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Abstract

The vortex dominated flow around the triple-delta wing aircraft model ADS-NA2-W1 is investigated comparing
RANS with scale-resolving DDES results. The Spalart-Allmaras One-Equation Model with corrections for negative
turbulent viscosity and Rotation/Curvature (SA-negRC) is employed to close the RANS equations, whereas in
the scale-resolving computations the SA-based DDES model is applied. The TAU-Code solver developed by
the German Aerospace Center (DLR) is employed in order to perform the numerical simulations. The solutions
achieved in the current work are compared with the experimental data provided by Airbus Defence and Space.
The aim is a better understanding of the vortex-dominated flows particularly in the transonic speed range in order
to determine the range of the suitability of current CFD methods.

Keywords
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NOMENCLATURE

AoA, α Angle of attack deg
β Side slip angle deg

CL Lift coefficient -
CP Pressure coefficient -
d Distance m
cr Root chord length m
M Mach number -
Re Reynolds number -
S, S̃ Strain rate 1/s

u, v, w Velocity components m/s
ρ density Kg/m3

U∞ Free stream velocity m/s
c∞ Speed of sound m/s

tcharacteristic Characteristic time s
x, y, z Cartesian coordinates m

∆x, ∆y, ∆z Grid spacing m
∆ Maximum grid spacing m
L Characteristic length m
µ Dynamic viscosity Kg/(ms)
ν Kinematic viscosity m2/s
µt Dynamic eddy viscosity kg/(ms)

νt, ν̃ Kinematic eddy viscosity m2/s

Pν Production term -
εν Destruction term -
ω Vorticity 1/s
D̄ Velocity gradient tensor m/s2

Nk Kinematic vorticity number -
l Turbulent length scale m
k Turbulent kinetic energy m2/s2

ε Turbulent dissipation rate m2/s3

Q Q-criterion -

1. INTRODUCTION

COmbat aircraft configurations typically feature
low aspect ratios and highly swept leading
edges in order to provide the required agility.

At extreme flight conditions (high angles of attack α
and side slip angle β), complex flow fields dominated
by vortex systems, which are challenging for numerical
flow simulations, are generated. A major challenge in
computational fluid dynamics is to model turbulence
in order to correctly produce the flow physics at these
test conditions.
The investigation of leading-edge vortices of swept
wings with low aspect ratio has been subject to re-
search projects within the past decades. Also, un-
steady phenomena like the vortex breakdown at high
angles of attack have been investigated in detail [6].
Since the flow separation, which forms the initial stage
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of vortex formation, is fixed by the sharp leading edge,
the main challenge of turbulence models is to correctly
produce the vortical flow system along the wing sur-
face. With increased complexity of the configuration
such as multiple deltas, swept trailing edge, variations
of edge contours and other devices of flow control,
it is impossible to predict the flow behaviour without
detailed simulations.
The numerical simulation of delta wing geometries
has been intensively studied for many years due to its
complexity and relevance. Reynolds-Averaged Navier-
Stokes (RANS) equations and Eddy Viscosity Models
(EVM) are considered proper tools for numerical solu-
tions at small to moderate angles of attack. At higher
angles of attack, the vortex flow pattern further compli-
cates and the numerical simulations often deviate from
experimental data, especially in the vortex regions [5].
The key component of these simulations is the turbu-
lence model and the classical RANS models, which
are very efficient in terms of computational time and
can be applied for large ranges of computations, are
not capable of predicting the flow in these configura-
tions sufficiently accurate. On the other hand, resolv-
ing turbulence employing the DNS or LES numerical
methods is far too expensive in terms of computational
time to apply it on a routine basis. For this reason, only
hybrid RANS/LES computations seem to be afford-
able in order to be performed for selected test cases.
Therefore, a model is required, which is capable of
predicting flows dominated by leading-edge vortices
in a time-efficient and yet accurate manner.
Different methods are present in literature in order
to overcome the deficiency of the RANS simulations.
Moioli et al. [5] for example aimed to adapt a turbu-
lence model to a specific application of vortex domi-
nated flows. The model terms have been modified in
order to achieve better agreement with measured data
from experiments.
An interesting research contribution in the field of Hy-
brid RANS/LES is given by B. Y. Zhou et al. [8]. Hybrid
RANS-LES computations have been performed for the
turbulent flow around a delta wing at a low subsonic
Mach number and the delayed detached eddy simu-
lation with shear-layer adapted (SLA) subgrid scale
model in the SU2 open-source solver suite has been
applied to predict the vortex breakdown phenomenon.
Russell and Schötte [9] have presented the numerical
simulation of the flow for the VFE-2 delta wing config-
uration with rounded leading edges using the Cobalt
Navier-Stokes solver. They have achieved reasonable
results with both steady RANS and SA-DDES simula-
tions.
The present work aims to provide a contribution in
the field of Hybrid RANS/LES numerical methods in

