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Numerical Study on the Deflected Flow and Heat Transfer and Cooling

Characteristics of Curved Double-Wall Structures with Pin-Fins
Quan Shuaiyu, Bai Bo, Zhang Kaiyuan, Li Zhigang, Li Jun
(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the unclear interaction mechanism between deflected internal flow and non-uniform outflow, as
well as the heat transfer and cooling characteristics of pin-fin double-wall structures applied to curved components, a
conjugate heat transfer method is employed to comparatively analyze the narrow-channel internal flow, non-uniform
coolant outflow, and overall cooling performance of convex, flat, and concave pin-fin double-wall configurations under
five different blowing ratios. Numerical results for the flat pin-fin structure are validated against experimental data to
ensure the accuracy of simulations. The spanwise-averaged overall cooling effectiveness is used to evaluate the film
and impingement cooling performance across different structures and blowing ratios. The coupling behavior among
film cooling, impingement cooling, and deflected internal flow, as well as the flow resistance characteristics of the
double-wall structures, are examined through analyses of dimensionless velocity, temperature, and streamlines. Results
indicate that a blowing ratio of 0.6 provides relatively high cooling effectiveness with lower coolant demand. In the
impingement chamber, higher cooling effectiveness is observed near the stagnation region of the pin-fin, while flow
separation near the film hole side reduces local effectiveness. Compared to pinless structures, pin-fin double-wall
configurations exhibit higher velocities and more organized flow patterns. Convex double-wall structures achieve the
best wall-attachment effect of coolant outflow from film holes, while concave structures show more flow separation
into the mainstream. At a blowing ratio of 0.6, the area-averaged overall cooling effectiveness of the convex structure
is 8.09% higher than that of the concave structure. This study provides theoretical guidance for the cooling design and
performance analysis of curved turbine blade components with pin-fin double-wall structures.

Key words: pin-fin double-wall; curved double-wall; deflected internal flow; film cooling; impingement cooling
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Fig.5 Turbulence model validation
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Fig.7 Overall cooling effectiveness of film plate outer surface
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Fig.12 Overall cooling effectiveness variance along the
centerline of pin-fins for different double-wall
structures
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