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Tab. 1 Parameters of simulation canal pools
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Comparison of simulated and measured water levels
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Fig.2 Comparison of simulated and measured flow rates
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Fig. 3 Hydraulic response initiated by gates closure simultaneously
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Tab. 2 Simulation conditions for synchronous closure of Diaohe sluice-Tuanhe sluice channel pool gates
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Fig. 4 Variation of water levels at both sides of the simulation channel pool
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Fig. 5 Variations of peaks of waves at both sides of a channel pool

3 TR T X 7K 7 0 R A A 2 i

A U T 2B K -5 R I 2 ] LA R K BT
A1 5 AT I K e B R B 22 5, JF B T REEERY
R, KD S R AR L T iy, 7K
5 B T R KL TR /0N AR AT i B AR, 20
LIC+v)(L SR, C R PETE, v A ), K s
Ty g S, 2970 LI(C-v).

AT,=10 min

— — = AT,=90 min

AT,=20 min
AT, =110 min

3.1 @k B BT A BT A

FEVIURIZAT T O0 A AT b, SR AN [] 1) 5C P il
I THBFAT,, U5 B AT ZE AR AR UL IE 6. Fiit
V] 317 2R K DGR AR AR AN H e RS B WAL KAV BT FESE [ 7,
WL 7.

—————— AT,=50 min
AT, =130 min

AT, =70 min
AT, =150 min

_0.6 1 1 1 1 1 1 1 1 1 1 1 )
60 120 180 240 300 360 420 480 540 600 660 720
Fsf ] /min
Bl 6 E)IISKH AR R A BT ZE KK L
Fig. 6 Upstream water levels with various gate closure duration
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Fig. 7 Upstream peak water levels and time spent with various gate closure duration
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Fig. 8 Upstream water levels with various gate closure
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Fig. 10 Upstream water levels with various operating levels

Hipax @--T
LR (] B ZE K I (R KA
12 o o o o Q o 140
1ot
130
0.8}
06} y=—0.152 3x+23.138 120 E
= R>=0.998 3 IS
0.4}
10
02t
0 . . 0
145.50 145.90 146.30 146.70
Z/m
11 ARIBETTKALXS R A 2 K IS B K LA AR IEE
K AL B A Bt ]

Fig. 11  Upstream peak and time spent with various operating levels
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Fig. 12 Upstream water levels with various flowrates
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Fig. 13 Upstream peak and time spent with various flowrates
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5 %Kit

P T R KA T 2 T I R R B — e E
S T AS AL, L YT R i T D ) 25 56 P Sk 48]
U5 EBFFE T T R)2E 5G4 1 1 K oy AR
FEEBWT .

W] DI A5 S A 5| 7K I RN RA K i, 38 =2 (]
DA BCEATIAT 38077 B (438 sk 25 57, B Inae v
FRFEH, P T K Spma R et o K 4R 1 T AR
T N SO L = AR 1 B (= OB €T R A SR
AFFTIIE T8t 06 30t 258 118 HsF [0 [0 ol i T B F — 38

SN R 1D 5 A i R st 1) R 5G] 1) sl /N 1]
SR, 4RI 30T AL 28 M il A8 6K ] 7 2B 7K D (L 7K o7
K 7835 4 W, 84 s I P 1] 5 PAT B (1] 522 4 X 93 A
PRI o 7K 418 35 A Sk i S I 11 R/ ) ] S P
WRE 3 A R

B 32 AT 7K ASE 118 T v, V] T 0 7K 0 /K A3 4k
Yok /IN, 35 81 06 (7K A7 T DB i) AL 7K 7 91 95 P i 25 G
W0 AR A, JK 4R G IS s A . 5 ELE B
X 0.62 m (3B T /K A T, [ 15 ZE 7K 0 B /K A7 A
FEAK 0.1 m.

Wi 5 7 DA 2 118 184 A, VR T B K 0 /K A 4k
T, 3 B WAE K A7 i P B T8 7K 1 3% 3% 9 3R 1 g
A I AR Ak, BRI B AR N, SRR B i,
XiF I 30 m’/s 19 T 0 4 R, D] A 28 K (B K A AT 55
27 0.01 m,

B 5 Rl R AR A, AT ZE K WA K A M TH i, 3
S A (E AR A7 it A TR] L 7K 7 41 3593 A3 %6 4R 1 247 6 B
WA, D ELE B, XFRE 0.001 AYRE 3G 0R, WA
FE K I E KA T 24 0.02 m, A7t 8 1 1 28 K IR



