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Fig. 1. Schematic diagram of the long straight microchan-
nel heat sink: (a) Long straight microchannel heat sink;

(b) cross section of a single microchannel.
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Fig. 2. Schematic diagram of the split-flow microchannel
structure: (a) Split-flow microchannel heat sink; (b) Partial

top view of the split-flow microstructure.
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Fig. 3. Schematic diagram of single/double microchannels
with different numbers and arrangements of microstruc-
tures: SM1 (0 group); SM2 (3 groups); SM3 (9 groups);
SM4 (15 groups); DM1 (staggered arrangement); DM2
(gradually arranged); DM3 (gradient arrangement); DM4

(staggered gradient arrangement).
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Table 3. Grid independence research.

FF51893083  MIA%21128905  KMH531414841 H% 41702482 F4551916125 F45 63475672
JERESE (AP ) 4195.0 4287.0 4341.2 4379.9 4409.6 4406.1
B ( Ty) 353.05 352.65 352.32 351.94 351.88 351.87
B2 4.8%; 0.33% 2.7%; 0.22% 1.47%; 0.13%  0.59%; 0.020%  0.079%; 0.0028% L
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Abstract

Microchannel heat sinks have important applications in integrated circuits, but the current traditional long
straight microchannel heat dissipation process causes uneven temperature and low heat dissipation efficiency. In
this paper, a periodic split-flow microstructure is designed and integrated with traditional microchannels to
form a periodic split-flow microchannel heat sink. Numerical simulation is used to study the influence of the
number, the arrangement and structural parameters of microstructures in a single microchannel on its thermal
performance. The simulation results show that the split-flow microstructure can increase the heat exchange
area, break the original laminar boundary layer, promote the mixing of cold/hot coolant, and significantly
improve the heat dissipation performance of the microchannel. Through comparative experiments, 9 groups are
finally determined as the optimal number of microstructures in a single microchannel. At a heat flux of
100 W/cm?, when the coolant flow rate at the inlet is 1.18 m/s, after 9 groups of microstructures are added into
a single microchannel, the maximum temperature drops by about 24 K and the thermal resistance decreases by
about 44%. The Nusselt number is increased by about 124%, and the performance evaluation criterion (PEC)
reaches 1.465. On this basis, the microstructure adopts a staggered gradual periodic arrangement to avoid the
long-distance non-microstructure section between the two groups of microstructures. The turbulence element
that gradually widens along the flow direction makes the coolant fully utilized. This results in a reduction in the
high/low temperature zone and alleviates the temperature gradient that exists along the flow direction of the
heat dissipation surface, and the pressure drop loss is also reduced to a certain extent compared with the
pressure drop in the uniform arrangement, and the comprehensive thermal performance is further improved. It

shows broad application prospects in the field of high-power integrated circuits and electronic cooling.

Keywords: microchannel, heat dissipation structure, periodic split-flow
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