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Study on optimal operation method for parallel pumping stations with combinational
working condi tion adjustments based on experimental optimization for single pump unit
GONG Yi, CHENG Jilin, LIU Jing sen
(School of Hydraulic, Energy and Power Engineering,Yangzhou University, Yangz hou 225009, China)

Abstract: Taking t he minimal daily electric cost of parallel pumping stations as the objective function, t he mathematical model of
daily optimal operation for parallel pumping st ations with adjustable blades and variable speeds was constructed with four dect
sion variables, including the operation number of pumping stations, operation number of units in a single pumping station, blade
angle, and unit speed. T he tw o stage decompositiorr dynamic programming aggregation method based on the experimental optt
mization for the second stage sub model was proposed to solve the mathematical model. Through the two stage decomposition of
the original model, the mathematical model of daily optimal operation for the single pump unit with adjustable blades and varia
ble speeds were obtained. The second stage sub- model took the minimal daily electric cost of the single pump unit as the objec
tive function, the blade angle and unit speed in each time period as the decision variables, and w as solved by the experimental opr
timization. After a series of optimization of the sub- model under different water pumping quantities, the relationship betw een
each water pum ping quantity and the corresponding w ater pumping cost was obtained. Then the original model w as transformed
into the aggregation model of daily optimal operation for the parallel pumping stations with adjustable blades and variable
speeds, and was solved by the one dimensional dynamic programming method. The proposed method can further improve the op
timal operation theory of parallel pumping stations with various operation modes, and the operation benefit was more significant
compared with that obtained from the optimal operation with a single operation mode. A study case using the optimization metlr
od show ed that the unit cost of optimal operation under 100% ,80% , and 60% loads within the average daily heads can be re
duced by 8.41%,23.07% ,and 32. 79% compared with the operation with the fixed blade angle and constant speed.
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Tab.1 Basicinformation of No. 1 and No.2 pum ping stations
e P— g B HUE B n BUEnH B AT N, A
Y5 AREH D/ mm /(r* min’!) /(%) kW B (°) nl/(r* min™")
1e (K1 BEA) 2 900 150 0 3500 (= 4,+ 4) (130, 160)
2% 8(Hd 1 &4 M) 1 640 250 0 1 500 (- 4,+ 4) (190, 270)

ZE1E 1 TR 2 5 4y ) AR A e 3 150 of min % 250
/min F,%HBEH- £§.- 2.0+ 2.+ & 1LFHH 2K
£, X K AR B RS i LA A Uk 2038 3 i

2 150 r/ min 1

Tab.2 Performance equations of No. 1 pumping station under

different blade angles with the constant speed of 150 r/ min

P 2%

AT ARABL s A, e R AR, 3l 4 1 5k #5538 150
r/min F1 2 S uEEEH 250 v/ min 5% H A 22 B0 BE R K=k

fEh 2 Jy FEREAT AHAUE SRS, AT SRAGAN (RN f W (R 7K
PEREMZ T RE . UM 2l S O i, AR AR H =

{Z_;] 2Hz %ﬂ Ql= [Z_;] Qz, )[“Jﬁ

1 534 [130, 160]

_ 2 _n_ n
H(n)= - 0.0107Q*+ 0. 36( 150) 0+ 4.2028( 150)

0¢) P Pk i £ 7 7
N(n)= - 0. 0122(150) 0+ 0. 8193(150 0 -
H~ Q sk H= - 0.009802+ 0.2091Q+ 6 3404
4 Q ik N= - 0.0104Q3%+ 0. 472202 2. 87540+ 10. 82 14 765(—) 0+ 107. 83
H~ Q ik H= - 0.013602+ 0. 4761Q+ 2 8099 \ "
T2 0% M= - 0.01360%+ 0. 854902 14. 5480+ 108. 08 2 53 [190,270]
0 H~ QI H= - 0.0107Q2+ 0.36Q+ 4.2028 H(n)= - 0.01950%+ 1. 353(2%) 0+ 4 8545(2%)2
N~ Q #iZk n= - 0.01220°+ 0. 81930%- 14. 7650+ 107. 83 250 250,
H~ Q H= - 0.011902+ 0.5079Q+ L 4554 N(n)= - 0.0785( ) Q'+ 2.9199( ) Q-
v2 N~ Q #iZk nN= - 0.0154Q°+ 1. 216Q* - 28. 840+ 254. 57 250 , 250
H~ Qi H= - 0.013202+ 0. 64490~ 1. 0705 41.085(55)7 Q"+ 262 59(% %) 0- 585. 08
v N~ Q iz M= - 0.0179Q%+ 1. 554607 - 41. 9620+ 404. 11 2 RIS b R A 1 A e KA, W H 1Y
3 250 r/ min 2
Tab.3 Performance equations of No. 2 pum ping station under different blade angles with the constant speed of 250 r/ min
0¢) P it 2k 44 Bk fie i £ 5 12
H~ Q iz = — 0.074802+ 0. 2219+ 11. 361
4 N~ Q sk N= - 0.2628Q%+ 9. 662103— 133. 2Q2+ 816. 750 1812. 8
H~ Qe H = - 0.0739Q2+ 0.3732Q+ 10. 486
-2 N~ Q ik Te — 0.2687Q4+ 10. 24703 146. 1702+ 926. 050- 2133.9
H~ Q iz H= - 0.1095Q2+ 1. 3530+ 4. 8545
0 N~ Q gk Te — 0.0785Q4+ 2. 919903 41. 08502+ 262. 590 585. 08
H~ Qe H = - 0.117Q2+ 1. 716Q+ 2. 4009
- N~ Q ik T - 0.0961Q%+ 3.945303- 61. 15802+ 427. 060- 1073. 6
2 H~ Q Hhk H = - 0.11830Q2+ 2. 0006Q - 0. 1317
N~ Q gk e 0. 030204— 1. 658703+ 31. 94902- 257. 810+ 800. 44
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Fig. 1 Unit cost of water pumping with the optimal daily

operation for No. 1 and No. 2 parallel pumping stations

21 .2

Fig.2 Cost saving percentage of optimal daily operation com pared
with that with the fixed blade angle and constant speed for No. 1

and No. 2 parallel pumping stations
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Fig. 3 Optimal allocation of water quantity of each pump unit
for No. 1 and No. 2 parallel pumping stations under

the typical average daily head and operation load
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4 N
Tab.4 Optimal operation schemes under the typical daily average head and operation load considering the peak-valley electricity prices

for the parallel pum ping stations
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