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Heat Transfer Enhancement in a Microchannel Heat Sink: Nanofluids and/or
Micro Pin Fins

Turgay Coşkun and Erdal Çetkin

Department of Mechanical Engineering, Izmir Institute of Technology, Izmir, Turkey

ABSTRACT
Here, we show that overall thermal conductance in a rectangular microchannel heat sink
can be maximized with the combination of nanofluids and micro pin fins. We uncover the
effect of micro pin fins and nanofluids both separately and simultaneously in order to
uncover their effect on the thermal conductance (i.e., thermal resistance). Both nanofluids
and micro pin fins decrease the overall thermal resistance due to increase in the average
thermal conductivity of the flow system. In addition, they increase the heat transfer surface
area of the solid interacting with the fluid. However, the pumping power (pressure drop)
increases in both methods due to the increase in the resistances to the fluid flow. The
results document what should be the nanoparticle volume fraction mixed into the base
fluid and the micro pin fin volume in order to minimize thermal resistance. If the thermal
conductivity of the nanoparticles and micro pin fins are the same, the thermal conductance
becomes the maximum with 4% and 0.14% volume fractions for the nanofluid and micro
pin fins, respectively. This result shows that inserting micro pin fins and using nanofluids
with a given volume fraction ratio maximize the overall thermal conductance.

Introduction

Advanced applications with miniature designs require
great volumetric heating capabilities. Therefore, the
literature focuses on maximization of thermal con-
ductance (i.e., minimization of thermal resistances)
when the reserved space for cooling system is limited.
The literature also focuses on cooling with nanofluids
and phase changing materials due to their capability
of increasing thermal conductance [1–4]. In addition,
the literature documents heat transfer enhancement
with micro pin fins [5–12]. Nanofluid suspensions
(base fluidþnanoparticles) have greater thermal con-
ductivity relative to their base fluid because of the
high thermal conductivity of suspended particles. The
rate of enhancement in the thermal conductivity of
base fluids is still a hotly debated topic. However, it is
well known that the downside of nanofluids is that
they increase pressure drop [13–24]. Likewise, the
pressure drop along the microchannels with inserted
micro pin fins [8–12].

Tuckerman and Pease [5] were first to investigate
the performance of silicon based micro pin fins. They
documented the pressure drop along microchannels

for three distinct square fin designs. However, they
did not document the thermal performance of fins.
Peles et al. [6] experimentally uncovered the effect of
micro pin fins on heat transfer rate and pressure
drop. They documented the parameters which are
affecting the overall thermal resistance. They showed
that the thermal resistance can be decreased greatly
(1.5–2.5 times) with inserted pin fin heat sinks. Koşar
et al. [7] investigated the effect of staggered and inline
micro pin fin bundles on pressure drop. They com-
pared the micro scale pressure drop results with the
macro scale data which evaluated based on conven-
tional pressure drop correlations. In addition, they
proposed a modified correlation for flow over micro
pin fin bundles. Adewumi et al. [8] documented what
the size of embedded micro pin fins should be to
minimize thermal resistance. Prasher et al. [9] experi-
mentally uncovered the thermal and hydraulic per-
formances of silicon-based, low aspect ratio micro pin
fin bundles under cross flow. They showed how the
average Nusselt number (Nu) and friction factor vary
relative to the fin diameter. Qu and Siu-Ho [10, 11]
surveyed how the heat transfer rate and pressured
drop vary with micro pin fin arrays. First [10], they
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proposed two Nusselt number correlations and com-
pared them with the existing correlations. Then [11],
they developed a power-law type correlation to predict
average Nu number for adiabatic and dia-
batic conditions.