order to understand if they are applicable to delta wing
simulations at transonic flow condition. In fact, the
vortex dominated flow around the triple-delta wing air-
craft model ADS-NA2-W1 [2] has been investigated
comparing RANS with scale-resolving DDES results
and experimental data provided by Airbus D&S. The
Spalart-Allmaras One-Equation Model with corrections
for negative turbulent viscosity and Rotation/Curvature
(SA-negRC) [3] has been employed to close the RANS
equations, whereas in the scale-resolving computa-
tions the SA-based DDES model has been applied
[1]. The current study aims to analyze the capability
of Hybrid RANS/LES method in order to predict the
flow behaviour around a delta wing at these flight con-
ditions. DLR TAU-Code and SuperMuc-NG resources
have been employed in order to perform the simula-
tions.

2. TURBULENCE MODEL AND NUMERICAL
METHODS

The complex turbulence fluctuations in the flow field
are captured by the underlying turbulence models.
Generally, these turbulent fluctuations are represented
by the Reynolds-stress tensor in the momentum equa-
tion. Different assumptions are used for modeling the
Reynolds-stress tensor, which categorizes the type of
the turbulence model used in the solver. The widely
used Boussinesq assumption relates the stress tensor
linearly to the velocity gradients by means of the turbu-
lent viscosity.
In the case of the one-equation eddy viscosity tur-
bulence model (SA-model), one transport equation
is used to describe the transport of one scalar (the
turbulent viscosity). Due to the simplification for the
Reynolds-stress tensor, the turbulence model is not
well suited for flows where stress and strain rates are
not aligned or where a rapid redistribution among the
stresses takes place. A primary deficiency with the
eddy viscosity models appears in their inability to ac-
count for turbulent anisotropies in rotating and sepa-
rated flows. In order to fix this issue and correct the SA
turbulence model, vortical correction methods have
been implemented.
All simulations have been performed using the DLR
TAU-Code release.2019.1.0 flow solver developed by
the German Aerospace Center [4]. The TAU-Code
is a 2nd order finite volume flow solver, fully paral-
lelized, for unstructured hybrid grids. It is useful to
run a RANS simulation first and then use the results
to choose a criterion for the hybrid RANS/LES mesh
because these methods require a time-accurate sim-
ulation and a fine 3-D grid. Instead of modeling the
entire turbulent spectrum, it is possible to resolve parts
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of the spectrum by means of a scale-resolving sim-
ulation, using either Large-Eddy simulation (LES) or
hybrid RANS/LES. Delayed-detached-eddy simulation
(DDES) provides a single non-zonal formulation for
using a RANS model in boundary layers and to switch
to LES mode in regions of massive separation.

