fin. The maximum deformation being 
experienced in heat sink is at the 5th pin fin away from the 
outlet, roughly in the midsection along the microchannel 
fluid flow. This is due to the zero displacement conditions 
applied to the outer walls of the solid section within the 
present structural model.

The results of the maximum deformation produced 
within the copper pin-fin microchannel against Reynolds 
number at varying heat fluxes are presented in Figure 11. 
It can be observed that the maximum deformation pro-
duced within the pin-fin microchannel will follow the same 
trends as the thermal stresses produced. The maximum 
deformation produced decreases with increasing Reynolds 

Figure 10. Total deformation contour of Aluminium solid substrate at Re=400, q=150 kW/m2.

 
Figure 9. Variation of maximum equivalent thermal stresses against the Reynolds numbers with various solid materials 
and constant heat flux = 150 kW/m2.
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number (at constant heat flux and solid substrate material) 
and increases as applied heat flux increases (at constant 
Reynolds number and solid substrate material).

However, the structural properties of the solid substrate 
are important factors affecting the deformation produced 
within the solid material as shown in Figure 12. The results 
presented in Figure 12 for a fixed heat flux of 150 kW/m2, 
show that the highest maximum deformation being expe-
rienced is in the structural steel substrate followed by alu-
minium then copper and finally titanium. The main reason 
for this variation is due to the difference in the coefficient 
of thermal expansion of the materials. Once again, upon 
viewing the list of material structural properties in Table 
2, it can be observed that aluminium possesses the highest 

coefficient of thermal expansion. The higher thermal 
expansion coefficient will allow for proportionately greater 
deformation as a result of a fixed thermal load. However, it 
is to be noted that structural steel has a greater maximum 
deformation induced in comparison to copper which defers 
from the trend seeing as copper has a higher thermal expan-
sion coefficient (1.8E-05 /oC) than structural steel (1.2E-05 
/oC). This is a result of the structural steel substrate pos-
sessing a much higher thermal stress profile than copper, 
as shown in Figure 9. Therefore, the results presented in 
Figure 12 for total deformation are for the combined effects 
of thermal stresses and coefficient of thermal expansion. 

 
Figure 12. Variation of maximum total deformations produced against Reynolds Number with various solid materials and 
constant heat flux = 150 kW/m2.

 
Figure 11. Variation of maximum total deformations against Reynolds Number at varying heat fluxes applied on the cop-
per substrate.
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CONCLUSION 

The present study focused on investigating the effect 
of fluid flow and heat transfer properties in microchannel 
heat sink with square fins upon the heat dissipation and 
the generated thermal stresses and deformations within 
the solid section. The microchannel heat sink is utilizing 
water as its coolant with temperature dependent properties. 
The parameters considered in the present study are: (1) 
Reynolds number in the laminar regime (200-800); (2) heat 
fluxes applied at the bottom surface of the microchannel 
(75-175kW/m2); (3) the material of the microchannel and 
the fins (Copper, Aluminium, Structural Steel, Titanium 
alloy). 

The results show that the Nusselt number rises with 
increasing Reynolds number and increasing thermal con-
ductivity of the solid section while remaining generally 
unaffected by varying heat fluxes applied. Higher values of 
equivalent thermal stress are concentrated within the base 
section of the microchannel, reaching its peak within the 
heat dissipation area surrounding the last pin-fin before the 
reaching the outlet section. 

The present numerical results show that the thermal 
stresses at the bottom of the pin fin are significantly higher 
than the rest of the pin fin where along with this, the ther-
mal stresses are concentrated within the sides of the pin 
fins. Therefore, the contact areas of the pin fins with the 
base plate have high possibility of failure if the created ther-
mal stresses exceed the material’s ultimate tensile strength. 
The thermal stresses experienced within the microchannel 
heat sink will decrease with increasing Reynolds number, 
increase with increasing heat flux applied and increases 
with increasing Youngs Modulus of the material utilized. 

The total deformation within the microchannel heat 
sink will be much higher within the general mid-section 
of the microchannel heat sink, perpendicular to the fluid 
flow. The total deformations are more concentrated within 
the pin fins rather than the base section. The deformations 
produced would decrease with increasing Reynolds num-
ber, increase as either the applied heat flux and/or the coef-
ficient of thermal expansion increases. The present study 
can be extended to consider various geometry of the fins 
in the microchannel heat sink used in the cooling of the 
electronics. 
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