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microchannel heat sinks and the lack of research on the integration of variable cross-section struc-
tures and double-layer microchannel architectures, a novel Double-Layer rectangular expansion Mi-
crochannel Heat Sink (DL-MCHS) is proposed in this paper, and its heat transfer behavior is systemat-
ically investigated using numerical simulation. A physical model of the heat sink with dimensions of
30 mm x 15 mm x 3 mm is designed. With water as the cooling medium and a silicon chip with a heat-
ing power of 100 W as the heat source, a three-dimensional solid-fluid thermal exchange coupled
mathematical model is established to explore the effects of different volume flow rates on the heat
transfer and flow characteristics of the heat sink. The results show that as the volume flow rate in-
creases from 2.08 x 10-¢ m3/s to 6.24 x 10-¢ m3/s, the maximum chip temperature decreases from
338.53 K to 330.05 K, and the system thermal resistance decreases from 0.4538 K/W to 0.369 K/W,
with reductions of 2.5% and 18.7%, respectively. However, the heat transfer enhancement effect ex-
hibits a marginal diminishing trend, and the temperature reduction is significantly weakened when
the flow rate exceeds 5.20 x 10-¢ m3/s. Meanwhile, the increase in volume flow rate leads to higher
flow resistance: the pressure drop rises from 163.64 Pa to 432.14 Pa, and the pumping power in-
creases from 0.68 mW to 1.80 mW, both showing linear characteristics. This study reveals the coupled
thermal-hydraulic mechanism of the double-layer rectangular expansion microchannel heat sink,
providing a theoretical basis and data support for the microchannel structure design and flow rate
optimization in thermal management of high-heat-flux electronic devices.
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Figure 1. (a) is a three-dimensional schematic diagram of the microchannel heat sink, (b) is
side view
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Figure 2. Details of mesh generation. (a) Overall view; (b) front view; (c) side view; (d) schematic of local boundary layer
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Figure 3. Grid independence verification
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Figure 4. Temperature contours at x = 0 mm cross-section for different volume flow rates
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Figure 5. Contours of maximum chip temperature at different volume flow rates
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Figure 6. Maximum temperature and thermal resistance of the chip at different vol-
ume flow rates
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