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Analysis on thermal stress and vibration of film-cooling blade

SUN Jian-kui, WANG Hong-guang
(School of Energy and Power Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract: The surface temperature of film-cooling blade was calculated by using computational flu-
id dynamics software Numeca and the Numeca results were then input into the finite element soft-
ware Ansys as the boundary condition in the finite element analysis. The temperature field and
thermal stress of the blade were analysed. Under several different temperature fields the natural
frequency of blade was calculated. The influence of making film-cooling holes on natural frequency

was investigated by using the equivalent material parameters. Temperature field has great influ-

ence on natural frequency of blade. Holes diminish natural frequency of blade.
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Fig.1 Grids of flow field
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Tab.1 Calculation condition

T B T./K T\/K
1 1 300 800
2 1 200 800
3 1100 800
4 1 300 700
5 1 200 700
6 1100 700
7 1 300 600
8 1 200 600
9 1100 600
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Fig.2 Temperature field of blade from Numeca
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Fig.3 Finite element model of blade
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Tab.2 Material parameters

T/K E/GPa aX1076/K1

294 220

366 215

478 205 11.9

588 195 12.4

698 190 12.8

813 185 13.1

923 175 13.5
1033 170 14.0
1143 160 14.8
1253 145 15.8
1363 17.0
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Fig.4 Temperature field of blade from Ansys
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Tab.3 Calculation results of natural frequency
LB 2B 3B 4B 5k 6 B
TH1  3895.3 4969.9 7384.9 9584.4 12004 13118
TH2 3948.8 5007.5 7461.0 9629.0 12089 13165
TH3 3986.2 5035.4 7517.6 9663.5 12154 13203
TH4 3940.7 5035.8 7478.6 9708.8 12165 13298
THS5  3992.2 5070.4 7549.6 9749.3 12241 13338
TH6 4028.5 5095.8 7602.0 9780.1 12300 13369
TH7 3979.2 5089.7 7553.9 9813.7 12297 13447
TH8 4028.7 5122.9 7620.4 9852.1 12368 13434
TH9 4064.0 5147.3 7671.8 9882.5 12427 13515
R 4347.9 5472.1 8236.1 10227.0 13156 13 900
W 4445.2 5568.3 8358.5 10531.0 13454 14 504
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Fig.6 Frequency difference
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