Nanofluids were introduced by Choi and Eastman
[13]. They observed the that the average thermal con-
ductivity of a fluid with suspended copper particle
increases. Choi et al. [14] showed that the thermal
conductivity of a base fluid increases approximately
two times by addition of less than 1% carbon nano-
tubes. Prasher et al. [15] documented how the viscos-
ity of alumina-based nanofluid is affected by shear
rate, temperature, nanoparticle diameter and volume
fraction. They concluded that increase in the viscosity
is greater than (50%) the increase in the thermal con-
ductance. Xuan et al. [16] experimentally uncovered
the enhancement in the thermal conductivity of a
copper and water suspension. They also investigated
the effect of particle aggregation on thermal conduct-
ivity of nanofluids. Nguyen et al. [17] documented the
dynamic viscosity of Al2O3/water nanofluid for the
temperature range of 20 �C to nearly 75 �C. Anoop
et al. [18] investigated the heat transfer enhancement
in laminar developing region for various size and con-
centration of nanoparticles. Das et al. [19] compre-
hensively reviewed the nanofluid literature. They
stated that there is not a certain equation nor
approach which gives the change in the thermal con-
ductivity with nanoparticle addition to a base fluid.
Buongiorno et al. [20] emphasized that the literature
does not agree on the thermal properties of nano-
fluids. In order to resolve inconsistencies, an inter-
national nanofluid property benchmark exercise
(INPBE) was launched at the first scientific conference

which focuses on nanofluids. By this way, it was
agreed that thermal conductivity and other properties
of nanofluids would be tested by over 30 organiza-
tions worldwide; and the results would be reported by
publications. Chandrasekar et al. [21] measured the
thermal conductivity and viscosity of Al2O3/water
nanofluid in the volume fraction range from 0.33% to
5%. They concluded that both properties increase lin-
early as the volume concentration increases. In add-
ition, increase in the viscosity becomes nonlinear after
2% volume concentration because of the hydro-
dynamic interactions between nanoparticles and base
fluid. Later, Chandrasekar et al. [22] uncovered the
change of pressure drop under constant heat flux con-
dition in the plane tube with a 0.1% volume fraction
nanofluid (Al2O3-water suspension). They observed
34% increase in the Nusselt number; and they did not
observe a significant increase in the pressure drop
with nanofluids compared to distilled water. Lin et al.
[23] numerically surveyed pressure drop and heat
transfer rate of nanofluids (water/Al2O3 suspension)
in turbulent pipe flow. They stated that distribution of
nanoparticles in the flow field becomes nonuniform
due to the particle convection, diffusion, coagulation
and breakage. They observed Nusselt number
decreased by 8% and 3% because of the nonuniform-
ity with Reynolds numbers of 5000 and 25000,
respectively. Yuan et al. [24] numerically uncovered
how the volume fraction of cylindrical nanoparticles
affect the viscosity of the nanofluid. They showed that
resistance to the fluid flow increases with volume frac-
tion; however, the effect of volume fraction diminishes
when Reynolds number is greater than 200.
Ghanbarpour et al. [25] experimentally uncovered the
thermal properties and rheological behavior of water

Nomenclature

Be Bejan number
Cp specific heat (J/kg��C)
D diameter (m)
H height (m)
L length (m)
K thermal conductivity (W/m��C)
N normal vector
Nu Nusselt number
P pressure (Pa)
q'' heat transfer per unit area (W/m2)
Q volume flow rate (m3/s)
T temperature (�C)
U velocity in x-direction (m/s)
V velocity in y-direction (m/s)
~v velocity vector
V volume (m3)
W velocity in z-direction (m/s)
W width (m)

x, y, z Cartesian coordinates (m)
Greek symbols
A Thermal diffusivity (m2/s)
M Dynamic viscosity (kg/m. s)
q Density (kg/m3)
; volume fraction
Subscripts
atm atmospheric conditions
C channel
eff effective
F fluid
I index
In inlet
N any number
out outlet
S solid
T total
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based Al2O3 nanofluids. They showed that thermal
conductivity and viscosity of nanofluids increase as
temperature and/or particle concentration increase.
However, they documented that the increase in the
viscosity is more pronounced than the increase in the
thermal conductivity. Karimzadehkhouei et al. [26]
numerically and experimentally investigated the effect
of inlet temperature of Al2O3 suspension on heat
transfer rate along microchannels. They concluded
that the effect of inlet temperature on the heat trans-
fer rate is dominant near the inlet of channels (<L/5).

