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Abstract: In order to study the full coverage film cooling effectiveness of the turbine guide vane with W-
shaped holes, the film cooling effectiveness of a three—dimensional turbine guide vane with W—shaped holes was
measured using transient liquid crystal technique. The flow rate ratios are 5.5%, 8.4% and 12.5%, and the main-
stream turbulence intensities are 1%, 9% and 15%. In addition, the results were compared with those of the cy-
lindrical hole full coverage film cooling vane under the same conditions. The results show that at low turbulence
intensity condition, the effects of the flow rate ratio on the film cooling effectiveness are different in different re-
gions of the W—shaped hole vane. At high turbulence intensity condition, the increase of flow rate ratio generally

increases the film cooling effectiveness of the W—shaped hole vane. At all the mass flow rate ratio conditions stud-
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ied in this paper, the film cooling effectiveness of the W—shaped hole vane decreases with increasing the turbu-

lence intensity. Compared with the cylindrical hole vane, at low and middle turbulence intensities, the coolant

from the W—shaped holes has a better attachment and spanwise coverage to the vane surface, which makes the

W-shaped hole vane have more advantage in film cooling effectiveness. However, at high turbulence intensity

condition, the coolant from the W—shaped hole is more dispersive and has lower speed, so the coolant is easy to

dissipate dramatically, which reduces the advantage of W—shaped hole vane. Even more, the area—averaged film

cooling effectiveness of the cylindrical hole vane is about 15 % higher than that of the W—shaped hole vane at

high turbulence intensity and high flow rate ratio condition.

Key words: Turbine guide vane; Mainstream turbulence intensity; Flow rate ratio; Film cooling effec-

tiveness; Liquid crystal
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Table 1 Geometry parameters of the film holes

m?r::)eer Dimm  «/(°)  BI°)  6/(°)  t/mm
1 0.85 40 16 10 2.25
2 1.00 50 16 10 2.25
3 0.85 60 _ _ _
4 0.70 90 10 _ _
5 0.85 90 10 _ _
6 0.85 90 10 _ _
7 0.85 90 10 - _
8 0.70 90 10 - _
9 0.85 90 10 _ _
10 0.85 90 10 - _
11 0.70 90 10 - -
12 0.70 45 18 14 1.66
13 0.70 40 _ _ _
14 0.85 40 8 4 220
15 0.85 40 12 10 2.04
16 0.85 40 - _ _
17 0.85 40 12 6 1.86
18 0.85 35 12 6 1.82
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Fig. 7 Sketch of coordinate transformation of the film

cooling effectiveness results (suction side)
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Table 2 Coolant flow rate ratio conditions

R, /% (m,,/m,)1% (m,ym,)1%
55 4.0 1.5
8.4 6.0 2.4
12.5 9.0 35
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Table 3 Ranges of different vane regions

Item Top region Mid region Down region
H/C (0.37,0.46) (-0.045,0.045) (-0.46,-0.37)
S/IC (-0.96,1.22) (-0.98,1.27) (-1.00,1.29)
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Fig. 8 Film cooling effectiveness distributions at different

mass flow rate ratios, 7u=1%
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