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Abstract

Given the limited research on the coupled optimization of hydraulic and thermal performance in
trapezoidal cross-sectional microchannel heat sinks, as well as the insufficient integration of non-
straight flow channel structures with temperature uniformity in conventional microchannel heat
sinks, this paper presents a numerical analysis of laminar single-phase fluid flow in trapezoidal mi-
crochannels with three different structural designs based on seven arrangement arcs. A physical
model of a heat sink with dimensions of 10 mm x 10 mm x 2 mm (length x width x height) was
developed. Using water as the cooling medium and a silicon chip with a heat generation power of
80 W as the heat source, a three-dimensional solid-fluid conjugate heat transfer model was estab-
lished. The effects of arrangement arc, inversion method, and following method on the heat transfer
performance and temperature uniformity of the chip were analyzed. The results indicate that an
upward arrangement of microchannels promotes chip temperature diffusion and reduces the max-
imum chip temperature. The inversion method of the IT configuration and the following method of
the CBT configuration exhibit superior performance in terms of convective heat transfer coefficient
and temperature uniformity. Specifically, compared with the PBT configuration, the IT configura-
tion achieves maximum increases of 1.5% in both Nusselt number and average convective heat
transfer coefficient, a maximum reduction of 4.7 K in maximum chip temperature, and a maximum
improvement of 20% in temperature uniformity. Compared with the PBT configuration, the CBT
configuration achieves a maximum increase of 1.5% in Nusselt number, a maximum increase of
1.4% in average convective heat transfer coefficient, a maximum reduction of 4.6 K in maximum
chip temperature, and a maximum improvement of 19% in temperature uniformity. This study pro-
vides theoretical and numerical support for the design of channel arrangement layouts and cross-
sectional geometries in microchannel heat sinks.
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Table 1. Nomenclature for three structurally designed trapezoidal microchannels
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Figure 1. Schematics of the trapezoidal microchannel heat sink model. (a) Overall schematic; (b) Channel layout; (c)
Channel structures and corresponding abbreviations; (d) Grid of the flow field computational model
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Figure 2. Experimental setup and results for model validation. (a) Experimental platform and measurement equipment; (b)
Relationship between chip temperature and Reynolds number obtained from experiment and numerical simulation
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Figure 3. Temperature distribution: Temperature distribution in the XZ cross-section under the PBT model (Re = 1254, Y =
5 mm)
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Figure 4. Velocity distribution: contours of velocity magnitude on the YZ plane at X = 5 mm for the PBT model
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Figure 5. Relationship between the arrangement radian of the PBT and IT models and six performance parameters
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Figure 6. Relationship between the arrangement radian of the PBT and CBT models and six performance parameters
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