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Investigation of flow over a crump weir in free and submerged flow conditions
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Extended Abstract

Introduction

Weirs are essential hydraulic structures widely used for flow regulation, water level control in reservoirs, and discharge
measurement. Among various types, the Crump weir stands out due to its simple and cost-effective design, making it
particularly valuable for irrigation channels and water distribution networks. Its unique features, such as reduced sediment
accumulation and adaptability to both free and submerged flow conditions, have attracted significant research interest.
However, a comprehensive analysis of the discharge coefficient and flow patterns under different hydraulic conditions
remains a research gap. This study aims to experimentally and numerically investigate the discharge coefficient of Crump
weirs under free and submerged flow conditions, while evaluating the effects of geometric and hydraulic parameters on
their performance. The findings can contribute to optimizing the design and application of these structures in practical
scenarios.

Materials and Methods

This research employed a combined experimental and numerical approach to analyze flow over Crump weirs. Laboratory
experiments were conducted in a flume measuring 10 m in length, 0.6 m in width, and 1.1 m in height. Four distinct Crump
weir models were tested, with the following specifications:

1. Model M1: Height (P): 0.15 m; Upstream slope: 30°; Downstream slope: 60°

2. Model M2: Height (P): 0.15 m; Upstream slope: 60°; Downstream slope: 30°

3. Model M3: Height (P): 0.15 m; Upstream and downstream slopes: 45° (symmetrical)

4. Model M4: Height (P): 0.20 m; Upstream and downstream slopes: 45° (symmetrical)

Flow rates ranged from 0.03 to 0.05 m?/s, and water depths were measured at multiple points using precision sensors. For
numerical simulation, the study utilized *Flow-3D* software, which solves the Navier-Stokes equations using the finite
volume method. The numerical model was validated against experimental data, with accuracy assessed using RMSE and
MAPE metrics. A grid convergence analysis was performed, leading to the selection of an optimal mesh with 679,800 cells.
The model effectively simulated three-dimensional flow fields, velocity distributions, and pressure profiles around the weir.

Results and Discussion

The results indicated that the discharge coefficient of the Crump weir decreased as the dimensionless hydraulic head-to-
weir height ratio (*H¢/P*) increased. The highest discharge coefficient was observed for Model M4 (0.2 m height, 45° slope)
under both free and submerged flow conditions, while the lowest coefficient corresponded to Model M2 (0.15 m height,
asymmetric slopes). Symmetrical upstream and downstream slopes improved performance, increasing the discharge
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coefficient by approximately 16%. Submerged flow conditions reduced the coefficient by an average of 3.5% compared to
free flow. Flow field analysis revealed counterclockwise vortices downstream of the weir, with weaker intensity under
submerged conditions. Velocity distributions (longitudinal, transverse, and vertical) were significantly influenced by weir
geometry and flow conditions. For instance, Model M4 exhibited the highest longitudinal velocity in free flow, whereas
Model M1 recorded the lowest. Pressure peaks reached 2662 Pa upstream under free flow, but no negative pressures were
observed in submerged conditions. These findings underscore the interplay between weir design and hydraulic performance.

Conclusion

This study demonstrated that the *Flow-3D* numerical model accurately simulates flow over Crump weirs. Key findings
highlighted the impact of weir geometry and flow conditions on the discharge coefficient and flow patterns. Specifically,
weirs with symmetrical slopes exhibited superior performance, while increased hydraulic head reduced the discharge
coefficient. Notable differences in velocity and pressure distributions were observed between free and submerged flows.
These insights provide valuable guidance for optimizing Crump weir designs in practical applications. Future research
could explore additional parameters, such as surface roughness and varying flow rates, to further enhance performance
predictions. The integration of experimental and numerical methods proved effective, offering a robust framework for
similar hydraulic studies.
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Fig 1. Flow characteristics of the Crump weir in the free and submerged flow conditions
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Fig 5. illustrates the error norms of the numerical model in calculating the discharge coefficient
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Fig 11. Contours of longitudinal velocities in the different weir models in the conditions of a) free flow and b)
submerged flow
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submerged flow
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