The current literature shows that both fins and
nanofluids increase the resistance to fluid flow and
decrease the resistance to heat flow. However, it
focuses on the effect of micro pin fins and nanofluids
separately. Here we uncover what should be the ratio
of solid volume reserved for fins and nanoparticles
when they both exist in order to enhance the overall
thermal conductance (minimization of thermal resist-
ance) with minimum pressure drop. Recent studies
emphasize that the nanofluid thermofluidic properties
should be measured via experiments, such as thermal
conductivity, viscosity etc. Therefore, here we benefit
from the experimental results of Chandrasekar
et al. [21].

Model

The physical model consists of a microchannel with
length scales of L�Wc�Hc, which is inserted in a sili-
cone substrate with length scales of L�W�H as
shown in Figures 1a–b. Figure 1b shows how the
micro pin fins are inserted into the microchannel.
The material of the micro pin fins is highly conduct-
ive silicon substrate. The micro pin fins are circular

cylinders with diameter of Dfin and height of Hfin. The
volume of the microchannel is fixed, and so is the vol-
ume of the solid domain surrounding it. Length scales
of the computational domain are given in Table 1.
Two physical models were used in the present study.
First one is the microchannel heat sink without micro
pin fins and the second one is with them, i.e. inte-
grated design.

The volume of the computational domain is fixed,
which is

L�W � H ¼ 9 mm2 (1)

The number of fins inserted into the microchannel
can vary but total fin volume is fixed,

Vfin, t ¼ Vfin, 1 þ Vfin, 2 þ :::þ Vfin, n ¼ 6:03� 10�4 mm3

(2)

The height (Hfin) and the diameter of the fins
(Dfin) are 0.08mm and 0.04mm, respectively. The
total fin volume is 0.14% of the total solid volume.

Governing equations

The coolant in the simulations are pure water or
nanofluid (water-Al2O3 suspension). Water and nano-
fluid are incompressible with homogeneous and con-
stant thermophysical properties. The effect of
buoyancy forces is negligibly small in the current
problem due to the micro length scales.

Figure 1. Physical model of microchannel heat sink: (a) stacked model and (b) computational domain.

Table 1. Dimensions of the solid and fluid domains.
Solid domain Fluid domain

H (mm) W (mm) L (mm) Hc (mm) Wc (mm)

0.9 0.1 10 0.705 0.06
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Conservation of mass, momentum and energy
equations were solved numerically to determine vel-
ocity and temperature distribution for the solution
domain. For laminar and steady flow, the governing
equations are;

r:~v ¼ 0 (3)

qfð~v:r~vÞ ¼ �rP þ lfr2~v (4)

qfCp, f ~v:rTð Þ ¼ kfr2T (5)

where qf , Cp, f , kf , lf are the density, specific heat,
thermal conductivity and dynamic viscosity of the
fluid.~v is the velocity vector in the fluid domain.

For solid regions, the energy equation reduces to:

ksr2T ¼ 0 (6)

where ks is the thermal conductivity in the solid
domains (i.e., the thermal conductivity of solid chan-
nel and fins).

