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Tab. 1 Basic engineering information of each control gate

IV i Gt i I 42 MRS B/ (m'ss ™) IAHE R (m'ss ™) Witk Ai/m TV K A/m
1771% AR 14+620 350 420 146.80 147.66
1272% i ¥ =55 1 36+444 350 420 145.65 146.47
1273% BT A i [ 48+781 340 420 144.74 145.57
172745 bR e [ 74+640 340 410 143.07 143.88
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Tab. 2 Each control gate flow change
AL m’/s

condition setting

ZEAbJE R

12715 172725 17735 17745

Bl R

+65 415 415 415 405
+55 405 405 405 395
+45 395 395 395 385
+35 385 385 385 375
+25 375 375 375 365
350 (JZZ4*55340) +15 365 365 365 355
—-15 335 335 335 325
—25 325 325 325 315
-35 315 315 315 305
—45 305 305 305 295
=55 295 295 295 285
—65 285 285 285 275

*3 BTHIEFEFETERR

Tab. 3 Each control gate control opening calculation results

N ) L ) . HIETTFEE/m VAT /m
AR/ (m'es ) R LR/ (mes )
1Z2\%  JZ72%  J773%5  )774% 2715 12725 12735 17745
+65 450 6.39 6.35 5.50
+55 437 6.22 6.21 5.41
+45 424 6.05 6.06 5.31
+35 4.11 5.88 5.91 5.21
+25 3.98 5.70 5.76 5.11
+15 3.85 5.53 5.61 5.02
3.65 5.28 5.39 4.87
350 (JZZ4'5/4340) -15 345 5.02 5.16 472
-25 3.32 4.85 5.01 4.63
-35 3.19 4.67 4.86 453
—45 3.06 4.50 471 4.43
-55 2.93 433 456 433
—65 2.80 4.16 442 424
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Tab. 4 Each control gate before the safety control water level calculation results

KA b BRI EAT VAP 5 SRR B B, Z el TARE o

N N . L I BR7K 3 /m TRk /m
LUERIRR R/ (m'es™)  EAR R/ (m's )
17215 J272%  J773%  JZ274%5  JZ2Z1%5 JZZ2% 1Z73% )774%
+65 147.29 14591 145.33 143.62
+55 14722 145.87 14524 143.55
+45 147.14 145.83 145.15 143.48
146.70 145.55 144.64 142.97
+35 147.07 145.79 145.06 143.41
+25 146.99 145.75 144.97 143.35
+15 146.91 145.71 144.88 143.28
350 (JZZ454340)
-15 146.68 145.59 144.60 143.09
-25 146.61 145.56 144.50 143.00
-35 146.53 145.52 144.41 142.96
146.90 145.75 144.84 14322
—45 146.46 145.49 144.31 142.90
-55 146.38 145.46 144.21 142.84
—65 146.31 145.42 144.11 142.77
#F5 ETHEREVEERETERR
Tab. 5 Each control gate safety control time calculation results
N N . s SR AT ] /b S AT ] /b
LlERRR R/ (m'es™)  WEAE R/ (m's )
17215 J772%  J773%  JZ274%  JZ2Z1%5 JZZ2% 1Z73%  )Z274%
+65 0 0 0 0 7.57 3.80 7.23 8.40
+55 0 0 0 0 7.53 3.73 7.30 8.40
+45 0 0 0 0 7.50 3.70 7.40 8.43
+35 0 0 0 0 7.47 3.70 7.47 8.43
+25 0 0 0 0 7.43 3.63 7.53 8.50
+15 0 0 0 0 7.40 3.60 7.60 8.67
350 (JZZ45H340)
-15 0 0 0 0 7.07 3.47 7.83 7.97
-25 0 0 0 0 7.03 3.40 7.90 8.07
-35 0 0 0 0 6.93 3.37 8.00 8.10
—45 0 0 0 0.17 6.80 3.30 8.10 8.13
-55 0 0 0 0.73 6.67 3.27 8.17 8.13
—65 0.40 0.53 0 0.77 6.53 3.20 8.27 8.13
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Fig. 6 The change process of the water level and opening before the gate when the upstream flow of each control gate increases by 65 m’/s
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Safety of control gate for open channel water transfer project
based on hydrodynamic coupling

ZHANG Baohang'’, ZHANG Zhao’, LEI Xiaohui"*’, LI Hanyuan', WEI Hongyu"’

(1. College of Water Resources and Hydropower, Hebei University of Engineering, Handan 056038, China; 2. Hebei Key Laboratory of Intelligent
Water Conservancy, Hebei University of Engineering, Handan 056038, China; 3. Department of Water Resources, China Institute of Water Resources
and Hydropower Research, Beijing 100038, China; 4. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University,

Zhenjiang 212013, China )

Abstract: The open channel water transfer project is an important means to solve the problem of regional water
shortage. However, during the operation of the project, the upstream flow changed frequently due to the variable
demand for water supply along the line, resulting in complex and changeable water conditions along the line. The
control gate is one of the main control buildings in the water transfer project and the water level in front of the gate
is the key object of that needs the dispatcher to pay attention to. If the regulation is not proper, the water level may

exceed the limit, which not only poses a threat to the safe operation of the water transfer project but also affects the
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efficient water supply of the project. Therefore, it is of great significance to study the safety regulation of control
gates in open channel water transfer project.

To solve the problem that the water level in front of the gate breaks and the upper and lower limits of the water
level due to improper regulation during flow switching in an open channel water transfer project, the concept and
transfer principle of the feasible area of safety regulation and control of the gate control system in open channel
water transfer project is proposed. The control scheme of the control gate is calculated based on the dichotomy-
coupled one-dimensional hydrodynamic model. The regulation opening, safe water level, and regulation time
interval of the control gate are calculated during flow switching. The model can quickly calculate the control
opening, safe water level, and control time interval of the control gate when the upstream flow is switched, and the
feasible domain and control scheme of the control gate was obtained.

Four control gates from the first Taocha Canal to the Qi River in the Middle Route of the South-to-North Water
Transfers Project were studied, and 12 working conditions were set respectively for calculation. The results showed
that when the upstream flow changes, the interval regulation scheme calculated by the model could strictly control
the water level within the safety water level interval, and the transfer principle of the safety water level interval
played a role in reducing the amplitude of the water level. The calculation speed of the model was fast. CUP_TIME
function in Fortran was called to test each working condition, and the maximum calculation time was 8.99 s.

The control scheme calculated by the model makes the scheduling more flexible and practical and can reduce the
operation error of the scheduler. The calculation speed of the model can meet the regulation demand of sudden
change of flow in the middle and upper reaches of the project. In the project, upstream flow monitoring can be used
to judge flow changes. By calculating the scheduling scheme of each control gate, the effect of multi-gate cascades
can be realized. It provides support for the dispatching decision of the water transfer project and has important

significance for maintaining the smooth operation of the water transfer project.

Key words: one-dimensional hydrodynamic model; feasible domain of safety control; bisection method; control
gate
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