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Abstract. The purpose of this study is to show the effect of some physical parameters on a parallel shear flow.
The variation of the velocity inlet and the influence of an obstacle placed at the bottom of a channel were
analyzed. The governing equations based on K—¢ model in a line source downstream around a three-dimensional
obstacle are determined by the finite volume method with SIMPLEC algorithm. The obtained results have
allowed to establish the dynamic characteristics of this kind of flow. Horizontal and vertical velocity fields,
Reynolds shear stress field, turbulence intensity and scalar concentration in the water channel and a wind tunnel
were exposed. These results permit us to localize the maximum and minimum zones of turbulence, which help us
to exploit those fields for different purposes such as energy extraction and port infrastructure.
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1 Introduction

Shear flow is developed in most of the flows that govern our
environment such as rivers, oceans or atmosphere. It also
reveals a large number of industrial flows (aeronautical,
energy, water) as an important parameter. The shear flows
are heterogeneous flow with average velocity gradients,
such as the jet of an erupted volcano and the exhaust gases
of reaction engines in motion. Environmental and
hydrodynamic assessment of the coastal fringe area
degraded by rivers estuaries, pollution dispersion [1] as
well as the wide use of obstacles in industrial and energy
applications lead us to study the hydrodynamic phenome-
na that are formed when a shear flow encounters a fixed
obstacle at the bottom of the water channel or a wind
tunnel. In fact, many studies have been conducted to
develop numerical models of shear flows [2]. There are
generally three classes of models: first phase resolution
models [3] or hydrodynamical models are based on
extended Boussinesq equations that show the instanta-
neous movements of the fluid whatever the depth. Second
the averaged phase models [4] or morphodynamical models
are usually used in oceanic and continental seas similar to
stochastic models [5] which are used to solve the energy
propagation equation and allow considering the generation
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phenomena, dissipation and energy transfer present in deep
water. Third the coupled morpho-hydrodynamical model
[6] was applied for two models (shallow water equations
and the extended Boussinesq equations) and used to
simulate the movement of physical sandbars observed at
Rousty beach (Mediterranean French coast). Nowadays,
these models are common in coastal area by taking into
account the terms associated with shallow water propaga-
tion (bathymetric wave breaking [7]). For the water flow
(Fig. 1a), the experimental measurements of [8] were based
on LIF (laser-induced fluorescence) [9]; for the air tunnel
(Fig. 1b), the physical principle on which it is based the
measurement of scalar flow is MSD (Mie scattering
diffusion) [10]. As far as we know, the study of shear flows
in the presence of obstacle was not sufficiently detailed
numerically. The aim of this work is to explain, through a
numerical simulation, the dynamic profile of a shear flow
around a cubic obstacle installed at the bottom of a water
channel or an air tunnel. Essentially, we want to show the
capabilities of gradient transport modeling [11] in predict-
ing atmospheric dispersion in complex flow and the
influence of inlet velocities on the perturbation of the
shear flow. Practically we are trying to show numerically
the change on the profile of the horizontal and vertical
velocity, as well as the Reynolds stress field, turbulence
intensity and scalar concentration, which allow us to
predict atmospheric dispersion in a shear flow. The first
part of this report is devoted to a presentation of the


mailto:toumimohamed80@yahoo.fr
www.edpsciences.org
https://doi.org/10.1051/meca/2017018
http://www.mechanics-industry.org

2 M. Toumi et al.: Mechanics & Industry 18, 505 (2017)

(@)
43.7h

Ue2=0.1m/s
Om/s
0.2m/s
0.05m/s

21.3h

EUEl:O.lm/s hy 3h

130h 234.7h

(b)
50h

Ue2=2.3m/s
0m/s
4.6m/s
1.15m/s

47h

s Ueiz23m/s hy . 3h

>

X

130h 234.7h

Fig. 1. Physical model of: (a) water channel and (b) air tunnel.

physical model and different equations that control the
shear flow. The second part deals with the validation of
numerical model for a fixed inlet velocity with the
experimental results of Vingont et al. and the numerical
results of Rossi and Iaccarino. The third part focuses on the
obtained results and the interpretations for the different
inlet velocities.

