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A B S T R A C T

A new double-layered microchannel heat sink design is proposed in this work. The new design adopts porous fins
instead of solid fins. A three-dimensional solid-fluid conjugate model is employed to compare the overall thermal
resistance and pumping power of the new and original designs at Reynolds number ranging 65–200. The results
show that with the same Reynolds number, the new design yields 45.3–48.5% reduction in pumping power,
while it also deteriorates heat transfer with 14.8–16.2% increase in thermal resistance. Due to the noticeable
friction reduction effect, the inlet flow velocity of coolant in the new design can be increased significantly to
enhance convective heat transfer. With the same pumping power, the new design reduces the thermal resistance
by about 10% in a wide range of Reynolds numbers. The predicted reduction efficiency of the pumping power is
in good agreement with the existing model, confirming that the friction reduction can be attributed to “slip
effect” of coolant on the porous fin walls. The effects of channel number, channel aspect ratio, and width ratio of
channel-to-pitch on cooling performance on the new design are also discussed. The results show that with a
constant Reynolds number, there are an optimal channel number and an optimal width ratio of channel-to-pitch
to achieve the lowest thermal resistance; however, cooling performance monotonously depends on the channel
aspect ratio and a larger channel aspect ratio can always yield a lower thermal resistance.

1. Introduction

Microchannel heat sink proposed by Tuckerman and Pease [1] in
1981 shows high heat transfer coefficient, low coolant requirement,
small size, and compact structure etc., which has been regarded as one
of the most promising cooling technologies for microelectronic devices
with heat fluxes as high as 100W cm−2. In recent thirty years, many
studies devoted their efforts to enhancing convective heat transfer in a
single microchannel and improving cooling performance of entire mi-
crochannel heat sink.

The cooling performance of microchannel heat sinks was found to
be closely associated to coolant, solid fin material, and heat sink geo-
metric structure [2]. Microchannel heat sinks commonly adopt rec-
tangular channel shape and parallel channel arrangement. Channel
number, channel aspect ratio, and width ratio of channel-to-pitch are
three important parameters affecting heat sink performance. Single-
parameter analysis [3] and multi-parameter optimization [2] have been
implemented to search for the optimal values of these three parameters.
To improve cooling performance of microchannel heat sinks, triangle
[4,5] and trapezoidal [4,5] channel shapes as well as serpentine

channel arrangement [6] were also proposed. Recently, nanofluids
were extensively employed to replace water as coolant of microchannel
heat sinks [7–11]. These studies demonstrated that nanofluids-cooled
microchannel heat sinks show better cooling performance than water-
cooled ones, with only slightly increasing pressure drop when low na-
noparticles volume fraction are employed. Furthermore, adopting wavy
microchannels [12–17], inserting porous materials [18,19], or adding
microribs in microchannels [20,21] were also employed to enhance the
heat transfer coefficient in microchannels and improve the cooling
performance of microchannel heat sinks. However, the heat transfer
enhancement always accompanies the increased pressure drop or
pumping power.

Uniform cooling is also required for microelectronic devices.
However, coolant is delivered to a microchannel heat sink and flows
unidirectionally from channel inlets to outlets, inevitably leading to a
non-uniform cooling along the flow path. Large temperature gradient in
microelectronic devices may produce a large thermal stress, which
deteriorates device stability and reliability and reduces device lifetime.
To improve cooling uniformity, a double-layered microchannel heat
sink design was proposed by Vafai and Zhu [22]. In this design, coolant
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flows in the opposite direction in the top and bottom microchannel
layers. Numerical predictions [23–26] and experimental tests [27,28]
showed that the counter current flow arrangement of coolant re-
markably decreases the temperature gradient along the flow path, as
compared with single-layered microchannel heat sinks. Furthermore,
the pressure drop for double-layered microchannel heat sinks is also
lower than that of single-layered heat sinks.

