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Résumé

Le champ de bruit peut étre défini comme étant la conséquence des fluctuations de pression générées par les écoulements
turbulents proches des parois solides, qui sont régies par des conversions acoustiques basées sur la théorie de Lighthill. Cet
article discute des différents résultats de la simulation numérique pour un écoulement externe autour d'un profil d'aile
asymétrique (Valeo CD). La simulation numérique consiste a comparer le modele V2-f original de Durbin et le modeéle k-¢ a
bas Reynolds. Des modifications ont été introduites dans le modéle k-¢ standard, en remplacant le terme de taux de déformation
par la verticité, afin d'améliorer la prédiction d'énergie turbulente du modele visqueux a faible Reynolds. La comparaison des
résultats obtenus a été faite avec des expériences completes dans une grande soufflerie a I'école centrale de Lyon, et une
simulation a grandes échelles (SGE). Le modele V2-f a montré une adaptation raisonnable au niveau des zones de séparation
et une prédiction satisfaisante d'énergie turbulente prés de la paroi, ainsi que le modele k-¢ modifié. Les améliorations sont
dues aux fluctuations de vitesse normales v2 et aux effets anisotropiques modélisés par la fonction de relaxation elliptique
proche de la paroi solide.

Mots clefs: Valeo CD, STAR-CD, k-g— bas Reynolds- V2 —f, Kato-Launder-SGE.

Abstract

The noise field can be defined as the consequence of pressure fluctuations generated by turbulent flows, close to solid walls,
which are governed by acoustics conversions and basing on the Lighthill’s theory. This paper is discussing the different results
of numerical simulation for an external flow around an asymmetric wing profile (Valeo CD). The Numerical simulation consists
of comparing the original Durbin V2 -f and the k-& low Reynolds models. Some modifications have been introduced to the k-¢
model, by replacing the strain rate term and the vorticitiy, in order to improve the turbulent energy prediction of the low
Reynolds viscous models. The comparison of the results obtained has been made with full experiments in large wind tunnel at
the central school of Lyon, and LES simulation. The V2-f model has shown a reasonable adaptation to the separation zones and
satisfactory turbulent energy prediction near the wall, comparing to the k-¢ modified model. The improvements were due to
the normal velocity fluctuations v2, and the anisotropic effects modelled by the elliptic relaxation function close to the solid
wall.

Keywords: Valeo CD, STAR-CD, k-g-low Reynolds- V 2-f, Kato-Launder-LES.

wall, however, its weakness appears for the turbulent energy
prediction [10-11], which made it ,particularly, limited
because of its isotropic relaxation function.

In order to improve the near wall mesh quality, the
skewed hexahedral elements have been checked basing on
the boundary layer refinement, and the normal distance to the
wall y+. The comparison of these models [12-16] has been
made in aim to evaluate the turbulent energy prediction at the
flow wake zone with the V2-f modelling. The stability of this
model has been checked by different turbulent Intensities at
the inlet flow.

The fluctuations of the turbulent boundary layers and
wake generated around the profile and their interaction with
it, particularly near the trailing-edge region, called self-noise
or trailing edge noise [17].

In most cases, the fluctuating field is generated from the
stationary RANS solution. Turbulence model is used to

obtain a stationary solution of the flow

1 Introduction

The high energetic demands are imposing a wide range of
researches in order to develop the aerodynamic performances,
for the wind turbines design [1], applied to wind energies
sources [2], as well as, the cooling fans systems applied to
CPU thermo-regulator [1-2].

Additionally, the far field noise, which is a consequence
of the pressure fluctuations, generated in turbulent flows and
governed by the Lighthill’s acoustic analogy [3-4-5].

