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Abstract

In the thermal management system of cylindrical lithium-ion batteries, serpentine cold plates are
widely utilized due to their excellent heat dissipation performance. To further enhance heat trans-
fer efficiency, a bidirectional curved wavy microchannel heat sink is proposed. The effects of channel
configuration, amplitude, and wavelength on its thermal and flow characteristics were investigated
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through numerical simulations. Results indicate that bidirectional curved wavy microchannels with
converging-diverging and parallel structures contribute to improved wall temperature uniformity.
Specifically, the converging-diverging microchannel exhibits significant variations in cross-sec-
tional area, leading to markedly increased local fluid velocity, elevated pressure drop, and en-
hanced secondary flow intensity. While heat transfer performance is improved, the frictional re-
sistance also increases substantially. At a channel amplitude of 2 mm and wavelength of 8 mm,
the maximum increase in friction factor reaches 169%, and the maximum increase in Nusselt
number is 28%, accompanied by a reduction in the maximum wall temperature of 0.03 K and a
decrease in the maximum temperature difference of 7.9%. Under equal pumping power condi-
tions, the comprehensive thermal-hydraulic performance of the parallel bidirectional curved
wavy microchannel surpasses that of the converging-diverging structure. The findings elucidate
the performance characteristics of bidirectional curved wavy microchannels with different con-
figurations, providing valuable insights for the optimized design of battery thermal management
systems.
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EFEAR C N AT AT 7T S 5 TR £[1]-[3]- Tuckerman 1 Pease [4]#¢ 542 H T 0@ fRME S .
XFhEE N Az ik ) 100 Wiem? [#GE &, HEA RS/ EER. 450 R A7) 7 RALEEIL A
[5][6]. CV&A Tz HIBF FLUE B 3 IR T A0E 8 1) e PR R B T S B o, JF A2 A s ik
AWIRTE S5 S EORIUA e R RE . Suil SF[714¢H T — P IESZBCRIORTE , 5830 B O 18 7E 15 7E #i
VMM E BEIR 2 T R ILHEAL B AT 7 HLBL. BlJS, Sui S5 [80 R TE IE 5L IHOEIE P ¥ i 51 BE 45 Al 4
PGEAT T SRIRRE AL, IR T IE X OB TE (2R A SRR . Sharma A1 Khan[9] b 1 AR 5 38k A IE 5% % fud
TE TR IIVERE, RIAER Z2 OB v, A [ 5 FOie T 38 5 L T 508 0 T SR B S 4 R K
At Khoshvaght-Aliabadi Z5[10]H Lin &5 [11]132F— 54 1 AW m) ok )N BRATR M 8 K R VR @38 it
TXPRAE TR I HH B 1 FA BELFI B 35 5 F Jo B i B2 A7 5 ) DA 488 S o ke P 7 2 T B ol T Y 30 7 ) 1)
AT, A R R PR R, Lin ZE[100F 708 1 IEIE B I S LU X ik YR S8 T8 AL AN
SEFIE ORI . RIS I LA IR b Kose Z5[12]ELAE VAR . = A1 2 AIUBH T W0 T8 B A% 1R 4% B
PERE. B 17 PATHOBOIREE, GOBIEIL AT DL 23R - RO FRIGIREE[13]-[15]. AT, X RRIIRIE B #4
PEREAAT- LU TAT IR TR IR 22 o 76 B T B0 5 - F it ) FAVER 3L R G v, BRI Tl T ) 3 e, P v 32 T 26
A AR, AT R R A T AR 2E 1) B el FE S B KR 72« Yogeshwar Z5[16]42 i 1 — Pl B X
WETLIEIE AR, SA% S0 e T E A ARAR LG, PR T H v ASE R 1) e v T P AR BE AN S5 S0, (RRIR N
T 5 3 R 3 14D 65 ) 2 B500S L O A R 1D 52 mm JAEE

R T PR T Y R A R PR R, BT T RS 2 YR i i (Bidirectional Curved
Wavy Microchannel, BCWM), @i HE BT 7T 1 IRIE 2546 HRME A8 A0 3o 38 A% v 5 I BN R 1)
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AR TAE R 5 AT G540 o G5 R BCWM 1) b BE T BB — 0, SRtk i v o sh b 2k O 1 S BRI 270 ) 3
PEAETBAEAL, WP 2(a) BiTm o “PATE549 BCWM (1) 1 R BEHZ P47 19, BRIV R sh 2R 7 [ AR LR BE AR /N,
W 2(b)fw . 445K BCWM 54745 BWCM AR —3, W 2(c)fin. BN EIE R KN 112
mm, 3 ) ELETE & T B B R BRI R M AR I e, KB 8 mm, B TAREEL, Ok
DX 3 J TN o T il ) S A AR I LR P 5 AR P ] 3 B, B 33k 4 1 R BRI RR 2 R
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Mg Ay 5K L e 1B, T 3@ % R 4Gl 18 (Ordinary Wavy Microchannel, OWM), #fEiiE A, = 0.
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Figure 1. Schematic diagram of microchannel heat sinks: (a) flat plate microchannel heat sink; (b) bidirectional curved wavy
microchannels heat sink
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Figure 2. Microchannel schematics of scaling structure and parallel structure
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Figure 3. Local cross sections of fluid domain in two channels
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Table 1. Structure parameters of microchannels
= 1. MREEESE

— AT S —— AT A

Az A2 Az A2
M1 2 8 M6 2 8
M2 2 12 M7 2 12
M3 2 16 M8 2 16
M4 3 12 M9 3 12
M5 4 16 M10 4 16

2.2. BHIGRE

HIE AR, AR ARE MR, AKIHEH DR ZERAD, W RS ITESHR . 42577
FEAFRESNET TR SE R, SRR 5 M RRe B0 i, wa(Q)~@)Fn.

Vu=0 @
p(U-Vu)=-Vp+V-(u-Vu) 2
pe, (U-VT )= 4, VT, ®)
AV, =0 (4)

AP, s R s 2 BIEROR AR AT EA, u NIRRT S, AN mis, TN, BALA K, u Ak
B, AN Pass, p AL, B8 kgims, cp NELIREE, B4 J(kg-K), 2 NS IAREL, BN WI(M-K).

2.3. IR EH

T Y bR BRI A R A A . R RIS AT, BB S BT A 2500 WIm? (34 5] B
[17]0 HoAth AMEETH 3 A 0l S48, PBETH AV E AR & AT . AR DR AEREN O, R & 7
W, KA Latm. ARG N 293.15 K.
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Figure 4. Grid independence test
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Figure 5. Model validation
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Figure 6. Variation of friction coefficient
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Figure 7. Variation of local flow characteristics: (a) flow velocity; (b) static pressure difference
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M9 AT RAE Y, e BE K FREE A K IR RS, 4TSS BCWM 1 I 3 L AT 45
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Figure 8. Contour plots of skin friction coefficient
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Figure 9. Variation of local secondary flow intensity
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Figure 10. Variation of Nusselt number
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Figure 11. Variation of local heat transfer characteristics: (a) fluid temperature and coupled wall surface temperature; (b)
Nussel number
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Figure 13. Maximum wall temperature difference
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Figure 14. Comprehensive performance factor
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