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ABSTRACT

In this study, a similarity test was conducted to validate the cooling performance of high-pressure turbine vanes within a

gas generator turbine of a turboshaft engine. Key similarity variables, which represent heat transfer characteristics encompassing

convection, conduction, and radiation heat transfer within the turbine vane, were rigorously defined. Test conditions for the

similarity test were meticulously derived from the actual engine conditions, ensuring that they faithfully replicated the relevant

similarity factors. The validity of these similarity conditions was subsequently verified through a comprehensive conjugated heat

transfer analysis using conditions identical to those of the test setup. Based on these test conditions, the cooling performance

of the high-pressure turbine vanes was experimentally assessed through a heat transfer experiment employing an infrared

thermography method. In conclusion, this analysis and experimental approach affirm that the cooling performance of

high-pressure turbine vanes, operating under high-temperature conditions within a controlled pressure and temperature

environment, can be effectively evaluated without necessitating the replication of engine-like conditions characterized by extreme

pressures and temperatures.
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Table 1 Summary of test conditions
Engine Test
Condition | Condition
Test model scale x 1 x 2.5
Gas Pressure [kPa] >1,300 ~200
Condition Temperature K] >1,600 ~700
Gas Reynolds .
Number [ 9.27x10"5
Similarity
Gas
Parameters Pressure Ratio [Pu/Pcl 14
(Scaling - -
Parameters) Cooling flow ratio | [my/mc] 0.054
Cooling
Ty/T. 2.26
Temperature ratio [T/Td
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Fig. 1 Turbine vane for similarity test

Fig. 2 Film cooling rows on turbine vane
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Fig. 9 Conjugate heat transfer analysis model

Fig. 8 Temperature comparison; Thermocouple vs IR camera
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