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In this study, we comparatively analyzed the convective heat transfer performance of single-wall and double-wall Gyroid TPMS
(Triply Periodic Minimal Surface) structures. Using computational fluid dynamics (CFD), we evaluated the average convective
heat transfer coefficients under constant surface temperature conditions for both constant velocity and constant pressure flow.
Although both structures maintained the same fluid volume, the double-wall configuration increased the surface area by
approximately 1.8 to 1.9 times, resulting in enhanced heat transfer performance. Under constant velocity conditions, the double-
wall structure exhibited an average convective heat transfer coefficient that was 1.3 to 1.4 times higher than that of the single-
wall structure. Under constant pressure conditions, we observed an increase of 1.06 to 1.1 times. Despite the double-wall
structure leading to greater pressure losses due to increased shear stress from the formation of microchannels, it still
maintained improved heat transfer performance even with reduced mass flow rates under constant pressure conditions. These
findings provide fundamental data for designing TPMS-based cooling systems and optimizing additive manufacturing processes.
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NOMENCLATURE ql = Newton’s Cooling Law
q = Heat Transfer Rate
m = Mass Flow .
) qeony = Convection Heat Transfer Rate
c = Specific Heat — . .
’ hy = Mean Convection Coefficient
T,,. = Outlet Temperature
T, , = Mean Outlet Temperature
T,, = Inlet Temperature ’ . )
) T, = Average Convection Coefficient
P = Density '
E = Energy Transfer Rate
T, = Mean Temperature 1. M2
T, = Surface Temperature
AT = T,-T, Az AGS o=l 717 ¢ AT 23 Ax00 &
P = Surface Perimeter ek A7EES A ROl B adt FEE AlA sl Yske
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(a) Single-wall TPMS (G6)

(b) Double-wall TPMS (G6-4)

Fig. 3 Structures of single- and double-wall gyroid TPMS

— i T T .
By = me, (T o= T,0) (14)
PL (AT,—AT,)

In(AT,/AT,)

4142 B HE NReAD At w3t 7,0 o3 2
: ¢, el Q5 P Aol

W, PO} L2 A4 2Rk MR A5E oulste] 4ol
T, Aoli, 992 Sojet

2 ANGANIS ST F
=3

=

13t 7,8 FETORM W R5 e 7 R

3.1 CilAsn} 0|52y TPMS ZEE

Fig. 2= o] A =2 §A == U5 siAmdolc).
30 x 120 mm =7]9] ¥ o= 94 2= 270 H§Eu, 3
A g YFols 9dAHT o5 A TPMS 271 285
2lth. Fig. 3(ay= F717F 6 mmel ©4 2% Gyroid T-3(G6)°]
™, Fig. 3(b= 6 mm FA|o4] 4 mmE A3k Gyroid T-2(G6-4)
oJth. Table 12 WF-f-5 si4lof 2182 TPMS HAHE A4
gtth. TPMS A8 ¢ <12] =27]= 30 x 30 x 120 mm=E, T4 =2
7] 30 % 30 x 30 mmo] 1 x 4 v = ZLAIE)

Table 20]4l= TLAH T} o]FAE TPMS 29| FAA|
At AL vlastgleh. G2 the] Go-4= LT FAAIA
o] EHA o] 1.8 F7IshlaL, G4 i8] G6-2= 1.98 37}
stqich WA o] whE o]F A A e gelet
71 913l G29t G6-4, G4ot G6-2 F2E Hlm EAElqdct.
Table 32> WH-F-59 sixlzrdeln S&23) S due




1074 / December 2025

Table 1 TPMS design parameters

Size of design space [mm?’] 30 x 30 x 120
Unit cell size [mm?] 30 x 30 x 30
Single-wall sheet-based TPMS G2, G4
Double-wall sheet-based TPMS G6-4, G6-2

Table 2 Geometrical characteristic of single- wall and double-wall

Surface [mm] Fluid volume [mm?]

G2 6,102 23,521

G6-4 11,212 23,465

G4 6,569 20,025

G6-2 11,932 19,968

Table 3 CFD analysis conditions
Turbulence model SST k-@
Fluid specific heat [J/(kg'K)] 4,182
Heating temperature [K] 373.15
Inlet temperature [K] 300.00
Outlet pressure [Pa] 0

Table 4 Mesh quality and cell statistics for each case

—l;?;ill;:ru Or;ﬁgﬁglal Skewness ~ Aspect ratio
G2 348,167 0.835 0.165 11.66
G6-4 491,154 0.786 0.214 14.08
G4 373,335 0.831 0.169 8.88
G6-4 625,162 0.814 0.186 11.57
R 52 7 mlasksich
AAL 9L A LR} A 9 5 Ansys Fluent 2025
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Fig. 4 Side view of G6-2 solid and fluid region mesh

Table 5 Energy conservation of analysis model

Total heat transfer rate Energy  Relative
(W] error error
Heat Inlet Outlet (W] (%]
G2 3,688 347 4,009 26 0.59
G6-4 4379 347 4,708 18 0.35
G4 4,366 347 4,802 -89 1.72
G6-2 4,854 347 5,191 10 0.18

Table 6 Results for constant velocity conditions

G2 G6-4 G4 G6-2

Mass flow [kg/s] 0.05 0.05 0.05 0.05
Pressure [Pa] 54.1 76.7 96.8 123.0
Outlet temperature [K] 319.6 3233 3234 3259
hr [WAm*K)] 3,804 4,695 4,705 5,343

A= 74] 5}‘2'13} Ein& AT oA ALE, Lo &
E

T v A A 2 AAEE= U A &t} HAAH o=
49 ]‘41] tiH] oYz EUAdE ulai, 1% W<l
9] =2UE RIS o= XA Qg L&A= oA
uE W) JPBTH: RS ot
RE - EntEs—Eoul 100 04) (15)
En+E,

3.3 S&%A

Table 6= 0.05 m/s2 AA5HA G2 wol

e ettt S&xdolng ARaar B

PN FtE= olFAHolA o A et o]

E}E} Al(14)E AL B FIAEAFE G2 tiH] Go-40]

A 124, G4 thH] G6-2004 L1uf s=okch. ofgl, oFe A2
oz Aol 1484, 1.38) F7Fet3ict.

Fig. 59} Fig. 62 G42} G6-4 L0 A F-A|
g} T e] oY, &£k, 2% HExE Hwgl
A AAdoE olF Ao oY EAo] F
e AR o 8l £ izt FkskaL, olof wat A
SEol AX7| ol At $L2 {5 Wik wiE



a

ZHUISHS|IX| M 423 M125

December 2025/ 1075

(a) Pressure contour
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(b) Velocity contour

(c) Temperature contour

Fig. 5 G4 contour under constant velocity
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Fig. 6 G6-2 contour under constant velocity
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Table 7 Results for constant pressure conditions

G2 G6-4 G4 G6-2

Mass flow [kg/s] 0.05 0.036 0.05 0.038
Pressure [Pa] 54.1 54.1 96.8 96.8
Outlet temperature [K] 319.6 3253 3234 3279
hr [W/(m*K)] 3804 4215 4,705 4,992
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