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Optimization of flow distribution of different units in a single stage pumping station
LI Zhi, LIU Bo-bo, WANG Xirr min, LIU Meng tai, DOU Yuying
(College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: A fter the pumping station of the water transfer project is built, it may carry on different water transfer tasks at differ

ent times. In order to finish water transfer tasks, the pumping station operates under different working conditions. Based on the

discrete working points of a single stage pumping station, flow distribution of the pump station was optimized. T o achieve the

maximum efficiency of the pumping station system, we established the flow distribution optimization model under the corr

straints of pump flow, pump assembly head, and number of operating units. Flow distributions of different units were compared

under several working conditions, and the optimal combination of flow distribution of different units in a single stage pumping

station was obtained.

Key words: single stage pump station; discrete working point; optimal flow distribution; comparison of different units
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AEK B PTAT T 00, JRA T BeAT T 00 s 1 22 338 4T (1) 4
PNV B o [ I, B0 3 28 T 00 R, wl BLsie BUAS )
HLEL B 7 BE PR DL, AT T3 BEBIESE . BARE ZKAB T R K
PWNE 2K E TR 6 20U & Bl Wt oixt &, ok
SRR e LA B RS, 18 RS AR A8 AT 7

FIKAG TR IR 6 = KRR & TR0 T 2R A
PR AL R KT D (11 % DA, 8 I 9 g ol in B K 7K
TEZ B RO, B8 2 K AR b m KA i 2 TR AR £ 2 1
B EREAT LR AR, 8w UK GRIIE &, [/ 3R K
AB ARG ], e KR P88 b 5 4% W K AL TSR K A at o AR St
FURE S 6 FVU 6 L Rulh, o MRS K i e i — AR,
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Tab.1 Basic parameters of the Xitaishang pump station

PHLE AR B0 RN

(m3+ g /m /m /m

R THG% /

SAURIE 3T 1% 6.67 8.2 6.2 4.3

2

2.1 HFHEAaES

211 R3FAKE
L RGO R WO S EAT IR 10 R B R A9 . e
AR RIS BT L, 27 A5 06 0 B KSR I0A0R , %

HY A 3 R R M S UMK
KFERHRF AR I T

N YO,H ;
Ny = X 100% = ﬁx 100% (1)

Aii=1,2,3) HE G NIKENL AT, T G KR
BBy KM ESRE, v= Pg= 9 8 kN/m? Q; h KK E
(m3/s) s H; NKEHFE(m); N, HEBEFLAIIZE(KW) .

Sk RG R FIE R

n—"f%x 100% (2)
i§l TL.

Kdtin(n= 1,2, 3) S ANGEAT IR HLALE I Nmpetaion N
SRR N K B LR O h B R G M
(m*/s) s H NSRRGSR, (m) ; HRSFSH AR .
2.1.2 EfEH

TG b4l K b KK A8 KR T E TR

Npumpstation =

c 692« W MR

556 JRAE U, FEIEBEVE i A A s ORI B W
H20 m¥ s, Wi FER 6 2 mo FEuhi K 4 & FE S
KEE,3 T 1 &, ARZCERILAHE NZIT N, E . FEA
[, R RGIE AT T OUA [H o Rk, e 2 2 mg K4
P, LA R G R0% e o B A R B, g S AR A, JF HL
19 H B0k 3R G 00 28 e v I, 2R P ATLAE 2 TRD R o 20 T

H(2), 4 Ly, 15

My = Eoiflf_x 100% (3)

i=1 nij

R n= 1,2,3, BRAE SGEATIN 1T LU 52847, 1) Ll 2
FEIIRER 3 ZEIFIE T AE; Q: W ¥ B R T S8 AT (I s AT
UG AR B EUE(m? s) s H; Rk 4 R E
WATEHUG, B304 BECE (m), Bh i KE B S
ARIEL, BT AL S E IR AR, SR ARE .
2.1.3 AERAH

YRR, B H o SH ; <H 0

20 Q= E":IQH

Y GiE Z MR R EAHL R H = aQ?+ bQi+ ¢
KA H in~ H e HIEIG AR B 503 B m) 5 Qi ~ Qe N
HUKRAEFE LR N, vl LUZ TR S /D BRI i (m’/s) ;
H, ¥ FERT R Z 0 PG &R, — MO 00 F ik BRIk
FAh T DA R RS Bk PR KA I AT, BT LAAS )
(EFHN T IVESE 2 JI SR
2.2 BFHERAERE

AR LA B A L% R 90 AT SR A

(D) AR TE & b 527K 42 2% B AR50 15 21 194040,
T P B AR AU PE, 49 A5 3 SR A B K % ket it
2, WK 1.

