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ABSTRACT

In this study, a similarity test was designed to evaluate the cooling performance of the high-pressure turbine blades of a gas
turbine engine, and a study was conducted to verify the similarity through analysis and experiments. The main similarity
variables representing the cooling performance of the turbine blades were defined, and the similarity test conditions were
derived from the engine conditions so that the similarity variables could satisfy the similarity. It was confirmed that the
similarity was satisfied by performing a conjugated heat transfer analysis on the same test conditions, and the cooling
performance of the turbine blades was experimentally evaluated by conducting a heat transfer experiment using an infrared
thermal imaging camera under the same conditions. In conclusion, it was confirmed that the cooling performance of
high-temperature components such as high-pressure turbine nozzles and blades operating at high temperatures in a relaxed
pressure and temperature environment without simulating a high-pressure and high-temperature environment such as an engine

can be evaluated through a similar test.
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Table 1 Summary of test conditions

Engine
Condition

Similarity
Condition
x2.5
139

x1
>900
>1400 607
>700 102
5.05x10"5

Tes model scale

Pressure [kPa]
(K]
[kPa]
[-]

[Pl,i/P s,n]

Gas

.. Temperature
Condition P

Outlet Pressure
Gas Reynolds Number

Gas
Pressure Ratio

Similarity
Parameters
(Scaling
Parameters)

1.36

Cooling flow ratio | [my/m] 0.034

Cooling Temperature
ratio

[T/Td] 1.84
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(a) Engine model
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Fig. 2 Turbine blade for similarity test
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Fig. 3 Cooling configuration of test model turbine blade
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Fig. 5 Detailed image of turbine blade cascade rig
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Table 2 Cooling Effectiveness Uncertainty

Cooling Effectiveness [¢] | Uncertainty[o ] Uncertainty[%6]
0.3 +0.00657 +2.19%
0.5 +0.00669 +1.34%
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