
Two computational studies of a flatback airfoil using non-zonal
and embedded scale-resolving turbulence modelling approaches

Marian Fuchs∗ , Charles Mockett† , Felix Kramer‡ and Thilo Knacke§
Upstream CFD GmbH, Bismarckstraße 10-12, D-10625, Berlin / Germany

Pascal Weihing¶ , Timo Kühn‖ and Henry Knobbe-Eschen∗∗

WRD Wobben Research and Development GmbH, Teerhof 59, D-28199, Bremen / Germany

Michaela Herr†† and Alexandre Suryadi‡‡

German Aerospace Center (DLR), Lilienthalplatz 7, D-38108, Braunschweig / Germany

The contribution presents results from two computational studies conducted by Upstream
CFD and ENERCON, which aim to evaluate their respective CFD methodologies for the
aerodynamics and aeroacoustics prediction of a flatback airfoil with 35% relative thickness.
The CFD is validated against data from two comprehensive experimental campaigns conducted
in the NWB facility operated by the German-Dutch Wind Tunnels Foundation (DNW), which
include measurements of mean force coefficients, static and total pressure distributions in the
wake region, unsteady surface pressures and farfield sound emission. In both numerical studies,
scale-resolving approaches based on detached-eddy simulation are utilised, where a comparison
is drawn between a purely non-zonal use of the model in which attached boundary layers are
fully modelled via RANS and a zonal use with synthetic turbulence being injected into the
boundary layers upstream of the trailing edge. First, the aerodynamic flow fields are analysed,
showing good agreement with the reference measurements. Farfield noise is then predicted
from solid and permeable Ffowcs-Williams and Hawkings surfaces, where both the dominant
shedding tone as well as broadband levels compare well with microphone array data.

Nomenclature

𝑎0 = reference speed of sound [m/s]
𝐶𝑝 = surface pressure coefficient [-]
𝐶𝑝,𝑠 = static pressure coefficient [-]
𝐶𝑝,𝑡 = total pressure coefficient [-]
𝑐 = chord length [m]
𝑑TE = trailing edge thickness [m]
𝑘res = resolved kinetic energy [m2/s2]
𝑀∞ = freestream Mach number [-]
𝑅𝑒𝑐 = Reynolds number based on chord length [-]
𝑆𝑡 = Strouhal number based on trailing edge thickness [-]
𝑈∞ = freestream velocity [m/s]
𝑈0 = reference velocity [m/s]
𝛼 = angle of attack [◦]
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𝛿 = boundary layer thickness [m]
�𝑡 = time step size [s]
�𝑥/𝑦/𝑧 = local grid spacing in the x/y/z-direction [m]
𝜁 = blending parameter of hybrid convection scheme [-]
𝜃 = observer polar angle [◦]

 = vorticity magnitude [1/s]
DES = detached-eddy simulation
DDES = delayed detached-eddy simulation
FWH = Ffowcs-Williams & Hawkings
IDDES = improved delayed detached-eddy simulation
LES = large-eddy simulation
PSD = power spectral density
RANS = Reynolds-averaged Navier-Stokes
SPL = sound pressure level
SRS = scale-resolving simulation
VSTG = volumetric turbulence synthetic generator
WMLES = wall-modelled large-eddy simulation

I. Introduction
The currently biggest challenge in the wind energy industry is the reduction of the levelised cost of electricity (LCOE).

This means that the turbines have to progressively become more powerful and cost efficient. However, a simple geometric
scaling of the turbines would lead to a disproportionate increase in the weight of the rotors and thus loads. To overcome
this unfavourable circumstance, the blades must become slender and more elastic than in previous generations. In
particular, airfoils with a high relative thickness need to be used to carry the loads in the inner part of the blades. Thicker
airfoils with a blunt trailing edge, referred to as flatback airfoils, offer particularly good stiffness properties. Flatbacks
also provide higher lift compared to sharp-edged airfoils with similar thickness due to a reduced pressure gradient on the
suction side by shifting some of the pressure recovery to the airfoil’s wake [1]. This also reduces the sensitivity to surface
soiling effects, as it attenuates the risk of premature boundary layer separation [2]. The inherent advantages of flatbacks
come to the expense of a higher overall drag due to an increased base drag at the trailing edge. In addition, significant
low-frequent tonal noise is produced from the von Kármán-like vortex shedding as well as relevant broadband levels
from the turbulent flow. The tonal component (blunt trailing edge noise = BTE) in particular can become a dominant
noise source when flatback airfoils are installed at relatively outboard blade sections. Therefore, the aeroacoustic
assessment of these airfoil types is important when evaluating the maximum allowed radial position for their integration.
Since wind energy is seen as one of the key technologies for a transition to a greener, more sustainable industrial future,
noise emissions can become a larger problem for the acceptance of wind energy as power plants move closer to urban areas.