2 Analyses

This section aims to briefly explain the phenomenology and
theoretical approaches of a shear flow, the various physical
models and the different mathematical and numerical
techniques adopted to simulate this kind of flow. We place
ourselves in the context of incompressible flows for which
the velocity field has a zero divergence, although it is
impossible to characterize the shear flow with a strictly
analytical point of view, we could identify its principal
properties of turbulent regime. Therefore the incompress-
ible viscous flows of two continuous fluids, for example, air
and water, are governed by mass conservation (continuity
equation) and momentum conservation (Navier-Stokes
equation) formulating classical conservation laws. To
model the development of shear flows with variable density
around an obstacle at the bottom of a channel, the finite
volume method is adopted. However we must previously
show the physical presentations of the problem surrounded
by the boundary conditions for all the cases.

2.1 Physical presentation problem

The physical presentation of the proposed problem is
shown in Figure 1. It describes two cuboids with a length
L =256 cm, width {= 306 mm for the water channel and
500 mm for the air tunnel, height H=170 mm for water
and 500 mm for the air, and a square section of barrier
installed at the bottom of a channel at h=7mm for
water and 10 mm for the air. The distance between the

channel inlet and the first surface of the barrier is 130 h, the
distance between the last surface of the barrier and the
channel output is 234.7h. The geometrical dimensions are
those used by [8,11] for a Reynolds number Reh=~ Ueh/
¥ = 700 for water channel and 1500 for the air tunnel, where
Ue is the free stream velocity of the flow above the
boundary layer and ¢ is the kinematic viscosity
# =1.005 x 10 °m?s™! for water and 1.46 x 10~ >m?s ™"
for the air. The thickness of the boundary layer, without the
obstacle positioned at the bottom of channel is about 5 cm,
so that §/h="7. This factor is the parameter that shows the
length of the recirculation zone after the barrier where there
is a large area of separation with the flow directed toward
the opposite wall.

2.2 Mathematical model

It is assumed that the fluid is a continuous medium, viscous

and Newtonian. Thus the dynamic viscosity is independent

of strain rate and depends exclusively on the temperature

and pressure; the three-dimensional and stationary flow

around an obstacle is defined by the following equations:
Continuity equation:

dp  d(pU;)

=0; pisthevolumetric massdensity.

(1)

Momentum equation:

oU; oU; 10P 0 oU;
U= (v
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——(U;U;); Pisthepressure,  (2)
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with i=1, 2, 3.

To solve this system we proceed the Reynolds rules,
which state that, any instantaneous component of the flow
(velocity, pressure, etc.) is a sum of two components: the
first is an average and the second is a fluctuation.

— NI +v) 1P +p)
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We can simplify and apply the Reynolds rules to obtain
the following averaged equations of continuity and
momentum:

Averaged continuity equation:

aU;
=0
6xi

Averaged momentum equation:
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The determination of the equation is more compli-
cated on account of the creation of additional unknown
called Reynolds stress (uju}), hence the need for a
turbulence model to solve the system equation. The well
identified SIMPLEC algorithm is used for pressure—
velocity combination. The successive numerical equation
systems are solved iteratively in a chronological
approach. The results are obtainable for a flow in a
channel with a moving indentation; they explain
favorable harmony with experimental interpretation.
The finite-volume method [12] can be exploited for both
the Lagrangian and the Eulerian solution of the Navier—
Stokes equation. The technique uses the integral shape of
the governing equations for an arbitrary moving control
volume, with pressure and Cartesian velocity compo-
nents as reliant variables. Care is also taken to assure the
space conservation rule, which ensures an entirely
conservative numerical procedure. Completely implicit
sequential differencing makes the technique steady for
every time step. A full description is provided for the
discretization in three dimensions, with a collocated
collection of parameters. Fundamental differences are
used to calculate the dispersion and diffusion fluxes.
After that we show the results of numerical simulations
obtained through a calculation code performed on the
fluid mechanics software ANSYS Fluent.