The numerical investigation of several viscous models is
basing on the turbulent Kinetic energy prediction near the
solid wall [6-7]. The V2-f model has been considered for a
long period, as a perfect modeling, among the available low
Reynolds viscous models [8-9], taking into account the
normal velocity scaling, as well as, the singularity near the
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The modifications introduced to the k-¢ low Reynolds
model are not very popular though and rarely used with the
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intention of combining the best of both sides implemented to
the term of turbulent production between the vorticity and

2 The Durbin V2-f model equations

The original turbulence model V2-f developed by the
Professor Durbin (NASA 1991) [8-9]. Due to the
modifications introduced to the turbulent energy production,
this model becomes transient between turbulent viscosity
models and second-order modeling. Most important
characteristic of this model is the transport equation for the
V2-f component that replaces an equations system for the
Reynolds tensor components, and additional equation for the
scalar function f added to the energy distribution in equation
(2), the flow is assuming isotropic close to the wall.
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For the homogeneous flow zones (v2z¢ =0) (isotropic
production), the time and the turbulent length given by:

T= max[E,B\ﬁ], and
& &

3/2 3/4 (4)
L-c, ma¥—,c
&

qﬁ]

Constants of the model:

C=0.19,k=1,e=13
Co=1.9,C1=14,CL=0.3,Cy,=70

C, =1.4[1+0.045 | K] )
V

3 Problem solution

The first step is studying an asymmetric airfoil with
controlled diffusion "Valeo CD" for low Reynolds number,
applied in automotive motorization, and processors cooling
by Valeo fans design, corresponding to the experiences
carried out in the wind tunnels at Central school of Lyon,
which provides the reference of the experimental data basis.
The present case corresponds to a pitch angle of 8° and mean
velocity inlet of 16 m/s (a Reynolds number of 1.2x10%basing
on the chord length dimension). The symmetry condition is
applied to the top and the bottom of the domain boundaries.
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4 Boundary conditions

The set of generated meshes insure the validation method,
which release the relationship between the meshes quality
and the experimental results, a prior, for asymmetric airfoil
simulation [4].

This mesh has been generated by Gambit software in
"two dimensions", and exported to the PRO-STAR software
in order to control the boundary conditions of the mesh,
which is extruded in three dimensions" to run the simulation
using the STAR-CD (CCM+) code.

A mesh generated taking in account the geometry
coordinates (the chord length C=1), and the numerical
workspace, one time of the chord at the inlet flow 1xC (Inlet
velocity profile) and two times of the chord at the outlet flow
2xC, 1.5xC in the top and 1.5xC at the bottom,. The
boundary conditions represented in Figure 1.
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Figure 1: Calculation domain with Boundary conditions

The mesh quality represents the most important stability
factor of results. Different meshes sizes have been tested to
control the independency of results, in the present simulation
a mesh of 86000 cells (Figure 2) has been exploited insuring
a normal distance to the wall y* lower than 0.35, this mesh is
refined too much near the wall in aim to insure a best mesh
validation.

Figure 2: Refined mesh (86000 cells, 0.15<y+<0.35)
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5 Results and discussion

The simulation has been achieved by the last version of
STAR-CD code, on a PC with two processors (2 CPU) and
with a random memory of two Gigabits (2 GB).During the
simulation, a mini cluster of 13 processors was helpful to
complete the simulation (b21g,UMIST).

The comparison made between different models for the
pressure coefficient shows a large recirculation captured by
the k-¢ model after half of the chord than the other models
probably, due to the wrong turbulent energy estimation
because of its limited wall function, the difference is
obviously observed on the plots of the Figures 3 & 4. As well
as, the reasonable agreement of the V2-f model due to its
elliptic singularity function based on the normal velocity
fluctuations comparing with the LES model and the
experimental results (Ecole Central de Lyon).

e LES (Wangelal)

2,0 - e Experiment(ECL)
k- low Reynolds
—— k-0 SST
1,5 V2_f
1,0 -
3 0,5 4 o .
g ™
0.0 \
-0,5 4 )
@
-1,0 ?

1 v T v T
,0 0,5 1,0

x/c (-)
Figure 3: Pressure coefficient at extrados and intrados of the airfoil
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5.1  Turbulent energy

Although, the models V2-f, k- SST did not detect any
turbulent zone at the trailing edge, but in comparison with the
these models and the LES model, the k-g low Reynolds model
indicates a high turbulent energy overestimation, which is an
anomalous characteristic of the k-g low Reynolds model near
the separation zones. The plots on the Figure 5 represent a
comparison of the Kinetic turbulent energy for the different
models.

