FALEE 1 Koo oBE WORE 2% Vol. 44 No. 1
202641 H Water Resources and Power Jan. 2026

DOI:10. 20040/j. cnki. 1000-7709. 2026. 20250397

KAEEHRRRIEHRE RN LR

—

TRk EXE L BLERALEK ®ELE O AT LR, FRET
L. o s 0 T B PG5 A 0 I BOM 3111225 2, MG W BB LG, KM 300130)

HE: ARGHERHE RAZTEFRNARSENETXEREAR AR FEXRBREAH, B L CFD #4045
MAHRE BKAREARART AR TAERIRE AR AR AN A TS BARERZTFERM
M ELREFMEAZTEHAR AR TRARIBALEREAE, S RBEEE ERM TR AERATEMN, FE
EEAMPAERN RALERY KR —FRiE kit F 2, 2RAN. BARAEFE 2 AREY Y
BEEARB T HEAINRF AP FZEII KT HFTEI;ERAEFTECIE C2EZF AR A2 C2 f TREHE
BERERERBEREASE, FEJ2HC2 %4 F BRI F R TR ITE 7. EKHE KA T R0 R
LA, mA&MHE TJ04-ZL-06 K AR (v H 24 m, 4% 88.9 r/min, "t H ERK A E—6"), THIR RS A
BHEL5RFEEALAL. HHET,

KR KB RE; KA MR REKRA; CFD A ; K FE A XK

PESES: TV6TS XERFRERD: A XEHS: 1000-7709(2026)01-0157-06

Optimization and Experimental Study on Flow Channels of
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Abstract: To enhance operational efficiency and safety of low-lift, high-flow vertical shaft tubular pumping station,
taking a large-scale pumping station in Tianjin for an example, the optimization design of inlet and outlet flow passages
was conducted by the CFD numerical simulations. The practical aspects including flow passage head loss, velocity uni-
formity, motor chamber space, and hoisting equipment capacity were studied. By considering the characteristic flow rates
and lift of the pumping station, optimal combinations of hydraulic models and flow passages were selected. The overall
energy performance of the pumping station system was simulated to evaluate its applicability and efficiency. The design
scheme was further validated through physical model tests. The results demonstrate that inlet flow passage schemes J1
and J2 exhibited favorable velocity uniformity and head loss characteristics, with scheme J1 showing marginally superior
performance. For outlet flow passages, schemes C1 and C2 displayed comparable performance, though C2 offered a more
rational equipment layout due to its shorter transition section. The combined scheme J2+ C2 proved suitable for low-lift,
high-flow pumping stations when considering motor chamber dimensions and gate design. Ultimately, the T]J04-Z1.-06
hydraulic model (impeller diameter of 4 m., rotational speed of 88. 9 r/min, blade installation angle of -6°) was recom-
mended, ensuring safe and efficient operation across the specified lift and flow rate ranges.
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Tab.1 Characteristic operating water level of pumping station

m
BT IKAL o KA

T ok Ak | S0 kw ok
B 2.03 2.89 KA, —0.94 1.26
Bt 1.20 2. 64 H KL 1. 00 1. 00
BAE —0.74 0

U A b 3k R v R AR DLT R .
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Tab.2 Main dimensions of inlet channel design

s g/ () B /m

- R A K ek
J1 5.2 0.7 16. 95 4.8
J2 5.2 0.7 16. 95 5.4

3.1.2 CFD Bl o #r
KA R Bh Jy 2k 8 AR ANSYS
CFEX. 3 %t 40.45.50.55.60 m’/s TLFh i & T
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Fig.1 Single-line diagram of intake channel
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Tab.3 Comparison of head loss, flow velocity distribution

uniformity and flow-velocity-weighted average angle

Wi Q Kt/ mm TSI/ % IBCEA A/ )
J(mdes Y HRIL ORI FEIL FEI2Z FENKHEI]2

40 32.76 35.75 95. 64 94. 82 88.26 88.05
45 40.71 44, 42 95. 80 94. 99 88.26 88.05
50 49. 46 53. 96 95. 93 95.13 88.26  88.05
55 58. 98 64. 35 96. 06 95. 27 88.26 88.05
60 69. 27 75.59 96. 17 95. 38 88.26 88.05
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Fig.3 Single-line diagram of outlet channel
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Tab.4 Main dimensions of optimized outlet channel design
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Fig. 2 Plan-section velocity contour maps and 3D

streamline diagram of schemes J1 and J2
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C1 7.5 2.2 8.0 17 5

C2 7.5 2.9 10.3 17 0
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Tab.5 Comparison of head loss in outlet channel —mm

TH  HE

W Q/(m® + s H
5

40 4 50 55 60
AW Cl 47.83  76.15 107.56 141.63 178.34
C2  78.1 111.07 148.37 189.3  233.69
WHE0°  Cl 102.51  78.26  13.18  49.25 179.95
C2 109.44 86.89  21.01 54.16 192.29