2.2.1 K—¢ turbulence model

For our system, we have designated the K—¢ standard
model; it is a semi-empirical model that adopts the
Boussinesq concept [13] combining the Reynolds stresses
with a mean deformation rate:

el My aCCj

1 (aU; U,
2 ox; + W,]
turbulent kinetic energy [14].

The turbuleglzt viscosity, defined by a velocity vK and a

distance L = KT, is given by:

aU; 2
l) — 3 0ipK,

12
where ) is the strain tensor and K = UT is the

K3/2 K2
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with €, =0.09 and ¢ is the dissipation rate.
Transport equation of the turbulent kinetic energy K:
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Transport equation of the dissipation rate e:
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op,=1, 0,=1.3 are, respectively, the numbers of
Prandtl [15] related on the turbulent kinetic energy and
the dissipation rate.

Ci,=1.44, C5,=1.92 are empirically calculated values.
G, is the production term given by

———aU; oU;
G = —puu, — = pvt< + (9)
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Wind and water engineers usually exploit the K-¢
model to numerically modelize the atmospheric boundary
layer. Commercial softwares are perfectly exploited with
wall functions used to model the surface of the irregular
ground. Unlike earlier turbulence models, K—¢ model
focuses on the mechanisms that involve the turbulent
kinetic energy. The principal assumption of this model is
that the turbulent thickness is isotropic, in other words, the
ratio between Reynolds stress and mean rate of deforma-
tions is equal in all directions. In order to discretize the
equations of antecedent mathematical model, the finite
volume method [16] is used for the mass conservation
equations and the momentum equations, in all finite
volume throughout the calculation domain. These equa-
tions are solved by the Gauss—Seidel method [17] by
adapting an implicit scheme in time and space.

2.2.2 Choice and sensitivity of mesh

To ensure good results while keeping a reasonable
calculation time, a non-uniform mesh was chosen. The
grid is very tight around the obstacle where the gradient of
the different variables is strong enough while it is rude
elsewhere. For the resolution, the hybrid mesh generated
by a mixture of elements of type tetrahedral, prismatic or
pyramid in 3D, was selected (Fig. 2). This mesh combines
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Fig. 2. (a) Hybrid mesh in 3D and (b) zoom on the obstacle.
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the advantages of structured mesh with those of unstruc-
tured mesh. Indeed, this type of mesh is recommended to
minimize the numerical errors in complex geometries [18].
Several simulations were performed for different numbers
of meshes:

— 204 406, 336 793 and 387 846 nodes for the water channel;
— 404219, 510414 and 590 120 nodes for the air tunnel.

In Figure 3, there is plotted the variation of the
horizontal velocity field in the water channel (Fig. 3a) and
the air tunnel (Fig. 3b). The simulations were compared
with experimental work [8]. A mesh of 336 793 and 510414
nodes has been selected, respectively, for the water
channel and the air tunnel, indeed with these mesh
numbers the error with respect to [8] does not exceed 1%.

As shown in Figure 1 we used the inlet velocity used as
a boundary condition at the inlet of the water channel and
the air tunnel; at the output surface we take the output
pressure for the water and air; at inferior limits and on the
sides, is applied the wall boundary condition for water and
air; at the upper limit we adopt the output pressure for the
water channel and the wall boundary condition for the air
tunnel. The Simplec algorithm [19] is admitted for the
coupling of velocity—pressure. The second order upwind
scheme [20] is chosen for convective and viscous
expressions of each governing equation. It provides good
solutions despite its difficulty to reach convergence. The
complications of steady flows are generally determined by
a pseudo temporal process or similar iterative representa-
tion given that the equations are nonlinear. An iterative
representation is adopted to solve them. These techniques
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Fig. 3. Mesh sensibility on the horizontal mean velocity field
after the obstacle for =4h at the bottom of (a) a water channel
and (b) an air tunnel.

led to a successive linearization of the equations and the
produced linear methods are often determined by iterative
methods.

2.2.3 Analysis near the wall

The shear flows are very influenced by the presence of walls
[21]. In close vicinity of the wall, fluctuations of tangential
velocities are reduced by the fluid viscosity which incite a
kinematic blocking that reduce perpendicular velocity
fluctuations to the wall. But, away from the wall,
turbulence intensifies abruptly by the multiplication of
the turbulent kinetic energy due to gradients of high
average velocity. For K—¢ model, the equation of the
turbulent kinetic energy K is determined for the entire
domain with a condition on the wall given by % = 0, where
n is the normal local ordinate at the wall.

