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ABSTRACT

This paper presents a geometrical parametric study on the hydraulic performance characteristics of a small-scale Francis hydro

turbine model. The upper and lower clearances on the variable guide vane and the surface roughness on each component of

the turbine model were considered as geometric parameters. Three-dimensional steady-state Reynolds-averaged Navier-Stokes

(RANS) calculations with a shear stress transport (SST) turbulence model were performed to evaluate the hydraulic performance

characteristics by varying these geometric parameters. Variable guide vane clearances and surface roughness were applied,

respectively and simultaneously, to conduct flow analysis of the small-scale Francis hydro turbine model. Additionally, the loss

distribution for each component of the turbine model was analyzed to obtain a better understanding of the effects of hydraulic

performance on surface roughness. The results indicated it could be applied to the design and manufacture of a small-scale

Francis hydro turbine model as the major geometric parameters.
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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 coefticient 3.18 3.18
Discharge coefficient 0.65 0.65

Runner outlet diameter, D> 434 m 032 m

Runner blade number 12 12
Stay vane number 20 20
Guide vane number 20 20

Spiral casing

Draft tube

Fig. 1 3D modeling view of a Francis hydro turbine
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Fig. 3 Numerical grid of a Francis hydro turbine model

Table 2 Surface roughness definition of a Francis hydro turbine model

Casel Case2
Major component Surfac]e{a r([)rlrlﬁhness, Surfac]c; rc[)rlrlﬁhness,
Spiral casing 25x10° 50x10°
Stay vane 25x10° 50x10°
Guide vane 1.25 x10° 25x10°
Runner 63x10° 126 x 10°
Draft tube 25x10° 50x10°
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Fig. 5 Efficiency comparison of a Francis hydro turbine

model with various guide vane clearance
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(a) Streamline distribution on guide vanes with 1 mm

clearance and location of observation
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(b) Vector distribution on blade to blade plan of near upper

section with clearance (Top) and without clearance (Bottom)
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(C) Vector distribution on blade to blade plan of near lower
section with clearance (Top) and without clearance (Bottom)
Fig. 6 Streamline and vector distribution on guide vanes and guide

vane blade views with 1 mm clearance and without clearance
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