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Abstract

To enhance the comprehensive performance of elliptical microchannel heat sinks, this study con-
ducts a multi-objective optimization design investigation on elliptical cross-section microchannel
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heat sinks. Aiming to achieve optimal thermal performance and minimal pumping power, the re-
search systematically examines the influence of various parameters on heat sink performance by
integrating numerical simulation, response surface methodology (RSM), and the NSGA-II multi-ob-
jective optimization algorithm, ultimately obtaining an optimal design solution. The results demon-
strate that, compared to the baseline circular cross-section heat sink, the optimized elliptical mi-
crochannel heat sink exhibits significant advantages in terms of system maximum temperature (re-
duced by 2.16 K), thermal resistance (decreased by 4.6%), convective heat transfer coefficient (in-
creased by 22.2%), and pumping power (lowered by 2.2%).
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Figure 1. Basic geometric model of the microchannel heat sink
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Table 1. Parameters of microchannel heat sinks with different aspect ratios of channel cross-sections
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Fs KRkt Al K (mm) F AP AR 5 (mm)
1 1:1 2.45 2.45
2 1:1.25 2.73 2.19
3 1:1.5 3 2
4 1:1.75 3.24 1.85

Figure 2. Structural diagrams for h = 3 mm, 4 mm, and 5 mm
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Figure 3. Grid independence verification
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Figure 4. Numerical-experimental comparison
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Figure 5. Maximum system temperature for different aspect ratios
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Figure 6. Convective heat transfer coefficients for different aspect ratios
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Figure 7. Thermal resistance for different aspect ratios

7. AEHCEEHHEL B9 R

XA R B 1 22%, FABHFEAR 30%. HEZFERAAT, ARSI ImARK AT, R, w8
WFEBR, REMEE SRR, R, EEAE T, BWERRIIRTHESRIZHRS, 2T R
PR RN IR o AR VR, FEE KA LI, SRR I IR 13T &, HkE
BRI LA 1 IINE] 1.75, RGENRE TR 3 K, iR B m 16%, AL 6.3%. H
EHEERET, BORMKAE R L2 OO (s, AR B A, 3R v AR S T i
A HRER, TG SR AR RCR o BEAh,  BEE AR Al LU0, o T pAY PO A2 i T AR R B
B et 7R AR, A AR RE T P T I B AR, BRI ARG ERARIR KT
XSGR, 3 G AR B A T A A R A L, T DL SO O R

3.2. NEHCFEHEEXTBUARS RN R R

Pl 8 JE RN T /AN R] K e il B AR [ A0 8 AR Rl HH B, PR 9 J R 17 A TR J i B AR I i o
AR RN E . WNEER TR M, EAHFEGEFMG T, ME KGR, EEMEDIRES 2
A KA 11 AR 1175 B, RERIZRIIEIE I T 10%, BORHK KR A AT e T Bk
MBI S SIE Rk Az, M TR MR %R FEE KRR, Rz 3K,
X S5 EDEE R T AR s @SR A O, HX R A E S N RIE IR Ak,
Xof s B RN AR Th %6 7= A 5 B o S 3

3.3. FNEHBE L= B BRI sE R R

F 10 JBoR TRFENEIE M B P RGHRARE . WERWTLUEH, BE%E 2 AN 3 mm B¥INE] 5 mm, %
G B KU B IR PR, X — IR MR RTE T A BI3GINY™ K T ROBIE (3 A AR, 3 G RS B = AL
MR BRI 98 T RS IR RE . BRI 1 A BD T GBS IR i, SRR
R, B SEIBAR I RS KT . B 1 R TAFIEIEN B R RIEIh A g RERE, 15K
W T (V= 0.1~0.15 m/s), h MIRINZEFFED: EEAE (V= 02~0.3 m/s), 4443 mm 5 5 mm

DOI: 10.12677/mo0s.2025.146473 40 5 1 A


https://doi.org/10.12677/mos.2025.146473

JtHEE 4%

B, RIHMEET h=4 mm.
4. ZBEFFEK

AL E R 2 B AR A T3 3206 1 [ 48 R RS A ) LT G A AT A, B AEAE SR TR R RE
[, PRI A AL, ASEI R RN T 7. %, RN R RSM) AL 2 HAREAL

80

—
(@)]

UGS S
~N O1 N

()]
\
\

10 T T T T T T T T T
0.10 0.15 0.20 0.25 0. 30

HEE (n/s)

Figure 8. Pressure drop characteristics for different aspect ratios
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Figure 9. Pumping power requirements for different aspect ratios
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Figure 10. Maximum system temperature at different channel locations
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Figure 11. Pumping power at different channel locations
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