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Abstract
The paper proposes a novel H-shaped pyramid fin. Taking a parallel-flow flat-tube microchannel
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heat exchanger as the research object, a systematic analysis is conducted on the differences in air-
side laminar flow and heat transfer characteristics between the pyramid fin and the traditional
plain fin. The results show that the periodic protrusion structure of the pyramid fin induces strong
secondary flows and local vortices within the flow channel, effectively disrupting the thermal
boundary layer and significantly enhancing the local convective heat transfer coefficient. Within the
investigated Reynolds number range, the average Nusselt number of the pyramid fin is considerably
higher than that of the plain fin, and the comprehensive thermal performance evaluation factor JF
consistently exceeds 1, indicating that the benefits of heat transfer enhancement outweigh the pen-
alty of increased flow resistance. The distribution of secondary flow intensity is highly consistent
with that of the local heat transfer coefficient, revealing the essential mechanism by which vortex
structures enhance heat transfer. This study provides a theoretical basis and technical support for
the structural optimization of microchannel heat exchanger fins and the efficient operation of COz
heat pump systems.
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Figure 1. Schematic diagram of a parallel-flow flat-tube microchannel heat exchanger
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Figure 2. Schematic diagram of structural parameters of a parallel-flow flat-tube microchannel heat exchanger
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Figure 3. Computational domain of a parallel-flow flat-tube microchannel heat exchanger with pyramid-type fins
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Figure 4. Grid independence verification
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Figure 11. Velocity vector distribution in the cross-section along the flow direction for heat exchangers with plain fins and
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