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Abstract

The numerical results for global aerodynamic co-
efficients and overall flow topology obtained with
the Langtry-Menter γ − Reθ transitional model
are compared with previous results obtained with
Sparlat-Allmaras, Menter SST and cubic k − ε

turbulence models. The numerical simulations
are performed using configuration “one” from the
1st AIAA CFD High-Lift Prediction Workshop
as the testbed, which is a trapezoidal wing with
a 30 deg. slat deflection and a full-span flap with
25 deg. deflection. The numerical simulations are
accomplished with the CFD++ solver consider-
ing the Reynolds-averaged Navier-Stokes formu-
lation (RANS). The hexahedral mesh approach is
here considered and the results are obtained for a
hexahedral mesh with 22.8 million cells. Exper-
imental data from NASA Langley 14 by 22-foot
Subsonic Wind Tunnel (SWT) provide the global
aerodynamic information for the verification of
the obtained numerical results.

1 Introduction

In the present paper the numerical simulations are
performed with the CFD++ commercial package
[1] considering the Langtry-Menter γ−Reθ tran-
sition model [2]. The simulations are performed
over configuration “one” from the 1st AIAA CFD
High-Lift Prediction Workshop. Such high-lift
configuration presents a 30 deg. slat deflection
and a full-span flap with 25 deg. deflection. The
numerical simulations are performed using a hex-

ahedral mesh with 22.8 million cells. The flight
condition is defined by a Reynolds number of 4.3
million, based on the mean aerodynamic chord,
and a freestream Mach number of 0.20.

The results obtained for the Langtry-Menter
γ−Reθ transition model are compared with re-
sults previously produced by the authors [3] with
the cubic k− ε, the Sparlat-Allmaras [4] and the
Menter SST [5] turbulence models. It is impor-
tant to mention that all the results depicted here
were obtained with the same 22.8 million cells
hexahedral mesh. The comparisons are accom-
plished not only for the global aerodynamic co-
efficients but also for the flow pattern over the
aerodynamic components.

In Fig. 1 one can see the blocking concept,
typical of the hexahedral mesh methodology, and
the resulting surface mesh generated by the use
of this methodology. This concept consists in at-
tributing the edges of the blocks to the surface
and boundaries of the geometry, whenever the
block is close enough of the geometry. These
blocks are responsible for the generation of the
surface mesh and the volumetric mesh close to
the surface. Those blocks that are in regions
far from the geometry are only responsible for
representing the volumetric mesh. Their edges
are attached to the mesh supporting lines. The
proccess just described is the usual approach
adopted by the ICEM-CFD [6] solver for hexa-
hedral mesh generation.

The motivation for such investigation lies on
the fact that very few numerical results in the
1st AIAA CFD High-Lift Prediction Workshop

1



G.L.O. HALILA, A.P. ANTUNES, R.G. DA SILVA, J.L.F. AZEVEDO

Fig. 1 Hexahedral mesh blocks and surface mesh
for configuration one.

have considered the boundary layer transition in
the simulations process for configuration “one”.
The summary of the Workshop suggests that the
adoption of a boundary layer transition modeling
can yield a better adherence with the experimen-
tal data.

The Langtry-Menter model allows for the
inclusion of transitional effects based on local
properties which avoids the excessive increase in
computational costs due to the need to integrate
the flow properties up to the edge of the bound-
ary layer. This model can be categorized as a Lo-
cal Correlation-Based Transition Model (LCTM)
which is a term used in order to distinguish the
present model formulation from a more complex
physics-based transport modeling.

2 Transition Model

The Langtry-Menter (LM) [2] correlation-based
transition model is composed of two additional
transport equations, besides the equations for the

SST turbulence model [7]. These equations are
used to estimate transition onset and the extent
region. This is possible due to the combination of
the strain-rate Reynolds number with experimen-
tal transition correlations. In addition, viscous
sublayer damping and transition predictions are
independent. The first transport equation based
on the intermittency reads

∂(ργ)

∂t
+

∂(ρu jγ)

∂x j
= Pγ −Eγ (1)

+
∂

∂x j

[(
µ+

µt

σ f

)
∂γ

∂x j

]
The intermittency equation allows for the estima-
tion of the extension of the transition region since
the intermittency represents the probability of a
fluid cell to be turbulent. Transition onset, on the
other hand, is triggered by the momentum thick-
ness Reynolds number transport equation which
can be written as

