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Experimental Study on Flow and Heat Transfer Characteristics

in Triply Periodic Minimal Surface Channels
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Abstract: To reveal the flow and heat transfer characteristics in triply periodic minimal surface
channels, this study constructs an experimental setup based on the transient single-blow method.
The flow and heat transfer performance of air in I-WP and Primitive channels are systematically
measured and analyzed, and the effects of cell type. porosity (¢), and Reynolds number (Re,) on
the flow and heat transfer performance are investigated. The results show that the friction factor
of the Primitive channel decreases with increasing porosity. and the influence of porosity on flow
resistance weakens as Re, increases. When the porosity increases from 0. 30 to 0. 40, the friction
factor decreases by approximately 37% at Re, =80 and by 15% at Re, =450. In contrast, the
friction factor of the I-WP channel increases with porosity, while its heat transfer performance
exhibits only minor variations due to the limited impact of porosity changes on flow disturbances.
Using the ratio of the Colburn heat transfer factor to the friction factor as a comprehensive
performance evaluation metric, the Primitive channel shows a slight improvement in overall

performance with increasing porosity, whereas the I-WP channel exhibits a significant decline.
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When ¢ << 0. 35, the WP channel outperforms the Primitive channel in comprehensive

performance; however, when e=0. 40, their performance becomes comparable.

Keywords: triply periodic minimal surface; porosity; friction factor; heat transfer performance
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Fig. 1 Schematic diagram of experimental system

B
r 54 12
g @ e 1=
f ININININIL Y VIANTANT
w}\w,\'\,\'\'/\v,\v)\ bat o o
b g 4 9 v ' vInTNT
S R ARAAAAS MOV RN
o WA WA WA WA XA
Y EE EE| e o o
()t" L
B FAT: mm B-B

2 SR BH R R

Fig. 2 Schematic diagram of the test section structure
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Fig. 4 Verification of experimental method
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