B, % @ALEPERTRREITREE X AAY 0T

KA, AT 22805 4 R B i 25

ABETERIA, SR 53 U /IN i 114 5 1) D7 XA Bl
TREAR M T ZE KK AL, T —2, Al ERI I YRR
AR A PR AL, e Ah, AR SE Al S A5 ] Al 28 7K 0
(ELZRASE (4 TR AIE 5, R A 188 2o Aty 2B K v J3E ] A2k
EIE T 05 2

535 30k

[1] NIU X Q. The first stage of the Middle-Line South-to-
North Water Transfer Project[J]. Engineering, 2022,
16(9): 21-28. DOI: 10.1016/j.eng.2022.07.001.
(2] EW, BB, HMBFE. F R b2 TR AR 4
550 2 BE SR (3], K AL IE 5 K R R,
2017, 15(2): 1-8. DOI: 10.13476/j.cnki.nsbdgk.2017.
02.001.
(3] F/KACI 2 T4 TR B B A Bk LI rh 2k
T TR KR B AT ALE (A7) [R]. Bk b
LT TR BT ER, 2018,
(4] F/KACI 2 T AR A B Jm) B ot Sk e B2
WA TR, ALt BRI rh & TR A ),
2017.
[5] KONG L Z, LEI X H, WANG M N, et al. A regula-
tion algorithm for automatic control of canal systems
under emergency conditions[J]. Irrigation and
Drainage,2019,68(4):646-656.DOI:10.1002/ird.2353.
(6] 84, XIFT, BRAEMS, 45, m/KdbIR 2 i T I sE2R )
A ASTEBE I FE /KA SRR R (ths), 2022,
20(1): 79-86. DOI: 10.13476/j.cnki.nsbdqk.2022.
0009.
[71 ZHU Z L, GUAN G H, MAO Z H, et al. Application
of model predictive control for large-scale inverted
siphon in water distribution system in the case of
emergency operation[J]. Water, 2020, 12: 2733. DOI:
10.3390/w12102733.
[8] CUIW,MU X P, CHEN W X, et al. Emergency con-
trol scheme for upstream pools of long-distance
canals[J]. Irrigation and Drainage, 2019, 68(2): 218-
226. DOL: 10.1002/ird.2297.
(9] 2= 5N, FIBR BETE b T e I [m] i 5C P 2K g B i
AT ARETA, 2009, 31(12): 89-90. DOI: 10.
3969/j.issn.1000-1379.2009.12.043.
[10] i, SRARAE. mE /K b I v S 7K 2 18 v il 1)
MR TE D] AR AK AR, 2008, 39(2): 32-35,
39.

(1] sk, AR, Eobik. mEkdbii b2 TR SRR
IEH B0 897K Fma 1 3B (0] 1 7K AL 3 5 7K A
B, 2007, 5(6): 8-12,20. DOL: 10.13476/.cnki.ns-
bdqk.2007.06.004.

[12] VAN OVERLOOP P J, MILTENBURG I J, BOM-

BOIS X, et al. Identification of resonance waves in

open water channels[J]. Control Engineering Prac-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

tice, 2010, 18(8): 863-872. DOI: 10.1016/j.coneng-
prac.2010.03.010.

CLEMMENS A J, LITRICO X, VAN OVERLOOP
P J, et al. Estimating canal pool resonance with auto
tune variation[J]. Journal of Irrigation and Drainage
Engineering, 2012, 138(1): 9-15. DOL: 10.1061/(AS-
CE)IR.1943-4774.0000384.

ST, BRI, BB i P T SRR A Y
JEte e it (. rEkbiE 5K FIRHL, 2007, 5(6): 21-
24. DOLI: 10.3969/j.issn.1672-1683.2007.06.006.
e, SR, PNV, A5 R 23K E AL SR
7K 7 W) 137 1835 W) B AR IF (0] K T e v 24,
2018, 37(2): 79-87. DOL: 10.11660/s1fdxb.20180208.
XN e, FLA i, KR P, A5, RIS 7 1] ] 255G
PRI B0 T DK I s T80 o i) 7 7K S 2 g 2 mig [0 g 7K
JbiH 5K FIRHE, 2018, 16(6): 157-163, 170. DOIL:
10.13476/j.cnki.nsbdqk.2018.0166.

BE, B, ARP L. SRACTRK TR AR e =f
WK e 157 e 7 g e (D mE /K A ) 5 K R R
("F 3 30), 2021, 19(4): 795-804. DOIL: 10.13476/j.
cnki.nsbdgk.2021.0083.

