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Abstract. The process of sediment initiation is sometimes caused by high-inten-

sity turbulence. Grid turbulence can effectively simulate the sediment movement 

under such special flow conditions. In this paper, the governing equations of the 

turbulence model are determined based on the large eddy simulation model of 

two-fluid spatial filtration of the level set. The level set model is established, and 

the fluctuation of the free water surface is tracked by the level set function 

method. The density and viscosity of the whole computational domain are set as 

constant values. The single-fluid equation is reconstructed to solve the level set 

convection equation. The viscous sediment model is integrated into the SCHISM 

simulation system. The SCB model is used to deal with the fluid-structure inter-

action problem in the flocculating and settling process of fine sediment. The split-

step method is used to solve the fluid equation, which is finally solved, and the 

numerical simulation results are output. The results show that the mathematical 

model can simulate the flow velocity field and suspended sediment concentration 

field well under grid turbulence. 

Keywords: Grid turbulence, Suspended sediment concentration, Numerical 

simulation. 

1 Introduction 

Grid turbulence is generally known as approximately isotropic turbulence, which is the 

basis for studying complex turbulence and related material transport [1]. Oscillating Grid 

Turbulence (OGT) refers to the vibration of a single or multi-slice grid in the water tank 

perpendicular to the plane of the grid. The jet and wake are generated at the opening 

and connection of the grid, respectively. After mixing with each other, the two produce 

approximately isotropic turbulence at a certain distance from the grid [2]. The charac-

teristics of OGT are easy to change through grid operating parameters, including grid 

opening size, amplitude, frequency, etc. They can be maintained for a long time without 

attenuation. They are easy to implement measurements and widely used. 

In nature, the start and suspension of sediment are sometimes caused by high-inten-

sity turbulence rather than average flow. The grid turbulence can effectively simulate 

the sediment movement under such special flow conditions. In addition, grid turbulence 

can be separated to study the turbulent diffusion of sediment and pollutants and the  
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adsorption and desorption of inorganic matter by sediment. Therefore, although the for-
mation mechanism of indoor vibration grid turbulence is different from that of natural 
turbulence, it is widely used to study the movement of sediment and pollutants. Using 
OGT, Rouse [3] first studied the characteristics of sediment suspension and obtained the 
famous Rouse vertical line distribution formula of suspended mass. Other scholars have 
studied and obtained the key mechanisms of sediment transport, such as the sediment 
starting criterion and the relationship between sediment diffusion coefficient and mo-
mentum exchange coefficient [4-9]. Therefore, we use the parameters of the adjusted grid 
to conduct the mathematical model study of the suspended sediment concentration 
field. We simulate the suspended sediment concentration field under different working 
conditions.  

2 Model fundamentals 

Based on the large eddy simulation (LES) model of two-fluid spatial filtration, the gov-
erning equation of the turbulence model is determined. The level set model is estab-
lished, and the fluctuation of the free water surface is tracked by the level set function 
method. The density and viscosity of the whole computational domain are set as con-
stant values. The above equation is reconstructed as a single fluid equation to solve the 
level set convection equation. At the same time, the viscous sediment model is inte-
grated into the SCHISM simulation system. The SCB model [10] is used for the floccu-
lation and settlement process of fine sediment. The immersed boundary method is used 
to deal with the fluid-structure interaction problem, and the split-step method is used to 
solve the fluid equation. The calculation efficiency is improved through MPI parallel-
ization. Finally, the turbulence field and suspended sediment concentration field under 
the disturbance of the output grid are simulated. 

Based on the large eddy simulation model of two-fluid spatial filtration with the level 
set, the governing equation of the turbulence model is constructed. The exchange of 
sediment particles between the groups of flocculants adopts the two-body interaction 
mode. It is controlled by the polymerization, shear breakage, and collision breakage of 
the flocculants, resulting in the capture and loss of sediment particles. The general equa-
tion is as follows: 

 
ୢ୬ౡ

ୢ୲
ൌ Gaggrሺkሻ ൅ Gbreak-shearሺkሻ ൅ Gbreak-callሺkሻ

െLaggrሺkሻ െ Lbreak-shearሺkሻ െ Lbreak-callሺkሻ
 (1) 

n୩ is the number of sediment particles in the flocculation group (m-3); Gaggr and Laggr 
are the number of sediment particles captured and lost due to flocculation and agglom-
eration (m-3); Gbreak-shear and Lbreak-shear are the number of sediment particles captured 
and lost due to shear crushing (m-3); Gbreak-call and Lbreak-call are the number of sediment 
particle capture and loss caused by collision and crushing flocculation (m-3), respec-
tively. 

