-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by Hydraulic Engineering Repository

HENRY

Hydraulic Engineering Repository

Ein Service der Bundesanstalt fur Wasserbau

Conference Paper, Published Version

Bardiaux, Jean-Bernard; Mose, Robert; Vazquez, Jése; Bonakdari,
Hossein; Larrarte, Frederique

Velocity Profiles through a sewer channel: Using CFD to
obtain velocity fields

Dresdner Wasserbauliche Mitteilungen

Zur Verfliigung gestellt in Kooperation mit/Provided in Cooperation with:
Technische Universitat Dresden, Institut fiir Wasserbau und technische
Hydromechanik

Verfugbar unter/Available at: https://hdl.handle.net/20.500.11970/103831

Vorgeschlagene Zitierweise/Suggested citation:

Bardiaux, Jean-Bernard; Mose, Robert; Vazquez, Jése; Bonakdari, Hossein; Larrarte,
Frederique (2006): Velocity Profiles through a sewer channel: Using CFD to obtain velocity
fields. In: Technische Universitat Dresden, Institut fir Wasserbau und technische
Hydromechanik (Hg.): Strémungssimulation im Wasserbau (Flow Simulation in Hydraulic
Engineering). Dresdner Wasserbauliche Mitteilungen 32. Dresden: Technische Universitat
Dresden, Institut fir Wasserbau und technische Hydromechanik. S. 327-335.

Standardnutzungsbedingungen/Terms of Use:

Die Dokumente in HENRY stehen unter der Creative Commons Lizenz CC BY 4.0, sofern keine abweichenden
Nutzungsbedingungen getroffen wurden. Damit ist sowohl die kommerzielle Nutzung als auch das Teilen, die
Weiterbearbeitung und Speicherung erlaubt. Das Verwenden und das Bearbeiten stehen unter der Bedingung der
Namensnennung. Im Einzelfall kann eine restriktivere Lizenz gelten; dann gelten abweichend von den obigen
Nutzungsbedingungen die in der dort genannten Lizenz gewahrten Nutzungsrechte.

Documents in HENRY are made available under the Creative Commons License CC BY 4.0, if no other license is
applicable. Under CC BY 4.0 commercial use and sharing, remixing, transforming, and building upon the material
of the work is permitted. In some cases a different, more restrictive license may apply; if applicable the terms of
the restrictive license will be binding.

QL0



https://core.ac.uk/display/326242495?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Wasserbaukolloquium 2006: Stromungssimulation im Wasserbau 327

Dresdner Wasserbauliche Mitteilungen Heft 32

Velocity Profiles through a sewer channel:

Using CFD to obtain velocity fields

BARDIAUX Jean-Bernard, BONAKDARI Hossein, LARRARTE Frédérique,
MOSE Robert, VAZQUEZ Jose

Most sewer managers are currently confronted with the evaluation of the water
discharges, that flow through their networks or go to the discharge system. i.e.
rivers in the majority of cases. For this purpose, we are developing with partners a
new sensor, using DOPPLER technology. The apparatus is able to supply a
velocity profile and we have to transform this information into a discharge
measurement. To obtain this discharge, we have to be able to simulate the velocity

field.

The step consists here in determining the modelling method. This paper will
present all the results we obtain for these investigations. The use of a particular
outfall (which simulates a downstream influence) allows to compare the k-e and
RSM turbulent models and also to compare the monophasic approach obtained
with the symmetry plane boundary condition and the biphasic one obtained with
the VOF (Volume Of Fluid) method. The simulation results will be confronted
with data drawn from the literature and also those obtained on our own
experimental sites (a real sewer network and a laboratory physical model). In our
work, the two discriminating criteria allowing us to evaluate the good approach of
modelling are first the characteristic "dip phenomenon" and secondly the
representation of the secondary currents.