The production of the turbulent kinetic energy K and
its dissipation rate ¢ (which recall the source terms in the
equation of K) at the walls cells are calculated by using the
condition of local equilibrium which requires the equiva-
lence between the production of K and its dissipation rate
in the cells.

Figure 4 verifies that the boundary layer on a wall
[8,22,23] may be divided into three regions:

— In close vicinity of the wall, for y* < 15: U™ =y = U,y/v,
where U, = \/15/p is the friction velocity.

In our case, the bottom of water channel and wind
tunnel is flat and Y= > 6.859 [24] so the local skin friction z,
is equal to the total wall shear stress 7, with 77 the height of
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Fig. 4. Profile of mean velocity field without obstacle: (a) in the
water channel and (b) in the air tunnel.
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Fig. 5. Profile of Reynolds shear stress without obstacle: (a) in
the water channel and (b) in the air tunnel.

bedform. A laminar under layer where the flow is

completely laminar and fluid viscosity plays a major role

in the transport of momentum, heat and mass.

— Away from the wall, turbulence is predominant; the
formula is valid for y" > 250: U™ =2.45, y" + 5.54.

— Between the two zones, there exists a region where
turbulence and fluid viscosity have the same impact, for
15<y <250: U =Iny".

The curves in Figure 5 are obtained in the case where
the fluctuations of tangential and normal velocities to the
wall are correlated. The obtained results using K—¢ model,
in Figure 5, are fairly close for the entire domain to those
of [8] that seem sensitive to the presence of high shear in
the tests of the PIV image and which are considerably
below the values of the direct numerical simulation
(DNS) [25].

For the resolution, to avert the problem of the existence
of wall, we are not going to solve the transport equations
close to the wall (much-attenuated region by the viscosity)
and we proceed to solve the transport equations with
widely dense mesh throughout the walls; that is to say, we
refine the mesh to the wall limits.

3 Results and discussion

The results of numerical simulations were obtained
through a calculation code performed on the fluid
mechanics software ANSYS Fluent. Our goal is to study
the dynamic behavior of a shear flow around an obstacle
placed at the bottom of a water channel and an air tunnel.
Mainly, we are interested in the influence of the presence of

the obstacle as well as the change of velocity inlet on the

disturbance in the flow. For this, four cases were studied

with different velocity values which are given as follows:

— Case 1: Ue= Ue; = Uey, = 0.1 ms ™! for the water channel
and Ue= Ue; = Uey=2.3ms ' for the air tunnel.

— Case 2: Ue= Ue; =0.1ms ™!, Uey=0ms ™" for the water
channel and Ue= Ue; =2.3 ms_l7 Uey=0ms~! for the
air tunnel.

— Case 3: Ue= Ue; =0.1ms ", Uey=2Ue; =0.2ms™" for
the water channel and Ue= Ue; =2.3ms *,
Uey=2Ue; =4.6ms ™! for the air tunnel.

— Case 4: Ue= Ue; =0.1ms ™", Uey =3 Ue; =0.05ms ™" for
the water channel and Ue= Ue; =2.3ms *,
Ues=3%Ue; =1.15ms " for the air tunnel.

Our objective was to follow the influence of these
velocities inlet on changing of these settings: Horizontal
and vertical velocity fields, the shear Reynolds stress field,
the turbulence intensity and the scalar concentration in a
water channel and an air tunnel.

3.1 Flow field for Ue= Ue, = Ue,
3.1.1 Contour of horizontal velocity field

Figures 6a—d, b—e and c—f show, respectively, the contours
of the horizontal average velocity field for RSM, K—w and
K-¢ turbulence models. It is observed that the velocity
remains constant as from the entry of the canal until the
first edge of the obstacle where there’s a drop of the velocity
due to the slowdown in the flow. So, a recirculation zone is
formed after the obstacle at the bottom of the water
channel and the air tunnel for the three turbulence models.

