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Fig.1 Three views of weir-flume combination facility
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Table 1 Position of control section in the flume and outlet
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Fig.3 The steady water depth under different mesh sizes
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Fig.5 The variation of water surface line in longitudinal

profile of channel center under different flow rates
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Fig.6 Simulated flow patterns of weir-flume combination facility
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Fig.8 Change of Fr in longitudinal profile of channel center under different flow rates
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Table 3 Comparison of simulated flow values and
calculated flow values

BHMA/L-sT)  hdem  JHRME/L-sY)  AXHRE(LsY)  HXHRE%
10.13 7.11 10.54 0.41 4.02
19.92 10.38 20.48 0.56 2.79
30.08 13.02 31.52 1.44 4.78
32.75 13.53 34.02 1.27 3.87
40.15 15.16 42.60 2.45 6.11
50.30 16.54 52.08 1.78 3.54
60.04 17.70 61.66 1.62 271
70.63 18.81 71.94 131 1.85
80.00 19.53 79.10 -0.90 -1.12
90.00 20.33 87.50 -2.50 -2.78
100.00 21.01 94.96 -5.04 -5.04
110.00 21.65 102.26 -1.74 -7.04
120.00 2231 110.03 -9.97 -8.31
140.00 23.47 124.31 -15.69 -11.21
160.00 24.60 138.92 -21.08 -13.18
180.00 25.59 152.26 -27.74 -15.41
200.00 26.56 165.80 -34.20 -17.10
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JulE, K 110~200 L/s WL ZE RitAT 3t — B 5.
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Fig.12 Change of flow coefficient of weir and flume combination
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Fig.13 Relative water depth relationship between
measurement point 4 and measurement point M1
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24 BRAZME T EAZHESLER
Table 4 Comparison of simulated and calculated flow rate

BHME/(L-s)  hgfom PN ARHRZE(LsY)  HHRZE%
110.00 21.65 108.81 -1.19 -1.08
120.00 22.31 120.16 0.16 0.13
140.00 23.47 140.65 0.65 0.46
160.00 24.60 161.28 1.28 0.80
180.00 25.59 179.88 -0.12 -0.07
200.00 26.56 198.58 -1.42 -0.71
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Numerical Study of Hydraulic Performance of Weir-flume Combined Device

LING Gang, WANG Wen’e", WANG Hui, HU Xiaotao
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas,
Ministry of Education, Northwest A&F University, Yangling 712100, China)

Abstract: [Objective]l The weir-flume apparatus, consisting of a measuring flume and a measuring weir, is an
innovative device for monitoring and controlling open channel flow. Installed across channels, it can measure water
flow, elevates upstream water level, and enhances ecological connectivity in rivers in diverse geographical
conditions. While measurement formulas and hydraulic characteristics have been experimentally investigated for
small flow with shallow water depth, there is a lack of study for large flow. This paper aims to bridge this gap by
studying the vertical and longitudinal velocity profiles as well as spatial distribution of flow field under high flow
conditions. [Method] The analysis was based on numerical modelling. The FLOW-3D software was used to
simulate hydraulic performance of a weir-flume device under 17 flow rates ranging from 10.13 to 200 L/s. From
the simulated results we analyzed the impact of flow rate on water depth, Froude number (Fr), and velocities within
both the in-groove flow and the weir flow. [Result] As the flow rate increased, the Fr and velocity in the central
longitudinal section of the device initially increased and then tapered off. The flow in the upstream of the device
remained stable, with Fr ranging from 0.1 to 0.3 and velocities varying between 0.08 and 0.5 m/s. Both Fr and
velocity gradually increased with the increase in flow rate. After entering the device, Fr and flow velocity exhibited
a significant surge. A wide range of thin water layers emerged in the downstream of the device, with the maximum
Fr and velocities being 3 to 4.6 and 1.05 to 2.06 m/s, respectively. A subdued water jump was observed
downstream of the in-groove flow, while the downstream of the weir showed a jet stream with Fr>1. Additionally,
diffused water generated a rhomboid wave at the side bank. We derived a formula from the numerical simulations;
its maximum relative error was 6.11% for flow rate below 100 L/s, beyond which the relative error gradually
increased. [ Conclusion] The numerical results obtained from FLOW-3D agreed well with the test data, validating
the accuracy and consistency of the derived formula for analyzing measurement data from the weir-flume device.
This work bridges a critical knowledge gap, enabling more precise assessment and control of open channel flow
under various conditions.

Key words: weir-flume combination; numerical simulation; Froude number; hydraulic characteristics; FLOW-3D

TG RFA

144





