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Effect of rotation on the leading-edge region film cooling of

a twisted turbine blade

HAN Feng', LI Haiwang'?, MA Yiwen', TAO Zhi'*

(1. National Key Laboratory of Science and Technology on Aero-Engine
Aero-thermodynamics, School of Energy and Power Engineering,
Bejing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: An experimental investigation was performed to investigate the effects of the
rotation and blowing ratio on the film cooling effectiveness distributions of the leading-edge
regions of a twist gas turbine blade using a thermochromic liquid crystal (TLC) technique.
The experiments were carried out at three rotating speeds, including 400r/min (positive inci-
dence angle), 550 r/min (zero incidence angle), and 700 r/min (negative incidence angle).
The averaged blowing ratio varied from 0. 5 to 1. 25. Nitrogen was used as the coolant to en-
sure that the coolant-to-mainstream density ratio kept at 1. 04. The Reynolds number, based
on the mainstream velocity of the turbine outlet and the rotor blade chord length, was
60800. The results show that rotating speed is one of the most critical parameters in deter-
mining the film cooling effectiveness distributions on the leading edge. The position of the
stagnation line moved from the pressure side (PS) to the suction side (SS) with the increase
in rotating speed. Under the same blowing ratio, the area-averaged film cooling effectiveness

increases monotonously with the increase in rotating speed. Under the same rotating speed,
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the area-averaged film cooling effectiveness increases with the increase in blowing ratio.
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Fig. 4 Schematic diagram of film hole injection angle
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Fig. 9 Film cooling effectiveness distributions under different blowing ratios (N, =400 r/min)
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Fig. 10 Film cooling effectiveness distributions under different blowing ratios (N, =550r/min)
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Fig. 17 Effect of rotating speed on the spanwise
average film cooling effectiveness
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Fig. 18 Effect of rotating speed on the spanwise average
film cooling effectiveness
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Fig. 19 Effect of rotating speed on the spanwise
average film cooling effectiveness

(M=1.25)
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Table 2 Averaged cooling effectiveness on the

measurement area

S/
M=0.5 M=0.75 M=1.0 M=1.25

(r/min)

400 0.1504 0.1795 0.1925 0.2218
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