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Optimization of Aero-Thermal Performance on a Squealer Blade Tip
Considering the Combination of Oval Hole Inclination Angles
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Abstract: For the purpose of enhancing cooling and aerodynamic performance of the squealer tip,
based on the Kriging surrogate model and commercial CFD analysis software, a parameterization
method combining inclination angles and cooling holes for the squealer tip was established and an
automatic optimization framework was constructed. As the tip cooling hole layout on the GE-E?
first stage rotor under the experimental conditions was taken as the research object, the optimiza-
tion and thermal-aerodynamics analysis for the squealer tip were carried out, when both the cool-
ing and the aerodynamic performance were taken into account. The results show that the combi-
nation of the negative radial inclination and the positive axial inclination can effectively improve
the wall attachment performance and the coverage of the film. It also can divert the jet flow to ac-

cumulate at the cavity trailing edge, enhancing the blocking effect between the scraping vortex
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and the leakage flow and effectively reducing the leakage flow rate. Compared with the round

hole, the oval hole can further improve the wall attachment performance and coverage of the film,

relying on the outflow from the long axis edge which has a low curvature. so the streamline accu-

mulation effect at the cavity trailing edge is enhanced, and the leakage flow is further reduced.

For the round hole, its film cooling effectiveness of the optimization structure is 358. 3% higher

than that of the reference structure, and the relative reduction rate of leakage flow is 1. 641%.

For the optimization structure of the oval hole, the values are 565.1% and 2. 063% , respectively.

Keywords: film cooling; squealer tip; global optimization algorithm
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Fig. 1 The geometry of the cascade and the squealer tip
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Fig. 3 Validation for heat transfer coefficient on the squealer

tip without film holes
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Fig. 4 Optimization procedure based on Kriging surro-

gate model
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Fig. 5 Schematic of the combined inclination

cooling hole
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Fig. 6 Schematic of the combined inclination cooling hole
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Table 3 Design variables and variation range of round holes
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Table 4 Design variables and variation range of oval holes
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Fig. 7 Cross validation for round hole optimization
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Fig. 8 Geometric structures of round hole optimal design
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x5/ (%) 60 60
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Fig. 11 Comparison of adiabatic film cooling effectiveness
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RHO 0.019 259 649. 748 0. 025 600

RH_OPT1  0.083 147 648. 971 0. 025 180

RH_OPT2  0.088 267 636. 325 0. 025 220
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