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Fig. 1 Schematic structure of Denglou pumping station
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Tab.1 Working condition of calculation

T ik i FHL FEHL
45 KPL/m /(m* « 57 5k iVAS] HE

1 33.82 33.5 1 71

2 33.82 33.5 1 72

3 33.82 33.5 1 "3

4 33.82 33.5 1 74

5 33. 82 67.0 2 172
6 33.82 67.0 2 173
7 33. 82 67.0 2 174
8 33. 82 67.0 2 273
9 33.82 67.0 2 274
10 33.82 67.0 2 374
11 33. 82 100. 0 3 17273
12 33.82 100. 0 3 17274
13 33.82 100. 0 3 17374
14 33.82 100. 0 3 F27374
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Fig.2 Schematic diagram of the study surface
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Tab.2 Evaluation index in stand-alone operation mode

" v HFEHT
e M i Tfmi{f L
A1 1 V./%  65.38 65. 38
0,/ 0.55 0.55
2 “9 V./% 68. 84 68. 84
0,/ 0.51 0.51
3 #3 V./% 70. 47 70. 47
0,/ 0.50 0.50
4 Y V./% 67.23 67.23
6,/ 0.53 0.53
A, 1 1 V../%  80.22 80. 22
0,/C)  89.88 89. 88
2 #9 V./ % 80. 18 80. 18
0,/ 89. 89 89. 89
3 3 V! % 80. 38 80. 38
6,/ 89. 89 89. 89
4 4 V,./ % 80.09  80.09
0,/ 89.88  89.88
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Fig. 3 Flow field of the front pool and inlet

pool of stand-alone operation
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Fig.5 Flow field of the front pool and inlet pool of

three-machine operation
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Tab.5 Comparison of indicators for start-up combinations

W JFHL WH IS BB/ O
W a¥/ e EKE BUME PHHE RKRE BuME PEE

A 1 70.47  65.38  67.98 0. 55 0.50 0.52
2 68.32  66.69  67.74 0.52 0.50 0.51
3 70.34  64.82  67.84 0.51 0.44 0.46
A, 1 80.38  80.09  80.22 89.89  89.88  89.89
2 80.60 80.25  80.36 89.89  89.88  89.89
3 80.84 80.42  80.61 89.90  89.89  89.89

1271727 4) T 13(F 1737 4),
5 #it

K CFD A B A7 A 68 2wl T AL 4L & P ik
T 25 SR 3R WX R 2 0 A B8 TP LA 45 B0 2 K
SR ASLETTHLE BOH R A S DL L JF 8 J o
P AR LB HLLH I k7K R GRS TEAE . Hoh,
FAHL WL = HLE AT A e R FF LA A R 7 3 Bl
47273 LA 727 37 4 ML, A AE AT Ol A
BARCIRA S e =

S & k-

(1] Em%E. KEHSKEHIM] dbat. dEL I D3R
#1. 2005 229-239.

(2] sKfEpE, Z290 B0, XEN, & iRl A o
168 JE 245 F B it I AR P 1 KR SR LT ], Rl LA 2=
R, 2019, 50(10);: 134-141.

(3] ik, ARG, B, S5 B IS IROX XU 20T o
HI Tt A B R AT ST ()] K L RB IR BR2E . 2023, 41
(10): 124-127.

(4] FokiE, B, i 58, T BPNN-GA 19 5 3 i
R R IR S E A LT Ak TR 2 41, 2023, 39
(14) :106-113.

(5] BJLHE, XUfh. ZRui AT M EUERLT]. B
. 2009(9): 770-771.

(6] Zf, ¥ TE, 2558, Bl i 5 o i LT
MUA A A LT]. B AR KR KA, 2014 (4)
108-111.

(7] TE. 2R RFETFILA AT 5570 5 2K i
7K S AR LT 1. TR KR, 2024(3) :57-61,65.

(8] EAMGZE, Bk, BR&, 5. 22 ul o9 & i 3l 40 ¥ 7 vk
WEFEHE LT ]. K F) 24, 2018,49(1) :47-61,71.

(9] FRHE. Z i i fth 45 A8 A F AL 4L & %o 3 A5 B TR v it AR
RIS D], W%, WRE T K%, 2024

[10] 3K Ty %%, BEEHE, XUNE. XM ol LA vt 9 35 Bl
SO A T[T ] IR KA, 2020(12) : 3-4, 9.