Boundary conditions

The coolant is driven by the pressure difference in
between the inlet and outlet surfaces of the micro-
channel as shown in Figure 1b. The pressure differ-
ence is defined as

Pin ¼ Be� a� l

V2=3
þ Pout (7)

a, V, and Pout are thermal diffusivity of the fluid, vol-
ume of the computational domain and pressure at the
microchannel outlet, respectively. In addition, Be is
Bejan number [27, 28] which represents the dimen-
sionless pressure difference along a channel. It was
derived during the channel size optimization in forced
convection. Furthermore, Bejan and Lorente [29]
emphasized that the role played by the Rayleigh num-
ber for the natural convection cooling is played by
Bejan number in forced convection, cf. pp. 92 of Ref.
[29]. Be number is defined in Petrescu [28] as

Be ¼ DP � L2

l� a
(8)

The boundaries of the microchannel surrounded by
the solid surface is defined as no slip wall boundaries
with stationary wall

u ¼ v ¼ w ¼ 0 (9)

The outlet boundary is defined as pressure outlet
(y¼ L),

Pout ¼ Patm (10)

The temperature of the coolant at the inlet bound-
ary (y¼ 0) is fixed.

Tin ¼ 20�C (11)

The left and right boundaries of the domain (x¼ 0
and x¼W) are symmetry boundaries,

@T
�
@x ¼ 0 (12)

At the bottom wall (z¼ 0), uniform heat flux is
applied,

q} ¼ ks
@T
@y

¼ 106 W=m2 (13)

The remaining outside walls of the solid domain
surrounding the microchannel are adiabatic. The con-
tinuity of energy at the interfaces of solid and fluid
surfaces satisfy

ks
@T
@nwall

¼ kf
@T
@nwall

(14)

where n is the outward normal vector.

Nanofluid

Density, specific heat, viscosity and thermal conduct-
ivity of the working fluid are function of volume frac-
tion of the suspended nanoparticle. The effective
density and specific heat values for nanofluids calcu-
lated from the following equations [30]:

qeff ¼ ;qs þ 1�;ð Þqf (15)

Cp, eff ¼ ;Cp, s þ 1�;ð ÞCp, f (16)

where Ø is the volume fraction of the nanoparticle.
One of the important thermophysical parameters of

nanofluids is viscosity which affects the pressure drop.
Viscosity of a nanofluid depends on nanoparticle vol-
ume fraction, its diameter and temperature [15].
Similarly, nanoparticle size, shape, temperature, par-
ticle interaction between the solid and fluid are the
main parameters affecting the thermal conductivity of
the nanofluids [19, 31]. In the literature, there are
many equations to calculate effective viscosity and
thermal conductivity of nanofluids. However, the lit-
erature shows that the nanofluid material properties
vary dramatically between models in published docu-
ments. Experimentally measured nanofluid thermo-
physical properties were used during the study (cf.
experimental results of Chandrasekar et al. [21]) in
order to understand the effect of nanofluids in the
heat transfer enhancement clearly without the effect of
bias in the material model. Thermophysical properties
of the base fluid (water) and nanoparticles (Al2O3) are
given in Table 2 [21, 30, 32, 33].
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Numerical procedure

The conservation of mass, momentum and energy
equations were solved numerically by using a commer-
cial finite element software, COMSOL Multiphysics 5.0
[34]. The computational domain was meshed using
free tetrahedral and pyramid elements. The conver-
gence criteria were specified as 10�5 for continuity,
momentum and energy equations during the simula-
tions. The simulation results are considered as mesh
independent when the criterion of Eq. (17) is satisfied.

ðDTÞi�ðDTÞi�1

ðDTÞi

" #
� 0:01 (17)

Here, DT is defined as the difference between max-
imum and minimum temperatures of the fluid, and
“i” represents the mesh index. The effect of mesh size
on the simulation results of base model and integrated
model are represented in Tables 3 and 4, respectively.

Validation of the model

Validation of the model is carried out with respect to
the literature. Figure 2 shows the comparison between
the results of Adewumi et al. [8], Bello-Ochende et al.
[35], and the present study. The accuracy of Adewumi
et al. [8] and Bello-Ochende et al. [35] were given as
10% and 15% with respect to the analytical results of
Khan et al. [36] and experimental results of
Tuckerman and Pease [5], respectively. The figure
shows that the values obtained in the present study
are in good agreement with the studies of Adewumi
et al. [8] and Bello-Ochende et al. [35] with an aver-
age deviation of about 7.3% and 2.6%, respectively.

