KoM = iR
2026 4F 4 J SHUILI ~ XUEBAO § 574 44N

XEHRS: 0559-9350(2026)04-0535-11
ETFHFZTEMKBGF KR K AHLAE R ERR SR ST

= DI 1 / 1 > ) 3 = 1
A fcm, RAm, & R, N R, E OHE, xAH
(1 TR FZRKELRG TREARBIG O, I8 BT 212013;
2. VLI Bz KA TGS BAL . VI8 f53E 2238005 3. v EUKFIK BB EBF ST BE K GEIEBFFE AT, dbaT 100038)

T X R BNPE K TR GE U A 30 97 24 20 A D B AT S TR IC | T AR i LA B e L S I I 3 A R B4 )R
B, A SCLAMR A R 2R i il oK I HLAL g FFE Xt 4, 4R T —Fh2E T Simulink 5 HERET, i [ B 45 250 0K 5 ) %
FARA ARSI J5 ¥ o %0 15 T8 3o F) A ) B R AR 5 R S S A A ELMLRL SR LA AR A A T X B
ST RGN, JIF PR Y AR G AT T RERIE. 4R KW . 251 A RRMSE X LOOCY JrikiTAli,
SR FT AT S AL it JOT 20 S P TS R T S R 1 00 445 2R S 249 A Xk 18 22 P U AE 5% LA, i T 5 B T S5 R R 13 22
H8.5%, WEW T AERITE B AR K AL iz AR RE Sy o Rl 20 AR AR R O FORS BE B TT4R T, SR L0 P 0
FEMFALZ90.1 s, TFATRCR B ERTE, AR EKH R G R @ RO AL SEm s 4R A T RV S8

R MR UG; BT ARl BEBVEERY AT E M SR

hESES: TV6TS XEKFRIZAD: A doi: 10.3724/j.s1xb.20250445
1 WFRH =

7 ] G2 7K ) g ot ek kTR R S SR B T, B0 2R A BOR S HE Sl K A BEAR AR e B A GBS 5 L )
PR FIFROCT (B KR s SR FXSH, @ B4 i g2 gk R, B
A 4 T I B TE PR R B R ) R G ER AR RIS A O B IO K TR DR, BT
18 2 4 R R M B OGP S K TR Y i 6 R S BEOR DR . T R B SR K g ML B AT T B AR
AR, HN R SRS (IR 20 A | e i 8 AL 55 ) = D I8 A7 ROR 5 S5 MR E PRI AR IR . 7E LA 1Y
BYEE R, GRS I T B AU RE AR BGA RS 4, MEDLRAPLZ N B 52 2 Rt AR 3 ) 2 i, T
T B AR BT BR AR 127 (Computational Fluid Dynamics, CFD) A9 BUE A B SRR 80 e, (HH BB K A%
WHEIFR BRI ER A TRFERAERGEN L E” 5 “TELMEE mmnFoRe . B
b, ] E DR BEORG B A R AR R 2B T AR SR, A S R 6% S e B B A P I gl R A A T
B, UM AR s AT CRAET MERT A SCHE, SR VRSO BUKA Cpud hae . SRR TR
REfbiz 4E Y3 V155K .

MG, AR P S8 5wl R g8 KoK I AL B B SRR LR R R R S LA R R AR A R N T
JE T RERAMIIE . 7650 BEAK 8 B i AL B T, B ARE . AR ET . FEik
SR AR AR 1 B SRR S A T, X Al R K 4 B A RS HE AT T IR A AL
98, ARCUGE T KWK K R RE, AL AR T R AR BEOK S . BT XK T MLZ N R U
PE, Wang 55" G500 SEEREL, R T AR TO0 T #5355k I ae i AE HLEE . Xu

Wk H . 2025-08-08; M4 & H . 2026-03-20

[ 26 8 %% Mok . htips: //link.cnki.net/urlid/11.1882.TV.20260319.1515.001

FEETH . VLIRA KFIBHLIE (2024026) 5 [ R H A WF & 1T (2022YFC3204603)

fEFFA: Al Team(1986—), #H¥Z, FEMNFK UM EE 52T HENS . E-mail: sigiaorui@ujs.edu.cn
WEEE: =AH(1963—), DA, FZMNFHKEEITEIL 5K #EBEE &5 . E-mail: shougiy@ujs.edu.cn

