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ABSTRACT: In this three dimensional numerical study, heat transfer characteristics and entropy generation of Alumina water
nanofluid laminar flow in a trapezoidal micro channel heat sink have been investigated by considering conduction in solid parts for
constant heat flux of 200 kW/m?2 entering from the substrate. The governing equations have been solved using an element-based finite
volume method. The méin scope of this study has been investigating the effects of four horizontal entry/exit configurations (the A, B,
C and D-type), from different parts of the entry and exit chambers, on heat transfer characteristics and entropy generation, whereas
the effects of the Brownian motionéf nanoparticles and temperature-dependent properties of the nanofluid are considered. The results
show that for a constant welumie fraction, increasing pressure drop increases the Nusselt number between 1.78% and 1.88%, but
decreases the thermal resistance between 35.94% and 40.41%, the theta (temperature uniformity of substrate) between 33.90% and
41.60% and the total entropy gemnération between'24.34% and 27.15%. Also, for a constant pressure drop, increasing volume fraction
from 0% to 4% increases the Nusselt number betweén 11.88% and 12.06% and the total entropy generation between 1.77% and
2.37% while it does not have impressive effect.on thermal resistance and theta, so that with increasing the volume fraction the
thermal resistance and theta changes are less than 1% and 2%, respectively. The highest increase of the total entropy generation, with
increasing the volume fraction from 0% to 4%, is 2.37%,fonthe A-type and the lowest is 1.77% for the D-type. From thermodynamics
second law point of view and because of the lower fotal entrop§ generation, at low pressure drop of 5 kPa the B-type and at high
pressure drops of 10 kPa and 15 kPa the C-type are the best@rrangements but from the thermal indexes point of view the A-type is
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always better than other arrangements.

1- Introduction

The minimization of entropy generation is a‘way to reduce
the irreversibility of fluid flow and heat transfer. Singh et
al. [1] investigated entropy generation and heat transfer of
Al O,-water nanofluid flow in a microchannel, a minichannel
and a channel. Their results showed that using the nanofluid
increases entropy generation. Mah et al. [2] investigated the
effect of viscous dissipation in the laminar and fully developed
AlO,-water nanofluid flow in a circular microchannel
analytically and showed it affects the temperature distribution.
Sohel et al. [3] numerically studied entropy generation in
a microchannel and a minichannel using nanofluid. They
observed entropy generation decreases with increasing
the nanoparticles volume fraction. Pourmahmoud et al. [4]
studied heat transfer, entropy generation and fluid flow in the
ribbed microchannel, numerically. They found that frictional
irreversibility increases when the rib height increases. Leong
and Ong [5] studied entropy generation of nanofluid flow in
microchannels with circle, square and equilateral triangle
cross sections. They observed that circular microchannel
has the minimum entropy generation in comparison with the
other two.

The trapezoidal geometry is used in the casting industry and
cooling of electronic chips that are placed in an unwanted
space. Thermal performance and entropy generation due to
nanofluid flow in a trapezoidal Micro Channel Heat Sink
(MCHS) for different entry/exit arrangements have not been
studied so far, therefore in this study they are considered.
For analyzing the heat sink performance, in addition to three
common indexes utilized in the previous research works
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(average Nusselt number, thermal resistance and theta)
entropy generation is also used.

25 Problem Description

The dimension details of the A-type arrangement are shown
in Fig. 1. The location of the flow entry and exit for the other
three heat, sink types are shown in Fig. 2. The dimensions
of microchannels and fins and the microchannel numbers are
shown in Fig. 3.

3- Governing Equations and Performance Indexes

The “eontinuify equation, momentum equations in three
directions x, y and z, and also energy balances in the fluid and
solid part are respectively:
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Fig. 1. Geometry of A-type microchannel heat sink with
direct entry and exit.
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Fig. 2. The geometry of the B-, C- and
D:type entry/exit arrangement.
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Four performance indexes of average Nusselt number,

thermal resistance, theta and entropy generation are:
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Table 1. Performance indexes of the MCHS with various entry/
exit arrangements for different pressure drops but volume
fraction of 4%.

AP
Index A B C D
(kPa)
Nu 2498 24.58 24.05 24.19
5 Relative differ-
(%) ence - 1.60 3.72 3.16
Nu 25.17 24.76 24.17 24.34
10 Relative differ-
(%) ence - 1.63 3.97 3.30
Nu 25.45 25.04 24.49 24.62
15 Relative differ-
(%) ence - 1.61 3.77 3.26
R, 419 433 562 612
5 i iffer-
Relatve differ- 334 3413 4606
(%) ence
R, 3.07 3.09 3.97 4.46
10 i iffer-
Relative differ- 0.65 2931 4527
(%) ence
R, 256 258 360 376
15 i iffer-
Relative differ 078 4062  46.87
(%) ence
o 743E-5 7.74E-5 10.6E-5 11.9E-5
5 i iffer-
Relatje differ- 417 4334 6007
(%) ence
el 540E-5 5.45E-5 7.57E-5 8.79E-5
10 i iffer-
Relativegifier- 9 092 4018  62.78
(%) ence
o 4 48E-5. 4.52E-5 7.04E-5 7.44E-5
15 i iffer-
Relative diffegfQ 0.89 5714 66.07
(%) ence
S 4690.5544499.26, 4555.0 4807.25
5 Relative differ-
(%) ence 4.25 - 1.24 6.84
ot 3810.503745.85  3661.6. 3920.97
10 i iffer-
Relative differ- 406 230 ) 708
(%) ence
Swl 3416.97 3404.17 33624  3580.59
15 i iffer-
Relative differ 1.63 125 y 6.50

(%) ence
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4- Results and Discussion

The results for the four performance indexes have been
presented in Table 1. As noticed from Table 1, for all of
the pressure drops in terms of the average Nusselt number
the A, B, D and C-type MCHS have the best performance,
respectively. Also from thermal resistance and theta point
of views the A, B, C and D-type MCHS have the best
performance, respectively. From entropy generation point
of view, for the pressure drop of 5 kPa, the B-type MCHS
has the best performance followed by the C, A and D-type,
respectively. For the pressure drops of 10 and 15 kPa, the
C- typé has the best performance followed by the B, A and
D-type,/respectively.

5- Conclusions

Numerical #esults showed that with increasing pressure drop
from 5 to 15 kPa, the average Nusselt number increases
between 1.78% and _1:88%, thermal resistance decreases
between 35.94% .4and 40.41%, theta decreases between
33.90% and 41.60%, and total entropy generation decreases
between 24.34% and 27.15%. In‘overall results showed that
the A-type arrangementsis thebest.
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