∂(ρR̃eθt)

∂t
+

∂(ρu jR̃eθt)

∂x j
= Pθt (2)

+
∂

∂x j

[
σθt(µ+µt)

∂R̃eθt

∂x j

]
The empirical correlations that complete the
model can be found in the literature [2]. The
interaction between the transition model and the
SST turbulence model is performed by a modi-
fied kinetic energy production term, P̃k, as

∂(ρk)
∂t

+
∂(ρu jk)

∂x j
= P̃k − D̃k (3)

+
∂

∂x j

[
(µ+σkµt)

∂k
∂x j

]
P̃k = γeffPk (4)

where γeff is introduced in order to also include
separation effects into the formulation. A very
detailed description of the transition model can
be found in Ref. [8].

3 Numerical Results

The numerical results are obtained using the
Reynolds-averaged Navier-Stokes equations
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(RANS). The spatial discretization adopted is
2nd-order accurate and the polynomial recon-
struction in the solver allows a selection between
centroidal-based and nodal-based polynomials.
In the present work, most of the computations
were performed using the centroidal-based
polynomials. Time integration uses an implicit
method.

Figure 2 shows the CL versus angle-of-attack
(AoA) curves obtained by the simulations per-
formed with the turbulence models considered in
this study. One can observe that the results ob-
tained with the LM model are close to those ob-
tained with the cubic k − ε model. Both results
show the same stall angle-of-attack and the max-
imum lift coefficient. It is interesting to notice
that the LM and the SST model are in accordance
for the lift coefficient up to 28 deg. Beyond this
angle-of-attack the LM model is still indicating a
raise in the lift coefficient whilst the SST model
presents a decrease in the lift coefficient.

Fig. 2 Lift coefficient curves for the different tur-
bulence models addressed in this paper.

One could expect the results of the LM transi-
tion model to be close to those obtained with the
original SST turbulence model. A possible ex-
planation for the observed discrepancies between
the results of these two models can be found
in the fact that, by using the LM model, each
wing element presents a laminar flow region. The
first stages of the boundary layer development
impact on the overall boundary layer evolution
given the parabolic nature of the boundary layer
physics in the streamwise direction. As a result,

a boundary layer that is laminar close to the lead-
ing edge can lead to distinct aerodynamic coeffi-
cients when compared to a fully-turbulent bound-
ary layer. Another effect that could be even more
relevant than the boundary layer history effects
is the distinct separated flow topologies when
different models are used. Indeed, the bound-
ary layer is strongly affected by the inviscid flow
pressure gradient, which is, in turn, influenced by
the presence of separated flow regions.

Figure 3 illustrates the numerical results ob-
tained with the SST and the LM turbulence mod-
els for the breakdown of the lift coefficient for
each component of the wing. It is possible to
observe that, for the angles of attack above 28
deg., the main element is the one that mostly con-
tributes for the difference in the CL between the
SST and LM model results. The comparison of
the lift coefficient results, for the slat and flap
components, indicates that the calculations with
the two different models yield quite similar val-
ues of CL in almost the entire range of angle-of-
attack.
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Fig. 3 Lift coefficient for the three wing compo-
nents – SST and LM turbulence models.

Although both models yield similar values for
the lift coefficient in the range between 0 and 28
deg. of angle-of-attack, the flow pattern is differ-
ent for almost the entire range of AoA considered.
Figures 4 and 5 show the friction coefficient, C f ,
and the shear lines over the components of con-
figuration “one” for AoA = 13 deg. It is possi-
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ble to notice for this specific angle-of-attack that
the LM model results indicate a separation bub-
ble in the outer part of the slat panel and, also,
a flow detachment region at the trailing edge of
this component. Moreover, the results for the LM
model also indicate a quite extensive flow sepa-
ration over the flap component, as one can see in
Fig. 5.

Fig. 4 Shear lines and skin friction coefficient
contours over configuration one for the SST and
the Langtry-Menter models for AoA = 13 deg.

Fig. 5 Shear lines and skin friction coefficient
contours over configuration one for the SST and
the Langtry-Menter models at AoA = 13 deg. with
emphasis on the flap flowfield.

