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Hydraulic Performance of Francis Turbine with Various Discharge Angles
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ABSTRACT

In this study, we have numerically investigated the hydraulic efficiency with various values of discharge angle(11°, 12°, 14°,

15°, 17°, 18°, 20°) in the Francis turbine of hydropower generation under 15 MW with fixed values of head range of 151m

and flow rate(10.97m’/s). We also conducted the numerical analysis with constant inlet angle in the Francis turbine using the

commercial code, ANSYS CFX. Hydraulic characteristics for different values of the runner blade angle are investigated. The

results showed that the change of discharge angles significantly influenced on the performance of the turbine hydraulic efficiency.
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Fig. 1 3-D view of the Francis turbine geometry
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Fig. 2 Design element of a runner blade

Table 1 Operating conditions.

Gross head 151[m]
Flow rate 10.97[m?/s]
Angular velocity 514[rpm]
Specific speed 118.7[m-kW]
Rated output 14,934 [kW]
Efficiency R [%]
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Table 2 Discharge angles of Francis turbine. ;ggzg
500.00
Discharge angle(3,) Cases 40000
300.00
11 A 200.00
100.00
12 B [kpa?m
14 C
15 D
17 E(Basic model)
18 F
20 G
Table 3. Number of grid systems in the analysis model. d 4,15 e B,=1T f) 5,18 (g) B,=20°
Total 1,400,000 Fig. 4 Pressure distributions with various discharge angles of
Guide vane 110,000 Francis turbine
Draft tube 200,000
Runner 30,000 Ml plwy 7 04) @ icieney 4
00 | 24700 - A Shaft power [kW]
Spiral case 1,100,000 : I
15036 [ 22400 e s o
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Table 4. Specifications of boundary conditions. Lot
15022 22100 - *
Inlet 10.97[m?/s] -0 .
Outlet 1 [atm] teoos [ 20| "'\—_./ '/
Blade no silp wall 10 12 14 16 18 20
Discharge angle(f5)
Wall no silp wall

Fig. 5 Hydraulic characteristics for different values of the
runner blade discharge angle
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(a)Case E(B3,=17")

(b)Case F(3,=18")

Fig. 6 Velocity distributions on the surface of runner blade
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Fig. 7 Pressure distributions on the surface of runner blade

(a)Case E(3,=17") (b)Case F(53,=18")

Fig. 8 Velocity vector distributions on the cross—sectional area of
the draft tube
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Fig. 9 Pressure at the center of cross—sectional area.
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