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Mathematical modeling of multi-stepped open
channel based on Flow-3D
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Abstract: [Objective] This study investigated hydrodynamic characteristics and sediment deposition of
flow in multi-stepped open channel of irrigation area and evaluate the impacts on multi-stepped open chan-
nel projects. [Method] A three-dimensional mathematical model for Niujiaodian water transfer project in
Dezhou, Shandong was established on Flow-3D platform based on the VOF method. By simulating the flow
of three-dimensional multi-stepped open channel under different conditions, the velocity distribution of
flow,variation of water surface profile and deposition of sediment at the bottom of channel were compared
and analyzed. [Result] After the flow was steady,the maximum velocity appeared on the second stage of
the open channel. The flow speed of the sand flow was 0. 50—0. 86 m/s greater than that of clear water. On
the flip bucket and the second stage of the open channel, the water surface profile changed greatly. Over
time, sediment deposited mainly in front of the flip bucket and at the bottom of the third stage of the open
channel. The thickness of the deposition was up to 0. 143 mm at 200 s. [Conclusion] During the construction and
operation of the Niujiaodian project, it is necessary to appropriately strengthen the second stage bottom,
raise the height of the second stage side wall and control the downstream water level for safe operation.
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Fig. 3 Blocks of three-dimensional solid parameter model for water conveyance project in Niujiaodian
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Table 2 Settings of calculation cases
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2 19. 63 b Sediment carrying
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8 18.93 #7b Sediment carrying
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Table 3 Typical flow velocity in the channel under various cases
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Fig.5 Flow velocity and water surface line of channel longitudinal section under clear water conditions
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Fig. 6 Flow velocity and water surface line of channel longitudinal section under sediment carrying conditions
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Fig. 7 Flow velocity of channel positive section under sediment carrying conditions
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Table 4 Typical location water level in the channel under various cases

T BRI/ m =R R B =R/ m =T L B/
Cases Wlater lleveI in the Side wall height of Water leYel in the Side Wal{l height of
first flip bucket the second stage second flip bucket the third stage

1 18. 61 19. 00 16. 64 17.00

2 18. 39 19. 00 16. 70 17.00

3 18. 50 19. 00 16.51 17.00

4 18. 44 19. 00 16. 58 17.00
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Fig. 8 Longitudinal section of sediment deposition at the bottom of water conveyance channel in Niujiaodian
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Fig. 9 Positive section of sediment deposition at the bottom of water conveyance channel in Niujiaodian
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