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Heat/Mass Transfer on Effusion Plate with Circular Pin Fins for
Impingement/Effusion Cooling System with Intial Crossflow
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Abstract

Impingement/effusion cooling technique is used for combustor liner or turbine parts cooling in gas
turbine engine. In the impingement/effusion cooling system, the crossflow generated in the cooling
channel induces an adverse effect on the cooling performance, which consequently affects the durability
of the cooling system. In the present study, to reduce the adverse effect of the crossflow and improve
the cooling performance, circular pin fins are installed in impingement/effusion cooling system and the
heat transfer characteristics are investigated. The pin fins are installed between two perforated plates
and the crossflow passes between these two plates. A blowing ratio is changed from 0.5 to 1.5 for the
fixed jet Reynolds number of 10,000 and five circular pin fin arrangements are considered in this
study. The local heat/mass transfer coefficients on the effusion plate are measured using a naphthalene
sublimation method. The results show that local distributions of heat/mass transfer coefficient are
changed due to the installation of pin fins. Due to the generation of vortex and wake by the pin fin,
locally low heat/mass transfer regions are reduced. Moreover, the pin fin prevents the wall jet from
being swept away, resulting in the increase of heat/mass transfer. When the pin fin is installed in front
of the impinging jet, the blockage effect on the crossflow enhances the heat/mass transfer. However,
the pin fin installed just behind the impinging jet blocks up the wall jet, decreasing the heat/mass
transfer. As the blowing ratio increases, the pin fins lead to the higher Sh value compared to the case
without pin fins, inducing 16%~22% enhancement of overall Sh value at high blowing ratio of M=1.5.
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