1 INTRODUCTION

Sewer systems have existed for centuries in European countries, but legal
requirements are now increasingly stringent as a result of the May 1991
European Community Directive and the January 1992 national water policy law,
which stipulates that any town producing a daily pollutant load of more than 900
kg has to be equipped with a wastewater collection network. Moreover the
wastewater collection systems have recently been recognised as fully included mn
the wastewater depollution process. Like any industrial process, wastewater
collection networks need measuring means for real-time confrol of flows, as
well as for performance evaluation.

Sound management of these networks and minimization of the pollution
discharged into receiving waters through combined sewer overflows necessitate
in-depth knowledge of the flow rates and pollutant loads conveyed in sewers.
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(Wohrle and Brombach, 1991) have shown that the usual hypothesis about
spatial homogeneity is not true. Thus a precise knowledge of the pollutant
discharge needs a better assessment of the spatial distribution of the velocities in
a cross section. as they are involved both in flow rate and distribution of
concentration. Moreover. (Ashley et al. 2004) have pointed out that a large
amount of data are needed. covering both low and wet weather situations.

2 NUMERICAL STUDY

2.1 MECHANIC CONTEXT

The numerical study is based on the resolution of the equations of Navier-Stokes
through the FLUENT® software. The discretisation takes place while following
the finite volume method through a rectangular prism mesh.

The first problem with the open channels remains the free surface. The majority
of work carried out in the field of CFD use a symmetry condition to model the
behaviour of the medium to the interface water - air. That implies that the free
face 1s not deformed. which is not inevitably the case (Czernuszenko W. and
Rylov A.. 2002). Some authors also regard the free face as being a wall without
friction (Stovin and Saul . 1996). In addition to this way, with an aim of
describing the deformation of the free surface (e.g. taking into account of
downstream influence). we have to carry out calculations in biphasic mode
following VOF method “Volume of Fluid”. The field of calculation consists of a
water volume and a air volume located in the higher part of the field of study.
No constraint will be fixed at the level of the free face which will be able to thus
become moved. In this case. the downstream influence will have then to be
simulated by the presence of a weir, the height makes it possible to find
dimensions of the section of measurement.

The modelling of such a flow implies. in addition, the choice of a model of
closing for the equations of Navier-Stokes. i.e. the turbulence model. The
scientific community is informed of many models, first or second order, from k-

¢ to L.E.S.. The softwares propose various models of turbulence. (Stovin et al.,

2002) shown their influence on the ability to represent the complexity of
turbulent flows. The difficulty is here to translate the strong anisotropy and in

order to show their influence. we used the isotropic k-&# and the anisotropic
RSM models.
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2.2 CROSS COMPARISON AND VELOCITY FIELD

The approach is clearly to cross the interface choice with the turbulence model
in order to release a good combination of modelling. All the following
simulations correspond to an egg shape with bench geometry (width 1.75 m.
height 2.80 m). The wetted cross section has a height of 0.72 m with a mean
velocity of 0.80 m/s. The modelled pipe 1s 50 meters long and the grid counts
200 000 hexahedral cells. The resolution follows a implicit method.

k-& or RSM

First, we compared the two closure methods through a monophasic approach.
The figure 1 shows 4 velocity profiles (from 0.3 m to 1.5 m from the right side
of the pipe).

figure 1: velocity field simulated with free surface as symmetry condition with

a) k-+ model and b)RSM model
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It clearly appears that the RSM model accounts better for the deformations of
profile. this is due. obviously, to the anisotropy. But. near the surface. the
constraints of calculation (the value of velocity perpendicular to the surface is
0) impose a non-realistic distribution. Indeed. in such narrow channels the dip-
phenomenon is expected.

Symmmetry or Volume of Fluid

Now, having chosen the way to simulate the turbulence effects, we are going to
compare the free surface approaches. Staying in the same package. we used first
the symmetry condition and secondly the diphasic method. For the second one.
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we create a frontal outfall ( the weir was 0.45 m high). The figure 2 shows the 4
velocity profiles.

figure 2 : velocity field simulated with RSM model with the free surface as with

a) symmetry condition and b) VOF approach
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Now, the dip-phenomenon is simulated. This 1s consistent with the velocity

measurements presented by (Nezu and Nakagawa. 1993) and (Naot and Rodi,
1982).