The split-step method was used to solve the fluid control equation; the momentum 
equation was discretized with the second-order precision central difference scheme, in-
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cluding viscosity, pressure gradient, and SGS terms; the convection terms were discre-
tized with the third-order precision WENO scheme or the second-order central differ-
ence scheme; and the second-order precision Crank-Nicholson scheme was used for 
time advance: 
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n represents the previous time step, Δt is the time step, F is the right-hand side term 
except for the pressure term in the control equation of the turbulence model, and P is 
the pressure term. 

A three-point central difference scheme is used to apply continuity conditions in the 
second stage of the splitting step to solve the following Poisson pressure equation: 
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Π is the pressure correction term for the pressure and velocity fields in Equation (2): 

 p୬ାଵ ൌ p୬ ൅ Π (4) 
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3 Model settings 

The intrusion boundary method uses the grid as a solid and the water in the tank as a 
fluid. The pore ratio of the grid is consistent with the condition of producing approxi-
mately isotropic turbulent flow. The local encrypted mesh can reflect the shape and 
spacing of the local grid holes. The LES method is applied to simulate the approximate 
isotropic turbulent field generated by the grid oscillation. The grid moves in the form 
of a sinusoidal function in the transverse direction: 

 L ൌ A ⋅ sinሺf ⋅ 2πtሻ (6) 

A is the amplitude (cm), f is the vibration frequency (Hz), t is the time (s), and L is the 
grid position (cm). 

By adjusting the vibration frequency and amplitude of the grid, a variety of physical 
model test conditions can be generated to realize the effective simulation of the turbu-
lent field and the suspended sediment concentration field under the grid disturbance. 
First, the mathematical model is set up according to the tank test, including initial and 
boundary conditions. The test conditions of the physical model test are as follows: the 
configuration concentration is 15 kg/m3, the grille amplitude is 5 cm, and the vibration 
frequency is 5 Hz. In the end, the average measured concentration was 14.921 kg/m3. 
The specific measurement results are shown in Table 1. Therefore, the initial conditions 
of turbulent flow and suspended sediment concentration field in the numerical simula-
tion are set to 0 m/s and 15.0 kg/m3, respectively. They can accelerate the convergence 
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of turbulent flow and suspended sediment concentration to a full development state. 
Since it is the test of the cube water tank and transverse vibration grid, the boundary 
conditions are set according to the periodic boundary. 

Table 1. Measurement results of test conditions 

4 Model export 

After at least one minute of numerical simulation, conditions of turbulent flow and sus-
pended sediment concentration fields tending to stochastic processes will be generated. 
According to the implementation of the physical model test, the location of one of the 
observation points A was selected to extract the time series process of the mean value 
at the time of flow velocity and the mean value at the time of suspended sediment con-
centration. This is shown in Fig. 1. It can be observed from the numerical simulation 
results that the longitudinal flow velocity u fluctuates in the range of 0.0~0.10 m/s, and 
the transverse flow velocity v fluctuates in the range of -0.1~+0.1 m/s (Fig. 1(a)). The 
frequency and amplitude of flow velocity change are consistent with the vibration fre-
quency and amplitude of the transverse grating. However, the concentration change of 
suspended sediment is completely a random process, which is affected by the approxi-
mately isotropic turbulent flow field. The concentration fluctuates around 14.9 kg/m3 
(Fig. 1(b)), which is consistent with the measured average value of the physical model 
test condition. It is proved that the numerical simulation can reproduce the formation 
process of turbulent flow and suspended sediment concentration field in the tank test. 

 

Fig. 1. Change process at measuring point A of the water tank. (a) Average velocity change 
process. (b) The change of suspended sediment concentration. 

Fig. 2 shows the flow velocity vector in the tank, the iso-line filling and iso-surface 
distribution of the mean value of longitudinal flow velocity, and the concentration field 
distribution of suspended sediment, respectively. As shown in Fig. 2(a), vortexes with 
symmetric distribution will be formed near the grating gap. Due to the use of periodic 