It should be noted that in most of previous works, the heat transfer
enhancement in microchannel heat sinks is commonly obtained at the
cost of high pumping power. However, microchannel heat sinks are
typically working with miniature pumps with limited pumping power
capacities, and hence reducing pumping power becomes an important
and challenging task. Recently, a new design of single-layered micro-
channel heat sink was proposed [29], where solid fins were replaced by
porous ones. This design was found to have substantially lower pressure
drop (about 45% reduction at Re=282) than the conventional design
with solid fins. The overall thermal resistance of the heat sink increases
only by 4.74% at the same Re.

In this work, the porous fins design is incorporated into double-
layered microchannel heat sinks (referred to as combined design. A
numerical model based on the Forchheimer-Brinkman-Darcy equation
is employed to investigate the flow and heat transfer characteristics of
the combined design. Pressure drop and overall thermal resistance for
the combined design are compared with the original double-layered
microchannel heat sinks (referred to as original design) at various
Reynolds numbers to demonstrate the advantages of the combined
design. Subsequently, pressure drop and overall thermal resistance are
investigated for the combined design with various channel numbers,
channel aspect ratios, and width ratios of channel-to-pitch when the
dimension of the heat sink remains constant.

2. Double-layered microchannel heat sink with porous fins

The schematic of double-layered microchannel heat sink is illu-
strated in Fig. 1(a), which is composed of two layers of microchannels
and has a dimension of Lx× Ly× Lz, and each layer has N channels and
N fins. Based on periodicity of the geometry, only one unit is modeled
as the computational domain, as shown in Fig. 1(b). The top layer and
bottom layer have the same dimension with channel height Hc, channel
width Wc, fin width Wf, and horizontal fin thickness δf. In the original
design, the fins are made of high thermal conductivity materials such as
silicon, copper, or aluminum; however, to reduce pressure drop or
pumping power, porous fins are used to replace solid fins in the com-
bined design. Water is employed as coolant, and porous copper is em-
ployed to fabricate fins. Their properties are shown in Table 1.

3. Numerical method

3.1. Governing equations

The bottom wall of a microchannel heat sink is commonly attached
to the top of an electronic device. Heat is firstly transferred from the
electronic device to the horizontal bottom fin and vertical fins by heat
conduction, and then is adsorbed by coolant by convection. Hence a
three-dimensional solid-fluid conjugate model is employed to predict
the thermal and flow characteristics of the heat sink. The model adopts
the following assumptions: (1) single, steady-state, impressible, and
laminar flow in channels; (2) constant fluid and solid properties; (3)
neglected gravitational forces, thermal contact resistance between the
heat sink and electronic device, and heat losses to ambient; (4) homo-
geneous and isotropic porous fins, fully saturated with fluid; (5) local
thermal equilibrium between the solid and liquid phases inside the
porous fins.

The governing equations for the channel are written as follows [2].
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For the porous vertical fins, Forchheimer-Brinkman-Darcy model is
employed [29].
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For the horizontal fins, only heat conduction takes place [2].

∇ =k T 0s
2 (7)

In the above equations,
→
V is the velocity vector, T is the tempera-

ture, p is the pressure; ρf, μf, cp,f, and kf are the density, viscosity,
constant-pressure specific heat, and thermal conductivity of coolant, ks

Fig. 1. Schematics of double-layer microchannel heat sink with porous fins: (a) heat sink and (b) computational unit.

Table 1
Material properties for water coolant and porous copper fins.

Material ρ/kgm−3 cp/J kg−1 K−1 k/Wm−1 K−1 μ/kgm−1 s−1

Water 997 4179 0.613 0.000855
Porous cooper – – 385 –

S.-L. Wang et al. International Communications in Heat and Mass Transfer 93 (2018) 41–47

42



Download English Version:

https://daneshyari.com/en/article/7052925

Download Persian Version:

https://daneshyari.com/article/7052925

Daneshyari.com

https://daneshyari.com/en/article/7052925
https://daneshyari.com/article/7052925
https://daneshyari.com

