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Study of Optimal Operation Method on Multiple Pump Units with
Adjustable-blade for Single Pumping Station Based on
Decomposition-dynamic Programming Aggregation Method
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Abstract

A decomposition-dynamic programming aggregation method, which was applied to solve the
mathematical model of daily optimal operation with adjustable-blade for multiple pump units in single
pumping station, has been proposed. Taking minimal daily electric cost as objective function, the water
quantity pumped by units as coordinated variable, this model was decomposed into several sub-models of
daily optimal operation with adjustable-blade for single pump unit, in which the blade angle was taken as
decision variable, the discrete values of water quantity pumped by each unit as state variable, and was
solved by means of dynamic programming method. The constructed aggregation model takes water quantity
pumped by each pump unit as decision variable, the discrete values of water quantity pumped by pumping
station as state variable, and was also solved by dynamic programming method. This method could solve
the optimal operation issues for multiple pump units with different types or performance differences in
single pumping station. Taking operation of No.4 Huai’an Pumping Station as a study case, a set of
optimization results was obtained.

Key words Pumping station, Multiple pump units, Adjustable-blade, Optimal operation model,
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Tab.1 Time period division and peak-valley electricity

price of each time period JC/(kW-h)

RSN EQE NS SRl
I (17:00 ~19:00),2 h 0.978
I (19:00~21.00),2h 0.978
I(21.00~23.00),2 h 0.587
IV (23.00 ~03:00) ,4 h 0.276
V (03:00 ~07:00) ,4 h 0.276
VI(07:00 ~09:00),2 h 0.978
VI(09:00 ~11:00),2h 0.978
VI (11:00 ~14.00),3 h 0.587
IX(14:00 ~17:00),3 h 0.587

TR R A AL A 2008 47 HILIRA Y SR A T i A S
8 LAY

H b b 2
Iz
F=min Y F =
j=1

7

> pgQ.,(0)H

min( jz] D iATL.APi) (1)

i=t Mz jMwot,jMine )
SRR
Jz S
S S 0.,(6,)AT,=W, (2)
j=1 i=1
B SATN

N, (0)<N,, (i=1,2,+,8;j=1,.2,-.,],)
(3)
X F—Eui Hizfr /N %%, o0
F——2Fj G/K RN Hiz T 3%, o0
J,—KEWNAEH, &
Sy R4y BB IS AT I B
Q.,(0,)—%5 i BFBAR j KR i ik, m’ /s,
e R — e, Rt
A 6,8 PREL
H—55 i [ B 72 m
AT, —55 i BF BB 4< b
AP —55 i B Bt g4 s, o0/ (kW - h)
M., ] AR R ERCE 0., 5 i
B A
Moo 5 ] T3 7K T2 10 HL B HL L, 7E 971 Ao
KF 60% B, 0] DLk FEA N AR
Mo 20 ] BKEME SRR, HEHLA
AL SR g, A 1
W, ——% o H H AR /K i, m’
N, (0,)—25 i BrBS j KX T it
IS 0, B SEPRIF kW, Jij /N




225k A% Ry Z LA R R s T - s S M R ATk 29

oM
T4 A KR BB E S
N, ;

1.2 XREHB DEAYES KBS E

121 KRG

25 K E AL H ok & Wk B i A8 i )
K1) ~3) iR J, ST RG, BEYLAMT F 4
P H BT AR B, BT DL B HLAL H FFHLIS 1T
SOFEHL 2% B/ R H A BR B, 45 B B K S T L
Fr A2 T8 R T B R4, BUR B B ) S ook AR
LR B BN K A WO AR R

H s R L
Swpﬂhﬁﬂ)iAﬂAR
AN Mo Mine
(j=1,2,-,],) (4)

