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Abstract—In this paper, numerical simulation is used to Afterwards, microchannels have been one of thenpiale

investigate the thermal performance of liquid coglheatsink with
microchannels due to geometric arrangement. Comahesoftware
ICEPAK is utilized for the analysis. The considerpdrameters
include aspect ratio, porosity and the length areight of
microchannel. The aspect ratio varies from 3 tcat@ the length of

solutions for the enhancement of heat transfergeeal. [2-4]
studied the influence of geometry on heat transéeformance
of rectangular microchannels. According to theisults [4],
there was an optimal geometry design under fixdadhteand

microchannel is 10mm, 14mm, and 18mm. The height dptal cross section area. @ual. [5] studied heat transfer of

microchannel is 2mm, 3mm and 4mm. It is found skbeinnel have
better thermal efficiency than long channel at 480Ro matter the

micro rectangular and trapezoidal channels in ailigvafers.
Rahman [6] investigated heat transfer performaricgacallel

length of channel the best aspect ratio is 4.dtde noted that pressure g serpentine microchannels in silicon wafers. Kamd

difference at 2940Pa the best aspect ratio froor84 it means pressure
difference affect aspect ratio, effective thermesistance at low

pressure difference but lower effective thermalistaace at high

pressure difference.

Keywords—thermal resistangeliquid cooling, microchannels,
numerical analysis, pressure difference

|. INTRODUCTION

Mudawar [7], [8], Gunnasegaraa al. [9], Chenet al. [10],
McHale and Garimella [11] investigated fluid flomndh heat
transfer characteristics of different sharps mibesmel heat
sink which are rectangular, trapezoidal, trianguliawerse
trapezoidal, diamond-shaped and circular.

In recent years, more works [12] — [15] have beedichted
to studied heat transfer of microchannels with CRDo et al.
[12] assessed effect of channel geometry on haasfer of

As the electronics technology develops into microscaldully developed flow. They found the optimal chahmedth

electronic devices have been fabricated with comgiae
and higher power. This trend leads to higher podensities
and more stringent temperature constraints inmeict devices.
The conventional cooling methods can no longer ntket
highly demanding cooling requirement. The heat neho
problem has become an important factor in the ackment of
microelectronics.

The microchannel heat sink, introduced by Tuckemmemd
Pease [1] is one of the ingenious ways of improvhmg heat
removal rate effectively. They first recognized fieential of
microchannel heat sink and demonstrated that elgics chips
could be effectively cooled by means of forced @amtion flow
of water through the microchannels.
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decreased with increasing pumping power. Flial. [13]

explored optimal cross section geometry based orstaat
cross section area. The pressure gradient was foumel linear
with respect to aspect ratio. Li and Peterson [4didied
channel design with CFD. The corresponding aspsii and
porosity for optimal condition were 12 and 60% pexively.
Chen [15] considered the effect of inertia and stigated the
whole performance of microchannel array.

Other works investigated optimal geometrical cdondi of
channels. Knightet al. [16] approximately approached the
solution with fin concept. The temperature on tharmel cross
section was considered uniform. Kim and Kim [1#ljzed the
concept of porous material to analyze microchanralghat
concept, the volumetric parameter and two-equatiardel
were employed to solve the thermal fluid field. Tuav field
was considered as a porous material with mixed sold liquid.
There should be an extra equation to describe eébé thansfer
between the solid and the liquid. Zhao and Lu gjlored the
heat transfer of microchannels with the same cdndegheir
study, the channel geometry was specified by ceesdion
porosity and aspect ratio. Leeal. [19] studied heat transfer of
various channels with different widths and constapect ratio
5.0.

In previous literatures, some researchers use Rigno
number larger than 5000 to achieve an equivaleatntal

resistance below 0°C/W, however, the driving pressure would
be several atmosphere.
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Actually, this operation condition is not realisticordinary
electronic cooling system. The driving pressure hinmit
microchannels should be less than 5000Pa. In addithe
analysis in some studies only use single microcklaas the
computational domain. This is questionable for at$iek with
microchannels. Also, the material of heatsink vaiilthminum is
not under investigation.

Motivated by the literatures cited above, the pegpof
present study is to investigate the thermal peréme of
heatsink with microchannels under space limit ctowliwith
the same pressure and flow rate. Numerical anailysiarried
out to simulation the model with geometric paramsgteuch as
microchannel height, porosity, and aspect ratioo Tdsving
pressure difference is applied to the model fougation

Il. GEOMETRIC MODEL

The microchannel heatsink used in this research
schematically described in Fig. Tthe heatsink is made of
aluminum. Due to specific application, the modethis total
thickness of the heatsink is limited to 4.0mm. Ttierochannel
height is set to be 2mm with 1mm thickness fordog bottom
plate. The main section of the heatsink covers i@a af
20.0mm x 14.0mm, including an area of 10.0mm x /D0
occupied by the microchannel block. The lengthenét and
outlet is designed to obtain a fully developed flowboth inlet
and outlet. The heat source area is 10mm x 10newtet to
the bottom surface of the heatsink.