These separation regions are also identified in
Figs. 6 and 7. These two figures show, respec-
tively, the pressure coefficient distribution over

the slat and flap components at an extracted sta-
tion slice located at η = 0.65 of the HLP span-
wise direction. Figure 6 shows the two flow sep-
aration regions for the slat component. As dis-
cussed, the results for the LM model also show
that there is flow separation over the upper sur-
face of the flap component, as indicated in Fig. 7.
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Fig. 6 Pressure coefficient distribution over the
slat for η = 0.65 and AoA = 13 deg.

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.60 1.62 1.64 1.66 1.68 1.70 1.72 1.74 1.76 1.78 1.80 1.82

C
p

 

X 

Numerical Hexa - LM

Numerical Hexa - SST

Experimental

Flow separation 

Fig. 7 Pressure coefficient distribution over the
flap for η = 0.65 and AoA = 13 deg.

The results with the LM turbulence model
yield considerable flow separation region over
the flap panel. The increase in the angle-of-attack
causes a small movement of the detachment line
in the upstream direction until an AoA of 28 deg.
For AoA values above 28 deg., the results begin
to show a decrease in the detached region in the
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outboard flap panel, as one can observe in Fig. 8.

Fig. 8 Shear lines over the flap panel for AoA =
8, 13, 24 and 32 deg.

Figure 9 shows that the flow pattern obtained
with the SST turbulence model over the flap com-
ponent. From such figure, it is clear that there
is no massive flow separation region for the re-
sults with the SST model. It is possible that the
side-of-body separation observed in the simula-
tions with the Langtry-Menter model might be in-
ducing a very different flow pattern over the flap,
which justifies such large differences between the
two sets of results. However, this observation
must be further investigated before a more defi-
nite conclusion could be reached on the reasons
for such large differences between the simula-
tions with the two different models.

It is clear that the differences in flow pat-
tern would certainly affect the drag calculations.
Hence, despite the similarity from SST and LM
results for the lift coefficient values, the obtained
data for the drag coefficient is considerably dis-
tinct, as one can observe in Fig. 10. The Langtry-
Menter model leads to a lower drag coefficient
for the entire range of lift coefficients. In part,

Fig. 9 Shear lines over the flap panel for AoA =
8, 13, 24 and 32 deg.

this difference could be attributed to the laminar
flow regions over the aerodynamic components.
Figure 11 provides a general overview of the skin
friction coefficient, C f , for both solutions. It is
possible to observe the existence of a much lower
skin friction contribution from the LM model re-
sults with respect to those obtained with the SST
model. Definitely, these differences have some
contribution in the computation of the total drag
coefficient.

The drag coefficient evolution with the angle-
of-attack for the slat is shown in Fig. 12. One can
observe that the pressure distribution for the slat
component is the most favorable among all the
elements to sustain a large extension of a laminar
region of the flow, which is explained by the fact
that Tollmien-Schlichting waves are stabilized by
favorable pressure gradients [9]. Thereby, it is
in this component that most of the difference in
the drag coefficient should be noticed for the SST
and the LM models. It is important to observe
that on such device the drag force is pointing for-
ward which means a negative drag. The obtained
results indicate that the LM model yields a lower
drag coefficient with the increase of the angle-of-
attack. This is a consequence of the reattachment
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Fig. 10 Drag polars for the different turbulence models addressed in this paper.

of the flowfield at the slat trailing edge.
Figure 13 shows a similar comparison be-

tween the turbulence models for the drag coeffi-
cient but, in this case, for the main element. The
LM model shows a higher drag coefficient as the
angle-of-attack increases beyond 28 deg. which
is the opposite trend to the one observed in the
slat component. The increase in the drag coeffi-
cient with the AoA can be seen as a consequence
of the fact that the main element is more aerody-
namically loaded than the slat itself.

The drag coefficient curves for the flap are il-
lustrated in Fig. 14, again for both LM and SST
models. It is observed that the calculations with
the SST model lead to higher drag coefficient val-
ues for angles-of-attack up to 25 deg. As depicted
in Figs. 4 and 5, the calculations with the LM
model yield separated flow regions for this angle-
of-attack range, which are not present in the SST
numerical results. This behavior is, therefore,
strange because one would expect that the ben-
efits of having a laminar region should not be
able to compensate the increase in the total pres-
sure drag due to flow separation. The expecta-
tion would be that the pressure drag increases in
such detached flow regions would overcome the
friction drag reduction due to laminar flow in the

LM model. Therefore, it is clear that the cur-
rent results still need to be further investigated in
order to understand why such behavior was ob-
served. Ongoing research aims at providing bet-
ter insights on such behavior.

