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Two-phase flow simulation of gravity vortex turbine casing
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Abstract

The gravitational vortex turbine is a turbine that makes use of the swirling speed due to the vortex
generated in the casing. In the casing, a vortex having a free surface towards the drain port of the casing
is generated. Converting the angular momentum of this vortex to the rotational energy of the turbine
efficiently leads to improvement of the turbine efficiency. The impeller of the water turbine is axially
symmetric about the rotation axis. Therefore, if the generated vortex is axially symmetric with respect to
the impeller rotation axis, high efficiency can be obtained, and asymmetric it is difficult to obtain high
efficiency. In this study, the relationship between casing shape and axial symmetry of vortex was
examined with OpenFOAM. As a result, it was shown that the axial symmetry of the vortex can be
improved by devising the shape of the outer wall of the casing so as to reduce the interference between
the vortices of the casing and the flow of the water guide path.
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Fig. 1 Schematic view of vortex hydro turbine Fig.2 Casing shape handled in this study
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Table 1 Dimension of tested casing

Casin e r; (mm Iy (mm Iy mm
guyp i ( ) ol ) o mean( ) Table 2 Dimension of tested runner
1
150 250 — ﬂ 6 200 .
, 27 Runner type Runner diameter (mm)
Non-concentric
100 Small 150
200 300 — —6 250 ma
2 Large 200
Concentric 104 204 204
155 255 255
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(a) Simulation results without runner (b) Simulation results with runner
Fig. 3 Circumferential velocity magnitude on the free surface
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(a) Results of non-concentric casing with runner (b) Results of concentric casing with runner
Fig. 4 Free surface height
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Fig. 5 Circumferential velocity magnitude on the free surface
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Fig. 6 Comparison of output power between non-concentric casing and concentric casing
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