(n= 297 r/min, D= 1 46 m)
Fig. 1 The comprehensive characteristic curve of the Xitaishang
pump station(n= 297 r/ min, D= 1 46 m)

(2) HEWHHIEE FE(4 3~ 8 2 m), Bk K 2 Ty
PR 2R, i AT IR BV (10 4~ 55 md/s) . HRE
BEAFF) 2 FIFECISAT N 3 OB AT I i it e, 200k
(20~ 11 m*/s) F(20~ 16 5 m’/s), BLAL % REAE v T &
20 m?/ s, WA R VO R Y L PR A SE O 20 m?/ s IR
E 7L RN EE R = P TR = T N O MR (=
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(3) ARIGAF RV PG b2k fh K ke B BE i 2k, Ry
PEE RE R A ACHR B AR R M LI KR, RS
R RIBAT TR ARG, FRIAE (LA 5, SR A9 s AT
I, FEAT AR TR L DL 1 RS L A il 7K e B 2 R B A
IREEH T NS o 2p G LA 2 R 3.

2 - -
Tab.2 Relationship between pump head, flow, and
efficiency s of the Xitaishang pump station (%)

k7775 P/ (md . §h)

/m 10.4 10.3 10.2 10.1 10.0 .. 5.8 57 5.6 5.5

82 0 0 0 0 0 - 77.0 76.9 76.7 76.6
81 0 0 0 0 0 - 77.0 77.0 76.8 O
8.0 0 0 0 0 0 . 77.1 77.0 0 0
7.9 0 0 0 0 0 . 77.1 7.0 0 0
4.6 0 62.1 62.1 62.2 62.4 ... 0 0 0 0
4.6 0 61.4 61.6 61.9 62.2 ... 0 0 0 0
4.4 60.4 60.6 60.9 61.1 61.4 ... O 0 0 0
4.3 59.5 59.8 60.0 60.3 60.7 ... 0 0 0 0
3 _ -
Tab.3 Relationship between pump head, flow, and
blade angle of the Xitaishang pump station )

BT W/ (md e g1

/m 10.4 10.3 10.2 10.1 10.0 .. 5.8 57 56 5.5
8.2 0 0 0 0 0 ...-5.27-5.52-5.76-6.00
8.1 0 0 0 0 0 ..-5.43-5.68-5.92 0
8.0 O 0 0 0 0 ..-5.52-5.76 0 0
79 0 0 0 0 0 ..-5.60-5.84 0 0
4.6 0 1.92 1.68 1.43 1.19 ... 0 0 0 0
4.6 0 1.84 1.60 1.35 1.11 0 0 0 0
4.4 1.92 1.68 1.43 1.27 1.03 ... 0 0 0 0
4.3 1.84 1.60 1.35 1.11 0.87 ... 0 0 0 0

(4) VL 3 ZEIFIBa AT T 00 4 41 5t W = e A 2 B 1A SR A
IR A 3 AT B AT R YU IR AT L IR RO
LV 1= 1 7 D DIV &2 M 777 N = DR 3
Ul B G B e A LU I 3 & /K IR I & 40 IO A 0, HLAK
TR LA 2.

2

Fig.2 Flowchart of optimal flow allocation

3

3.1 X ILETAZHALSERN LR

PiE ER B RE N 20 m¥ s, RN 6 2 m,
FEBCUE LOLECR, W TR 3 AL 4L S5 B, 22 6l R 4t
SRR IR, 72 33% .

WA R 2 MK 3 3286 A K EAN N T
(AR R R BE, W3 40 IBATHS @ L I 35 5 #8 BE S
o T R R Y

4
Tab.4 The optimal flow allocation results under the

design working conditions

WAL (md  s1)

B
Q1 Q2 Q3
[l 6.7 6.7 6.6
BT % ) 72.61 72.61 71.76
R FEEC) -5.03 -5.03 - 5.27

HRHh 302 A 2R SR 72 28 2) DI 45 8T 40, 4 S 20
m*/ s B, AT BLEH 2 GKENLAL Bl &, (HIk B H—&
ML AL A3 B KT 55T 10 m? /s, i bk i@ & 1 ] 4,
KAEPAIEAREL 6 2 m B IHHFE, MAIEHFE N 6 2
m, JEA 20 m*/s BB Lol AP & — G K ENA
AR RN BB TR, 2 & /KEIA /R
AT, HAgm 3 B/KEEATIES .
32 PR IALE T AEMHASE LR

PR H A B R SR A S B IR 58 T A, 3 R RIS AT IR R
BRI (20~ 165 m3/s), 2 55 IS AT B 4L 0k R 11
JuFE (20~ 11 m?/s), Ry AR ER (4 3~ 8 2 m) , ¥
X 3AN XA O B 0 1 Y {E, ) 3 G /KL 4y
FALAT 40x 36= 1440 N TULAT, 2 G/KEN AR &/ Lo
40x 91= 3640 N THLs% o 1] W21 £ G K LA IFIBE TAEN,
HH3640 N TH . HHAHARD TH ST hLEH4
Sy LU AT A0 R Gk e, FR 4 R 9 R 4,
BRI 3.

