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Experimental Investigation on Effects of the Impingement Hole Position
on Impingement/Film Cooling Characteristics of Turbine Vanes

CHENG Xiang"*, DING Yuzhong'?, WAN Hongniu''?, JI Wentao'?, TAO Wenquan'*
(1. Key Laboratory of Thermo-Fluid Science and Engineering of MOE, Xi’an Jiaotong University, Xi’an 710049, China;
2. School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To investigate the effects of impingement hole position on the impingement/film cool-
ing characteristics of the air-cooled turbine vanes, four vanes with different cooling structures
were selected for the conjugate heat transfer experiments. Made of resin materials with low ther-
mal conductivity, the test vanes include one with typical film cooling but without jets (vane 0),
one with typical impingement/film cooling and centerline normal jets (vane 1), one with impinge-
ment/film cooling and offset jets (vane 2), and one with impingement/film cooling and staggered
offset jets (vane 3). During the experiment, the temperature distribution outside the test vanes

was obtained by an infrared thermal imager. The experimental results indicate that the heat
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transfer characteristics of turbine vanes are influenced by both internal and external cooling.
When the blowing ratio was higher, the heat transfer between the coolant and the inner surface of
the vane was enhanced by jet impingement, increasing the integrated cooling effectiveness of
vanes 1, 2 and 3 by 3.1%—6. 7%, compared with vane 0. Among them, due to the impingement
hole offset, the jet impingement enhanced region of vanes 2 and 3 was relatively independent of
the gas film coverage region. Thus, the distribution of the integrated cooling effectiveness of
vanes 2 and 3 was more even and such effectiveness was greater than that of vane 1. Vane 0 only
has the film cooling structure, so the kinetic energy of the coolant immediately downstream the
film hole was larger. The coolant reattached far downstream the injection, resulting in the reduc-
tion of heat transfer levels. However, when the blowing ratio was relatively low, only the inte-
grated cooling effectiveness of vane 1 was improved, compared with vane 0. Because the offset
impingement consumed more coolant kinetic energy, the integrated cooling effectiveness of vanes

2 and 3 was significantly reduced when compared with vane 0. At a blowing ratio of 0. 2, it

857 %

decreased by 6.7% and 11. 6%, respectively.

Keywords: turbine vane; impingement hole position; impingement/film cooling; integrated

cooling effectiveness
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Fig. 1 Schematic diagram of experimental system
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Fig. 3 The calibration of infrared thermal imager
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