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Film cooling effect on turbine guide vane of SiC,/SiC composite material
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Abstract: A numerical simulation study is conducted on SiCy¢/SiC ceramic matrix composite turbine guide vanes to investigate the
effects of variations in temperature ratio and flow ratio on the overall temperature and cooling performance of the vanes. A total of
16 operating conditions with variable temperature ratios and flow ratios are selected for simulation calculations. The results show
that with the increase of both flow ratio and temperature ratio, the maximum temperature, minimum temperature and average
temperature of the vanes all decrease, and high temperature occurs at the leading edge of the lower platform. The cooling efficiency
of the vane suction surface increases gradually from the leading edge to the trailing edge, while that of the vane pressure surface first
decreases and then increases from the leading edge to the trailing edge. For the local cooling efficiency, when the flow ratios are
5.28%, 7.54%, and 8.44%, respectively, the average cooling efficiency first decreases and then increases with the rise of
temperature ratio. When the flow ratio is 3.69%, the average cooling efficiency decreases gradually as the temperature ratio

increases. Meanwhile, the average cooling efficiency of the mid-section increases with the rise of flow ratio.

Key words: SiC¢/SiC; composite material; turbine guide vane; cooling effect; temperature ratio; flow ratio
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Physical property parameters of SiC/SiC ceramic
matrix composite material

Table 1

Specific heat Thermal conductivity/
Temperature/°C capacity/ (Wem'-K")
Jekg'*KD x v 7
30 847 14.8 14.6
200 1023 14.8 14.2
400 1356 14.5 12.6
600 1435 13.7 11.6
800 1487 12.2 10.7
1000 1621 12.2 119
1200 1657 12.5 12.2

2 MRS
Table 2 Physical property parameters of gas

Specific heat Thermal
Temperature/K capacity/ conductivity/

(J-kg'-K") (Wem ' -K")
1100 1210.3 0.07327
1200 1230.2 0.07829
1300 1248.8 0.08374
1400 1265.8 0.08942
1500 1281.2 0.09462
1600 1294.6 0.10006
1700 1305.9 0.10551
1800 1315.0 0.11137
1900 1321.8 0.11723
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Table 3 Different working condition setting

Cooling air flow rate/

Working condition (ke - sh T K./%
1 0.026937 1.21  3.69
2 0.038544 121 528
3 0.055042 1.21 7.54
4 0.061612 1.21 8.44
5 0.026937 1.51 3.69
6 0.038544 1.51 528
7 0.055042 1.51 754
8 0.061612 1.51 8.44
9 0.026937 1.89  3.69

10 0.038544 1.89 528

11 0.055042 1.89 754

12 0.061612 1.89 844

13 0.026937 2 3.69

14 0.038544 2 5.28

15 0.055042 2 7.54

16 0.061612 2 8.44
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ciency of the mid-section under different temperature ratios
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