2.1. Hybrid RANS/LES method

In the present work the Spalart-Allmaras model that
represents a standard RANS closure for aerodynamic
applications is employed for the Hybrid RANS/LES
simulations as well.
The SA-DDES model [13] is based on the one-
equation model by Spalart-Allmaras model [12] for
the eddy viscosity

(1)
∂

∂t
(ρν̃) + ~u · ~∇(ρν̃) =

+ ~∇ ·
(

µ + ρν̃

σ
~∇ν̃

)
+ ρ

cb2
σ
(~∇ν̃)2 + Pν − εν,

where the production term Pν and the destruction term
εν are respectively

Pν = cb1ρS̃ν̃ and εν = cw1 fwρ

(
ν̃

d̃

)2
.(2)

This is exactly the original SA-model, except that the
length scale d resp. d̃ in the destruction term is modi-
fied. In the SA-model, d is the distance to the nearest
wall [11]. In the DDES model, d is replaced with d̃,
which is defined as

d̃ = min(d, CDES∆)

with ∆ = max(∆x, ∆y, ∆z), where ∆x, ∆y, ∆z denote
the grid spacing in x-, y-, and z-direction resp.
Defining ∆ = max(∆x, ∆y, ∆z) ensures RANS behav-
ior in boundary layers as d� ∆, although ∆y� d and
the ratio between (∆x∆y∆z)1/3 and d is unclear.
Moreover, the low-Re modification of the DES length-
scale by Strelets is implemented

d̃ = min(d, ΨCDES∆)

with

Ψ2 =
1− cb1 fv2/(cw1K2 f ∗w)

fv1

and f ∗w = 0, 427 [15].

2.1.1 DDES numerical approach

Taking the Hybrid RANS/LES simulations into account,
in order to stabilize the solver, unsteady simulations
are performed with an implicit dual-time stepping ap-
proach, employing a Backward-Euler/LUSGS implicit

smoother. The chosen time step has to adequately re-
solve the time scales of the energy containing eddies
in the flow of interest [7]. To ensure convergence of the
inner iterations, it is recommended to use the Cauchy
convergence criterion in combination with useful met-
rics. Integral quantities such as lift and drag provide an
indirect measure of the convergence of second-order
quantities.
A suitable CFL (Courant-Friedrichs-Lewy) number is
set in order to obtain stable convergence of the so-
lution. The computation of the fluxes have been per-
formed with a central scheme and the matrix dissipa-
tion model has been selected [15]. However, in LES
and hybrid RANS/LES the artificial dissipation should
be reduced in order to prevent excessive damping of
the resolved turbulent structures [14].
Moreover, it is useful to run a RANS simulation first
and then use the results to choose the criterion for the
DES/LES mesh. In fact, the turbulence length scale in
Eq. 3 is a physical quantity describing the size of the
large energy-containing eddies in a turbulent flow and
has to be bigger than the cells size. In other words,
the cell size shall be small enough to capture the tur-
bulent behaviour and fluctuations in the LES region.
The turbulence length scale is expressed as follows

(3) ∆ < l = Cµ
k

3
2

ε
,

where Cµ is an empirical constant specified in the
turbulence model (approximately 0.09), k the turbulent
kinetic energy and ε the turbulent dissipation rate.

2.2. RANS Turbulence Model

The Negative Spalart-Allmaras One-Equation Model
(SA-neg) with corrections for Rotation/Curvature (SA-
negRC) is employed to close the RANS equations.
The SA-neg model is the same as the "standard" ver-
sion (SA) when the turbulence variable ν̃ is greater
than or equal to zero. The Eq. 1 is modified and the
turbulent eddy viscosity (µt) in the momentum and en-
ergy equations is set to zero when the kinematic eddy
viscosity becomes negative [11].
The SA turbulence model often provides excessive
eddy viscosity production in the vortex, with implica-
tions on the unburst vortex size, type and velocities.
Experience has shown that the main source of error
is usually due to a wrong prediction of the eddy vis-
cosity destruction in the vortex flow regions due to
the limitation of standard RANS models to accurately
represent highly rotational regions. Shur et al. [10]
proposed a streamline curvature correction (SA-RC)
which alters the source term with a correction function
multiplying the production term of the eddy viscosity
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transport equation. The SA-RC correction for Rota-
tion and Curvature is sometimes able to improve the
quality of the simulations but there are also scenarios
where the prediction quality deteriorates.
The production term (2) of the eddy viscosity transport
equation is multiplied by a "rotation function" written
as follows

