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Fig. 1 Thermal-fluid-solid coupling simulation model

and geometric parameters of TPMS radiators
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Table 3 Inlet-outlet pressure drops and temperature dif-
ferences of G-type TPMS radiators under different grids

FRH ER/Pa SN e BER
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Fig. 2 Validation of the thermal-fluid-solid coupling

model for TPMS radiators

MWE 20T LLEH, XFF DRA G A TPMS Hl
AR, EZRSLRERMYE, WEZRY
FR» R X1 25 43 51 M 7.68% F113.34% . M4 T H2 #4
Py 38 {5 LU 1 P 0 D, (R S A AR
B AR T 15 22 /N T 10% B AT DAk % 0 8 LA 5 A
FIAE BE, PR AT DLk AR SC T A5 21 1 $A 0 [ R
P BRI 25 SRS T E 1

3 BEERSHS IR

TR B, DALY G &2 B TPMS #
PRSI i B A T RO R RE I B 1% A b R 2 A
FK. Hik, A ERE, AXFE3 L HLID
I TPMS #ER AR 0T 4, R 5% T M T RS XF
AR TR RE A2 AL s 72 3.2 P L G B TPMS
PR X G, RIT T BE TS B 0 R A 1k fE 1Y
MR s FE4.3 7, XFH AT T AR R LA A5 1
T DRI G B TPMS B AR 1 U 20 RS T fE
3.1 BT R ~Hxf TPMS B4 88 1% #v i BE 521

70 R FJ& B 2 TPMS A # P30 L B R I
TLIE IR S EE SR B 3 R T AN TR T R X
D 7 TPMS Hit #2521 10 22 5 SO R 5 1 52 1R
i, o, ORI B BT AR R I 4 A
S E 5 N AR S E s s )1 2 e, M R B %
PER, HAR B R AR R 7E W] 45 Ui 3 25 41 5 X g i 1%
AR

ME3 () AT4g, 7FEMREBRRET, i
138 22 I oo RO A sl /N T o 28 16 K, R i A4
e T 2, /NI TC S HL A T 5 Y g
fei. FEE3 (b i, jEHFRZEERAH 52



84 KE TR

540 B 3

FA S R, AR B A T RO B s/ s/, 3R
W1/ I TC 4 40 AR B A TSR A 2 X B s, B
AT R B B AR T A0 3 AR BT TR A . X
e TPMS Uil A7 A R 2 dh 454, R
VAR U 222 B T I 23 7 A Jo A D77 1) e A 45 i A
11 IS/ W I <Y STV N 5 N 81 S L0 1 S
VLS M BE TR, e ol A 7 B Ak B A S A
A E R o 3 oh, /NROCE & 5] kst
iy, BARPGHRERREN, HRAREAR
WrAs s . @R, TR RS A X, (AR R 5
VLA 5 BE T f5 PHE 7 A [] I T A oA B v ) Bl
s A

80

70- N\\\\'\\v
O
< 60f
e
Juis
Zsob,
£ 77 ot RS /mm
i}_:) —a—20
4o —*15
—v— 35
3055 20 %0 30 00 120
I E/ (L-min™)
(a) FHHOEZE
0.022 Wt Rl /mm
0.020f =G,
0.018}
0.016F
M 0.014F
=
~0.012}
0.010}
0.008"
0.004=55 40 %0 80 00 120
ERRE/ (L-min 1)
) jEHT
B3 05mmEBEEE TR T DR TPMS 8%
a3
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TPMS radiators at wall thickness of 0.5 mm
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Heat Transfer Characteristics in Triply Periodic Minimal

Surface Radiators
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ABSTRACT: To address the problem in which conventional heat dissipation structures cannot simultane-

ously achieve high thermal efficiency and spatial compactness, this study considered two types of triply pe-

riodic minimal surface ( TPMS) heat sinks: diamond ( D—type) and gyroid ( G-type). By constructing a

thermal-fluid-solid coupling simulation model, the influence mechanisms of the cell size and wall thickness

on the internal flow and heat transfer performance of radiators were systematically investigated. Simulation

results indicate that within a volumetric flow rate range of 20-120 1./min, the simulated temperature differ—

ences at the inlets and outlets of D-type and G—type TPMS radiators are consistent with the experimental
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data, with relative errors of only 7.68% and 3.34%, respectively, validating the accuracy and reliability of
the simulation model. Reducing cell size and increasing wall thickness can significantly enhance the distur-
bance of cooling medium, thereby improving the absolute heat transfer capability. However, j—factor analy-
sis reveals that configurations with smaller unit cells and thicker walls cause a sharp increase in flow resis—
tance, failing to achieve optimal heat transfer performance at equivalent pumping power. Under identical
geometric parameters, the D-type TPMS radiator outperforms the G-type counterpart in comprehensive
heat transfer owing to its non—through—hole architecture and larger heat exchange area. The performance
evaluation criteria ( PEC) are adopted to conduct comprehensive evaluation under multiple conditions, and
the results show that the TPMS radiators exhibit the best synergistic performance of flow and heat transfer
under conditions of a large unit cell size, thin wall thickness, and low volumetric flow rate.

KEYWORDS: triply periodic minimal surface; thermal-fluid—solid coupling; chip heat dissipation
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