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This paper presents the effect of a leakage wall on the hydraulic performance and internal flow characteristics of spiral casing

tongue in a Francis hydro turbine. For hydraulic performance analysis of the Francis hydro turbine, three-dimensional steady

state Reynolds-averaged Navier-Stokes calculation was conducted with a shear stress transport turbulence model. The validation

of the numerical results was performed by comparing with the experimental results for power and efficiency. The total pressure

distributions of each component for the real scale Francis hydro turbine and its scaled model, respectively, were investigated

to understand effect of a leakage wall on the spiral casing for the internal flow characteristics at each component. The effect

of a leakage wall indicated that it can be applied to design of spiral casing for providing good performance and lower loss

in a Francis hydro turbine.
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Table 1 Design Specifications of a Francis Turbine

Specifications Real Model | Scaled Model
Specific Speed, Ns 334 334
Speed Factor 0.56 0.56
Head Coefficient 3.18 3.18
Discharge Coefficient 0.65 0.65
Runner Outlet Diameter, Dy 434 m 025 m
Runner Blade Number 12 12
Stay Vane Number 20 20
Guide Vane Number 20 20

g-olls -z 8- Unls
gH
=0 (2)
o71A, g, H n, DY @ 44 FH7HEE, YA, 3

SE, Sa0 EAA 9 kS et

Fig. 2% SebA| A S3pe] Axtold Aol4 o) 48]
9129t BAS B} SIAL Ik Fig. 20] LreRd vhe} 2
o ARolxo] A sstold Aol4e] Eetut 7o)
AlolA) Ri Apolo] IA|5aL, Axe] f=Aule Aol4 o]

A §A2] $8e uolre dghe i,

=

M
L

hc|>l-

EH
=

(][]

3. =Xl

B QA= ANSYS ARS] AMg 4%
CFX-17.1% AREsfo] Zeha] A 240] U
AR 7Pt siae sk

1= T ©°

4z |m

3L

E

shHel AAZ BOl, S U Ay

S
Pre, CFX—Solver W CFX-PostE A3l 4835}9ic)

Spiral
casing

Runner

Guide vane

Draft tube




Fig. 3 Computational grids of Francis hydro turbine
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Fig. 4 Results of grid dependency test
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Fig. 5 Performance of CFD and experimental results of a Francis
hydro turbine
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Fig. 7 Pressure distribution on mid-span of spiral casing of the
real scale Francis hydro turbine
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(a) Location of the observation cross-section in the spiral casing wall
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) Pressure distribution on cross-section with leakage wall
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(c) Pressure distribution on cross-section without leakage wall
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Fig. 8 Pressure distribution on cross—section the real scale Francis hydro turbinel
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(a) Location of the observation line on the spiral casing wall
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(b) Wall pressure distribution along the observation line
Fig. 9 Pressure distribution on mid-span of spiral casing of the
real scale Francis hydro turbine
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Fig. 10 Efficiency comparison of the down scaled Francis hydro
turbine model
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Fig. 12 Velocity vector distribution on mid-span of the spiral casing
of the down scaled Francis turbine
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(b) without leakage wall

Fig. 13 Iso-surfaces of 0.5 m/s in the down scaled Francis turbine
model
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