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Abstract: To effectively monitor the operation safety status of high-temperature turbine blades,
an experimental study was conducted, focusing on a high-temperature blade using the response
surface model. The aim was to investigate the impact of key working condition parameters on its
cooling performance, thereby providing reliable data support. The central composite design was
applied to the experimental design of the working parameters of the blade. The influence of main-
stream inlet temperature, mainstream outlet pressure, pressure ratio of mainstream inlet to out-
let, temperature ratio of mainstream to cooling air and flow ratio on the cooling efficiency distri-
bution, dimensionless temperature distribution and temperature non-uniformity of the blade was
experimentally studied. Subsequently, a response surface model was constructed to comprehen-
sively assess the combined effects of the working parameters on the blade’s cooling performance.

The results demonstrate the high accuracy of the obtained response surface model, with root
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mean square errors below 0. 001 and coefficient of determination exceeding 0. 99. The inlet tem-

perature and outlet pressure of the mainstream of the mainstream were found to have minimal im-

pact on the cooling performance of the blade. However, within the range of operating parame-

ters, when the inlet/outlet pressure ratio of the mainstream, the temperature ratio of the cooling

air to the mainstream, and the flow ratio increase from 1.3 to 1.5, 0.6 to 0. 7, and 3 to 8,

respectively. The average cooling efficiency of the blade is increased by 9. 67%, 9. 39% and

30.49% , respectively. The average dimensionless temperature of the blade is increased by

2.98% , decreased by 1. 34% and 3. 78% , respectively. The temperature non-uniformity of the
blade is decreased by 2.69% and 28.79% ., increased by 50. 27 %, respectively.

Keywords: turbine blade; cooling performance; response surface model; coupling effect;

experimental study
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Fig. 1 Experimental schematic diagram of cooling performance of the high temperature turbine blade
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Fig. 2 Overall diagram of the test section
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Fig. 3 The blade and its cooling structure
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Fig. 5 Arrangement of measuring points in test section of the

blade
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Table 1 Measurement parameters and instruments for the

blade experiment
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Fig. 6 Arrangement of measuring points on the blade surface
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Table 2 Distribution of temperature and pressure measuring

points in the middle section of the blade
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Ts —0.056 P 0.023
T, 0.361 P, 0.223
T 0.453 Ps 0.314
T, 0.552 Po 0.412
Tho 0.653 Po 0. 496
Ty 0.759 pn 0.592
Ty, 0. 858 P 0.736
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Table 3 Variation range of working parameters

TH S AL 75
FRAHRE T,/K 680~710
FEWEET pe/kPa 120~160
BREERREEL T, 0.6~0.7
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M, 3~8
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Table 4 Central composite face-centered design

T/ b/

A= K kPa T. po M. e ¢ Tave
1 710 160 0.70 1.3 3.0 0.308 0.027 0.908
2 695 140 0.65 1.5 5.5 0.390 0.041 0.863
3 710 120 0.60 1.5 3.0 0.319 0.037 0.872
4 680 120 0.60 1.3 8.0 0.391 0.057 0.844
5 710 160 0.60 1.5 3.0 0.310 0.036 0.876
6 680 120 0.70 1.5 8.0 0.454 0.039 0.864
7 680 120 0.70 1.3 8.0 0.419 0.040 0.874
8 695 140 0.65 1.4 5.5 0.375 0.041 0.869
9 710 160 0.60 1.5 8.0 0.402 0.055 0.839
10 710 120 0.60 1.3 8.0 0.391 0.057 0.844
34 695 140 0.70 1.4 5.5 0.394 0.035 0.882
35 710 120 0.60 1.5 8.0 0.417 0.056 0.833
36 680 120 0.70 1.5 3.0 0.362 0.027 0.892
37 710 120 0.70 1.5 8.0 0.454 0.039 0.864
38 695 140 0.65 1.3 5.5 0.357 0.042 0.875
39 680 160 0.70 1.5 3.0 0.353 0.027 0.89%4
40 680 160 0.60 1.3 8.0 0.376 0.057 0.849
41 680 160 0.60 1.5 8.0 0.402 0.055 0.839
42 680 120 0.60 1.5 3.0 0.320 0.037 0.872
43 680 160 0.70 1.5 8.0 0.439 0.038 0.868
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Table 5 Coefficients of the response surface model
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Bis —8.93 —2.08 3.07
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Table 6 Fitting accuracy of the response surface model
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distribution
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Fig. 14 Contour map of average cooling efficiency of the blade
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