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Abstract: Based on establishing the computational fluid domain of underflow vertical lift gate under
different openings, the 3D numerical simulation is carried out by a combination of VOF model and
standard x-¢ model to predict the distribution of flow velocity, pressure and turbulence kinetic energy.
The results show that there are different sizes of vortexes in the downstream of the gate due to flow
separation from the gate bottom edge. The smaller the gate opening is, the greater the flow velocity
underneath the gate is, and the further away from the gate the vortex structure is. Turbulent kinetic
energy decreases with the increasing of gate openings and impactsthe flow state in the vicinity of gate.
The smaller the opening is, the greater the pressure difference between the upstream and downstream
of the gate is. The negative pressure mainly appears on the downstream of the gate. Appropriate
increasing the gate opening is conducive to the safe and stable operation of the gate.

Introduction

Thevertical lift gateisakind of important hydraulic structures mounted in aflow passage to adjust the
discharge magnitude and water level by its opening and closing, which is widely used in agricultural
irrigation, flood control, and hydroelectric power, etc. The hydraulic characteristics is refers to the
distribution and change of physical variables such as the velocity, pressure, turbulent kinetic energy
and its dissipation rate of water flow in the vicinity of a lift gate. With the adjustment of the gate
openings, the hydraulic characteristics of gate also produce very big change, which may result in the
occurrence of gate vibration phenomenon.

In addition to the hydraulic model test, numerical smulation has become an effective method to
predict the flow field around the gate. Kostecki [1-3] computed the two-dimensional flow in the
vicinity of gate using combinative modelling of the vortex method and the boundary element method.
Kazemzadeh-Pardi [4] applied smoothed fixed grid finite element method to solve free surface flow in
gated tunnels. Liu [5] simulated the turbulent flow behind a Sluice gate with submerged discharge
conditions. Pani et a. [6] used finite element technique to investigate the effect of fluid-structure
interaction on the hydrodynamic pressure. In the present work, a numerical method, being a
combination of VOF model and standard x-¢ model, is applied to predict the distribution of flow
velocity, pressure and turbulence kinetic energy in the vicinity of a vertical lift gate for different
openings.

Numerical M odéls

VOF Model and Governing Equations. Due to non-pressure flow condition on the downstream of
the gate, VOF model isused to track the free surface. There are both the air and the water phasesin the
model. Assuming that aq denotes the volume fraction function for phase q. a4=0 indicates excluding
phase q in the region, aq=1 indicates that the region is full of phase g, and Ol a4/ |1 indicates including
both the phase g and other phases. The governing equations of aqare as follows:
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wheret istime and u; is the mixing fluid velocity component in x; -direction.

The standard -¢ turbulent model is applied to simulate the flow field. The instantaneous continuous
equation, Navier-Stokes equations and standard x-¢ equations which are embeded VOF model are as
follows:

Continuous equation:
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where p is the specific mass of mixing fluid, p is pressure, and G, =m(fu/fu; +1u; /Tu) Tu /Ty, ,
m=rC,k*/e, C,=009, C, =114, C, =192,s_=13,s, =10.

M eshing and Boundary Conditions. The whole computational model consists of pressured section,
gate section and non-pressure section which are al in arectangle tunnel. The height and width of tunnel
are2m, and the simulated lengths before and after the gate are 7m and 15m respectively. The thickness
of the gate is 0.2m, and the openings are set respectively for 0.1m, 0.2m, 0.4m and 0.6m. The
hexahedral element mesh is adopted to generate the computational domain. Fig.1shows a meshing
schematic which has 589240 mesh elements

Fig.1 Meshing schematic of computational domain

The boundary conditions of whole computational domain includeinlet, outlet, water-air interface on
the downstream of gate, and solid wall boundaries. The flow inlet is set for velocity boundary. The
average velocity at inlet sectionis calculated byu, = Q/BH where Q=20m?/s, B isthe inlet width, and

H is the inlet height. The flow outlet is set for pressure boundary and the value is one standard
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atmospheric pressure. The VOF mode is used to deal with the water-air interface on the downstream
of gate. The solid wall boundaries are no dip conditions and the given normal velocity iszero. Thewall
function method is applied to process the near wall viscous sublayer.

Results and Discussion

Selecting the flow directionisthe x-axis, the vertical direction isthe y-axis, and the horizontal direction
isthe z-axis. The xoz-planeisfixed at the bottom of the tunnel, the yoz-plane and the xoy-plane is fixed
at the middle sections of the gate and tunnel respectively. The step length of time isDt = 0.001s.

Fig. 2 shows the flow velocity vector diagrams in the vicinity of the gate orifice at t = 0.06sand
xoy-plane for different openings. It can be seen from Fig. 2 that the vortex is generated in the
downstream of the gate. The flow before the gate is relatively stable. When water flows through the
gate orifice, it detaches from the bottom edge of gate and the velocity is rapidly increasing. There are
the recirculation zone and vortex behind the gate. It can be observed in Fig. 2 that the smaller the gate
opening is, the greater the flow velocity through the gate orifice, and the further away from the gate the
vortex structureis. At the sametime, the diameter of the vortex structure grows with the decreasing of
the gate opening due to vortex diffusion and mixture with the downstream flow.
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Fig. 2 Velocity (m/s) vector distributions for different gate openings

Fig. 3 shows the turbulence kinetic energy distribution nephograms at t =0.06s. It can be seenin
Fig. 3 that the turbulent kinetic energy is greater around the gate orifice, and is smaller on both sides of
the gate. The maximum turbulent kinetic energy decreases as the gate opening increases. Meanwhile,
with the increasing of the gate openings, the maximum turbulent kinetic energy moves gradually from
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the rear trailing edge of the gate towards the bottom of the gate. The distribution differences of
turbulence kinetic energy result in the complication of the flow regime in the bottom and the
downstream of the gate, accompanying by flow separation and vortex generation.
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Fig. 3 Turbulence kinetic energy distributions for different gate openings

Fig. 4 shows the pressure change curves at y =0.05min xoy-plane and t =0.06s. It can be seen

from Fig. 4 that the maximum value of the pressure all appears on the upstream side near the gate, and
the minimum value appears in the gate back for four different openings. The smaller the gate opening
is, the greater the pressure difference between the upstream and downstream of the gate is. The
pressure distribution is more uniform with the increasing of gate opening. The maximum negative
pressure occurs on the downstream when the gate is minimum opening.
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Fig. 4 Pressure change curves for different gate openings
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Conclusions

In the present work, the ANSY S Workbench is used to establish the computational fluid domain and
the Fluent software is used to calculate the flow parameters. The distributions of velocity, turbulence
kinetic energy and pressure are obtained respectively. The main conclusions are as follows. the smaller
the gate opening is, the faster the vortex structure on the downstream of the gate moves towards the
outlet, and thelarger the vortex diameter is, which affects the distribution of velocity and pressurefield.
Meanwhile, smaller gate opening results in greater pressure difference between the upstream and
downstream of the gate and more prone to generating negative pressure, which may cause the
cavitation and vibration of the gate. The increasing of the gate opening can obtain a more uniform
pressure distribution and benefit the safe and stable operation of the gate.
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