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2. Moving mesh method
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4. Mesh-free method
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3. Smoothed Particle Hydrodynamics
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5. Weakly-compressible
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1. Introduction

This work presents a numerical investigation of free surface overflow from a sharp-crested weir based on
2-D weakly-compressible Smoothed Particle Hydrodynamics (SPH) method. The flow field behaves highly
dynamic with strongly deforming free surfaces generated by overtopping jet. A different way of initializing the
computation is developed with the relative merits of more rapid convergence to desired steady state. Improved
preservation of bulk fluid volume is obtained by recourse to a new hydrostatic correction term, substituted
into the mass conservation law. This is confirmed by analyzing the hydrostatic tank test separately in absence
and in presence of the correction term. Improvement is also achieved in predicting the draining process of
weir-reservoir system when there is no inflow. Comparison with experimental nappe envelops as well as
velocity and pressure distributions demonstrate satisfactory agreement in each case.

2. Methodology

SPH methodology builds its Lagrangian character on a set of moving particles that evolve with information
interpolated from neighboring particles via a kernel (weighting) function. Each particle resembles an actual
material point with a constant mass in 2-D, though occupying a time-dependent volume of space. The
computational domain is considered to extend horizontally between the inflow and outflow boundaries
(Federico et al., 2012) and vertically between the flume invert and moving free surface. The solid walls (flume
invert and weir plate) are implemented by at least four layers of evenly-spaced dummy particles for improving
the solution accuracy, the first layer of which also exert a soft repulsion to ensure no-penetration where the
solid-fluid interface is under violent impact (Mahdavi and Talebbeydokhti, 2015). The conventional four stage
Runge- Kutta method evolves the flow field along time axes. This study proposes an improved version of the
SPH method originally derived by Ferrari et al. (2009) as it sets a hydrostatic correction to density difference
between interacting pairs, resulting in better preservation of hydrostatic equilibrium over long simulation
times. Otherwise, spurious departure from the equilibrium state is inevitable even with a refined particle
resolution. Such circumstances may be encountered in a variety of open channel flows where convergence to
steady state is desirable. The hydrostatic correction is derived based on the Taylor expansion of density field
around each pair of interacting particles.

3. Results and discussion

The overflow is completely driven by combined interaction of gravitational and inertial effects. The
overtopping jet develops freely in air before impinging on the downstream bed where an increase in the local
pressure field can easily be identified. A portion of overtopped fluid then started a reverse motion towards the
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weir, producing a vortex beneath the lower nappe. Accordingly, the streamlines reveal clockwise recirculation
close to the downstream weir face (Fig. 1). Converging streamlines near the top of weir produced positive
stream-wise acceleration which, in turn, drives overflowing SPH particles. The drawdown of water surface at
the weir site also emitted a negative wave that gradually declines reservoir level while propagating in the
upstream direction.

Besides the qualitative assessments mentioned above, a more quantitative insight may be gained by
validating the numerical predictions against relevant experimental data. Based on the least square approach,
Lodomez et al. (2014) proposed polynomial expressions that accurately reproduced their experimentally
measured nappe envelops. These profiles (solid lines) are overlaid onto the SPH particles (gray symbols) in
Fig. 2, where an overall agreement can be appreciated. Experimental observations indicate that the lower
nappe detaches from the weir plate at upstream crest edge, reaches its highest point and then falls downwards
in response to gravity. Such flow characteristics are correctly captured by this weakly-compressible SPH model,
as compared to experimental profiles.

X [m]
Fig. 1. Streamlines characterizing the nappe flow over Fig. 2. SPH particles (gray symbols) versus empirical
sharp-crested weir nappe profiles (solid lines)

4., Conclusions

The hydrodynamics of full- width sharp- crested weirs was numerically reproduced by weakly-
compressible SPH model. Time history of the declining reservoir level was compared well with an approximate
solution derived herein. Transient processes prior to establishment of stationary flow field were identified,
consisting of highly nonlinear and multi- connected free surfaces. The numerical results for sharp- crested
weirs were found to agree qualitatively with general flow features as well as quantitatively with available
experimental data. Particularly, the predicted nappe profiles match extremely well with the measured
envelopes in all cases studied. Although the present analysis was mainly focused on weir hydrodynamics,
extension to other free surface flows is straightforward. The numerical scheme is easy to implement and free
from any calibration parameter. It can avoid highly disordered particles without requiring additional treatment
to correct particle movement. It is expected to be equally well suited when modeling the evolution of small
departures from the steady state over a long time. This can motivate potential applications in various problems
of practical interest such as open channel hydraulics, long wave propagation and liquid sloshing in a tank. These
are left as topics for future research.
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