(4) frotation =

(1 + cr1)
2r∗

1 + r∗
[
1− cr3tan−1(cr2r̃)

]
− cr1

with the constants cr1, cr2 and cr3 calibrated as 1, 12
and 1 respectively [11].
A vortex identifier quantity is required to be coupled
with the additional terms in order to exclusively influ-
ence the vortex region and the SA-RC modification
suggests the possibility to use the ratio between the
strain rate S and vorticity ω

r∗ =
S
ω

=
1

Nk

The definition is correlated to the kinematic vorticity
number Nk, defined by Truesdell [10].

2.2.1 RANS numerical approach

The steady RANS simulations have been performed
using a multigrid relaxation employing a Backward-
Euler/LUSGS implicit smoother. An AUSMDV upwind
scheme is used for the flux discretisation; it is an im-
proved Advection Upstream Splitting Method (AUSM)
which combines the flux Difference (AUSMD) and the
Vector splitting (AUSMV) methods [14]. The CFL num-
ber is reduced starting from a large value in order to
find the best compromise between speed and stability.
The entire model is simulated in a fully turbulent flow.
All computations are conducted using the SA-neg tur-
bulence model with the SA-RC correction (abbreviated
as SA-negRC).

3. RESULTS AND DISCUSSION

3.1. ADS-NA2-W1 Test Case

The ADS-NA2-W1 model illustrated in Fig. 1, avail-
able within this study, features a sharp leading edge
[2]. The transonic regime of M = 0, 85 and Re =
12, 53 · 106 has been selected for the simulations. The
experimental data for this model are provided by Air-
bus Defence and Space.
The definition of the Characteristic Time is given as
follows

(5) tcharacteristic = L/U∞

Figure 1: NA2 model configuration

where L is the length of the model (characteristic
length) and U∞ the free stream velocity. It is the time
that a fluid flow volume takes to pass through the
model and it is important to take this definition during
an Hybrid RANS/LES simulations with the dual-time
stepping scheme into account in order to understand
how much physical or computational time is necessary
to obtain a reliable solution. Ten flow trough times
are taken into account in order to compute the mean
values of the flow proprieties. The Characteristic Time
expressed in Eq. 5 for the ADS-NA2-W1 model is
computed as follows

M = 0, 85→ U∞ = c∞ ·M ≈ 280, 41 m/s

where c∞ ≈ 330 m/s. Consequently,

tcharacteristic ≈ 2 · 10−3 s

The computational domain employed to investigate
the ADS-NA2 model [2] consists of about 40 millions
elements. In order to capture "correctly" the flow char-
acteristics, the convective CFL number has to be lower
than 1 in each cell of the mesh. The time step size in
the dual-time ("unsteady time stepping" in DLR TAU-
code) is set equal to 5 · 10−7 s with the aim of satisfying
the previous requirement.

3.2. Analysis of different methods

Different simulations have been performed with con-
stant side slip angle β = 5◦, that emphasizes the
asymmetry of the turbulent flow, varying the angle of
attack between 12◦ < α < 28◦. The transonic regime
of M = 0.85 and Re = 12.53 · 106 has been selected.
Fig. 2 and 3 shows the lift coefficient curve and the
rolling moment coefficient curve, respectively. The ex-
perimental data provided by Airbus D&S are plotted
in comparison with the RANS and the DDES results.
DDES have been performed only for α = 12◦, 24◦.
The RANS and DDES results overestimate the exper-
imental lift data but it is worth noting that the DDES
are closer to the experimental ones. Fig. 3 shows
a smooth transition between the RANS and DDES
points but what happens in between is not known and
documented in literature. Although the sharp drop of
the curve for AOA = 24◦ has not been predicted, it
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Figure 2: Lift Coefficient over AoA