[11] XU, XU, 22k, XEREREuE 4 SHLH KiEm
HLAL B KRG sy A LT, KBS HLHE R AR . 2020, 43
(2): 33-35.

(12] saEmg, skAR), XKL, % BT CFD 46l #
K K R R A B (1], K AL RR IR BR 2, 2017,
35(2): 196-199.

[13] %&hh, B4, W, 5. KRAEW#H KRS A
AR PR ERBOCRE S LT]. R TR %R,
2015, 31(16): 71-77.

(14] #imeds, M=, w4 U, 5. 3T 0l w im0
T 0 R 2 9 3 1 7K b A Ak 08 B BF R [T, v LR A
JK A K HL, 2019(2): 177-181, 186.



55 43 B 10 ) T GEHE A 2 T kK FR SRR 7 45 1 23 M B XIS 4 il T HILEH & Dt 3 F « 149 -

Research on Optimal Selection of Start-up Combination for Denglou

Pump Station Based on Hydraulic Characteristics Analysis of Inlet System
LEI Xiao-hui'"'", WEI Hong-yu'"'"",ZHANG Zhao® , XUE Ping’,LONG Yan'""

(1a. School of Water Conservancy and Hydroelectric Power;
1b. Hebei Key Laboratory of Intelligent Water Conservancy, Hebei University of Engineering, Handan 056038, China;
2. Department of Water Resources,China Institute of Water Resources and Hydropower Research, Beijing 100038, China;
3. School of Artificial Intelligence and Automation, Hohai University, Nanjing 210098, China)

Abstract: When determining the number of pump stations to be started up, different start-up combinations can cause
differences in the flow state of the inlet system of the pump station. Choosing a non-optimal start-up combination may re-
sult in poor flow conditions in the inlet system, leading to lower efficiency of pump station and even affecting engineering
safety. Therefore, this article takes Denglou Pump Station as the research object, computational {luid dynamics methods
is used to establish a three-dimensional mathematical model of the inlet system. Combined the indicators to measure the
quality of the inlet flow state with the flow field diagrams of the forebay and inlet pool, the optimal start-up combination
under typical working conditions is explored. The research results show that when the number of pump units is the same.,
the unit with the center opening position is better than the units on both sides, and opening adjacent units is generally bet-
ter than opening interval units. Based on the simulation results of all start-up combinations, the optimal start-up combi-
nation for different start-up numbers is proposed, providing a reasonable start-up decision reference for pump station opti-
mization scheduling.

Key words: pump station;inlet system;computational fluid dynamics;inlet water flow regime;start-up combination
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A Time-varying Prediction Model for Dam Slope Deformation

Based on Particle Filter and Transformer-BiLSTM
WANG He-xian"",CHEN Bo"",GUO Ling-yun"",ZHOU Cheng-tao™"

(a. The National Key Laboratory of Water Disaster Prevention; b. College of Water Conservancy and
Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: This paper proposes a time-varying prediction model integrating a particle filter with the Transformer-Bil.-
STM (T-B) algorithm to accurately predict dam slope deformation. The particle filter was used to denoised environmental
parameters such as rainfall, reservoir water level, and temperature, enhancing data quality. Combined these parameters
with spatial features, the T-B algorithm was used to establish model for prediction spatio-temporal deformation of dam
slope. Taking a dam slope project in Southwest China as a case study, the model prediction performance was verified
through qualitative and quantitative analysis, and the main influencing factors were analyzed. The results show that parti-
cle filter improves the extraction of patterns from environmental data, while the T-B model can accurately capture the
spatio-temporal distribution characteristics of slope deformation. The combined model has a very high accuracy in predic-
ting the deformation of different measurement points, achieving error metrics (M ysg s Rguse s M yar ) close to 0 and high
correlation (R?, correlation coefficient) close to 1. The analysis identifies rainfall, reservoir water level, and temperature
as the primary factors influencing deformation, with their impact decreasing in that order. The proposed model can pro-
vide efficient and reliable predictive means for dam safety monitoring.

Key words: dam slope; deformation prediction; time-varying prediction model; Transformer-BiLSTM algorithm;

particle filter; influencing factors