High velocity fields are detected above the obstacle to
the upper limit of the domain. This velocity increase is
explained by the narrowing of the passage surface due to
the presence of the obstacle. It is noted that this high
velocities area is limited in the K—¢ model. In addition, the
separation point of velocity for the three turbulence models
is marked on the first edge of the obstacle. In return, the
minimum values of the speed are situated after the obstacle
forming the wake zone. We note that this recirculation zone
decreases with the K—¢ turbulence model.

3.1.2 Vertical component of average velocity field

Figure 7 shows the vertical average velocity fields for the
different turbulence models for the abscissae xt=4 and 6 h
located after the obstacle at the bottom of the water
channel and the air tunnel. The obtained results using the
K-¢ model are the closest to experimental measurements of
[8,22]. The four curves are almost superimposed through-
out the height of the channel, which means that the vertical
velocity is not disturbed by the obstacle. In this figure, we
can differentiate two zones: in the lower half of the channel,
a negative velocity was noticed and which explains the
recirculation flow. On the contrary, the velocity increases
in the upper part of the channel which is not disturbed by
the presence of the obstacle. Hence we identify of the
ordinate of separation at y=0.01 m which is equal to the
height of the obstacle at the bottom of the air tunnel and is
greater than the height of the obstacle at the bottom of
water channel.
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3.1.3 Turbulence intensity field components

Figures 8 and 9 show the profiles of the horizontal and
vertical turbulence intensity [26] for the various models of
turbulence for the water channel and the air tunnel.
According to the curves, it is observed that the turbulence
intensity increases from the bottom wall of the channel to
the upper limit of the obstacle. The turbulence increases
slightly along the obstacle and then decreases for y> h. In
general, we mark that the turbulence intensity is maximal
in the interval between y/h=1 and y/h=1.5, but it is
almost zero on the walls of the water channel and tunnel
of air.

3.1.4 Reynolds shear stress

Figure 10 shows the profiles of the Reynolds shear stress
[27] for various turbulence models for the abscissa z= 4 and
6 h. The obtained results using the K—¢ model are in accord
with experimental [8] and numerical measurements of [11].

The negativity of the Reynolds shear stress throughout the
water channel and the air tunnel, indicates recirculation
zone. And this results from the negativity of one of the two
fields of vertical and horizontal velocity. The values of the
Reynolds shear stress for the air tunnel are superior in
terms of absolute values than that of the water channel
given the difference of Reynolds number Reh.

3.1.5 Scalar dispersion

Figure 11 shows the profiles of the mean scalar
concentration [28] for various turbulence models for the
abscissa =4 and 6h. The mean scalar concentration is
increasing after the obstacle with values for x=4h higher
than those for £= 6 h. It is elevated in the interval y/h= [0,
1.5], that is to say along the height of the obstacle and the
length of recirculation zone which is maximal for y=h.
Then this concentration decreases on the part above the
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obstacle until it vanishes at y/h =3 for the K—¢ model. The
highest values of the scalar concentration for the air tunnel
are lower than those of water channel considering the
difference in the kinematic viscosity ¢ and the Reynolds
number Reh.
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3.1.6 Horizontal component of the mean velocity field and
choice of turbulence model

Figure 12 presents the results for the horizontal velocity
fields for x=4 and 6 h compared with experimental results
of [8] for the three turbulence models K—¢, K-w [29] and
RSM [30].
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Table 1. Estimated reattachment lengths.

M. Toumi et al.: Mechanics & Industry 18, 505 (2017)

Fluid Experimental K—¢ (Rossi) K¢ K- (Rossi) K-w RST (Rossi) RSM
Water (h) 7 4.55 6.91 11.34 7.49 7.62 7.28
Air (h) 7 5.2 7.125 9.25 9.02 5.65 7.51

The obtained results and a measurement of the
recirculation zone lengths are indicated in Table 1 for
the K—¢ turbulence model, which leads to better agreement
with experimental results [8] for the water channel as well
as for the air tunnel. Therefore, this model will be adapted
in all the rest of work.

