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Abstract

In this work, a multi-layered microchannel heat sink is proposed based on PCHEs, and the numer-
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ical simulation analysis is carried out under different diameters and volume flow rates. Increasing
the flow rate can enhance the heat transfer performance of the heat sink. When the flow rate in-
creases from 20 ml/min to 40 ml/min, the thermal resistance can be reduced by 35%, but as the
flow rate further increases, the reduction rate of thermal resistance will gradually decrease. And
when the volume flow rate remains constant, reducing the channel diameter can also achieve the
effect of enhancing heat transfer, but both increasing the flow rate and reducing the channel di-
ameter will increase the pressure drop. The heat transfer conditions of each layer of the multi-layered
microchannel heat sink are different. The heat transfer of the bottom fluid is strong near the inlet,
while the heat transfer of the fluid in the upper layer is weak at the inlet. In the fully developed re-
gion, the Nusselt number of the heat transfer between the fluid and the channel wall in each layer
tends to be consistent.

Keywords

Multi-Layered Microchannel Heat Sink, PCHE, Numerical Simulation

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

B T HARMRBIAEE, BT R I B KRG E SRR T R . G SR
PEREDL BRI HE 7 AT LLRTREE T AT 208, [FIHE ] AR R Gt T2 1 5 %, (HIX B R
TERINRELE T, RGETHEMAC. Hadimsm . XRnEKL &M TRESAAL, SU RS
I RV R R, BORAERSIIER N RIS . A ORI, & I 50%(1)
Wb H TR B I S R[] . RS CTRC AT HT O KBTI, Ak 4% 78 TIR 4L I3 % B
¥l fefEit 500 Wiem? [2], FE4FBRATUSRM IR RS0, WE BT P E RS A ke s,
1 /7 AT L K )% IGBT (Insulated Gate Bipolar Transistor, 26 Mi UM fi 65 ) R e L T 3 85 g T ik
10%~10° W/em?® &:24[3] [4] [5]. Hik, NHARE T2 00 2 ke e iz ty, ok B J v R0n] 56 B
FAR . TEIRY B PR 808, BOAE R DA BN T BA RANIZOEARZ —, RISt H 2 B 71X
e — DR SRR, BN T T SR R T

1981 %, Tuckerman £l Pease [6] % X#e B A fl/NEE 1B EEGS, R H T EIENZR
IR A R B S I TE K ) AR BCR LG AR a5, R d 3 A RS RN BIOK =4, BE AR 2 3 3 s A,
W RETREUCAER I B R RS . AU, OB E ST S S 1) 2 8 T T, it — 20 ¥ R i i ik
ESPERE, Vafai f1 Zhu [7148 H BAA DUZ 818 o ks, J3Em il Wei SF[8]1F R 82 E. W LK
LI T AR D R T AT S, 4B T A B 2 s A R T G T ] UJRURT R it B K AV AR, (HAR L 2
THEREWRKO]. HBEASR GG 7 N2 R mMA . FrEMEGIES, WHIE T2 FRE AR r)
A XELLIN T [10] [11]. % — 51, PCHE (Printed Circuit Heat Exchanger, PCHE)IN T AR, 1E N
BB S, DA ARG R 7N H[12]. Kk, KRAEEE. Akl PCHE #E) T
H 7 B B A IO T g . A SCIE T K PCHE #ilisH AR, 1R H 2 S Uom i sohes, R EUE
BT VA2 FE HLAE W AR . KRS B 5 R b fE

DOI: 10.12677/aepe.2023.112008 65 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2023.112008
http://creativecommons.org/licenses/by/4.0/

Mz, FHER

2. BEARBERAYBYFER
2.1, HFRiER

AT T )2 S OB TE SRS LR R R WA 1 s, @i v 20 ek T2 SR R
AEZKMN DS EE S SR, SiEEN RN EE DR, SRR . KRN t 1
FEW, HEHCARZ A, RN W x L=50mm x 100 mm, HGRZE N q =200 Wiem?; B N R N
b ) PCHE #R &4 #Us & (10 77 BFEE M R, R [ BARIEA d, 25 58 31 SRR AL A 72 A R s a8 i
H 77 AFTETE BRI, D AR 2 P o B3 T2 BRI 482 7756 4% PCHE MO8 1HT b semal, PR T i 4% PCHE
BRAEBANER B8 B W 7 ) AT HEE . MFABEI A FERE, b5 N FE A S AR, A SO R s
DN LE E JEEE 1L mme. BT ECAGES 2 8 PCHE ARaF4e 1M e, 78 98 B 7 ) BB & R AT R RE i, BRIMAE 2By
(i A ] DUE B A i) — N g LR T, &) 1 A R R s .

Figure 1. Schematic diagram of the multi-layered microchannel heat sink
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Figure 2. Schematic diagram of numerical simulation cell
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Table 1. Thermal properties of copper and water
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# % (kg/m®) SREHWIMK)  ERE(kgK)) 211K (kg/(m's))
Ll 8978 387.6 381
K 998.2 0.6 4182 0.001003
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Table 2. Verification of double-layer rectangular channel
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BTS2 HBE (K/W) 0.0383 0.0397 3.6%
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Figure 3. Grid independence test
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Figure 4. Variation of thermal resistance with volume flow
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Figure 5. Variation of pressure drop with volume flow
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Figure 6. Distribution of channel surface heat flux along flow direction
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