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ABSTRACT

In the present work, design optimization of film-cooling hole array on the pressure side of high pressure turbine nozzle was
conducted. There are four rows of fan-shaped film cooling holes on the nozzle pressure side surface and each row has a straight
array of holes in the spanwise direction for baseline model. For design optimization, hole distributions in streamwise and
spanwise directions for three rows of holes except first row are parameterized as a 2nd-order shape function. Three-dimensional
compressible RANS equations are used for flow and thermal analysis around the nozzle surface and optimization technique
using Design of Experiment, Kriging surrogate model and Genetic Algorithm is used . The results shows that averaged adiabatic
wall temperature at the whole nozzle surface decreases about 2.7% and averaged film cooling effectiveness at the pressure side
of nozzle increased about 8.2%.
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(a) Baseline model

(b) Cross—sectional view of fan-shaped film cooling hole
Fig. 1 Baseline model configuration of cooled turbine nozzle
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Fig. 2 Design space of three rows of fim cooling holes for design
optimization
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Table 1 Comparison of design variables of baseline and
optimum point
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Table 2 Comparison of averaged surface temperature between
baseline and optimum configuration

Parameter Baseline OPT point | Difference
Averaged adiabatic - oo
surface temperature 14658 K 14260K 2.7%

Film cooling

effectiveness on the 66.7 % 72.2% +8.2 %
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Table 3 Comparison of blowing ratio between baseline and
optimum configuration

No. of array 1 2 3 4
Baseline 1.05 0.34 0.65 0.52
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