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Abstract: The long—term operation of the turbine in the low load area will lead to large vibration and poor flow pattern of the hydropower
unit, which will lead to cracks in the runner blades and cavitation of the unit. In order to explore the flow characteristics and pressure pulsa-
tion characteristics in different parts of the unit, this paper makes a three—dimensional modeling of a mixed flow hydropower unit in a power
station, based on Reynolds time averaged N—S equation and standard SST k—w Based on the turbulence model, the steady and unsteady solu-
tions are calculated for the rated working condition and partial load working condition (45% rated working condition). The results show that
the flow in the guide vane is more turbulent under low load conditions, mainly because the opening of the guide vane does not allow the water
to enter the runner fully, and the pressure change near the crown of the runner is chaotic and does not decrease according to the law, and the
energy conversion is low, resulting in lower efficiency. From the pressure pulsation results can be seen: the maximum amplitude at the mov-
able guide vane is more than 3 times the maximum amplitude at the fixed guide vane, indicating that the closer the runner, the more obvious

the effect of static and dynamic interference ; the maximum amplitude inside the runner is several times the maximum amplitude at the guide
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vanes; the amplitude of pressure pulsation under low load conditions is mostly much higher than the maximum amplitude under rated condi-

tions, indicating that the stability under low load conditions is poor. The results of this paper provide a certain theoretical basis for setting the

safe operating range of mixed—flow turbine unit at low load.

Key words: Francis turbine; low load; unsteady flow; pressure pulsation; rotor—stator interaction
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Fig.1 Calculation model of hydraulic turbine
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Tab.1 Mesh independence verification

VES PR B T A BORI%
1 760 84.92
2 886 86.34
3 927 87.22
4 991 87.53
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Tab.2 Number of grid cells in each part

B o A BT AR P15 B
b 1952716 332568
[ 72 St 1425 044 247 154
gt 1120674 195275
i 3184 164 542613
K 1 589 545 270 157
Bt 9272 143 1587767
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Tab.3 Calculation conditions and results of hydraulic turbine

T Kkim  FiE/(mdesT) i/ (N-m) 1%
1 98 171.994 7351 360 88.84
2 85 110.230 3480490 75.35
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Fig.2 Volute pressure distribution under different working conditions
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Fig.3 Volute velocity distribution under different working conditions
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Fig.4 Pressure distribution diagram of water guide

mechanism under different working conditions
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Fig.5 Velocity distribution of water guide mechanism

under different working conditions
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Fig.6 Pressure distribution of runner under rated condition
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Fig.7 Pressure distribution of runner under partial load conditions
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Fig.8 Pressure and streamline distribution

of tailpipe in rated condition
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Fig.9 Pressure and streamline distribution

of tailpipe under partial load conditions
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Fig.10 Layout of monitoring points for each component
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Fig.11 Pressure pulsation and spectrum analysis of volute section under rated working conditions
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Fig.12 Pressure pulsation and spectrum analysis of volute section under partial load conditions
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Fig.13 Pressure pulsation time domain diagram and frequency domain diagram of each monitoring point

in the fixed guide vane passage under rated working condition

14 RS TR T EESHRE K & Wi = UE 71 Bk sh i E 5 5 E
Fig.14 Pressure pulsation time domain diagram and frequency domain diagram of each monitoring point

in the fixed guide vane passage under partial load conditions
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Fig.15 Pressure pulsation time domain diagram and frequency domain diagram of each monitoring point

in the movable guide vane passage under rated working condition
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Fig.16 Pressure pulsation time domain diagram and frequency domain diagram of each monitoring point

in the movable guide vane passage under partial load conditions
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Fig.17 Pressure pulsation time domain and frequency domain diagrams of each monitoring point in runner runner under rated working conditions
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Fig.18 Pressure pulsation time domain and frequency domain diagrams of each monitoring point in runner runner under partial load conditions
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Fig.19 Pressure pulsation time domain diagram and frequency domain diagram of each monitoring point

in the tailpipe passage under rated working condition
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Fig.20 Pressure pulsation time domain diagram and frequency domain diagram of each monitoring point

in the tailpipe passage under partial load conditions
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