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Effects of convergence of the superhydrophobic walls on the performance of
microchannels as heat sinks
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present study, thermal performance of a microchannel heat sink with superhydrophobic walls is
Received 17 April 2017 studied for different ratios of the wall convergence. To this end, three-dimensional Navier-Stokes

Accepted 30 May 2017

Available Onling 07 July 2017 equations and energy equation subject to the slip boundary conditions, viz. velocity slip and temperature

jump, are numerically solved using the finite volume method. Then, the variations of thermal resistance

Keywords: of the heat sink with the number of channels, width- and height-tapered ratios, are studied for a fixed

Microchannel Heat Sink pumping power. The results show that by utilizing the superhydrophobic walls, the optimum width-
Superhydrophobic Walls tapered ratio of the channel is higher than that of the hydrophilic walls. The accentuated effect of the
Converging Microchannels number of channels on thermal performance in the presence of liquid-solid interfacial slip weakens the

Thermal Performance Enhancement effect of converging the width of the channel. It is also revealed that the optimum number of channels

also increases to give prominence to the effect of interfacial slip by diminishing the smallest dimension
of the channel. Finally, it is shown that for a pumping power of 0.05 W, using a heat sink with
converging microchannels and superhydrophobic walls, reduces the overall thermal resistance by 28
percent, compared to that with conventional microchannels. In fact, the increase in fluid flow rate
resulting from the use of converging microchannels with superhydrophobic walls outweighs the
undesirable effect of temperature jump on heat transfer, in a sense that the heat sink performance is
augmented considerably.
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Fig. 2 Geometric parameters of the heat sink
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Table 2 Effect of grid resolution on obtained results from CFD
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Table 3 Comparison of thermal resistance for the case of no-slip walls with available experimental and numerical studies
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Fig. 6 Effect of microchannel width-tapered ratio on overall thermal
resistance
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Fig. 7 Effect of microchannel height-tapered ratio on overall thermal
resistance
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Fig. 4 Comparison of temperature profiles for theoretical results and
numerical simulation data
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Fig. 5 Comparison of velocity profiles for theoretical results and
numerical simulation data
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Fig. 9 Effect of the number of channels on overall thermal resistance
for the case of superhydrophobic walls
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Fig. 10 Velocity distribution (m/sec) in the mid x-y plane for the case

of hydrophilic walls
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Fig. 8 Effect of the number of channels on overall thermal resistance
for the case of hydrophilic walls
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Fig. 13 Temperature contour (K) in the mid x-y plane for the case of
superhydrophobic walls
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Fig. 11 Velocity distribution (m/sec) in the mid x-y plane for the case
of superhydrophobic walls
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Fig. 12 Temperature contour (K) in the mid x-y plane for the case of
hydrophilic walls
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