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Thermal and hydraulic performances of two types of fin, namely plate and plate-pin, in water-cooled corrugated
miniature heat sinks (MHSs) having triangular, trapezoidal, and sinusoidal shapes are evaluated. In fact, the
plate-pin fins are designed and constructed based on the plate fins. Experiments are performed on the fabricated
corrugatedMHSs in range of Reynolds number between 100 and 900. Temperature contours and velocity vectors
are also studied numerically using a CFDapproach. The numerical results are validatedwith recorded experimen-
tal data in the present and previous studies. In addition to water, the Al2O3/water nanofluid is also testes in the
corrugated MHSs, as nanofluid-cooled corrugated MHSs. The obtained results show that the thermal perfor-
mance of a corrugated MHS with plate-pin fins is better than that of a corrugated MHS with plate fins. Another
obvious advantage of plate-pinfins is that designers can reduce the pressure drop (or pumping power) in the cor-
rugatedMHSs for the same heat dissipation. Themaximum hydrothermal performance factor of 1.84 is detected
for 0.3% nanofluid flow in the corrugated MHS with sinusoidal plate-pin fins.

© 2017 Elsevier Ltd. All rights reserved.
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1. Introduction

Water-cooled miniature heat sinks (MHSs) are efficient equipment
in thermal management of electronic or mechanical devices. They are
often 4–5 times more efficient compared to air-cooled types. Plate,
pin, and plate-pin shapes are three common types of fins which are
widely used in the MHSs (Fig. 1). The plate fins are easy to fabricate
and have simple structure and low costwhile the pin fins provide better
hydrothermal performance with higher production cost.

In modern electronic or mechanical devices, a powerful thermal
management system is required, especially in harsh operating condi-
tions such as high heat fluxes. The technique to improve the thermal
performance and solve the hot point is referred to heat transfer en-
hancement. Generally, the heat transfer enhancement in the MHSs can
be carried out either by modifications of surface geometry and fluid
property. Some previous studies tried to modify the surface geometry
of water-cooled MHSs [1–5]. In addition to water which still has exten-
sive applications, another type of coolant, namely nanofluid, was con-
sidered in recent years by researchers [6–10]. However, because of
relatively new history of nanofluid-cooledMHSs withmodified geome-
tries, the number of researches on this topic is very scarce.

Flow and heat transfer behaviors of CuO/water and Al2O3/water
nanofluids inside the pin-fin MHSs were studied numerically [11]. It
was reported that the performance of MHSs enhanced as the nanofluids
were replaced with the base fluid. Also, decreasing the diameter of
Al2O3 nanoparticles in the base fluid increased Nusselt number values
while the trend was reverse for CuO nanoparticles. In the other numer-
ical study [12], the performances of Al2O3, CuO, and SiO2 nanoparticles
as additives in water flowing in an interrupted MHS were evaluated. It
was detected that the interrupted MHS had higher values of Nusselt
number compared with the integral MHS. Also, the highest Nusselt
number enhancement was predicted for Al2O3, followed by CuO and
SiO2. Temperature and flow fields in a trapezoidal grooved MHS were
investigated for different nanofluids [13]. The results clarified that the
trapezoidal groovedMHSwith highermaximum-width and lowermin-
imum-width displayed themaximum thermal performance. It was also
reported that Al2O3/water had the highest thermal performance with
4% volume fraction and 25 nm nanoparticle diameter. The performance
of a pin-fin MHS with different configurations (square, triangular, and
circular) was numerically investigated in the presence of diamond/
water and Al2O3/water nanofluids [14]. The results shown that using
of nanofluids instead of the base fluid enhanced the thermal perfor-
mancewith a certain penalty in the pressure drop for all configurations;
the diamond/water nanofluid was better than Al2O3/water. A complex
structure and Al2O3/water nanofluid were tested in a MHS under con-
stant heat flux [15]. The performance evaluation factor displayed that
the higher volume fraction of nanofluids had better comprehensive
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thermal performance. The simultaneous application of wavy channel
and nanofluid as a compound technique was examined in the other nu-
merical study [16]. It was reported that nanofluid had higher effect on
the performance of MHS with straight channel. Experiments were car-
ried out [17,18] to investigate the performance of a MHSwith inline ar-
rangement of circular pin-fins in presence of ZnO/water and SiO2/water
nanofluids. The acquired data explained that the thermal performance
of nanofluid-cooled MHS was better than that of water-cooled MHS.
Comparison between ZnO/water and SiO2/water nanofluids, higher
heat transfer performance for ZnO/water nanofluid was observed by
about 3–9%. The effects of ribs turbulator with different design parame-
ters on the hydrothermal performance of a nanofluid-cooledMHSwere
numerically investigated [19]. The results showed that both the heat
transfer coefficient and the pressure drop of nanofluid in the ribbed
MHSwere higher than those of the simple MHS, and this enhancement
intensifiedwith increasing thewidth of ribs. An experimental study on a
nanofluid-cooled MHS with inline and staggered arrangements of
square pin-fins was also performed [20]. The minimum base tempera-
ture of 29.4 °C was reported for the TiO2(Rutile)/water nanofluid flow

in the MHS with staggered arrangement of pin-fins. A new innovative
design of MHSwith rectangular and triangular double-layered channels
working with Al2O3/water and SiO2/water nanofluids was tested [21].
The results showed that the MHS with triangular double-layered chan-
nels provided a 27.4% reduction in the wall temperature comparing
with the MHS with rectangular double-layered channels. Experimental
tests were conducted for Al2O3/water nanofluid through a MHS with
corrugated channels [22]. The base temperature and convective thermal
resistancewere found to drop by decreasing thewave-length and by in-
creasing the wave-amplitude. In the other experimental study [23] the
angle effect of pin-fins on the performance of MHS was examined. It
was concluded that the MHS with 22.5 degree channel angle had the
lowest convective thermal resistance. Recently, the performance of a
nanofluid-cooled MHS with offset-strip fins is investigated by
Khoshvaght-Aliabadi et al. [24]. Noticeable values for the heat transfer
rate to pumping power ratio were obtained for the MHSs with thinner
and longer strips and higher transversal and longitudinal pitches. Also,
it was reported that the cooling performance of a nanofluid-cooled
MHS is greater than a water-cooled MHS. Likewise, several active heat

Fig. 2. (a) Basic configuration of corrugated MHSs with triangular, trapezoidal, and sinusoidal plate fins [4] (b) schematic of plate and plate-pin fins (red dashed lines show considered
potion in numerical simulation). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 1. A schematic of MHSs with plate, pin, and plate-pin fins.
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