Heat transfer enhancement by fins

Figure 3 shows the effect of inserted micro pin fins
on the peak temperature relative to the Be number.
The figure reveals that 2.5% improvement was
achieved by integrated design relative to the base
model. The effect of integrated design on the thermal
conductance diminishes as Be number increases. This
result implies that at low Be numbers, heat transfer is
limited due to low fluid velocity. Fins increase the
heat transfer surface area; therefore, the heat trans-
ferred in integrated design is greater even the resist-
ance to the fluid flow is greater. In addition, if the
pressure drop related with the extended surface

Table 2. Thermophysical properties of water and Al2O3 at
20 �C [21, 30, 32, 33].

K (W/m� �C) q (kg/m3) Cp (J/kg� �C) l (kg/m�s)
Water 0.6 997 4170 0.00100
Al2O3 35 3880 729 –
Nanofluid (0.1%) 0.621 1025.8 4135.6 0.00110
Nanofluid (0.2%) 0.630 1057.7 4113.5 0.00121
Nanofluid (0.3%) 0.658 1083.5 4066.8 0.00140
Nanofluid (0.4%) 0.695 1112.3 4032.4 0.00170

Table 3. Relative error corresponding to the number of mesh
elements for the base model.

Number of mesh elements DT (�C)
ðDTÞi�ðDTÞi�1

ðDTÞi

h i
37782 14.9329 –
86867 15.1366 0.0135
264372 15.3619 0.0147
460318 15.4670 0.0068

Table 4. Relative error corresponding to the number of mesh
elements for the integrated design.

Number of mesh elements DT (�C)
ðDTÞi�ðDTÞi�1

ðDTÞi

h i
51893 14.7852 –
230569 14.9877 0.0135
438920 15.1653 0.0117
585770 15.1812 0.0010

Figure 2. Comparison between results of presented model
and literature for wall temperature differences.

Figure 3. Influence of dimensionless pressure drop on the peak
wall temperature differences for base model and integrated design.
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dramatically decreases the fluid velocity, then the base
model may provide smaller thermal resistance than
the integrated design.

First fin in the integrated design is centered nearly
to the inlet of the microchannel and the rest of the
fins were aligned with a fixed distance from each other

Figure 4. Variation of the peak wall temperature differences
with fin numbers for: (a) Be¼ 6:5� 107, (b) Be¼ 3:9� 108,
(c) Be¼ 1:3� :109:

Figure 5. Variation of the peak wall temperature differences
with the distance between the fins for: (a) Be¼ 6:5� 107, (b)
Be¼ 3:9� 108, (c) Be¼ 1:3� :109:
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along the microchannel. The optimum fin numbers
and the distance between the fins were determined
with respect to the minimized peak wall temperature
difference. Figure 4a shows that the peak temperature
decreases as the number of fins increases until the 6th
fin when Be ¼ 6.5� 107. Then, the peak temperature
stands almost steady. Figure 4b,c also show that the
peak temperature is the smallest for the 6th micro pin
fin; and increasing the fin number increases the peak
temperature (thermal resistance) afterwards. Overall,
according to Figure 4, the integrated design with 6
micro pin fins minimizes the peak wall temperature
differences (maximum thermal conductance) for low,
intermediate and high Be numbers.

Figure 5 shows the effect of distance between the
fins on peak wall temperature difference for 6 fins.
According to Figure 5, the peak wall temperature dif-
ference is minimum when the distance between the
fins is 0.0825mm for all Be numbers. In Figure 5, it
can be seen that the peak wall temperature difference
increases as the distance between the fins increases.
This result implies that as the distance between the
fins increases, the next level of fins stays in the wake
of the previous fins due to the increase in the thermal
boundary layer. Furthermore, as the fluid flows along
the channel its temperature increases, which decreases
the heat transfer rate from the fins to fluid. Therefore,
the effect of fins on heat transfer rate diminishes as
the spacing in between them increases.