SR, Bl S, far . R R R KA
P TR 2 U BE RS2 (0. K SR e IR,
2011(4):62-65.DOI: 10.3969/j.issn.1671-3354.2011.
04.020.

BEBH, BRSO, BRREmG, 45, R K SR A 1o 2 i o
] BF 72 (1], 7K R 2% 4z, 2009, 40(11): 1345-1350.
DOI: 10.13243/j.cnki.slxb.2009.11.018.

BISWAS T R, DEY S, SEN D . Modeling positive
surge propagation in open channels using the Serre-
Green-Naghdi equations[J]. Applied Mathematical
Modelling, 2021, 97: 803-820. DOI: 10.1016/j.apm.
2021.04.028.

HORVATH K. Model predictive control of reso-
nance sensitive irrigation canals [D]. Barcelona:
Technical University of Catalonia Barcelona Tech,
2013.

ZHU Z L, GUAN G H, TIAN X, et al. The Integra-
tor Dual-Delay model for advanced controller design
of the open canal irrigation systems with multiple
offtakes [J]. Computers and Electronics in Agricul-
ture, 2023, 205: 107616. DOI: 10.1016/j.compag.
2023.107616.

2, T K Jr2E M L BRI ERBUK R R
7L, 2002.

CUI W, CHEN W X, MU X P, et al. Canal con-
troller for the largest water transfer project in
ChinalJ]. Irrigation and Drainage, 2014, 63: 501-511.
DOI: 10.1002/ird.1817.

FERRO V. Simultaneous flow over and under a
gate[J]. Journal of Irrigation and Drainage Engineer-
ing, 2000, 126(3): 190-193. DOI: 10.1061/(ASCE)

KA TAHzn 1019 ¢


https://doi.org/10.1016/j.eng.2022.07.001
https://doi.org/10.1016/j.eng.2022.07.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/10.1002/ird.2353
https://doi.org/10.1002/ird.2353
https://doi.org/10.1002/ird.2353
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0009
https://doi.org/10.3390/w12102733
https://doi.org/10.3390/w12102733
https://doi.org/10.1002/ird.2297
https://doi.org/10.1002/ird.2297
https://doi.org/10.3969/j.issn.1000-1379.2009.12.043
https://doi.org/10.3969/j.issn.1000-1379.2009.12.043
https://doi.org/10.3969/j.issn.1000-1379.2009.12.043
https://doi.org/10.13476/j.cnki.nsbdqk.2007.06.004
https://doi.org/10.13476/j.cnki.nsbdqk.2007.06.004
https://doi.org/10.13476/j.cnki.nsbdqk.2007.06.004
https://doi.org/10.13476/j.cnki.nsbdqk.2007.06.004
https://doi.org/10.13476/j.cnki.nsbdqk.2007.06.004
https://doi.org/10.1016/j.conengprac.2010.03.010
https://doi.org/10.1016/j.conengprac.2010.03.010
https://doi.org/10.1016/j.conengprac.2010.03.010
https://doi.org/10.1016/j.conengprac.2010.03.010
https://doi.org/10.1016/j.conengprac.2010.03.010
https://doi.org/10.1016/j.conengprac.2010.03.010
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000384
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000384
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000384
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000384
https://doi.org/10.1061/(ASCE)IR.1943-4774.0000384
https://doi.org/10.3969/j.issn.1672-1683.2007.06.006
https://doi.org/10.3969/j.issn.1672-1683.2007.06.006
https://doi.org/10.11660/slfdxb.20180208
https://doi.org/10.11660/slfdxb.20180208
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0166
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0166
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0166
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0083
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0083
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0083
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0083
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0083
https://doi.org/10.13476/j.cnki.nsbdqk.2021.0083
https://doi.org/10.3969/j.issn.1671-3354.2011.04.020
https://doi.org/10.3969/j.issn.1671-3354.2011.04.020
https://doi.org/10.3969/j.issn.1671-3354.2011.04.020
https://doi.org/10.13243/j.cnki.slxb.2009.11.018
https://doi.org/10.13243/j.cnki.slxb.2009.11.018
https://doi.org/10.1016/j.apm.2021.04.028
https://doi.org/10.1016/j.apm.2021.04.028
https://doi.org/10.1016/j.apm.2021.04.028
https://doi.org/10.1016/j.apm.2021.04.028
https://doi.org/10.1016/j.compag.2023.107616
https://doi.org/10.1016/j.compag.2023.107616
https://doi.org/10.1016/j.compag.2023.107616
https://doi.org/10.1016/j.compag.2023.107616
https://doi.org/10.1016/j.compag.2023.107616
https://doi.org/10.1002/ird.1817
https://doi.org/10.1002/ird.1817
https://doi.org/10.1061/(ASCE)0733-9437(2000)126:3(190)
https://doi.org/10.1061/(ASCE)0733-9437(2000)126:3(190)
https://doi.org/10.1061/(ASCE)0733-9437(2000)126:3(190)
https://doi.org/10.1061/(ASCE)0733-9437(2000)126:3(190)