2.3 SECUNDARY CURRENTS

The impact of the turbulence models is also on the ability to represent the
secondary currents. In this aim. the works of (Tominaga et al.. 1989) have been
simulated with FLUENT® .

The experiments were carried out in a 12.5 m length inclined channel with a
square cross section of 0.40 m . The bottom as well as the walls of the channel

are out of glass (KS:90m1"’35_1). A fully developed turbulent flow is

established with a section located at 7.5 m of the entry by adjusting in a suitable
way the slope and the height of a weir located at the exit of the channel. The
geometrical and hydraulic characteristics of the channel are summarized in the
following table (Tab. 1)
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Table 1 : hydraulic and geometrical characteristic of the open channel
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Discharge | Hyater | Width | _ B | Upean U | Re Fr Eslll Sl‘gey
(]_-'IS) (cm} (CI].]_) Hwarer {mg) fmax fmsj] (* ]. 04) B I)—__"r
(*107)
7.58 10.15| 40 394 | 0.187 | 0235 | 5.07 | 0.19| 0.138

The measurement are shown in (fig. 3):
velocity
components perpendicular to the flow

the arrows represent the

direction.

The following pictures [ fig.4-a) and 4-

figure 3 : secondary currents by
(Tominaga et al.. 1989)
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As we did not know all the data. it is difficult to compare the values we
obtained. However, it is obvious that a sunple isotropic approach cannot
generate such currents. The RSM model seems to give the right direction
according to the contra rotating re-circulation cells which appear.

3 EXPERIMENTAL VALIDATION

3.1 EXPERIMENTAL SITE

The previous combination (VOF + RSM) had been tested with data coming
from an experimental French site.

figure 5 : experimental site characteristics:

The experimental site (fig. 5) is :
) (fig. 3) Cross section of the sewer

located in an area called Cordon

Bleu. on the main sewer line of the
; . Z

city of Nantes. coosasasasnssenss Z =2 86 m

To investigate the spatial
distribution of the velocities in large

sewers. (Larrarte et al., 2005) have /
developed  "Cerbére", a two =03 m y=17m
dimensional remote-controlled Ny '
device for measuring velocity fields j_ e . l_ :
with Doppler effect. HER
PP e e A e ez =10,92 m
O A A :
The mean velocity was 0.88 nv/s, the R
< Thad " +=2.20m
water height 1.20 m. I O A A :
+ + + + ++ :
T8 . }r
No measurement could be realised L e
over the walk-way. - -
== =« free surface + measwrement

The system had been described through a 250 000 hexahedral cells mesh. The
upstream condition was an uniform inlet velocity field (0.88 m/s), the
downstream was a free outfall (Atmospheric pressure) over a weir (0.7m high).
The roughness was equal to 2.44 mm and the initial turbulence intensity

-1/8

calculated by the relation I=0.16Re where the Reynolds number is
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defined by Re=D .U/v. where D, is the hydraulic diameter. U the inlet
1

uniform velocity and v the viscosity.

3.2 RESULTS

/

The results (fig. 6) display the collation, for each profile, of experimental results
(dots) and calculated ones (line).

The dip-phenomenon is represented with a reliable location and the value of the
maximal velocity is right. However, it probably would be better to emphasized
the mesh in the vicinity of the free-surface and the wall to simulate better the
effect of the bench ( y=1.5 m and y=1.7m ).

figure 6 : velocity profiles experimental and modelled
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The authors allow themselves here to note that similar results were obtained by
(Larrarte et al., 2005) with CFX software (VOF + RSM). The comparison
between experimental data and model results show a good assessment of the
isovelocity lines.

4 CONCLUSION

It appears that The anisotropic RSM model and the VOF method give, both at
the same time, a good way to simulate water behaviour in open channels. With
such results we can consider systematic computation to obtain. for different
geometries and flows. velocity fields. This step would allow us to predict the
velocity spatial distribution: In a pipe. if we have got one profile (with a sensor)
we can know all the field and give the “true discharge™.
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