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Abstract The conjugate heat transfer and fluid 

flow of three different water-based nanofluids 

(Al2O3, CuO, ZnO) through a finned square 

microchannel heat sink (MCHS) was studied numer-

ically. Three-dimensional numerical simulations 

were performed considering both laminar flow and 

viscous dissipation effect along the microchannel. A 

constant heat flux was assumed on the external sur-

face of the microchannel. The MCHS performance is 

evaluated in terms of the heat transfer coefficient, 

pressure drop, and thermal resistance for constant 

inlet velocity. The results show an increase in the 

heat transfer and pressure drop for nanofluids, while 

the thermal resistance of the microchannel decreas-

es. A slight increase for developed Nusselt number is 

achieved for the finned MCHS in comparison with 

an unfinned channel. 
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I. INTRODUCTION 

Microscale heat transfer is an important aspect in the 

design of components for the microelectronics industry 

due to the requirement of heat removal of electronic de-

vices (Sobhan and Peterson, 2008; Ijam and Saidur, 

2012). The analysis of heat transfer processes during the 

operation of such components represents an interesting 

avenue to improve thermal systems in those devices 

(Mohammed et al., 2011). Because the heat transfer rate 

mainly depends on the surface area to volume ratio and 

properties of the cooling fluid, reduction on channel di-

mensions, coupling of fins, and a cooling fluid with an 

increased thermal conductivity, may contribute to en-

hanced thermal dissipation. The idea of size reduction 

was first implemented by Tuckerman and Peace (1981) 

by building a microchannel heat sink for high heat flux 

removal from silicon substrates. They observed heat 

dissipation was of about 790 W/cm
2
, with temperature 

rise of 71ºC above the inlet temperature for the cooling 

fluid. On the other hand, improving the heat transfer 

properties of the cooling fluid can yield higher heat 

transfer coefficients. Hence, the suspension of nanopar-

ticles with average sizes below 100 nm in conventional 

heat transfer fluids such as water, oil, or ethylene glycol, 

have shown to increases the effective thermal conduc-

tivity and heat transfer coefficient of the base fluid (Das 

et al., 2008; Kakac and Pramuanjaroenkij, 2009; God-

son et al., 2010). These suspensions are conventionally 

referred as Nanofluids, a term first coined by Choi and 

Eastman (1995). Thus, nanofluids have been successful-

ly incorporated in microchannels to improve heat trans-

fer dissipation in a variety of electronic devices (Lee 

and Garimella, 2006; Jung et al., 2009; Mohammed et 

al., 2011).  

The anomalous high thermal conductivity of 

nanofluids have been explained in light of several 

mechanistic descriptions including (Keblinski et al., 

2002; Das et al., 2008; Kakac and Pramuanjaroenkij, 

2009; Godson et al., 2010), (1) transfer of energy due to 

collisions between particles during translational Brown-

ian motion, (2) the existence of lower thermal resistance 

paths by particles clustering, (3) thermophoresis, (4) 

convection-like effects at the nanoscale due to the 

Brownian movement of the particles, among others. 

Bhattacharya et al. (2004) accurately predicted the 

thermal conductivity of nanofluids via Brownian dy-

namics simulations. Jang and Choi (2004) derived a 

model for thermal conductivity of nanofluids based on 

three different modes of energy transport: kinetics, 

thermal diffusion, and convection, which agrees with 

experimental results for different nanofluids. On the 

other hand, through an order-of-magnitude analysis, 

Prasher et al. (2005, 2006) showed that convection 

caused by Brownian translational movement of the par-

ticles appears to be the main mechanism responsible for 

the enhancement of the thermal conductivity of 

nanofluids.  

The convective heat transfer of nanofluids in 

microchannels has attracted considerable attention in the 

last few years. Most of these studies coincide that the 

heat transfer coefficient is substantially increased in the 

nanofluid (Kakac and Pramuanjaroenkij, 2009). Accord-

ing to Chein and Huang (2005) and Chein and Chuang 

(2007), Cu-H2O and CuO-H2O nanofluids enhance the 

performance of a MCHS when compared with water as 

cooling fluid. Similar results were found numerically by 

Jang and Choi (2006), who showed that water-based 

nanofluids containing diamond particles increase the 

cooling performance and reduce the thermal resistance 

of a microchannel compared with the use of water as 

substrate. Jung et al. (2009) measured the heat transfer 

coefficient of Al2O3 nanofluids in microchannels. It was 

found that the Nusselt number increases with increasing 

the Reynolds number in laminar flow regime. Also, this 

study reported on a correlation for the Nusselt number 

under laminar flow in terms of the volume fraction of 

nanoparticles (non-homogeneous model), which agrees 


