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Numerical Investigation for Coupled Flow Behavior Between Gas Flow
and Wall Film of Flat and Turbine Stator
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Abstract: A numerical algorithm was employed to investigate the coupled flow behavior between
gas flow and wall film. The air flow and wall film on a flat, and the water vapor flow and wall
film in a turbine cascade were focused on. It is concluded that the film thickness is approximately
proportional to the root of the inlet wall film Reynolds number, and inversely proportional to the
mainstream flow Mach number. Film thickness and the outlet pressure have a weak negative
exponential order relation, and the interface velocity is linearly related to the outlet pressure. The
additional losses due to water film are sensitive to the change of water flow rate, but not sensitive
to the flow Mach number. As for the turbine stator, the pressure surface film thickness is
relative even, except that a film accumulation region appears at the tip corner region. In contrast,
the suction side thickness changes obviously, and the film accumulation is observed at both the

tip and root corner regions. The wall film distribution in a turbine cascade is affected by three
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factors.

The wall curvature influences the film thickness and velocity by influencing the

interphase shear force. The endwall secondary flow from the pressure side to the suction side

leads to film accumulation near the suction surface.

The radial pressure gradient caused by

passage vortex and corner vortex results in film redistribution along the blade height. On the

other hand, the film accumulation on the blade exerts a significant impact on the surface pressure

and outlet flow angle.

Keywords: gas flow; wall film; coupling flow behavior; numerical investigation
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