Figure 3: Rolling Moment Coefficient over AoA

is remarked that this is the first step and further im-
provements will be investigated employing the Hybrid
RANS/LES method. In particular, it could be interest-
ing to analyze what happens if the AoA steps become
smaller, for example, a drop or a smooth decay of
the lift curve could be achieved. The DDES method
appears to be a promising tool to simulate the flow
physics around a delta wing at transonic condition.
This is confirmed also by the roll moment plotted in
Fig. 3 that is particularly interesting with slide slip. In
fact, the roll moment also reacts "more sensitively"
than the coefficient of lift when the flow pattern is more
accurate due to the different simulations setup.
The flow pattern of the ADS-NA2-W1 test case is fur-
ther complicated by the presence of vortex merging
caused by the presence of multiple sweep angles as
illustrated in Fig. 1. The side slip angle of β = 5◦

amplifies the asymmetry of the flow and generates two
different flow conditions over the two sides of the wing.
In order to visualize all these phenomena in more de-
tail the simulation results at α = 24◦ are considered.
Fig. 4 shows the comparison of the surface coeffi-
cient of pressure on the model by matching exper-
imental data, RANS SA-negRC and SA-DDES re-
sults. Moreover, as it can be seen in Fig. 4a six
different slice planes are taken into account. The

(a) Experimental Data

(b) RANS

(c) DDES

Figure 4: Surface coefficient of pressure, comparison
between experimental data, RANS SA-negRC and
SA-DDES results for the ADS-NA2-W1 model with
M = 0.85, Re = 12.53 · 106, α = 24◦ and β = 5◦
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surface coefficient of pressure distribution along the
spanwise direction at chordwise positions x/cr =
0.35, 0.45, 0.55, 0.65, 0.75, 0.851 is plotted in Fig. 6.
Moreover, Fig. 7 shows the axial velocity u distribu-
tion at chordwise locations x/cr = 0.35, 0.55, 0.75, by
doing a comparison between RANS SA-negRC and
SA-DDES results, in the left and right column, respec-
tively. 2

At these transonic flow conditions a vortex breakdown
appears and the SA-models fail to predict the correct
flow physics. This occurs in particular for the RANS
simulations but it is not possible to exclude the same
issue employing the SA-DDES model after the present
work.
As illustrated with the iso-surface (Q = 1 · 107) in Fig.
5, the flow is not attached around the leading edge and
separates in a vortex sheet. In particular, two different
vortices are present on the starboard wing and the
breakdown on the portside wing3.
Q is one invariant of the velocity gradient tensor. Using
the decomposition into symmetric and anti-symmetric
parts this invariant can be expressed as follows.

(6) Q =
1
2

(
tr(D̄)2 − tr(D̄2)

)
=

1
2
|ω̄|2 − |S̄|2

Q represents the local balance between shear strain
rate and vorticity magnitude, defining vortices as ar-
eas where the vorticity magnitude is greater than the
magnitude of rate-of-strain.
Fig. 5 shows that the separation onset occurs in corre-
spondence with the two wing apexes. The two gener-
ated fully developed vortices interact with each other in
the rear part of the starboard wing. The angle of attack
directly influences the vortex behaviour and due to its
value, no vortex breakdown phenomenon is evident on
the starboard wing. For this reason, it is still possible
to distinguish the two different vortices in Fig. 7 at the
chordwise location x/cr = 0, 75 where the two peaks
of axial velocity are located. In particular, the DDES
results (on the right side in Fig. 7) show that the vortex
are merging and interacting with each other.
Fig. 4a shows the experimental surface coefficient of
pressure on the upper side of the aircraft. The suc-
tion footprint on the wing surface is caused by the
high tangential velocity around the inner vortex core.
In fact, in the case of low aspect ratio delta wings,
the generated vortex sheet is highly influenced by the
pressure gradients in its vicinity and its separation at
the swept leading edge causes a local low pressure
region on the suction side which contributes to the
overall lift. However, the so-called vortex lift has a

1Here, cr = L in order to simplify the further considerations.
2Regarding the DDES results, the mean values of the flow pro-

prieties computing over 10 flow trough times are taken into account.
3The nautical labeling: starboard (y > 0) and port(side) y < 0

