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Unsteady Aerodynamic Characteristics of Transonic Turbine Blades
with Flow Separation
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ABSTRACT

The effect of flow separation on flutter characteristics of an oscillating turbine cascade has been studied by using a
linear cascade wind tunnel. The middle blade in the linear cascade was oscillated in a pitching mode at up to 250Hz
in this study. Unsteady aerodynamic forces were evaluated by strain gauges on the blade supporting bars, and their
aerodynamic works were calculated by the influence coefficient technique to analyze the aerodynamic stability under
all blade oscillation. Experimental conditions range from subsonic to supersonic outflow conditions whose inlet flow
angles cover attached and separated flow regimes. Comparison with the CFD results showed that the effect of flow
separation on flutter characteristics was not predominant because the flow separation on the blade pressure surface
only affects pressure distributions in the flow separated area, where pressure fluctuations are small.
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Fig. 1 Overview of the wind tunnel
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Fig. 2 Test section of the wind tunnel
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Fig. 3 FEM analysis of the oscillating blade
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Table 1 Experimental Conditions

Inflow angle & [deg.] 30-63
Outflow Mach number M [-] 0.8-1.2
Stagger Angle [° ] 58.14
Inlet Flow Angle [° ] 30-63
Frequency f[Hz] 0-250

Reynolds number [-] 9.0x10°
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Fig. 4 Method to measure aerodynamic forces
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Fig. 7 Blade surface Mach number in chord direction
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Fig. 8 Effect of inflow angle on aerodynamic work
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Fig.1l Aerodynamic work on each interblade phase angle
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Fig.12 Unsteady aerodynamic force in perpendicular direction
to chord (M=1.1, k=0.36)
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