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Numerical Analysis of Inter—Blade Vortex Characteristics
of a Francis Hydro Turbine Model

Seung—Jun Kim"", Young—Seok Choi"”, Yong Cho™, Jong—Woong Choi™, Jin—-Hyuk Kim""
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Internal flow characteristics(W7 & 5-), Unsteady pressure(H]g 9FE)

ABSTRACT

In this study, a numerical analysis of the inter-blade vortex characteristics of a Francis hydro turbine model was performed
with various flow rate conditions in the operating range. The model turbine demonstrated notably different internal flow
characteristics for different operating conditions. Particularly, an inter-blade vortex between the runner blade passages was observed
at lower flow rate conditions. An inter-blade vortex can cause reduction in performance, and vibration and instability in the
operation of a turbine system. Therefore, understanding inter-blade vortex characteristics is important for the safe and stable
operation of turbines. To investigate internal flow and unsteady pressure characteristics, three-dimensional steady and unsteady
Reynolds-averaged Navier-Stokes calculations using a shear stress transport turbulence model were performed with two-phase
flow analysis. Inter-blade vortices were captured at the leading and trailing edges of the near runner hub between blade passages.
This vortex region exhibited flow separation and lower velocity and contributed to decreased hydraulic performance and higher

unsteady pressure characteristics.
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Fig. 1 Schematic diagram showing the 3D model of a
Francis hydro turbine®®

Table 1 Design specifications of a Francis hydro turbine®

Specifications Real model Scaled model

Specific speed, Ns 334 334
Speed factor 0.56 0.56

Head coefficient 3.16 3.16
Discharge coefficient 0.59 0.59

Runner outlet diameter, D, 434 m 0.32m
Runner blade number 12 12
Stay vane number 20 20
Guide vane number 20 20

O-type grids
near the blade surface

Fig. 2 Computational grids of a Francis hydro turbine model®
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