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Numerical study on effects of guide vane opening of a bulb turbine
Kui Ming Li' - Wook Kwon® - Yeon Won Lee'
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Abstract: In this study, a method for analyzing fluid flow characteristics using the moving mesh method is established to eval-
uate the performance of a bulb turbine with changes in the degree of guide vane opening. Using this method, we numerically
simulated the continuous change process of the guide vane opening over time. The turbine model was analyzed for three cases
of the guide vanes, i.e., 57 degrees, 61.5 degrees, and 66 degrees, in a real turbine model that was theoretically optimized ac-
cording to design specifications. The unsteady-state numerical analysis confirmed that the maximum efficiency was 89% when
the rated head was 9.2 m, the number of revolutions was 171 rpm, and the guide vane was 61.5 degrees. In the flow field
between the guide vane and the rotor, the strongest pulsation was observed at 11.33 Hz, which corresponds to four times the
turbine rotation frequency. In addition, the pressure pulsation due to the vortex was observed in the draft tube, but the absolute
magnitude of pulsation was between 150 and 180 Pa2/Hz, which is very small compared with the one generated in the blade
passing frequency between 3000 and 3400 Pa’/Hz.
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Figure 1: Bulb turbine modeling and mesh generation
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Figure 2: Boundary condition description
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Table 1: Numerical analysis conditions

State of flow Unsteady state

Turbulence model SST model
Wall boundary condition No-slip
Working fluid Water
Temperature 25°C
Interface model Transient Rotor Stator
Inlet Total pressure
Outlet Static pressure
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Figure 4: Bulb turbine efficiency with guide vane opening
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Figure 5: Unit flow rate and unit power with guide vane
opening
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(a) Blade description

(b) Hub span

(c) Mid span

(d) Shroud span
Figure 6: Pressure distribution along the streamwise direction

of a runner
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Figure 7: Vorticity in a draft tube with guide vane opening
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Figure 9: An example of fluid induced vibration analysis
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Figure 11: Vibration analysis at point-B with guide vane

opening

Figure 12: Vibration analysis at point-C with guide vane

opening

Figure 13: Vibration analysis at point-D with guide vane

opening
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Figure 14: Vibration analysis at point-E with guide vane

opening
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Table 2: Amplitude of pressure fluctuation at 11.33Hz

11.33Hz Ptt A | Pt. B | Pt. C | Pt. D | Pt. E
G.V. 57° 216 3428 76 13 13
G.V. 61° 145 3097 157 73 57
G.V. 66° 245 3394 50 66 54
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Table 3: Amplitude of pressure fluctuation at 1Hz
1Hz Pt. A Pt. B Pt. C Pt. D
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