3.2 Shear flow field for
Ue, =1/2Ue; when Ue= Ue;
3.2.1 Components of mean velocity field

Ue, =0; Uey;=2Uey;

Figure 13 shows the mean horizontal velocity fields for the
different inlet velocities of abscissa z = 4 h after the obstacle
at the bottom of the water channel and the air tunnel. The
four curves are similar except the case where the inlet
velocity Uey =2 Ue;. In this case, it is clear that the mean
horizontal velocity is amplified whatsoever for negative or
high velocity fields obtained over the obstacle until the
upper limit where it exceeds the order of 3Ue. This high
elevation of velocity is due to the shearing of fluid and the
narrowing of the wake zone; the minimum and negative

vingont et al 2000.Exp
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Fig. 13. Profile of the mean horizontal velocity field after the
obstacle for z=4h at the bottom of: (a) a water channel and (b)
an air tunnel.

values of velocities located behind the obstacle indicate the
enlargement of the wake zone. We note that this zone of
recirculation increases with the inlet velocity Uey; =2Ue;
and that the inflection point is higher than the other curves
for the other inlet velocities.

Figure 14 illustrates the mean vertical velocity fields for
the different inlet velocities to the abscissa z=4h after the
obstacle to the bottom of the water channel and the air
tunnel. The four curves are almost superimposed across the
height of the channel, except in cases where Uey =2 Ue;.
We note on this curve two points: throughout the height of
the obstacle, the velocity values are weakly positive. In
contrast, negative velocities are becoming more important
on the upper part of the obstacle, indicating the orderly of
separation y=0.01 m; which is equal to the height of the
obstacle with respect to the bottom of air tunnel (Fig. 14b),
and which is less than the height of the obstacle; with
respect to the bottom of the water channel (Fig. 14a). This
converse of sign is due to the shearing of the two fluids with
surface inlet velocities greater than that at the bottom of
the water channel and air tunnel.
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Fig. 14. Profile of the mean vertical velocity field after the
obstacle for z=4h at the bottom of: (a) a water channel and (b)
an air tunnel.
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3.2.2 Components of turbulence intensity field

Figures 15 and 16 illustrate the profiles of the horizontal
and vertical turbulence intensity for the different inlet
velocities for the water channel and the air tunnel. From
the curves, it is observed that the turbulence intensity
increases from the bottom wall of the channel to the upper
limit of the obstacle, then it decreases for y>1.5h. In
general, we mark that the turbulence intensity is maximal
in the interval between y/h=1 and y/h=1.5, but it is
almost zero on the walls of the water channel and the air
tunnel. The horizontal and vertical turbulence intensities
are clearly intensified for Figure 16b where the inlet
velocity Uey =2Ue;. In fact, for this curve, the production
of turbulent energy is effected at the level of the fluid
interface at different velocity where the shearing is very
important. The high deformation rate in this region entails
a relatively large production of turbulent energy.

3.2.3 Reynolds shear stress

Figure 17 illustrates the profiles of the Reynolds shear
stress for the different inlet velocities of the abscissa =4 h.
The negativity of Reynolds shear stress indicates the
recirculation zone. There is a big intensification in the case
where Uey = 2 Ue; throughout the water channel and the air
tunnel. And this results from the increase in absolute values
of the two fields of vertical and horizontal velocity. The
values of the Reynolds shear stress for the air tunnel are
superior in terms of absolute value to those of the water
channel given the difference in the Reynolds number Reh of
shear flows [31].
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Fig. 15. Profile of horizontal turbulence intensity after the
obstacle for z=4h at the bottom of: (a) a water channel and (b)
an air tunnel.

o — 02

3.2.4 Scalar dispersion

Figure 18 shows the profiles of the mean scalar
concentration for various inlet velocities of the abscissa
x=4h. The mean scalar concentration is increasing after
the obstacle with maximum values for the water channel
higher than those for air tunnel given the difference in
kinematic viscosity 6 and the Reynolds number Reh.

This concentration is elevated on the interval y/
h=10,2] as well for the simulation of sheared flow with the
velocity Uey =2 Ue;. It then decreases on the part above the
obstacle until it becomes zero for the different velocities
when y/h=3. While for the last simulation, it remains
positive until the upper limit of the domain.

