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Numerical Comparison of 3D-Flow through Runner

with and without Rotational Speed
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Abstract The flow pattern through the rotating runner of a Francis turbine is numerically well
investigated by many researchers under the optimum rotational speed, in order to acquire the
higher performance. However, the flow pattern when the runner starts to rotate is not common,
because the apparent accelerations due to the centrifugal force and the Coriolis force are very
small in the flow through the runner.

The theory of velocity triangles at runner inlet and outlet is a simple and important tool to
investigate the transfer of flow on the interface between the absolute flow velocity vector V in the
stationary frame and the relative flow velocity vector W in the rotational frame by considering the
transport speed vector U. We executed the steady-flow analysis of a Francis turbine, under the
optimum rotational speed and the starting speed. By comparing the numerical results of 3D-flow
patterns with and without the effect of the runner rotation, the theory of velocity triangle can be
applicable to the comprehension of the general tendency not only for the optimum rotation but
also at the start of rotation. Our research also shows that the geometry scale factor in the geometry
file seems to act as if the scale factor for the transport speed vector U.

Key words numerical flow pattern; velocity triangle; optimum operating rotation; start to
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