The results obtained with the current inves-
tigation could, then, be summarized by stating
that the Langtry-Menter model has led to a lower
overall drag coefficient for the entire range of
lift coefficients analyzed here. This result can
be explained, at least partially, due to the lam-
inar flow region over the aerodynamic compo-
nents provided by the solution with this model.
The behavior, however, is somewhat unexpected
since the regions of separated flow predicted by
the LM model over some of the wing compo-
nents should, in principle, lead to large pres-
sure drag coefficients. Moreover, an analysis
of drag contributions indicates that the pressure
drag is quite larger than the contributions that
come from friction drag. Hence, the expectation
would be that the large values of pressure drag
would overcome, in general, the viscous drag for
separated flows. Therefore, one would expect
that, even with the reduced skin friction drag re-
lated to the initial laminar regions predicted by
the LM model, the overall resulting drag would
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(a) SST Turbulence Model.

(b) LM Transition Model.

Fig. 11 Skin friction coefficient contours for the
SST and LM turbulence models
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Fig. 12 Drag coefficient as obtained with the SST
and LM models – slat component.
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Fig. 13 Drag coefficient as obtained with the SST
and LM models – main component.
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Fig. 14 Drag coefficient as obtained with the SST
and LM models – flap component.

present larger values for the LM model results
when compared to those obtained with the SST
model.

4 Concluding Remarks

Transition to turbulence is an important phe-
nomenon in aerodynamics. It is widely known
that laminar and turbulent flows present distinct
behavior, with relevant impacts in several practi-
cal engineering applications. In the present pa-
per, the impacts of transition to turbulence in
the aerodynamic coefficients of a high-lift con-
figuration are addressed. Simulations are per-
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formed using the Shear Stress Transport (SST)
turbulence model, as the base turbulence closure
procedure, and comparisons are made consider-
ing the inclusion, or not, of the Langtry-Menter
(LM) transition model. It is observed that the
inclusion of the transition effects, by means of
the LM model, leads to numerical results that are
quite different from those obtained using solely
the underlying turbulence closure, namely, the
SST model.

In the linear part of the lift coefficient curve,
all models present similar trends, but the inclu-
sion of the transition model leads to a better
agreements with wind tunnel data. Actually, the
lift curve results for this case are very similar to
those obtained with the cubic k− ε model. In the
nonlinear portion of the lift coefficient curve, as
a function of angle-of-attack, no model can cor-
rectly reproduce the experimental data. In partic-
ular, the results with the LM model are the ones
that best fit the experimental data, even though
the stall angle-of-attack is not correctly recov-
ered.

Analyses of flow topologies and pressure co-
efficient distributions at some spanwise stations
indicate that the results obtained with the SST
model augmented by the LM transition model
have separation bubbles and detached flow re-
gions, both along the slat and the flap, for most
of the angle-of-attack range analyzed. This is in
contrast with the results obtained simply with the
SST model, which do not show such flow sep-
aration regions. The differences in flow topol-
ogy can certainly be explained by the fact that,
with the transition model, there are certain por-
tions of the flow over the wing which can be lam-
inar. Therefore, these regions are more prone to
flow separation. Furthermore, the distinct pres-
sure distributions, which present a considerable
influence on the boundary layer evolution, can
also be seen as a cause of such different flow
topologies.

The results which were unexpected, how-
ever, were those associated to the drag coeffi-
cient. The calculations with the Langtry-Menter
model have led to a lower overall drag coefficient
for the entire range of lift coefficients analyzed

here. Such behavior is somewhat unexpected be-
cause the regions of separated flow predicted by
the LM model, over some of the wing compo-
nents, should, in principle, lead to large pres-
sure drag coefficients. The pressure drag con-
tributions are much larger than the contributions
that come from friction drag. Hence, the ex-
pected result would be that the large values of
pressure drag would overcome the viscous drag
for separated flows. Therefore, one would expect
that, even with the reduced skin friction drag re-
lated to the initial laminar regions predicted by
the LM model, the overall resulting drag would
present larger values for the LM model results
when compared to those obtained with the SST
model. At the time of this writing, there is on-
going research that is directed at providing better
insights on such behavior.
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