Heat transfer enhancement by nanofluid

Next consider the coolant is a nanofluid (suspension
of water and Al2O3) with various volume fractions.
Figure 6 shows that the peak temperature difference
decreases with 4% Al2O3 nanoparticle addition to the
water. The effect of nanofluid on the peak

temperature difference is more pronounced at low Be
numbers. However, 18% and 25% improvements were
observed in minimizing the peak wall temperature dif-
ference by using nanofluid for Be numbers 6.5� 107

and 1.3� 109, respectively. Note that Be number
(dimensionless pressure difference) is fixed through-
out the study; therefore, change in the pressure drop
is related to the variation in the material properties as
can be seen in Eq. (7).

Figure 7 shows the effect of nanofluid on the peak
wall temperature difference for the integrated
design. Similar to the base model (Figure 6), nano-
fluid increases the overall thermal conductance for
all Be numbers; however, increase in the thermal
conductance for the integrated design diminishes as
the Be number increases. Maximum improvement
in the peak wall temperature difference was meas-
ured as 18% for the lowest Be number, 6.5� 107.

Comparison of Figures 6 and 7 reveals that the
enhancement in the thermal conductance is greater in
base model than the integrated one for the greatest Be
number. However, the integrated design yields better
enhancement in the thermal conductance as the Be
number decreases. This shows that only fins yield better
thermal performance at low Be numbers, and only nano-
fluid at high Be numbers. Therefore, there is an optimal
volume fraction ratio at the intermediate Be numbers.

The effect of nanofluid volume fraction on the
peak wall temperature differences is represented in
Figure 8a–c for the lowest, intermediate and highest
Be numbers. Volume fraction of nanofluid varies
from 1% to 4%. In general, Figure 8a–c show that
thermal conductance increases as the nanoparticle vol-
ume fraction in the fluid increases, with the exception
of Figure 8a. Figure 8a is for the lowest Be number
case; therefore, increase in the flow resistance limits
the enhancement in thermal conductance via

Figure 6. Variation of the peak wall temperature differences
with Be number for Base Model.

Figure 7. Variation of the peak wall temperature differences
with Be number for Integrated Design.
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nanofluids. The minimum wall temperature differen-
ces are observed in 4% volume fraction. The volume
fraction was limited as 4% in order to eliminate

agglomeration in the nanofluid. Figure 8 shows that
utilizing nanofluid is an ineffective solution to reduce
peak wall temperature differences for the lowest Be
number at 1% volume fraction. Maximum improve-
ment in the peak wall temperature difference is 25%
in the highest Be number for 4% volume fraction.
However, the pressure drop increases dramatically as
the volume fraction increases from 1 to 4%, i.e. 10.3%
to 45.4% increase compared to the base fluid,
respectively.

The effect of total fin volume and volume fraction
of nanofluid on the temperature difference is shown
in Figure 9. The peak wall temperature difference
decreases by increasing the volume fraction of nano-
fluid while fin volume is fixed. However, increasing
the total volume of the fins decreases the thermal

Figure 8. Variation of the peak wall temperature differences
with nanofluid volume fraction for various Be numbers;
(a)6:5� 107 (b) 3:9� 108 (c) 1:3� :109:

Figure 9. Variation of the peak wall temperature differences
with volume fraction of nanofluid and total fin volume.

Figure 10. Peak wall temperature differences relative to Be
number with and without nanofluids for base model and inte-
grated design.
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conductance. For instance, 3.8% increment in the wall
temperature is observed when the fin volume
increases eight times. This situation can be explained
as an increase in the total fin volume increases the
resistance to the fluid flow, which decreases convective
heat transfer coefficient.