Sampler 
position 

Volume of 
sampling/ml 

Filter membrane 
mass/g 

Total mass/g 
Sample sand 
mass/g 

Concentration 
/kgꞏm-3 

A1 65 0.1106 161.7438 0.9868 15.182 
A2 64 0.1106 161.8908 0.9524 14.813 
A3 67 0.1104 162.4816 1.0016 14.949 
A4 62 0.1115 161.4572 0.913 14.725 
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boundary conditions, the interaction between the water flow and the side wall of the 
tank is not reflected at the side wall, as well as the vortex backflow at the corner. Due 
to the fine suspended sediment particles, about 10~15 μm, the sediment particles and 
the fluid have strong followability. The fine sediment will have flocculation and sedi-
mentation, and the interaction between the flocculation group and the fluid turbulence 
will lead to the aggregation and fragmentation of the flocculation group. Finally, the 
random variation of the suspended sediment concentration turbulence field is formed, 
as shown in Fig. 2(d). The change of suspended sediment concentration is related to the 
spatial and temporal distribution of turbulent flow. It can result in the shown distribu-
tion pattern of size and phase, the average value of which is about 14.9 kg/m3. It is 
consistent with the measured average value of the physical model test. 

 

 

Fig. 2. Results of mathematical model simulation. (a) Velocity vector diagram of the turbulent 
flow field in the grid. (b) Contour filling diagram of longitudinal velocity U. (c) Contour distri-
bution of longitudinal velocity U. (d) Instantaneous field of suspended sediment concentration 

(T=30 s). 

5 Conclusions 

According to the analysis of the output results of the above model, it can be seen that 
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the longitudinal flow velocity u fluctuates in the range of 0.0~0.10 m/s, and the trans-
verse flow velocity v fluctuates in the range of -0.1~+0.1 m/s. The frequency and am-
plitude of flow velocity change are consistent with the vibration frequency and ampli-
tude of the transverse grating. The change of suspended sediment concentration is re-
lated to the spatial and temporal distribution of turbulent flow, resulting in the distribu-
tion pattern of different sizes, as shown in Fig. 3 (d). The average value is about 14.9 
kg/m3, which is consistent with the measured average value of the physical model test. 
Therefore, the mathematical model can simulate the flow velocity field and suspended 
sediment concentration field under the grid turbulent flow well. The mathematical 
model can also be set as a multi-slice grid. The motion of the vibrating grid directly 
determines the hydrodynamic conditions in the tank. The numerical simulation results 
can reflect the local details of the turbulent flow and the concentration distribution of 
suspended sediment in the tank. 

Acknowledgment 

This study was supported by the National Natural Science Foundation of China (Grant 
No. 52239007&No. U2240226) and the National Key Research and Development of 
China (Grant No. 2022YFC3201703-05). 

References 

1. SRDIC A, FERNANDO H J S, MONTENEGRO L. Generation of nearly isotropic turbu-
lence using two oscillating grids. Experiments in Fluids, 20, 395-397 (1996). 

2. YAN J, CHENG N S, TANG H W, et al. Oscillating-grid turbulence and its applications: a 
review. Journal of Hydraulic Research, 45(1), 26-32 (2007). 

3. ROUSE H. Experiments on the mechanics of sediment suspension. New York: Proceedings 
of the Fifth International Congress for Applied Mechanics. (1939). 

4. BUSCOMBE D, CONLEY D C. Schmidt number of sand suspensions under oscillating grid 
turbulence. Coastal Engineering Proceedings, 1(33), 1-11 (2012). 

5. WAN MOHTAR W H M, MUNRO R J. Threshold criteria for incipient sediment motion 
on an inclined bedform in the presence of oscillating-grid turbulence. Physics of Fluids, 
25(1), 015103-15 (2013). 

6. WAN MOHTAR W H M, ZAKARIA N M. The interaction of oscillating-grid turbulence 
with a sediment layer. Research Journal of Applied Sciences Engineering & Technology, 
6(4), 598-608 (2013). 

7. S Fukushima, G., Ogawa, S., Wei, J., et al. Impacts of grid turbulence on the side projection 
of planar shock waves. Shock Waves 31, 101–115 (2021). 

8. Tang, S., Antonia, R., & Djenidi, L. Transport equations for the normalized nth-order mo-
ments of velocity derivatives in grid turbulence. Journal of Fluid Mechanics, 930, A31 
(2022). 

9. Watanabe, T., Zheng, Y., & Nagata, K. The decay of stably stratified grid turbulence in a 
viscosity-affected stratified flow regime. Journal of Fluid Mechanics, 946, A29 (2022).  

10. VERNEY R., LAFITE R., CLAUDE BRUN COTTAN J., LE HIR P. Behaviour of a floc 
population during a tidal cycle: laboratory experiments and numerical modelling. Continen-
tal Shelf Research, 31(10), S64-S83 (2011). 

Study on Mathematical Models of Grid Turbulence             313



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
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