Basing on the profiles shown in Figure 6, the validity of
the V2-f model can be observed comparing with the LES
model, as well as, a fast flow acceleration and increase of
turbulent energy after the chord half for the k-¢ model, which
shown an overestimation of turbulent energy K near the
trailing edge. The databases generated for the drawing profile
of The Large Eddy Simulation (LES) calculated by the
average value using a simple program developed in
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FORTRAN language based on the turbulent energy
fluctuation function:

K= 2 W7V W (6)

5.2 Prescribe velocity profile and turbulent
intensity I in the Inlet flow

To check the probable causes of the turbulent energy
overestimation observed on the k-g low Reynolds model, an
arbitrary turbulent intensity (1) has been introduced at the
Inlet flow (Figure 6), with two different rates of the prescribe
velocity (5%U, and 10%U), using a define function
developed in FORTRAN language (bcdefi.f).

The plots of Figure 7 prove that the turbulent intensity
has not any effects on the turbulent energy overestimation
near the trailing edge zone. Therefore, the turbulent energy
excess production near the trailing edge shown by the k-¢
model are not due to the turbulent intensity at the Inlet flow.

6 Energy production expression

The production expression for the Low Reynolds k-¢ model

Pk = vS;iS; (7
The Strain
S= ,/28”- Sij (8)
The strain rate
L 9
Si=2 %y " dx ©

The first modification permits to replace the strain
contribution by the multiplication of strain rate and the
vorticity expression (LPM).

The vorticity:
1.0u ov
Q”:E(@ _&) (10)
New productionexpression becomes
Pk=0S;;Q;; (11)

The second modification permits to take the lowest value
between the strain contribution and the multiplication of the
strain rate and the vortices, in order to improve the production
expression (Limiter Model):

P« = o min (SiS;j, SijQij) (12)

Figure 8 shows the turbulent kinetic energy profiles
obtained by the first modification LPM and compared to the
LES and the standard k-¢ models. The results indicate an
overestimation of the turbulent kinetic energy far from the
profile wall.

The velocity profiles in the Figures 9 &10 show the
effect of the linear turbulence production expression. We find
that the limiter model provides a better agreement with the
LES and the V2-f model, than the first modifications LPM.
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Figure 4: Pressure coefficient for: (a) V2-f model; (b) k- SST model; (c) LES model [7]; (d) k- low Reynolds model.
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Figure 5: Kinetic turbulent energy at the trailing edge for: (a) V2 -f model; (b) k- SST model; (c) LES model [7]; (d) k- low Reynolds
model.
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Figure 6: Turbulent energy profiles along the aerofoil chord for: k-
Q SST; k-g; LES [7] & V2-f model.
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Figure 7: Turbulent energy: (a) without turbulent Intensity I;
(b) 1=5%U; (c) 1=10%U.
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Figure 8: Turbulent kinetic energy profiles with the first
modification LPM.
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Figure 9: The Velocity profiles for the k- model introducing Kato-
Launder modifications LPM, and Limiter Model (trealing edge).
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Figure 10: The Velocity profiles for the k-¢ model introducing
Kato-Launder modifications LPM, and Limiter Model (leading
edge)

The results in the figure 11 show that the modified k-
epsilon model confirm a better agreement with the
experimental data than the standard K-¢ low Reynolds model.
Hence, the prediction of the turbulent energy is improved
near both zones leading and trailing edge. The observed
improvements can be explained by the limitation of the
turbulent energy production term that introduces the
minimum between the vorticity and strain, as well as, the
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corrected explicit damping function, particularly, near the
separation zone (near wall corrections) which is based on a
minimum dimensionless distance y+. (About 0.35 in our
case).
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Figure 11: The pressure coefficient distribution obtained by the
modified K- model with comparison to the standard low Reynolds
k- € model results and experimental data.

7 Conclusion

The model V2-f represents a future solution basing on its high
capacity of prediction for the turbulent energy phenomenon
than the available RANS viscous models.

The insufficiency of the k-g low Reynolds model can be
improved by replacing the strain rate by the vorticity in the
turbulent energy production term, and correcting the explicit
damping function near the separation zone. The comparison
between the two modifications proved that the limiter model
results are more stable than the first modification LPM.

Although the numerical investigation has been devoted
to improve the estimation of the turbulent kinetic energy
production, the improvement obtained can be useful to better
predict the acoustic far field noise.
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