Figure 10 summarizes the results of the study.
According to Figure 10, integrated design with nano-
fluid minimizes the peak wall temperature difference
for the lowest Be number. In addition, base model
with water yields the greatest peak wall temperature
difference for the lowest Be number. Furthermore,
base model with nanofluid minimizes the peak tem-
perature difference for the highest Be number.
Therefore, it can be concluded that thermal conduct-
ance is maximum with fins and nanofluid, and

nanofluid for low and high Be numbers. Therefore,
nanofluid should be used with or without fins relative
to the given Be number in order to maximize the
thermal conductance. For instance, if an evolutionary
analogy is used, it means that particles forming the
fins dissolves in time to enhance heat transfer rate.

Next, consider that the thermal conductivities of
the nanoparticle and fins are the same (35W/m�K) in
order to understand the evolutionary concept. Figure
11 shows how the temperature difference and volu-
metric flow rate vary relative to the Be number for
fins, nanofluids and finsþnanofluids with fixed vol-
ume fraction. So far, the fin volume was 0.14% and
the maximum nanofluid volume fraction was 4%.
Here, the summation of the volumes of fins and
nanoparticles correspond to 4.14% volume fraction.
Therefore, the optimal ratio of volume fraction
between the fins and nanofluid for thermal conduct-
ance enhancement becomes evident.

According to Figure 11, nanofluid yields the max-
imum thermal conductance (almost 50% improvement
in the thermal conductance relative to the micro pin
fins) by minimizing the peak wall temperature differ-
ence. Figure 11a shows that the thermal conductance
with only fins (4.14% volume fraction) is smaller in
comparison to the only nanofluid (4.14% volume frac-
tion) whereas their resistance to the fluid flow is
greater (decreased volumetric flow rate “Q” for the
same Be number). Figure 11a–b show that suspending
the majority of the solid volume into the fluid enhan-
ces thermal conductance more than embedding micro
pin fins; and, it also minimizes resistance to the fluid
flow. However, Figure 11a,b also show that greatest
thermal conductance and the smallest resistance to
the fluid flow is achieved when a small percentage
(0.14% volume fraction) of the solid volume is
reserved for fins.

Conclusions

Here, we document what should be the volume frac-
tions of micro pin fins and nanoparticles to conform
maximum thermal conductance for a microchannel
heat sink. The effect of fins and nanoparticles sus-
pended to the base fluid (water) on the thermal con-
ductance documented both solely and simultaneously.
The results show that microchannel with micro pin
fins provides greater thermal conductance than micro-
channel without micro pin fins. The distance between
the fins and their number were optimized to maxi-
mize thermal conductance. Heat transfer enhancement
with nanofluid is also documented for various Be

Figure 11. The change in (a) the peak wall temperature differ-
ence and (b) the volumetric flow rate of the coolant with
respect to volume fraction of nanofluid and total fin volume.
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numbers. The results show that nanofluid with vol-
ume fraction of 4% significantly reduce the peak tem-
perature. Nanofluid with any volume fraction improve
the thermal conductance for all the surveyed Be num-
bers. However, nanofluid also increases the resistance
to the fluid flow which requires additional pumping
power. Nanofluid with micro pin fins increases the
thermal conductance by 18% for the lowest Be num-
ber relative to the base fluid without fins. Increase in
the total fin volume increases the resistances to the
fluid flow, and therefore it increases the temperature
difference of the microchannel up to 3.8%.

Nanofluid decreases the peak temperature more
than inserting micro pin fins when the thermal con-
ductivity of nanoparticles and micro pin fins are the
same. Almost 50% improvement is achieved with
nanofluid instead of micro pin fins. Overall, the
results uncover that there is an optimum volume frac-
tion reserved for fins and nanoparticles suspended in
the base fluid for a prescribed set of conditions.
Depending on the material properties of substances,
the volume fractions which provide the minimum
peak temperature (maximum thermal conductance)
is affected.
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