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A Numerical Study of Flow and Heat Transfer Characteristics Varied
by Impingement Jet in Turbine Blade Cooling
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Abstract

A numerical simulation has been carried out for the jet impinging on a flat plate and a semi
~circular concave surface. In this computation finite volume method was employed to solve the
full Navier-Stokes equation based on a non-orthogonal coordinate with nonstaggered variable
arrangement. The standard k-¢ turbulent model and low Reynolds number k-¢ model (Launder
-Sharmar model) with Yap's correction were adapted. The accuracy of the numerical calcula-
tions were compared with various experimental data reported in the literature and showed good
predictions of centerline velocity decay, wall pressure distribution and skin friction. For the jet
impingement on a semi-circular concave surface, potential core length was calculated for two
different nozzle (round edged nozzle and rectangular edged nozzle) to consider effects of the
nozzle shape. The result showed that round edged nozzle had longer potential core length than
rectangular edged nozzle for the same condition. Heat transfer rate along the concave surface
with constant heat flux was calculated for various nozzle exit to surface distance(H/B) in the
condition of same jet velocity. The maximum local Nusselt number at the stagnation point
occured at H/B=8 where the centerline turbulent intensity had maximum value. The predicted
Nusselt number showed good agreement with the experimental data at the stagnation point.
However heat transfer predictions along the downstream were underestimated. This results
suggest that the improved turbulence modeling is required.
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Fig. 1 Schematic diagram of flat plate
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Fig. 2 Schematic dlagram of semi-circular concave
surface.
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Table 2 The k-¢ turbulence model constants.
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