minFj =

BOK AR

Sy

Y 0.,(6)AT, =W,
i=1

(1=1,2,--,8y; j=1,2,-,J,) (5)
IS AN
N (0)<N,;, (i=1,2,,8S;j=1,2,-,],)
(6)
X W—"5 ) GKENLH Hirf K B, m’
1.2.2 FRGMHA
K (4) ~ (6) Ay S 7Y — 2 2y 25 A0S R, iy e A%
H(i=1,2,,8,) s RSN 2k (6, ,
B3 (5) Al RIS [A] B B A 4 7K o BIOA RS AZ /3 (A ) o
SR 1 8l 2 FLA oK it iz A5 B0, AT 1 T B bR S K
W — RGN F AR 208 R SR T DL SC
Bki6].
X1 A T, B AR BLS K SR Y R
B A — RS R WL PR BB AF AR 1 22 5, W g B K A2
A AMrEReth 2, N ICAE A [ B Be iy i B 4 R R
WA — i Ty 3R R B e Ak i X 0L B I A
Ph— 3 P KBRS I B K A R is AT Iy 42
K W, .. RHBPLA M F 285 H iz 17 %
B3 S E B A MLALRT B AS [R) K S 2R W, T i8R/
POKBHF, ,(j=1,2,,J,;5m=1,2,- max),
1.2.3 RAGHSHMUERS
HERETFRGERKG RN W,, - F, (W)
KFRo MBRI(L) ~ (3) AT AL I F R AR
H s bR £

F=min 3 (W) (7)
KRty |

Y w=Ww, (8)

REBA(T) ~ (8) [AAE Ny JL Ry — 2 3h 25
MR, Br B B j(j=1,2,,J,) s IR AL BE
NP H $RoK & W, HE B0 Ry B2 Tk
A H AR K BB HGEE W, , (m =1,2, -, max) ; i
3 (8) W] 1 25 3l 2% ML AL $2 K 8 o 1) M R ORI S
A (A) o >R Bl A BRI SR R I A, R A5 0l 2
Hul B b4k B g W F A, LA T F 25 HL
HigbRKBEHGW, (j=1,2,,],) A
KT EZ W CHR 6],

TEAR BV HBIKEHEG W (=12,
I, ) Ja AR AL 2 AN A 25 R Inl 5 m) 75 30 & K SE LA
1) B AR TF BT 2, BRI A$ HL 2 45 B B B A ot v 22 il A
JE O, (i=1,2,,8;)j=1,2,-,],)0

2 MAZEA

2.1 ERNMBEELREFR

T %2 DU 3 i R K A R AR 4R B Al e ST
LA 4 5 (— BRI, HE i3 n =150 r/min,
M4 B A2 M 2 900 mm, KL & 33.4 m'/s, L EH
LI EE N, =2500 kW o K EE M S0 418 5 7
X, BUEM F Lm0 =00, L A ( -4° ~
+4°),

b7 Ut T S N/ SR A AV Y NE W S T
H AR AR /N, % 8 H B B A,
LA A GRS K EIA (1 &), &I
P4 18 m, MRIEFE VO R KGFHFE 5. 33 m, /)
WA 3.13 m, L 0.2m K EHM 12 ~HYH
o & BT, 2 58w A 18 U AT I 0 T 67407
80% T fif Bz 60% 1 fif /K 1t A Ay 1AL H AR K 1, R
RAGH G- sh SR RA Ik, a5t 545 A 84
FEAN [) 7K o 249 3T 42 30 d5c /NER /K 2l X g 4 B3 4

KA .
2.2 HERNBHHNENAHK AT EBRLET
BRI ER

AR EERI AR AN H B4 (3. 13 ~5.33 m) |
ANTR] 67 faf (100% ,80% 60% ) (A [] s 45 Ha, 41 1)
M 2N HAHAEGHRMBEIT R (WH B
3.13.3.33 m,80% i far fALIZ 1T ZWNER 2 iR ) 5
AN [E) s GG AT B B B2 K B AN 1 fr s,
BE MBS T AR K B A E A L E 2
e 5 W A VR AR B AT B A 1E BB AT LA B
T FEHLE E AN E 3 s o
2.3 ERMBHEANSHNAMF2BATERLET

HFHRiTig

N R RG-S SRR R A5 4 H ¥
RS [ 412 K A7 Ap 2SR R A7 0 PN 22 HL4L M e 2 15 4



30 P A1 R A S 4 2010 4
x2 ZBELSEN0PAFTEEAHHETHREATRKETAR
Tab.2 Optimal operation schemes of 80 % load with adjustable-blade under each average
daily head considering peak-valley electricity price (°)
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Fig.2  Cost saving comparison of optimal operations with
adjustable-blade compared and with that of fixed blade

angle and constant speed
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