WER—4 Cl 38.62  64.88 67.72  71.32
C2 42.21  65.41 75.59 100.61




. 160 - KW

BB

2026 4

AN IREAEAE 22 5, PRUK At 3 B P o 5 ), oy 2
KA T 422 30 SR 00 5 i AR KA it 4k S AR /IME TR
AW AR 0BT A ME HH BLAE R 50 m* /s
BRI 758 C2 FE45 TOL F KUK T % ClL Al
O° W 22 H % /N, A T 6. 93~12. 34 mm Z Ja]; #F
K — AW ZEWBEB /N AT 3.59~29. 29 mm Z[H],

(2) Y 38 N R U B R, AR BT A 50
m’/s T2l 19 R = R = A A K, WA 4
B4 ATE ) K G N O 43 A 3Rl e
PR o U R 38 3 T U/, A BE AR AR 45, K b
H EEBAATEARER X . PO 28 76 i 4 A 5 T4
PEEZERAREWEBRITER., FECL.C2 1
K UL T I A B AR R O e R T R A
N R AR AR X, W SR AE K
P 5 WA RBARE B % C1 W B i,
Bl 1) B A R R E B R A L2 R L TR
C2 fEZS AR & Lo G,

R/ (m-s™) Fig/(m-s") M
06 114182226 3 34 4

(b) FEC2TEBRERE

061 14182226 3 34 4

(a) DECIYERERB

Tl |

Q@“ \\N L D(\‘i‘i‘
FRIE/(m-s") - § FR/(mes) -

- -
() DECI=4RER (d) HFEC2=4RER
4 FROACQIFIEIOEEZEM=Z4REE

Fig. 4 Key-section velocity contour maps and 3D streamline
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diagram of schemes C1 and C2
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Tab. 6 Design parameters of hydraulic model

i Bty PR R R

e

/(m®es ) #/m /% i C ng
TJ04-Z1L-06 0.402 4. 80 85.60 1002 1034
TJ04-Z1.-07 0. 360 3.28 83.40 1278 1303
SJGM-03 0.335 3.48 81. 60 1 244 1199
SJIGM-04 0. 388 4. 80 82.80 1021 1024
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R E NG R EMEORE R mhiS S
i DX B A0 e A DX R E MR AR 22 R i
i, TS B PR ES . SIGM-04 W2k TJ04-Z1.-06
T 8 S B2 v A e A N L LA R A AR E
AR 0 ] 28 55 o R AR e 3% T TT04-Z1-06 AF Ky
BE AT B 17 K SR
42 hREH

I 2K K T K IR B S K I 4138 L 1
SRR = AEK O R B AR, CFD 3158, i
F1IRE Sy it 7K S 55 0 o O o A A T Dk K
5§ R A, & i iE 38 B R o general
connection, M55 X &% Ak F1 & 4 {rozen rotor, H
RRFIER R XN e X B Ko
AF X e 7 DX ol i 1k 5 JHCAth DX sk 2 Sy i 1k 5 B 350
Sy o R RE TR R TE M RS SR, A B K TR R X
PR T
43 EIPUTR

K TJ04-Z1-06 7K Jy #5588 43 ) 55 9 201 3 ¢
KU E AT A % M4 AR 4 m 3% 8 88. 2
r/min I F 22300 f — A4°, — 5° F 5 4T 19 P fE 1
B, HEFREWMF.OHAE 1., #HKRIEFE
J1-+TJ04-ZL-06 /K Jj A — A4° + 1 7K i 38 7 58
Cl; QA 2, #H/AKWIE T ZE J1+TJ04-ZL-06 /K
FIFER —5°+ oK E R CL;OA G 3. K
WIB IR ]2+ TJ04-Z1-06 7K J3 A6 1 — 4°+ i K
MEHE C2; OAAF 4, HFAKWEFE 2+
TJ04-Z1-06 7K J3 BE R — 5° 4+ Hy K 3 18 97 & C2,
i Rt TO R Ce BRI 1.8 m, it
50 m’/s) FEAE BB CE AL T 70 % M ER
4.4 EIER

FABTEARFE BT MRS 808 E W%
7R 5 A J2+C2 HE KR IE A A T M A A
JE—4° -5 AR E T R e e £

®7 AEIREAET CFDEMHER

Tab.7 CFD simulation results under different operating
condition combinations

HE  MRMm K 77k it i BOR
HeE&E /O WETH /m /(mPes D /%
HAE1 —4 J1+C1 1.8 52.58 71.35
2.6 47.50 74. 21
4.1 34. 82 76.15
MG 2 —5 J1+cC1 1.8 51.43 70. 93
2.6 46.12 73. 84
4.1 33.24 75.92
HE 3 —4 J2+C2 1.8 51.65 69. 17
2.6 47. 20 77.13
4.1 34. 39 69.23
W44 -5 J2+C2 1.8 49.56 71.68
2.6 45, 32 78.89
4.1 33.05 70. 02
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Fig. 5 Energy performance curves of pump unit designs
with blade angles of —4° and —5° under J2+C2

intake and outlet channel combination
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Fig. 6 Summary of characteristic curves of model pump

unit (test speed: 1 185.3 r/min)
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