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Numerical simulation of hydraulic transients in pumped storage
power station with finite volume method
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Abstract: The second-order finite volume method ( FVM ) Godunov scheme was adopted to investigate the
hydraulic transients in pumped storage power station. Firstly, the governing equations of mathematical model were
discretized according to FVM, and the flux was calculated by Riemann solver. Three slope limiters were introduced
and compared to avoid spurious oscillations during data reconstruction. The whole characteristic curves of the unit
were transformed by using improved Suter approach. The virtual-boundary approach combined with the governing
equations of the unit was presented to achieve a unified computation scheme for all the control volumes at internal
domain and boundaries. The results calculated by the proposed scheme were compared with those of method of
characteristics (MOC) scheme and measured data, and parameter sensitivity was discussed. Results show that
when Courant number was equal to 1, the second-order FVM and MOC had the same accuracy; when Courant
number was less than 1, the second-order FVM was more accurate and stable than MOC. During load rejection
process of pumped storage station, the unit speed calculated by second-order FVM was basically consistent with the
measured value and more accurate than that predicted by MOC. For the calculation of hydraulic transients in
pumped storage power station, the values of wave speed in pipe sections with different properties should be adjusted
to realize MOC simulations, resulting in computation complexity and numerical errors. While FVM is simpler in
computation with higher accuracy, which only requires reducing the Courant number. Therefore, the proposed
numerical approach is stable and accurate for hydraulic transients.

Keywords: pumped storage power station; finite volume method ( FVM ); Godunov scheme; method of
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Tab.1 Computational time of models s
Cice 44 MOC 55 fh] FVM 5} A
64 0.072 0.310
128 0.159 0.992
256 0.386 3.747
512 1.080 14.118
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Tab.2 Parameters of water pipe system
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Tab.4  Section number and wave speeds of pipe system

. MOC FVM
il
C/(m-s!) N Cr C/(m-s™") N Cr
L1 961.875 4 1.000 976. 400 3 0.761
12 984.070 43 1.000 976.400 43 0.992
L3 1 038.500 5 1.000 976.400 5 0.940

14 1 007. 143 14 1.000 976. 400 14 0.969

L5 950. 000 7 1.000 976.400 6 0.881
L6 1 194.405 21 1.000 1 202.300 20 0.959
L7 1 350. 000 1 1.000 1 210. 800 1 0.897
L8 1 166. 667 3 1.000 1 045.100 3 0.896
L9 1 043.235 17 1.000 1 045.100 16 0.943
L10 1 063.333 6 1.000 1152.750 5 0.903
L11 1133.333 3 1.000 1 152.750 2 0.678

HE O AEA/m KE/m REF IR/ (°) W/ (mes™h)
L1 8.00 15.39 0.014 0 976.4
12 8.00 169. 26 0.014 -50.71 976.4
L3 8.00 20.77 0.014 0 976.4
14 8.00 56.40 0.015 0 976.4
LS 8.00 26.60 0.014 0 976.4
L6 4.20 100. 33 0.013 0 1202.3
L7 4.55 5.40 0.013 0 1210.8
I8 6.09 14.00 0.014 0 1045.1
L9 6.20 70.94 0.014 0 1045.1
L10 6.20 25.52 0.014 60.00 1152.75
L11 6.20 13.60 0.014 0 1152.75
*3 BHHEASH
Tab.3  Unit parameters of power station
M2 Boeksk WUERNE/ BUERE/  Her) Feahies
HE)/m (m’ 57" (romin™') AW (1em?)
HIALA 105.8 148.8 200 139 000 10920
IKFFEHLA 126.7 154.8 200 157900 10 920
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Tab.5 Calculation parameters of 100% load rejection

- R MES W1k 2R P
Sk . TREEK . o
2ok WOF KR R IR
T f37/m
/m FE/ % K/s K/s /%
1 412.40 290.97 73.80 3.62 32.53  60.00
2 406.08 290. 60 74.30 5.64 30.53 61.13
3 404.70 290.38 78.93 4.80 33.00 59.96
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Tab.6 Calculation results of 100% load rejection (r+min~")
ST WEEROAFEE MOC & FVM A
1 283.84 281.417 281.642
2 279.20 278.401 278.612
3 283.08 279.006 279.005
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/R, MOC 5 FVM S5 10 F R e e s /N TS50 B £
HFVM 353 45 51 BN 450 T 52 86 {6, 12 A
MOC FEFF R R 5 BN I B s R4 T 8 R il
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