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Influences of Blowing Ratio and Humidity Ratio of Moist Air on Flow

and Heat Transfer Characteristics of Film Cooling of a Flat Plate

ZHU Hua, YAN Biao, LIU Yusong, LI Rong, LI Liang

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To investigate the difference of the cooling characteristics of film cooling when moist
air and dry air are used as cooling medium respectively, the experimental and numerical studies
are carried and the effects of blowing ratio and humidity ratio of moist air on the film cooling per-
formance of a flat plate are analyzed in detail. In the experimental test, the infrared camera was
used to measure the temperature of the target surface. The effects of different blowing ratios and
humidity ratios on the film-cooling performance were taken into consideration and the variation of
film cooling efficiency with respect to blowing ratio and humidity ratio was obtained. In the nu-
merical analysis, a film cooling model with a single film-cooling hole with periodical boundary
conditions was established, and the commercial software ANSYS CFX is used to investigate the
influences of the blowing ratio and the humidity ratio on film cooling performance under high

temperature and high pressure condition. The experimental results show that when the blowing
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ratio is 0. 7, the cooling performance of film cooling of the target surface improves with the in-

creasing humidity ratio, and when the humidity is 188. 9 g/kg, the average cooling efficiency of

the whole target surface improves 4. 8% compared to dry air cooling. The numerical study results

are consistent with the experimental results. The results also show that when the blowing ratio is

0.7, the cooling performance of film cooling is optimal, and the cooling performance of film cool-

ing of the target surface improves with the increasing humidity ratio when the blowing ratio is be-

tween 0. 3 and 0. 7, while the film-cooling efficiency shows a reverse trend when blowing ratio is

higher than 0. 7. Based on the experimental and numerical results, a correlation of film-cooling

performance of the target surface in terms of the blowing ratio and the humidity ratio was pro-

posed. The correlation has a relative error within +2%.

Keywords: film cooling; moist air; blowing ratio; humidity ratio
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Fig. 1 Diagram of film holes layout on test table

35°f AEMIEE 4.5 mm fi'E  HAR 1.5 mm ) 9 NS
HREFLAHE o 7F 000 = AR I B A £040 i 1, fk2r
ANAARASCI G FH . Ry T 20 A IS ASCRE o A 4 4 31
ARV HV T OB A3 A AE AR AR TR L 3 AT mENR
1T AN S T DT B SO 4T AN PR AL B, S
By A v, LA PR AR P 2 BT B T R AT 4R 4
I3 I M B T AL PR T A A H A R AT AR A . AT
G i 00 St AR T T A A . ROV ) S A 5
P 2 frs

K2 ARSI

Fig. 2 Real image of test table of film cooling
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Table 1 Characteristic parameters of film cooling
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