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Abstract

In this paper, a physical model of straight-ribbed microchannel is designed for the heat dissipation
of IGBT module. The effects of structural parameters on the flow and heat transfer characteristics
of straight-ribbed microchannel are analyzed. The results show that increasing the tooth height can
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improve the heat transfer efficiency by expanding the heat transfer area and enhancing the turbu-
lence perturbation; however, when H.is further increased, the drag coefficient frises sharply, which
is due to the phenomenon of fluid stagnation and flow separation caused by the excessive depth of
the notch. Meanwhile, the temperature field analysis shows that when Hc = 1.5 mm, the local tem-
perature rises at the end of the tooth peak due to reflux, which verifies the inhibitory effect of too
high tooth height on heat transfer. Appropriate expansion of the apical gap H, improves the fluid
passage and weakens the influence of the boundary layer on the upper wall. The tooth apex angle
affects the performance by changing the intensity of the flow field disturbance and the flow separa-
tion characteristics. a increases, the flattening of the tooth shape reduces the flow separation, and
the uniformity of the temperature field distribution is improved.
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Figure 1. Three-dimensional schematic of the structure
1. = R=EE
Table 1. Microchannel structural parameters
= 1. RuhBESERSH
Case 1 2 3 4 5 6 7 8 9
H. 0.5 mm 1 mm 1.5 mm 1 mm 1 mm 1 mm 1 mm 1 mm 1 mm
H, 1 mm 1 mm 1 mm 0.5 mm 1 mm 1.5 mm 1 mm 1 mm 1 mm
o 100° 100° 100° 100° 100° 100° 80° 100° 120°
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Figure 2. Schematic diagram of the calculation area
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Figure 3. Computational area grid system. (a) Mesh of the computational region of the straight rib; (b) Mesh of the computa-
tional region of the solid of the straight rib; (c) Mesh of the computational region of the fluid of the straight rib
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Table 2. Grid independence verification
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o4 s 2,716,004 3,473,200 5,224,921 6,656,689
Nu 32.56 32.79 33.17 33.45
AEN R 22 1.8% 1.15% — 0.85%
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AHXF R 2 1.8% 0.89% — 0.59%
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Figure 4. Validation of numerical accuracy
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Figure 5. Influence of tooth height H. on the flow and heat transfer performance of straight rib microchannels
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Figure 6. Effect of tooth height H. on the temperature distribution along the flow cross-section direction
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Figure 7. Effect of tooth height H. on velocity distribution along the flow cross-section direction
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Figure 8. Effect of tip gap H. on flow and heat transfer performance of straight rib microchannels
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Figure 9. Effect of apical gap H. on the temperature distribution along the flow cross-section direction
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Figure 10. Effect of apical gap H. on the velocity distribution along the flow cross-section direction
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Figure 11. Influence of tooth apex angle o on the flow and heat transfer performance of microchannels with straight ribs
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Figure 12. Effect of tooth apex angle a on the temperature distribution along the flow cross-section direction
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Figure 13. Effect of tooth apex angle a on velocity distribution along the flow cross-section direction
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