FRE R 22 5 R 2] China Journal of Science and Technology, CJST F2k FSH 202604
Doi:doi.org/10.70693/cjst.v2i5.2123 Vol. 2 No. 5(2026)

ET ANSYS B IR AEE S F B S ot 514

BATH Y, RN L BT BRI, XRER
1 EEARH RO, MDA B, T Habk, 541004

FE: NE MR KT ZE AR, 52T ANSYS Wil 5 G E Ik ELEIE . WAL GOmE o 88 PRI 5 A B Ao
=R RO T OSSR, IR B TR ALOs- /KGRI . 50% ARG B & KA =FPA I, R T K
AT T I SRERPEREXS LU 7 o M ELEE SRR TIE PRI G544 5 ¥ EA M A2t 5 1y BRI R I 79 K AZ 0o TR
5, MRS T B TR REHET N ALOs- /KGN K FiA>50% 2 - BE K> 25 85 17K s ASCOIE BT @ b P s ik
RUBBTEFA T ALOs-/KG KR, W SEPLES Fr G ML P10 % 304.59 K. s S HuE & 1.78x107 W/m?, FHET
1o G5 BRI 25 MR KIS T SR G MO RR R HE T . BN HRIAT 35 4 T8 i > 18 W R Ao 1 > 1% G I K
I HECT IR E OB AT R, AN LRI R ARSI R R SR, ARG
Fr R TR, AR AL RE A AV B M R A A EE BRI AT S R K S TR S
KRG UG A RUROEIE; ANSYS 173 RIRERE: Sl

Design and Optimization of Embedded Microchannel Chip
Cooling Structure Based on ANSYS

Zhao Youli', Li Fusong', Yu Bingcai!, Chen Zengxu!, Liu Dongjing!-*
1. School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology, Guilin,
Guangxi 541004, China

Abstract: To break the heat dissipation bottleneck of high-power chips, three embedded heat dissipation structures including
traditional parallel straight microchannels, on-off microchannels and on-off turbulence-enhanced microchannels are designed
based on ANSYS simulation platform. Three cooling fluids, deionized water, Al.Os-water nanofluid and 50% volume fraction
ethylene glycol aqueous solution, are adopted for comparative heat dissipation simulation under unified boundary conditions.
The simulation results reveal that channel turbulence structure and thermophysical properties of coolant are two core factors
affecting chip heat dissipation. For the same channel structure, the heat transfer performance of coolants follows the order:
Al0Os-water nanofluid > 50% ethylene glycol aqueous solution > deionized water. The innovatively designed on-off turbulence-
enhanced microchannel matched with AloOs-water nanofluid achieves the minimum area-weighted average chip temperature
0f304.59 K and maximum total heat flux of 1.78x107 W/m?, which greatly improves heat dissipation efficiency compared with
traditional straight channels. The comprehensive heat dissipation performance ranking is: on-off turbulence-enhanced
microchannel > on-off microchannel > traditional parallel straight microchannel. Compared with conventional microchannel
cooling schemes, the proposed structure owns larger specific heat transfer area, stronger fluid turbulence and better temperature
uniformity, which effectively eliminates local hot spots on chips. This research provides reliable theoretical support and
engineering reference for thermal structure optimization and coolant selection of high-integration and high-power chips.
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Fig. 1 Three different embedded microchannel cooling structures
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Table 1 Thermal Physical Properties of Media
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EETK 997 4186 0.602 0.00089
IRAK A 1020.6 4042 0.685 0.00108
50% 2 - FEIK SR 1070 3450 0.415 0.0018
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Fig.2 Temperature distribution cloud diagram of microchannel structures
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Table 2 Heat Dissipation Performance of Deionized Water in Different Microchannel Structures
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(K) FE(K) B (°C) (K) (W/m?)
(iR RS ERE 373.15 298.1534 322.603 49.4537 74.9966 1.07x107
TH 7 R A 373.15 297.558 305.1523 32.0023 75.592 1.30x107
W HE IR In o 2 fle 1 373.15 295.3222 304.7881 31.6381 77.8278 1.60x107
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Table 3 Heat dissipation performance of ALOs-water nanofluid under different microchannel structures
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JE BT G A
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Table 4 Heat dissipation performance of 50% volume ethylene glycol solution under different microchannel

structures
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Fig.3 Cloud map of surface heat flux distribution of the traditional parallel straight channel under the working

condition of 2% AlLOs-water nanofluid
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Fig.4 Surface heat flux distribution map of the on-off microchannel under the condition of 2% Al.Os-water

nanofluid
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Fig.5 Surface heat flux distribution map of the on-off turbulence-enhanced microchannel under the condition of 2%

AlLOs-water nanofluid
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