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Abstract

This paper presents an in-depth analysis of the effects of pyramid structure height on flow and heat
transfer characteristics, as well as average performance parameters. It clarifies that increasing the
structural height intensifies flow non-uniformity and increases flow resistance loss, while the en-
hancement in heat transfer exhibits a marginal effect. Furthermore, the study reveals the Reynolds
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number dependence of the comprehensive performance: the structure with hp = 0.14 mm is optimal
when Re < 10,000, whereas hp, = 0.16mm demonstrates superior performance when Re > 10,000.
These findings provide a quantitative basis for the structural parameter optimization of PCHE.
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Figure 1. (a) Coupled numerical model of hot and cold fluids for PCHE with pyramidal structure walls; (b) schematic diagram of
the pyramid structure unit
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Table 2. Grid independence verification for the inner wall of the semi-circular channel pyramid
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Figure 2. Verification of numerical accuracy
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Figure 3. Cross-sectional velocity distribution contours of cold side S-CO: under different pyramid heights
H 3. RESFHEEE T S-Cor BEREHHBRE. (2) hp=012mm; (b) hy=0.14mm; (c)hp=0.16 mm
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Figure 4. Secondary flow intensity of S-CO2 under different pyramid structure heights for both hot and cold sides
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Figure 5. Cross-sectional temperature distribution contours along the flow direction of cold side S-CO2 under different pyra-
mid structure heights
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Figure 6. Local convective heat transfer coefficient along the flow direction of S-CO2 under different pyramid heights for both

hot and cold sides (a) cold side S-COz; (b) hot side S-CO2
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Figure 7. Average nusselt number of S-CO2 under different pyramid heights for both hot and cold sides
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Figure 8. Friction factor of S-COz under different pyramid heights for both hot and cold sides
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Figure 9. Performance evaluation criterion of S-CO2 under different pyramid heights for both hot and cold sides
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