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Abstract: Additive manufacturing enables precise fabrication of complex topological heat transfer structures, supporting
compact and lightweight heat exchanger design. Triply Periodic Minimal Surfaces (TPMS) offer smooth channels, high sur-
face area, and self-supporting geometry, which are advantageous for advanced nuclear systems. The effects of geometry and
porosity on helium-xenon heat transfer remain unclear. A turbulence Prandtl number model suitable for low-Prandtl-number
helium-xenon flow was developed from experimental data. Single-channel models of Gyroid (G) and Fischer-Koch S (FKS)
structures were constructed to study flow and heat transfer behavior under different porosities. Numerical results showed

that, at the same porosity, the FKS structure had an over 70% larger surface area and over 25% higher heat transfer effi-
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ciency than the G structure. Increasing porosity enlarged the channels and reduced pressure loss but weakened convection,

while decreasing porosity enhanced shear and turbulence but increased resistance. The results clarify how TPMS geometry

and porosity influence thermal performance and provide guidance for additive-manufactured heat exchanger design.
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Table 2 Geometric characteristics of TPMS models
= i 08 FLERAR P HBEJE fmm ek B/ mm? MR Y/ mm™! K I1 H A% /mm
GO0.5 -0.766 4 0.5 1.688 9 2178.488 2.178 4878 3.672 272
G0.6 -0.6163 0.6 1.3275 2 290.696 2.290 696 4.190 866
G0.7 -0.464 1 0.7 0.983 2373.125 2.373 125 4.719 515
G0.8 -0.3106 0.8 0.649 7 2429.74 2.429 74 5.268 053
FKSO0.5 -0.5019 0.5 0.926 8 3 814.435 3.8144349 2.097 296
FKSO0.6 -0.404 2 0.6 0.740 1 4019.378 4.019378 1 2.388 429
FKS0.7 -0.304 8 0.7 0.554 4 4167.466 4.167 466 3 2.687 484
FKS0.8 -0.204 6 0.8 0.369 1 4268.828 4.268 828 2.998 481
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