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! Mini/micro-channel heat sink

2 Aspect ratio

3 Internal rib

4 Pin-fin

3 Performance Evaluation Coefficient (PEC)
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! Forward triangular ribs

2 Trapezoidal cavities (TRC)

3 Rectangular (RR), Backward Triangular (BTR), Forward Triangular (FTR), Diamond (DR)
4 Groove shapes

5> Water-droplet

% Fan-shaped grooves

"Triangular Truncated Ribs (TRI)
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! Nusselt number performance factor

>Double-layered staggered grooves

3 Slant rib-elliptical groove-quatrefoil rib

4 Serpentine Mini/Micro Channel Heat Sink (SMCHS)
5 Central Processing Unit (CPU)

¢ Baseplate temperature

7 Serpentine reentrant microchannel

8 High concentration photovoltaic cell
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! Absolute sinusoidal wavy walls

2 Sinusoidal periods

3 Unidirectional secondary channels and grooves
4 Hydrofoil micro-rib
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Abstract

This study numerically investigates the hydrodynamic and thermal effects of adding hydrofoil
micro-ribs and wavy walls to a spiral-helical mini-channel heat sink. Simulations were
conducted using ANSYS Fluent software and the finite volume method, covering different
configurations of the spiral-helical mini-channel with hydrofoil micro-ribs under laminar flow
within a Reynolds number range of 831 to 1329. The results indicate that modifying the spiral-
helical geometry slightly increases pressure drop while enhancing the average Nusselt number
by up to 34.4%. The addition of hydrofoil micro-ribs and wavy walls further increases the
average Nusselt number by up to 125.7% and improves overall performance by 69.8%
compared to the simple helical geometry.

Keywords: Mini-channel heat sink, Computational fluid dynamics, Micro-ribs, Heat transfer
enhancement
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