Fig. 1 profile within the heatsink

The buffer zone is to unify the flow velocity fora@h
microchannel such that a better heat transfer paeoce is
obtained. In fact, the flow velocity for each michannel is not
identical, the inlet and outlet arrangement wileef on the heat
transfer of the heatsink. Result of effect on thletiand outlet
arrange will be discussed in the later section.

Porosity of heatsink with microchannels is calcedbas the
ratio of total microchannel width to the summatioh total
microchannel width and total fin thickness. Theeaspatio is
defined as the ratio of microchannel height to pgbannel
width.

Ill.  NUMERICAL ANALYSIS
A commercial code ICEPAK was employed to simul&ie t
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No:7, 2012

three dimensional thermal and flow fields. The tenapure
field for solid region was solved with energy eqomat The flow
field was considered as steady, laminar and incesgibole
under low driving pressure conditions. The govegréguations
for the flow field are continuity equation, momemtequations
in three directions (x, y, and z), and energy eiquads follow:
ou  ov  ow
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whereu, v, andw are velocities irx, y, zdirections, respectively.
T denotes temperaturls, cs, andp are thermal conductivity,
specific heat, and density of liquid, respectively.

For simplicity, the cross sections of the inlet @mg outlet of
heatsink were modified to rectangular shape witrstime cross
sectional area as original circular one. The presdifference
between the inlet and the outlet is given by theéewdevel
difference of the experiment. The flow velocity al solid
walls were set zero. The outer solid walls were teebe
adiabatic. The error due to this assumption is rigble
compared with the heat transferred through coneeciom
water flow. Structural grids were generated to sobhis
problem. Grids near the boundary walls were seteemo
obtained accurate results. Basically, each sotitbreat least is
divided into 5 elements; while fluid segment isided into 8
grids. The total grid is approximately 300,000~0,800 nodes.
In the calculation, the convergence criteria betweeo
consecutive iterations is set to be relative deatess than
1x10° for velocity and continuity, and less than 1¥1for
solution in energy equation.

The effective thermal resistance, which is an inflexheat
transfer performance of heatsink, can be defined as

Rt —_ Tmax _Tin 6
h 3 (6)

where T,a is the maximum temperature;, Ts the inlet water
temperature, anf is the heating power with unit of watt.

IV. RESULTS AND DISCUSSION

In the model, two applying pressure difference€)RE and
2940Pa, are applied for driving the flow. The warkifluid is

water with inlet temperature of 2&. The applied heating

power is 21W, such that the power density is 220/30r?.

The numerical model is compared with the experialent
result of Chiuet al. [20] for verification, and it shows in good
agreement.

Detailed experimental procedure and numerical sitran
are presented in [20]. Fig. 2 shows the velocity eamperature
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contour diagram of the model with 53% porosity, AB77
(microchannel width=0.53mm), microchannel lengthmbQ
and the applying pressure difference=490Pa. Ibseoved that
the flow velocity is the largest at the inlet andtlet with
parabolic profile in Fig. 2(a). The velocity in thécrochannels
on the lower side of the figure is little less thhat at the center.
It is also found that the temperature increaseheflow to the
downstream in Fig. 2(b). The highest temperatuotoise to the
1/4 channel length at the downstream. The peakeeatyre has
been shifted towards to the top of the figure. Appdy, the
peak temperature is shifted due to the flow speddgher for
the top microchannels. However, for higher applyimmgssure
difference, the temperature contour shows symmeiitern
due to higher flow speed at the lower part of therochannels.
In other cases for present study is not sown diienttation of
this paper.
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Fig. 2 (a)velocity; and (b) temperature contougdaan of the model

A. Effect of microchannel length

The microchannel length effects on the heat teansf the
heatsink. The microchannel length is set 10mm, 1Aama
18mm to investigate this effect with high (2940Ragd low
(490Pa) applying pressure difference. The porasiget to be
53%. Effect of microchannel length is depicted ig.B. It is
obvious that the thermal resistance increases aadhiannel
length increases. This is because higher temperditference
in the upstream of microchannel, resulting highemttransfer.
The thermal resistance shows an optimal value \ithh
applying pressure difference at a given AR value.

