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Abstract: To explore the composite cooling performance of turbine blades using humid air as the
cooling medium, the influence of humidity ratio of humid air on composite cooling performance of
gas turbine blades is investigated through combined use of experimental and numerical
approaches. Based on the GE-E’ blade profile, a blade with impingement cooling, U-shaped
ribbed channels, pin fin structure, trailing edge slot and film cooling is established. The blade
surface temperature at different positions at 50% blade height of the blade is measured under

different mass flow ratios of coolant to mainstream using humid air with varying humidity ratio
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levels. The experimental results show that increasing the humid ratio consistently can reduce the

blade surface temperature across different mainstream temperatures.

Specifically, when the

mainstream temperatures were 473 K and 873 K and humid air with a humid ratio of 163. 0 and

173. 8 g/kg was used as the coolant, the cooling efficiency of the blade surface increased by 9%—11%

and 7% —9% respectively and the blade surface temperature decreased by around 4. 1—5. 2 K and

19. 0—21. 3 K compared to the condition with a humid ratio of 17 g/kg. Numerical results show that

the SST Aw model with the y-0 transition model can accurately predict the temperature distribution

on the blade surface for humid air cooling, increasing the humid ratio can improve overall cooling

efficiency, and the change of cooling efficiency was especially significant in the film-cooling coverage

area.
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Fig. 2 Schematic of the experimental blade structure
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Table 1 Turbine blade composite cooling experiment cases

TH T./K Ren /% d/ (g kg™
1 473 43 000 5 17.9 72.6 92.3 169.9
2 473 43 000 10 16.7 84.3 127.7 163.0
3 473 43000 15 17.0 65.0 123.8 183.8
4 473 63 000 10 17.3 61.4 117.9 165.0
5 873 16 000 10 17.2  65.9 98.5 153.3
6 873 16 000 15 18.0 61.4 128.1 177.9
7 873 25000 10 15.4 89.8 123.6 173.8
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Fig. 3 Temperature distribution variation along the blade
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