4 Conclusion

In this study, we simulated numerically, using the Fluent
software; permanent and three-dimensional shear flows of
two Newtonian fluids, around a cuboid obstacle at the
bottom of a water canal and a tunnel of air. We presented
first the fields of horizontal and vertical mean velocity;
afterwards, horizontal and vertical turbulence intensity;
then the Reynolds shear stress and finally, the mean scalar
concentration. The positions located after the obstacle
and encountered by a turbulent shear flow have shown in
general a recirculation zone with a high concentration
scalar; the regions at the boundary layer after the obstacle
comprise a high turbulent energy. Thus the aim of this
work was to explain the influence of inlet velocities on the
parameters of shear flows. For the field of horizontal mean
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Fig. 16. Profile of vertical turbulence intensity after the obstacle

for z=4h at the bottom of: (a) a water channel and (b) an air
tunnel.
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Fig. 17. Profile of Reynolds shear stress after the obstacle for
xz=4h at the bottom of: (a) a water channel and (b) an air tunnel.

velocity, the maximal velocity values are obtained above
the obstacle until the shear interface of the flow at inlet
velocity Uey=2Ue;. For the field of vertical mean
velocity, it was found that the region admitting positive
values and negative values becomes wider for the inlet
velocity Ue; =2Ue; in comparison with the other inlet
velocities. Therefore this increase relates to the increase of
the difference of the inlet velocities between the two fluids.
The third variable to interpret is the turbulence intensity:
Maximal values of the horizontal and vertical turbulence
intensity are obtained for the inlet velocity Uey=2Ue; in
the area downstream of the obstacle at 1.5 of its height.
For the Reynolds shear stress, it was noticed that its
values are negative due to the horizontal and vertical
mean velocity field product. They are important for the
inlet velocity Ues, =2 Ue; at the level of 1.5 of the height of
the obstacle. For the scalar dispersion, the obtained
curves have shown that, for all inlet velocities, the
dispersion is carried out on the area downstream of the
obstacle and remains low on the upper part of study area
except for the inlet velocity Uey, =2 Ue;, where it becomes
more important by comparing it with other inlet velocities
and this returns to the shearing of the fluid at the velocity
Ue; on the fluid at lower velocity Ue;. Thus, the
production of energy will be more important at the
boundary layer after obstacle where the shear is very
strong. Indeed, the high deformation rate in this region
entails, proportionally to inlet velocities, a large produc-
tion of turbulent energy and an important scalar
dispersion. The coupling between the use of hybrid grid
and the turbulence model K—¢ leads to better agreement
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Fig. 18. Profile of the mean scalar concentration after the
obstacle for z=4h at the bottom of: (a) a water channel and (b)
an air tunnel.

with the experimental results of [8] to the water channel as
well as the air tunnel. Therefore, the results of this study
can be applied in various fields such as the extraction of
energy, the orientation of the port infrastructure, the
dispersion of pollutants flow in the boundary layers and
the determination of the hydrodynamics of a coastal zone.

Nomenclature

dimensionless scalar concentration
height of the channel or tunnel (m)
height of the obstacle (m)
turbulent kinetic energy

length of the channel and tunnel (m)
width of the channel or tunnel (m)
pressure (bar)

average pressure (bar)

pressure fluctuation

Reynolds number

friction velocity

velocity inlet of the flow (ms™!)
average velocity (ms™ ")

velocity fluctuation

dimensionless time

.y, z Cartesian coordinates

)
=

~

QQ%QSU”@\"UI’T:Nb‘meQ

K]

Greek letters

¢ dissipation rate
w  dynamic viscosity (kgm ™! sfl)
®  kinematic viscosity (m?s™)
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v; turbulent viscosity

o density (kgm?)

o Prandtl number related to turbulent kinetic energy
o, Prandtl number related to dissipation rate

8  thickness of the boundary layer

7, total wall shear stress

T, local skin friction

n  height of the bedform

Superscript

" dimensional variable

Subscripts

1, 2, 3 index of the Cartesian coefficient
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