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Shape optimization of three-dimensional fluid-solid interface for unsteady
convective heat transfer: algorithm construction and substantiative experiment

Kametani, Yukinori
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A shape optimization algorithm of complex heat transfer surfaces for
turbulent convective heat transfer was constructed and experimentally validated. In the present
study, an adjoint-based shape optimization with the time-averaged governing equations, RANS, is
combined with direct numerical simulations, viz., RANS-DNS hybrid approach.

The present algorithm was applied to conventional pin-fin and wavy-fin, respectively. As results
reduction of the cost functional was numerically confirmed. The optimal shape is printed by resin 3D
printer as a matrix for the substantiative experimental validation. With the single blow method and
manometer measurements, the increase of performance was experimentally confirmed as well. By
investigating the mechanism of the increased performance with optimal shape, it is found that the
drag reduction is a key to higher-performance heat exchangers rather than the heat transfer
enhancement since the heat transfer is essentially large in turbulent flows.
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