(a) RANS

(b) DDES

Figure 5: Q-criterion iso-surface drawn at Q = 1 · 107

with flood contour by x-velocity u, comparison between
RANS SA-negRC and SA-DDES results for the ADS-
NA2-W1 model with M = 0.85, Re = 12.53 · 106, α =
24◦ and β = 5◦
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limiting AoA at which the vortex bursts or breaks down.
In other words, the use of vortex lift is restricted by
vortex breakdown or bursting and an inherent insta-
bility. This consists of an abrupt change in the flow
topology where the flow decelerates and diverges as if
a solid obstacle was present in the flow. The structure
of the vortex varies slowly in the streamwise direction
and then, suddenly, the structure changes drastically
with the formation of an axisymmetric recirculation re-
gion. In fact, whereas vortices will diffuse in the flow
field under normal conditions, vortex breakdown is en-
countered in some special cases. The location and
mode of breakdown depends on various parameters
such as adverse pressure gradients, type of delta wing
planforms, angle of attack, sweep angle. For these
reasons, the vortex generation at the swept leading
edge dominates the aerodynamic characteristics of
the wing and its understanding and prediction are of
primary importance.
The unburst part of the vortex present on the starboard
side of the model is characterized by a coherent struc-
ture with high values of axial velocity, as it can be seen
also in Fig. 7, and rotational velocity in which the vor-
ticity increases along the axial direction. Downstream
the breakdown present on the portside of the wing, the
flow becomes incoherent and turbulent, as the hybrid
RANS/LES results in Fig. 5b shows. Moreover, Fig.
7 demonstrates that the vortex breakdown is always
accompanied by an expansion of the vortex core and
an abrupt reduction of axial and rotational velocities.
Consequently, the suction footprint on the wing surface
is significantly reduced on this part of the wing (see
Fig. 6).
In this selected test case, over the starboard part of
the wing, the flow undergoes a primary separation at
the wing leading edge and subsequently rolls up to
form a stable, separation-induced leading-edge vortex.
An illustration of this vortex behavior is shown in Fig.
5a and 5b. The primary vortex induces reattached
flow over the wing, and the spanwise flow under the
primary vortex subsequently separates a second time
to form a counter-rotating secondary vortex outboard
of the primary vortex4. This phenomenon is visible in
Fig. 6 at the chordwise station x/cr = 0, 45 close to
the "positive" leading edge (y/s = 1) and in Fig. 7 at
the chordwise location x/cr = 0, 55. The DDES sim-
ulations capture the secondary vortex formation but
they overestimate the coefficient of pressure in that
region. The flow under the vortices induces significant
upper surface suction pressure that results in large
vortex-induced lift increments.

4The secondary vortex is the counter-rotating one, whereas the
second vortex is the outer one resulting from the different sweep
angles.