For the future integration of flatback airfoils into new blade designs to be successful, numerical design tools
must be able to accurately predict both the aerodynamic performance as well as radiated farfield noise. Unfortunately, the
characteristic flow features exhibited by thick airfoils with blunt trailing edges are out of reach to predict for traditional
RANS approaches. In this contribution, we therefore want to explore high-fidelity scale-resolving approaches, in
particular different variants of detached-eddy simulation (DES), for this task. The DES method belongs to the class
of hybrid RANS-LES models and has already shown promising potential for such flow types, e.g. in the studies of
Stone et al. [3] and Papadakis & Manolesos [4]. The airfoil investigated in this work is a proprietary geometry of
ENERCON, which exhibits a maximum thickness-to-chord ratio of 35% and a trailing edge thickness of ∼ 5.2% chord.
Within the framework of the German-funded research project IndiAnaWind (2019-2022), two extensive measurement
campaigns have been conducted in the DNW-NWB facility (located in Braunschweig / Germany) operated by the
German-Dutch Wind Tunnels Foundation (DNW), from which high-quality aerodynamic and aeroacoustic reference
data has been made available for CFD validation to the authors (see section II). The goal of this work is to evaluate
the current computational methodologies of Upstream CFD and ENERCON (i.e. flow solvers, numerics, meshing,
turbulence modelling approaches, see section III) for this application type as well as to identified potential issues which
need to be addressed in the future. The simulations using the ENERCON methodology are conducted by Wobben
Research and Development GmbH (WRD), the external research and method development department of ENERCON. A
particular focus is placed on the scale-resolving turbulence modelling approach, where two principle operation modes

2



are compared: a) a traditional non-zonal usage of DES, where the model autonomously decides in which parts of the
domain to apply either RANS or LES and b) a zonal / embedded usage of DES, where the user explicitly prescribes a
location at which resolved turbulence is injected into the flow field. The essential difference between both operation
modes constitutes the modelling that is applied inside the attached boundary layers upstream of the trailing edge, where
the non-zonal mode enforces full RANS treatment whereas the zonal mode leads to a wall-modelled LES (WMLES)
type of simulation in this region.

II. Experimental campaigns
The NWB (Niedergeschwindigkeits-Windkanal Braunschweig) located on the premises of DLR in Braunschweig /

Germany is a closed-circuit low-speed wind tunnel of the atmospheric type, which underwent substantial refurbishment
from 2009 to 2010 to allow for very accurate aeroacoustic measurements in addition to its already established high
aerodynamic qualities [5]. Two successive experimental campaigns were conducted in 2020 with the aim of obtaining
a consistent evaluation of the aerodynamic and aeroacoustic properties of different wind turbine blades as well as
performance enhancing add-ons (i.e. vortex generators - VGs). Two different test sections were utilised for this purpose,
which are shown in figure 1.

Campaign in closed test section (09/20) Campaign in open test section (11/20)

Fig. 1 Images of the two different measurement campaigns conducted in the NWB wind tunnel within the
framework of the German-funded IndiAnaWind project.

First, aerodynamical measurements were conducted in a closed test section with a cross-sectional area of 3.25 m ×
2.8 m and a length of 8.0 m. The airfoil mock-up exhibited a chord length of 𝑐 = 0.7 m and was manufactured and
equipped by Leichtwerk AG∗. Two different variants of the same proprietary profile from ENERCON were investigated,
which both featured a maximum thickness-to-chord ratio of 35%. One variant that is the main focus of the numerical
investigation in this paper featured a blunt trailing edge with a thickness of 𝑑𝑇𝐸 ∼ 0.052 𝑐, and the other variant featured
a sharp trailing edge. The aerodynamic performance of the profiles was assessed at Reynolds numbers of 𝑅𝑒𝑐 = 2 × 106
and 3.5 × 106 (based on the chord length) and for configurations with and without equipped vortex generators. The data
set acquired in this test contains both mean flow as well as unsteady quantities. Mean force coefficients and moments
were measured over a range of different angles of attack, i.e. −4◦ ≤ 𝛼 ≤ 22◦, to establish the overall aerodynamic
performance of each airfoil configuration, the separation behaviour at maximum lift as well as potential hysteresis
effects. As shown in figure 2, the experimental mock-up was equipped with two rows of static pressure taps (with approx.
90 taps in each row), which are located at 22% and 62% span width measured from the bottom wall of the closed
test section. To obtain more insight into the unsteady flow behaviour and potential aeroacoustic sources, a number of
high-resolution Fos4x fiber optic sensors were installed on both airfoil sides at streamwise locations of 𝑥/𝑐 = 0.5, 0.86,
0.91 and 0.935 (see figure 2). In addition, mean static / total pressures in the wake region were measured via transverse
rakes. All airfoils were run in essentially two transition configurations in both campaigns, i.e. a) a clean profile which

∗https://www.leichtwerk.de/
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