(@ (b)

B. Effect of porosity

Fig. 4 presents the effect of porosity on the ttemasistance
of heatsink with low and high applying pressuréadénces. It is
seen that the thermal performance decreases assitgoro
increases for low applying pressure difference RE0n Fig.
4(a). At low applying pressure difference, the ithalr
performance is about the same with 53% and 75%oafsity,
which means the porosity is not necessary to bk fag low
applying pressure difference. However, the themmasistance
values are high when AR is large. The may be dukidb
pressure lost with high AR and low applying preedlifference.
In Fig. 4(b), it is observed that the heat transfigh 53% is the
best among the three cases at a given AR vallegbrapplying
pressure difference. It means an optimum porosityesexists
for a given aspect value. In addition, comparing figures in
Fig. 4, it also shows that the applying pressurféerdince
influence on the thermal performance.

W iz 1416
AR AR

(a) (b)
Fig. 4 Effect of porosity applying pressure (a) B@0and (b) 2940Pa

(@)

i

—
S

(b)
Fig. 5 Entrance arrangement configuration: (a) T3gb)Type-3

C.Entrance effect
As mentioned previously, the arrangements of enhet outlet

Fig. 3 Effect of microchannel length with applyipessure difference are discussed in this section. The arrangemerigoffis called

(a) 490Pa; and (b) 2940Pa

Type-1 arrangement. Fig. 5 shows the Type-2 andeByp
arrangements. In some researches, Type-1, TypedZlygpe-3
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design are called the U-type, N-type, and Z-typesigie

Entrance effect is presented in Fig. 6. In all ¢hoases, the
porosity is set at 53%, microchannel length is 10rfRor low

applying pressure difference, all the three arrereygs show
little difference on the thermal performance, whdelarge

thermal performance difference for high applyingegaure
difference. Due to a large pressure loss for porasi53% with

low applying pressure difference, the entranceceffe not

insignificant. As sown in Fig. 6(b), the best agament among
the three is Type-1. It is also noticed that theérnopl AR varies

with the entrance arrangement. The optimal vaarees from 8
to 9.

L
] G B A FIT] 16

(@) (b)
Fig. 6 Entrance effect with applying pressure défee (a) 490Pa; and heatsink with single layer microchannels.

(b) 2940Pa

D. Effect of microchannel height

Microchannel Geometry effects on the thermal pentoice
of heatsink with microchannels. The microchanndeeffect
is also investigated. Due to limitation of the Hetigf heatsink
for specific application, only 3mm and 4mm microchel
height are study. Fig. 7 shows effect of microclemeights of
3mm and 4mm for high applying pressure differeitds.found
that the microchannel length effect is the samepravious
discussion with different microchannel height.dtalso found
that the thermal resistance decreases as microehaeight
increases by comparing Fig. 3(b) and Fig. 7. Thibecause
more water flow into the heatsink with a given 3o pressure
difference.

Fig. 7 Effect of microchannel length with high agpb pressure
difference (2940Pa) for 3mm and 4mm microchannigte

E. Effect of multilayer design
Vafai and Zhu [21] proposed a new concept for alayered

microchannel heatsink for cooling of the electraroenponents.

They found that the pressure drop required fortelayered
heatsink was found to be substantially smaller tiam of the
one-layered heatsink. In this paper, a two-layéestsink with
microchannels has been compared with two-layeredsimk
with microchannels. Fig. 8 shows the configuratmithe

two-layer heat sink with microchannels. Betweentihe layers
is 1mm thickness of plate.

The flow direction of upper and lower layer micraahels is
the same.

Fig. 8 profile within the heatsink

Fig. 9 presents the comparison of heatsink with 3mm
microchannel height and heatsink with two-layernméhannels.
The microchannel height of heatsink with two-layer
microchannels is 1mm for each layer, such thatdted height
of the heatsink would be the same. It is observatthe thermal
resistance of two-layer heatsink design is highantthat of
3mm microchannel height for both high and low apuy
pressure differences. Apparently, the flow resistais higher
and more water is flowing through for heatsink vathgle layer
microchannels, in turns the thermal resistanceovget for

(@) (b)
Fig. 9 Effect of microchannel length for 3mm midnaanel height and
two-layer with (a) 490 Pa and (b) 2940Pa

V.CONCLUSIONS

Based on the numerical analysis in hestsink with
microchannels, several concluding remarks are desAallow:

1. Under same applying pressure difference, thenthker
resistance increases as microchannel length ireseas

2. The thermal resistance shows an optimal valueh wit
different applying pressure difference at a giveét value.
The corresponding aspect ratio for the lowest &ffec
thermal resistance is dependent on applying pressur
difference of heatsink with microchannels.

3. With high applying pressure difference, thermal
performance of porosity=53% is the best among Z=3%
and 75% porosity.

4. The heat transfer enhancement due to increadgir@gpp
pressure difference is more significant on microcteds
with high aspect ratio. Hence thinner channels raoee
advantageous under high pressure gradient.

5. The thermal resistance decreases as microchaergt
increase. This is because more water flow intcheresink
with a given pressure difference.
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