Fig. 6 shows the surface coefficient of pressure distri-
bution over the wing and the SA-negRC RANS simula-
tions mispredict the flow pattern over the portside part
of the wing in particular closer to the wing apex due
to high turbulence and chaotic behaviour of the flow.
On the contrary, DDES seems to be able to capture
the right flow physics even if they overestimate the
intensity of the suction footprint.
Taking the starboard side of the wing into account,
the side against which the wind predominantly comes,
the results need more attention. In the first part of
the wing, x/cr < 0, 55 it is evident how the DDES im-
proves the results of the simulations. Fig. 7 at the
chordwise location x/cr = 0, 35 shows that only the
DDES simulation is able to capture the separation and
the reversed flow over the front part of the starboard
wing. Moreover, it will be useful to visualize the slice
plane at the chordwise location x/cr = 0, 55 in Fig.
4a placed before the second increment of the delta
angle on the wing. Afterwards, the second vortex is
generated, it merges with the first one and the DDES
results became less reliable, as it can be seen in Fig.
6. This phenomenon can explain the overestimation
of the lift coefficient in Fig. 3 and will be investigated
in more detail in future work.
It is possible to note from Fig. 6 that the trend of the
DDES results of the surface Cp distribution along the
spanwise direction at different chordwise station is al-
ways similar to the experimental data for x/cr < 0, 85.
This demonstrates that the correct flow pattern is cap-
tured by the DDES method even if the suction footprint
over the model is overestimated.
All these considerations demonstrate that interesting
and promising improvements have been achieved em-
ploying the SA-DDES numerical method. The results
of the DDES on the portside side are positive. The
vortex is too stable on the starboard side. This could
be due to the mesh resolution inside the vortex core or
it could indicate that a pure SA model without vortex
correction is also not sufficient for DDES. The discrep-
ancies between SA-DDES results and experimental
data are in particular evident only in the rear part of
the starboard wing where the two generated fully de-
veloped vortices merge and interact with each other.
Slight quantitative deviations have been highlighted
but the illustrated qualitatively results clearly show that
all the hours spent on DDES have been worth. In fact,
the DDES shows most of the important flow features
which are missing in the RANS, as for example the
vortex breakdown flow characteristics, the secondary
vortex formation and the interaction between the first
and second vortex.
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Figure 6: Surface Cp distribution, comparison between experimental data, RANS SA-negRC and SA-DDES for
the ADS-NA2-W1 model with M = 0.85, Re = 12.53 · 106, α = 24◦ and β = 5◦
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Figure 7: Axial velocity u contour plots at chordwise locations x/cr = 0.35, 0.55, 0.75, comparison between
RANS SA-negRC (on the left column) and SA-DDES (on the right side) results for the ADS-NA2-W1 model with
M = 0.85, Re = 12.53 · 106, α = 24◦ and β = 5◦
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4. CONCLUSIONS AND OUTLOOKS

The vortex dominated flow around the triple-delta wing
aircraft model ADS-NA2-W1 has been investigated
comparing RANS with scale-resolving DDES results
and experimental data provided by Airbus D&S. The
Spalart-Allmaras One-Equation Model with corrections
for negative turbulent viscosity and Rotation/Curvature
(SA-negRC) has been employed to close the RANS
equations, whereas in the scale-resolving computa-
tions the SA-based DDES model is applied. The tran-
sonic regime of M = 0, 85 and Re = 12, 53 · 106 has
been selected and the ADS-NA2-W1 model with the
sharp leading edge profile generates flow separation
along the entire leading-edge at selected AoA = 24◦.
Based on the pressure gradients over the suction side,
occurrences of secondary vortex have been observed
taking the DDES results in particular into account.
However, even if a sharp leading-edge geometry im-
plies that the separation takes place over the whole
leading-edge extension, the solution of the vortex flow
lacks accuracy. The RANS turbulence model provides
excessive eddy viscosity production in the vortex, with
implications on the unburst vortex size, type and veloc-
ities. Consequently, the suction peak and the pressure
distribution differ from experiments. The secondary
vortex is stronger, shifted and hence affecting also
the main vortex position and development. The break-
down is misrepresented by RANS numerical solutions
and, consequently, the surrounding flow and the post-
breakdown region are also negatively affected.
Interesting and promising improvements have been
achieved employing the SA-DDES numerical method.
Good results are obtained in the front part of the wing
where only the first vortex is developed. The discrepan-
cies between SA-DDES results and experimental data
are evident in the rear part of the starboard wing where
the two generated fully developed vortices merge and
interact with each other. In particular, the qualitatively
results illustrated in Section 3 clearly show that all the
hours spent on DDES have been worth. The DDES
shows most of the important flow features which are
missing in the RANS and this is exactly the purpose of
the present paper.
Since it appears that the model is reliable in the pres-
ence of one single vortex, the fine-tuning of the method
will be carried out and the investigation of vortex merg-
ing and interaction is strictly recommended.
Moreover, taking regions of attached and separated
flow into account, shielding function in the DES method
is expected to further improve the results in future
work.
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