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Abstract

Biomimetic fractal tree microchannel has been widely studied because of its uniform velocity dis-
tribution and high heat transfer efficiency. Under the condition of constant cross-sectional area
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and hydraulic diameter, four kinds of fractal tree microchannels were constructed according to
the different aspect ratios (0.333, 1, 2 and 4) of the entrance section of a single microchannel. The
heat transfer, flow and comprehensive performance of the microchannel with different Re were
numerically studied. The results showed that the Nu and pressure drop AP of the microchannel
increased with the increment of aspect ratio. However, the maximum temperature Tmax of the mi-
crochannel increased with the increase of Nu. Among them, DJM-0.333 and DSL-0.333 had the
smallest Tmax and better heat dissipation performance. After analyzing the comprehensive per-
formance, it was found that the COP of different microchannels all decreased with the increase of
Re, DJM-0.333 had the highest COP, while DJM-4 (DSL-4) had the lowest COP, and the former is 37%
higher than the latter on average. It was further concluded that DJM-0.333 had the best heat dis-
sipation performance.
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Figure 1. Fractal tree-like single channel
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Figure 2. Fractal treemicrochannel. (a) Schematic diagram of tree microchannel structure; (b) Physical model
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Table 1. Specific structural parameters of each model under a fixed cross-sectional area

#* 1 EHBERTERYAFEHSY

HO0H FL1R F2% 3%
ey
ho Wo Lo h1 W1 L, hz Wa L, h3 W3 L3
DJM-0.333 1.73 0.58 14.6 1.73 0.44 10.4 1.73 0.33 7.3 1.73 0.26 52
DIM-1 1 1 14.6 1 0.67 10.4 1 0.46 7.3 1 0.34 5.2
DIM-2 0.71 1.41 14.6 0.71 0.82 10.4 0.71 0.52 7.3 0.71 0.36 52
DJIM-3 0.5 2 14.6 0.5 0.89 10.4 0.5 0.5 7.3 0.5 0.34 5.2

ERKNBEAEMT, PR RAROEE I D # AL 7K J1BLA% Do N a=0.8 mm, £ IXEARHEE
B E T b=wh, HAE N 0.333.1. 2. 4. ¥IUEATY DSL-4 (FonEE /K EAZ - E T 5 R T DIM-4

LT RS — 2

FERITEAR MR RS SR E 2 fros, #AL mm.

Table 2. Specific structural parameters of each model under constant hydraulic diameter

F 2. BKNERTRERAFENSY

FOH FL1R F2q F3%
2y i
ho Wo Lo h1 W1 L, hz Wa L, h3 W3 L3
DJM-0.333 1.6 0.53 14.6 1.6 04 10.4 1.6 0.3 7.3 1.6 0.23 5.2
DIM-1 0.8 0.8 14.6 0.8 0.54 10.4 0.8 0.37 7.3 0.8 0.27 5.2
DIM-2 0.6 1.2 14.6 0.6 0.69 10.4 0.6 0.43 7.3 0.6 0.3 5.2
DJIM-3 0.5 2 14.6 0.5 0.89 10.4 0.5 0.5 7.3 0.5 0.34 5.2
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Figure 3. Schematic diagram of fractal tree microchannel meshing
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Figure 4. Schematic diagram of boundary conditions
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Table 3. Grid independence verification results
= 3. MR T X MIIELE R

Wk K i AL (K) RIE(%) ESE YIS RIE(%)
3877 309.03 0.06 23.01 0.30
58 Ji 309.13 0.03 23.06 0.08
13175 309.22 - 23.08
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Figure 5. Comparison of simulation results with the experimental results of Qu et al. [14]
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Figure 6. Comparison of simulation results with those of Chai et al. [15]
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Figure 7. Temperature contours of the microchannel under a constant cross-sectional area
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Figure 9. Nu of microchannels under different Re
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Figure 10. AP of microchannels under different Re
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Figure 11. Temperature contours of microchannel under constant hydraulic diameter
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Figure 12. The maximum temperature T, 0f the microchannel under different Re
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Figure 13. Nu of microchannels under different Re
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Figure 14. AP of microchannels under different Re

& 14. A[E) Re B IEREFE AP

4.4. ZEMRETR

W 15 ffroR, ANE OB TE (1) COP Bl Re FRI3E BN 93/ - DIM-0.333 H A7 fi =i ) COP, Tfii DIM-4 (DLS-4)

DOI: 10.12677/ijfd.2021.93005 54 PRS-


https://doi.org/10.12677/ijfd.2021.93005

K, FRIED

f¥] COP f/, HI# H/E#H P 37%. MM COP, WIZRIIEMFRIRIITNRT, BEA EIFHIE R
PERE . A E 7K ) ELAR SR AT R T TE B 1 COP Xl ey 5 L RO IS AN B2 /s, SR T i &
Bk 2 R TAR, HAECRAES B T 5 A TR It A il o s A ) SR B, LS e O 8 A
AREE I R .

1000

—a— DJM-0.333
DJM-1

DIM-2
DIM-4(DSL-4)
DSL-0.333
DSL-1

DSL-2

n

e
900 F :\
800 |\

4
700 F %\

600

vVASADP»O

cop

500 |-

400

300

200

100 |-

8000 10000 12000 14000 16000 18000
Re

Figure 15. Coefficient of performance COP of microchannel under different Re
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