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Numerical Study on the Aerodynamic Stability of Super-Long Last-Stage
Blades of a Nuclear Turbine Using Fluid-Structure Coupling
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Abstract: A 3-D time-domain fluid-structure coupling method is adopted to analyze the
aerodynamic characteristics of super-long last-stage blades of a nuclear turbine. In every time
step, the variables like pressure and displacement are exchanged and calculated at the interface of
the fluid-structure finite element model until convergence. The aerodynamic stability and flow
behaviors of super-long last-stage blades of a newly developed nuclear turbine under three
backpressure operations (3 600, 7 200 and 10 800 Pa) were analyzed. Results showed that as the
backpressure increases, eddies occur near the exits of the cascades due to the pressure
disturbance. The amplitudes of blade response are all freely attenuating with the first-order
natural frequency of the rotor blade in three different backpressure working operations. Besides,
nonlinear features are caught within the oscillations, indicating that the newly developed turbine

blades can maintain aerodynamically stable and there is no sign of flutter in the range from 3 600
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Pa to 10 800 Pa. The shock waves on the suction side move upstream with the back pressure rise

but they do not detach and the flows keep smooth when the blades are vibrating, which may be

the cause of the aerodynamic stability of the blades. However, it is found that the aerodynamic

damping reduces gradually, that is to say. the aerodynamic stability weakens with the rise of the

backpressure.

Keywords: super-long nuclear turbine blade; 3-D fluid-structure coupling; time-domain method;

aerodynamic stability
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