3
Fig.3 Optimal efficiency of pump station system
under all working conditions
L3 h, ATLA) B B BRI I K, XA
WO 3 A/KENAL S A 2 & /K IR HLAL 23 BC i 42510 23
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S FE XA X IR A ), B2 8 2~ 5 5 m, W& 20~
16 5m?/s BT BI= MY XA, 3 67K 2L A5 B
R, B R R A A TH A5 5 m, 19 9 m¥/ s)
A, 64 21 % ;S S A IAE TH (7 8 m, 18 6 m’/ )
b, R T 25% o XoF A% T R I AR ) TIC SR AS H Ok SE 34 0y
T, BN TRBEIR o PR AR IXAN K S Py, X R 48 R, L4
SERI TR RN, 6 KE O~ H gkt B, el
B Y B K N VAL AL B R A R AEAT o W R AR BRI 3 g 2
GREHAL Y RCi &, W EAR T8 BRI TE Sk, Hes ke
UE THLX Sk Py is 47 I, ik F 3 & K =P 410 i i Sk
FRL

RT3 K FEHLALS) Bl &K 2k 1X, 2 & KR 43 i
TR R AR BT, BR AR /N — B g8k, FE 0 R G AR BB, A
52% ~ 64% Z Ak, T T KR4 X R =ik 64% ~ 7%, Ui
T AR FEARES R P IA L . IX AR R SRR (W 20~
19 m®/ s S ), TR (W 6~ 4 3 m JWHW),2 &
LA By B im s A K, 776 KE 0~ H il 820 A,
B B T 00 R R X P9, 3T AR GIE K 3 R e A et 4
FRrs [V EEAR ] DA R R 45/ A R RN AR A s i >4
EARK(I5~ 13 m™ ), BB ANE(S 5~ 4 3 m), T 2
BIKENAL T3 50 BE (i & /s, 3 AR, i 25 T K RIiE
AT X, R BOR R A A 3 Hie T LUR
X F N, R AR LA A, SR B A TN 0,
R4 B BRALAL I T ol DB T % @ IEHIEAT Ve .
T T R UR R A I 5 R0 2 2 7K B AL 4L kAT
i 4 A PR AN 0 i, 2 S 32 AT A 0 I G A X T
L RIBAT .
3.3 RREMLLAE SR

TEE 3 BRI LI, A — S0, 7RI 28 T
b BERTBUM 3 /K R HET i 0, tnl DU 2 & Kk
AT BT R IR P (0 — 28 25 EAT 23 BT, LU M Al 23 i
D5 IR, J Bk IE AT I I 38 07 ALK

5
Tab.5 Comparison of flow distribution efficiency of different units
(%)
e M/ (m3 e sy
fm 17,7 17.6 17.5 17.4 17.3 17.2
8 7.1 745 71.1 74.7 77.1 74.8 77.0 74.9 71.0 75.0
7.9 7.2 75.5 7.1 746 T1.1 74.7 7.1 4.8 7.1 74.9
7.8 7.2 144 7.1 745 T1.1 4.6 TI.1 4.7 7.0 74.8

7.7 7.0 741 7.0 742 77.0 74.3 76.9 74.4
7.6 76.7 740 76.6 741 76.6 742 76.5 74.3

FEZR 5 L B AR AR T #O AT 2 5 EE, il
—HN 3 BTN By BCIN 0 R AR, AL
2 BRAENLALFE 7> LN 538 R G0k, LA 3 G HLA
PRI HCIN Rk R G RCR T, b 2 & KR HLAL 70 BLRESR i
2% Fedi o JXAE N [RRE i @1 3 5 KR WA AT 20
I, B G KR BRI TR RN, BT T B, S
B7K FEHLALA T 00 S FEUT R R0, A T 59 5 o R R
W .

* 694 - ¥ MR

4

(1) 2T EHIN RIS AT T o0, % 18 & KRN 4LIE
TR A FELR, AR T T LO0R R KR4I 2y T
frm DAL A, LS AR F fo D8 5 3 R 8 28 MR 0 TRE 7 5%

(2) f3 T T 00T Bl W 2> BO#R -1 B2 I, Bl
A BENIBAT I (] G, K RHL AR A — e
A, BNy AR TRA: (0 R B v B e It vt 1 20 P T 56

(3) EEXTVE & b FEeh R 384T LA, 193 T AE W BL IR
K K N BEAT VR R0 IL I 0T, REUR 2 & /KR kAT
YiLE 73 B IR 7 SR80 B K 45185 Jm S A ) DU X i A
ANFIHL AL R 7 BC T SR A RIS, Hn 2518 s 1T
e R DX TED S 45 SRR R, DASUT RE 515 21 5 BLARR PR 1 4518

(4) AR SCRIE TR B T 00 sl 37 A ol i I A 2 e £k
PRI, A IEAT T 0L R B2 I, TS R A, S
PRI R, DAL IE 75 3 SR PR B A 38 FA SR AR 7 ¥ DL 3R
SR, BEA, R RORS R I t (E 15 E— P

(5) ATOREFE T PR HEAT I A FRIHLALIA 520 BE R
MBI FE , WIRE B RN P ) 22 4 22 il O3k s s k0 AT AR AL At
FU, Wb P TR B IRl AN 22 G it 1) 5 AR AL 2 AT i T
FT ke
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