F21% #5538 WALASAKARKCEE) 2023 4 10 A

0733-9437(2000)126:3(190). (27] #E#, REF, BROCF, 55, RBUIEE IO ) [Tt iz
[26] SHAHROKHNIA M A, JAVAN M. Dimensionless A LA ], BE R HEK 2241, 2022, 41(1): 141-

stage-discharge relationship in radial gates[J]. Jour- 146. DOI: 10.13522/j.cnki.ggps.2020677.

nal of Irrigation and Drainage Engineering, 2006, 132 (28] il 5N AY, FLA i, 5. T AL SR Y BRI

(2):180-184. DOI: 10.1061/(ASCE)0733-9437(2006) IR Z 28R kit ot (). i R R KA K AL,

132:2(180). 2023(4): 195-202. DOI: 10.12396/znsd.221182.

Hydraulic response of synchronous closing of main canal gate on Middle Route of
South-to-North Water Transfers Project

CUI Wei, WANG Lei, MU Xiangpeng, CHEN Wenxue, LIU Zhe, LEI Yuling

( State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, Department of Hydraulic, China Institute of Water Resources and

Hydropower Research, Beijing 100038, China )

Abstract: The main canal of the Middle Route of the South-to-North Water Transfers Project is separated by gates
into series channel pools. In case of emergencies and other situations, the synchronous operation technology of gates
is often adopted to rapidly reduce the water flow in a large range. Rapid closing of the gates at both ends of the canal
pool will cause continuous oscillation of the water level and flow in the canal pool, and affect the efficiency and
effect of the gate feedback control. If the gate is not properly controlled, the water is easy to overflow. It is of great
significance to deeply understand the hydraulic response characteristics of synchronous closing of gate and the
influence law of related factors for guiding the control of gate scientifically and ensuring the operation safety of the
project.

Based on Saint-Venant equation group, a one-dimensional unsteady gradually varied flow model for the main
canal of the Middle Route of the South-to-North Water Transfers Project was constructed. Taking the canal pool
between Diaohe aqueduct gate and Tuanhe aqueduct gate as the research object, the hydraulic response of
synchronous closing of the gate was simulated, and the hydraulic response characteristics such as peak water level,
time spent to reach the peak water level, frequency and amplitude of hydraulic oscillation before the gate were
analyzed. By changing the control mode of gate and the operating conditions of canal, the influences of gate closing
duration, gate closing amplitude, operating water level, water delivery flow and canal roughness on hydraulic
response characteristics were analyzed and summarized.

Simulation results showed that the rise process of hydraulic oscillation was fast, but the fall process was slow.
The amplitude of the wave was approximately logarithmic function attenuation with time, and the time interval of
the adjacent wave peaks and valleys gradually tended to be consistent. The peak height of backwater and amplitude
of hydraulic oscillation in front of the gate can be reduced approximately linearly by slowly closing and decreasing
closing amplitude. The decreasing amplitude was a zonal distribution function with gate closing time. With the
increase of operating water level, the peak value of rising water in front of the gate decreased linearly. The time
taken to reach the peak and the amplitude of hydraulic oscillation had no obvious change, but the oscillation
frequency increased slightly. With the increase of the water flow, the peak value of backwater in front of the gate
increased linearly. The time taken to reach the peak had no obvious change in the frequency of hydraulic oscillation,
but the amplitude decreased obviously and the attenuation became faster. With the increase of roughness, the peak
of backwater before the gate increased linearly, the time taken to reach the peak, and the frequency and amplitude of
hydraulic oscillation had no obvious change.

The hydraulic response is determined by the difference of the movement characteristics between the increasing
wave and the decreasing wave, as well as the difference while traveling downstream and upstream, and the energy
dissipation along the travel. The amplitude of hydraulic oscillation is sensitive to the closing speed and closing
amplitude of the gate. The value deviation of roughness can be ignored when estimating peak backwater before the
gate.

Key words: hydraulics; the Middle Route of South-to-North Water Transfers Project; synchronous gate-closing;

unsteady gradually varied flow simulation; hydraulic oscillation
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