— 535 —



SEN Son A E A4 AT T HEAK L WK I T AS BT S SRR A HLALME R A SE I . Guo S5 LT
SST k—e it 30K 70 2 B FEAT 7RISR O IR A 454 o EEXT R 24 5B 0L, Zhang 554 A =k
B A, T RIIR R AE R K Sk L R K S KR K T R RE R S R I Bk sl . Fu g
RETAWY Lo, L8 5 BUEB LS, 0 158 shid £ b a9 B 25K I R S s 28 4 o AR
M7, A% ge e R ERE BT B Ok . FEI G, O DA T 52 B rh 22 T 0 PR 0 R S 4 o )
Ko AR, FEHELRL(Reduced Order Model, ROM ) PR HAE S IE 158G 5 19 [R] B BE 35 42 B 880%
MR A ELRESE B B . Kherad 5548 T — Bl A 4 89T 42 9 46 (Long Short-Term
Memory, LSTM)'—?ZIK?EiEiéﬁJ\ﬁ@(Pmper Orthogonal Decomposition, POD)/ﬁJ?‘&fﬁ?&?ﬁj\ﬁ@(Dynamic Mode
Decomposition, DMD) % BT HESL, 5280 T 410 % 01 60 P A BN . 6 B R AT L, 9K 356
JH DMD J5 i A B0 AR I, B B A A AR A 80 2 RS A A B 5 F . Han SIS POD 5
DMD Ji7 JH 1R 0 5 i 00 s O 20 A, 36 100 IR TEAR T 45 M 3R IS i A A v . B B
BB SR, BO7 2P R BOR T G Wy PR SR 5 i AU R A sl 25 WA, it LB Y R RE I . R 2
W NP R AR AL SR AL TR ER AR AERCBRIZ WO T, SR LA O R T R Y ST U A AR S AR B I R
G, SCPLT R TR SC WO BB O . Xu VS S G RMA M 5T B, BT BORAEAE
THFEE W ERIE. RS RS AT i, H B 2R HALS POD 5 LSTM i 805 48 A4 di sy
B, T BRI SR o Li ST K K EE LR T TR AR A B HE SR, 51 POD R
TR AR, IFKHE Unity3D #5288 7 4E =485 RS AL F— IR B L R 4 i 6

AT 2 B T ANLA RPN | S I R R A R A BT o T U T Al LA AR e =X
FAAEMEER I . R SF AR E LG, U A AL 2%, F AT EE XS A K 3 LEH PN A U SR S B v RS T
W33 — 5 ) B BRI SEATI A A B, U R AR S 0 R Tl SRS b AR T, SR ALk K I AL B A K
AT g 0 R N AT o S I I AT TR I A R PR X AR )R, AR SRR A A Al =K )
LA A BEFER G, B 1 — Rl T Simulink - 15 A 22 28 B 62 B0 38 25 5 0 B005 vk o %07 156 i 5 A i ik
MT 2T, 2% &0 FAE R, JFFIH Simulink B8 A0 22188 5 05 FLA OL 3, #4515 45 S A i
AE 1 B2 i K ALl N AR IR SR SR T 2R A 5 o ARFEZ BRI [R5, %0 & A ORIE RS BE RO B3 T
G T AR B, S Al i R B 4 AR B PSR R T T MR R S HE

2 Al SR S K T L R 2R AR R S L
2.1 HFFEAEBMEEMET ASCRIRRR AR SO X G, ME TS R E L BB K R aE

SEOCHETR R 00 4 )Y BRI R G, AR LTS o ISR g% R, KRG TR P SUHEOK RE, AR RIE R
WS MM Re s, KR EHEA K . TR R AR TR RE AT,

BB KTGE  RED HAEC WAL ATMGRHRRGE TR

[Ty N

HAUNAKH

B il A R
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Prediction of the internal flow state of the hydraulic units in large pumping

stations based on digital twins

SI Qiaorui', NI Yupeng', XU Hu', LIU Bin’>, WANG Chao®, YUAN Shougqi'

(1. National Research Center of Pumps, Jiangsu University, Zhenjiang 212013, China;
2. Luoyun Water Conservancy Project Management Office, Sugian 223800, China;

3. Institute of Water Resources, China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: To address the limitations of traditional hydrodynamic analysis methods in large-scale water diversion proj-
ects—specifically long computation cycles, high computational costs, and the inability to capture dynamic character-
istics in real-time—this paper proposes a digital twin flow field state prediction method driven by a Reduced Order
Model (ROM) within the Simulink environment. This study focuses on axial-flow pump units in low-head pump sta-
tions. By constructing physical field ROMs and establishing a virtual-real dynamic interaction mechanism, the pro-
posed method achieves millisecond-level prediction of flow field states under complex operating conditions. Further-
more, a physical model test rig was constructed to conduct systematic verification. The results indicate that, as evalu-
ated by the RRMSE and LOOCV methods, the average relative errors of the static pressure, velocity, and total pres-
sure models established via Singular Value Decomposition (SVD) are controlled within 5%, while the average rela-
tive error for turbulence intensity is 8.5%. These findings demonstrate the model’s generalization capability for
unknown operating conditions. Concurrently, while maintaining simulation accuracy, the average simulation time per
operating point is approximately 0.1 seconds. This significant improvement in computational efficiency provides
robust technical support for efficient modeling and real-time decision-making in smart water conservancy systems.

Keywords: axial-flow pump station; digital twin; Reduced Order Model; singular value decomposition; flow state

prediction
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