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Abstract: A generic numerical model using the large eddy simulation (LES) technique is developed to simulate a non-buoyant 
vertical jet in wave and/or current environments. The experimental data obtained in five different cases, i.e., one case of the jet in a 
wave only environment, two cases of the jet in a cross-flow only environment and two cases of the jet in a wave and cross-flow 
coexisting environment, are used to validate the model. The grid sensitivity tests are conducted based on four different grid systems 
and the results illustrate that the non-uniform grid system C (205×99×126 nodes with the minimum size of 1/10 jet diameter) is 
sufficiently fine for the modelling. The comparative study shows that the wave-current non-linear interaction should be taken into 
account at the inflow boundary while modelling the jet in wave and cross-flow coexisting environments. All numerical results agree 
well with the experimental data, showing that: (1) the jet under the influence of the wave action has a faster centerline velocity decay 
and a higher turbulence level than that in the stagnant ambience, meanwhile the “twin peaks” phenomenon exists on the 
cross-sectional velocity profiles, (2) the jet under a cross-flow scenario is deflected along the cross-flow with the node in the 
downstream, (3) the jet in wave and cross-flow coexisting environments has a flow structure of “effluent clouds”, which enhances the 
mixing of the jet with surrounding waters. 
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Introduction 
The disposal of wastewater into coastal waters is 

one of common sewage treatment approaches in coa- 
stal cities. It is of importance to understand and predict 
the movement of the disposed wastewater, which is 
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usually in the form of a turbulent jet, in order to make 
a more accurate assessment of the wastewater impact 
on the surrounding environment. In coastal waters, the 
jet is not only driven by its initial momentum, but also 
affected by the coastal hydrodynamics, such as tidal 
currents and/or waves. If the jet is vertically discha- 
rged into the ambience, the surrounding tidal currents 
could be approximated as a series of quasi-steady 
cross-flows. 

Many experiments were carried out to investigate 
the vertical jet in either the cross-flow or the wave 
environment. A better understanding of the complex 
interaction mechanism between the jet and the surrou- 
nding waters was achieved by those studies. In the 
cross-flow environment, the jet is significantly defle- 
cted along the cross-flow direction, with the node in 
the downstream[1]. The flow from this node is supplied 
by the lateral flow, which is caused by the cross-flow 
passing over the jet. Apart from that, several large 
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scale vortex structures, including the shear layer vorti- 
ces, the horseshoe vortices, the wake vortices and the 
counter-rotating vortex pair (CVP) exist in the jet body 
when it is in the environment of a cross-flow[2]. Among 
those vortex structures, the CVP is considered as the 
most significant feature[3]. On the other hand, in the 
wave environment, the jet body sways to and fro with 
the pace of the wavy fluctuation, making the vortex 
structures not as clear as those in the cross-flow envi- 
ronment. The experimental measurements made by 
Chyan and Hwung[4] and Sharp et al.[5] show the exi- 
stence of a “twin peak” distribution of the jet mean 
velocity and the concentration on the cross-sectional 
profiles when the jet is in a regular wave environment. 
Mossa[6,7] measured both the jet mean and turbulent 
velocities using an laser Doppler anemometer (LDA) 
system and found a larger lateral spreading and a 
higher turbulence level of the jet in the wave enviro- 
nment than those in a stagnant ambience. Recently, 
Hsiao et al.[8] adopted the particle image velocimetry 
(PIV) technique to measure the mean and turbulence 
structures of the jet in the wave environment and simi- 
lar conclusions as Mossaʼs were made. 

Although the interaction between the jet and the 
surrounding waters is 3-D, usually only the data on the 
jet symmetrical plane can be obtained due to the limi- 
ted measurement techniques. However, the numerical 
model can provide an effective way to reproduce and 
predict the 3-D structure of the jet in various environ- 
ments. For example, Yuan et al.[2] developed a large 
eddy simulation (LES) model for the jet in the cross- 
flow environment and four different vortex structures 
were clearly illustrated in three dimensions. Using a 
similar numerical model, Cavar and Meyer[9,10] revea- 
led the originating, growing and shedding processes of 
the vortexes based on the 3-D proper orthogonal de- 
composition (POD) analysis of the modelling results. 
Chen et al.[11] and Lu et al.[12] applied the LES model 
to the simulation of a round jet in regular and random 
wave environments, and the numerical results confir- 
med the positive effect of the wave in both horizontal 
and transverse directions. In fact, numerical models 
could also generate some valuable results that can 
hardly be obtained from laboratory experiments. For 
instance, Muldoon and Acharya[13] reproduced the near 
field of a jet in the cross-flow environment using a 
direct numerical simulation (DNS) model. The particle 
traces originating from the jet orifice were plotted 
based on the numerical results and were used to visua- 
lize the jet flow structure and the spreading characteri- 
stics. However, most of various numerical models 
were developed either for the jet in a wave only envi- 
ronment, or for the jet in a cross-flow only environme- 
nt, and a model that could be used to successfully si- 
mulate the jet in both wave and cross-flow environme- 
nts is still desirable. In order to develop this kind of 
models, one problem that should be tackled is to simu- 

ltaneously generate various dynamics over different 
temporal and spatial scales, including the jet, the wave 
and the cross-flow, using the same numerical scheme, 
another problem to be tackled is to validate the model 
with a lack of available experimental data. In this study, 
we first carry out a series of laboratory experiments to 
obtain some first-hand experimental data, and then 
develop a generic LES turbulence model with the same 
computational parameters, but under changeable boun- 
dary conditions, which are appropriate for modelling 
all kinds of dynamics. The robustness and the accuracy 
of the model are comprehensively examined by a com- 
parison with the experimental data. 
 
 
1. Model description 

As the LES turbulence model was successfully 
applied in the simulation of the jet in various cross- 
flow environments[2,9,10] as well as that of the jet in 
various wave environments[11,12], it is chosen in this 
study to simulate the jet in waves and/or currents. For 
simplicity, only the non-buoyant jet is considered in 
this study. 
 
1.1 Governing equations 

Based on the principle of the LES theory, each 
flow variable u can be decomposed into a large-scale 
component u  and a sub-grid scale component u , 
namely = +u u u . The spatially filtered Navier- 
Stokes equations can be written as: 
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where ( = 1,2,3)ix i  are the spatial coordinates x , y , 

z  in horizontal, transverse and vertical directions, re- 
spectively, ( = 1,2,3)iu i  are the corresponding velo- 

city components u , v  and w , p  is the pressure, ig  

is the acceleration due to gravity,   is the kinematic 
viscosity,   is the water density, t  is the time, ijR  is 

the sub-grid scale stress tensor: 
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where kkR  can be absorbed into the pressure term in 

Eq.(2), ij  is expressed by the Smagorinsky model: 



Download English Version:

https://daneshyari.com/en/article/5473647

Download Persian Version:

https://daneshyari.com/article/5473647

Daneshyari.com

https://daneshyari.com/en/article/5473647
https://daneshyari.com/article/5473647
https://daneshyari.com

