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A Review of Numerical and Experimental Studies of the
Anti-Fairing

Zeno Belligoli*, Richard P. Dwight', Georg Eitelberg?,
Sampath R. Srikumar®, David E. Faleiros,
Michiel van Nesselrooij! and Olaf van Campenhout™*
Delft University of Technology, 2629 HS, Delft, The Netherlands.

An anti-fairing is a concave deformation of the wall around a wing-body junction that can
decrease the aerodynamic drag through the activation of a propulsive force generated by the
interaction of the curved concave shape and the high-pressure region in proximity of the wing
leading-edge. Although this mechanism is well understood, the dynamics of the interaction
between the anti-fairing and the junction flow remain largely unexplored. This work brings
together all the numerical and experimental studies of the anti-fairing to investigate its effect on
turbulent quantities and the robustness of its design to changes to the incoming flow parameters,
and to estimate the drag change with respect to a normal wing/flat-plate configuration. It is
found that the interaction of the streamwise pressure gradient generated by the anti-fairing
with the incoming boundary layer substantially reduces the shear responsible for viscous drag.
Furthermore, no significant influence of the incoming boundary layer thickness on the anti-
fairing performance is observed. However, a direct drag measurement with a force balance

casts some doubts on the possibility to achieve large drag reductions.

I. Introduction

In aeronautics, junction flows form when a boundary layer developing on a solid surface (e.g. a fuselage) encounters
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a blunt object (e.g. a wing) in its path. Because of the streamwise adverse pressure gradient generated by the obstacle,
the boundary layer separates and rolls upon itself forming a system of vortices. These vortices are then stretched around
the object by a spanwise pressure gradient, and finally convected downstream with the rest of the flow, thus forming a
system of horseshoe vortices [[L]. In practice, one horseshoe vortex (HSV) is larger than the others and dominates the
junction flow dynamics.

For turbulent flows, the horseshoe vortex system is not steady in terms of location, size, and circulation. In particular,
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it appears to have an aperiodic bimodal velocity probability distribution [2]] which increases the turbulence energy
production and turbulent stresses in the junction region by an order of magnitude. Furthermore, the interaction of the
wall boundary layer and the one developing on the wing causes high anisotropy levels in the corner region [3]] and
creates interference effects that tend to increase the drag [4]. Indeed, the drag of a typical wing-body junction is larger
than the sum of the body drag and wing drag when separately measured in free flow [5].

A vast amount of scientific literature [6H13] has addressed the task of reducing the drag caused by junction flow
phenomena with both passive and active techniques. The most studied and used solutions are the leading-edge fairing
and the whole-body fairing. The former alters the shape of the wing nose in order to reduce the adverse pressure
gradient generated by the leading edge, thus suppressing the onset of the horseshoe vortex [14H19]]. The latter consists
in wrapping the entire junction area with a fairing designed to suppress flow separation.

Whole-body fairings have been manually designed by groups of experts for decades (e.g. [20]), but recent progresses
in aerodynamic shape optimization (ASO) have shown that improvements to their design are still possible [21}, [22]].
However, the majority of the ASO studies focused on re-designing the wing-root shape; only a handful of them [23H26]
tried to optimize the fuselage shape. The results of the latter suggest that unusual shapes, much different from the typical
aircraft fairing, are obtained when no constraints on the fuselage deformations are imposed. To the knowledge of the
authors, Brezillon and Dwight’s optimization of the fuselage of a DLR-F6 model [23] is the first documented study
showing such counter-intuitive drag-reducing fuselage shapes, namely a double-dented fairing. Inspired by these results,
Belligoli et al. [27]] tried to distil the main features of Brezillon & Dwight’s study by reproducing their optimization on
a simple NACA 0015/flat-plate junction. The resulting optimized body shape presented itself as a shallow dent wrapped
around the junction region as shown in Fig. This geometry was named anti-fairing to emphasize the fact that its
shape is radically different from conventional fairings.

The drag force of an object depends on the product of the pressure on the solid surface of the object and the
component of the surface normal in the principal direction of the flow, i.e. p - n, [28]]. As Fig. [Ib]illustrates, the
curvature at the front of the anti-fairing activates the high-pressure force component which would otherwise be dormant
had a normal flat wall been present. A similar pressure force is activated in the aft part of the anti-fairing. Because of
incomplete pressure recovery over the wing, the net resultant of these two forces acts in the opposite direction to the
drag force and thus contributes to decreasing it. The authors calculated a drag reduction of between 4.5% and 6.5%
depending on the technique used to compute it. This correlates with the observed reduction in the momentum deficit
in the wake when comparing a wing/anti-fairing configuration to a wing/flat-plate configuration (baseline) as shown
in Fig. [2a]and Fig. 2b] Additionally, the anti-fairing causes the boundary layer to separate closer to the wing, and a
displacement of the HSV cores away from the wing symmetry plane. As Fleming et al. [29] explained in their work,
these observations are linked to an increase in the Momentum Deficit Factor M DF = Rer Rey and, consequently, in the

momentum thickness of the boundary layer.
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(b) Top: pressure coefficient on the solid wall. Bottom:
cross-section of the anti-fairing at the spanwise location of
maximum depth (z/T = 0.9).

(a) Artistic view of the anti-fairing and Cartesian reference system.

Fig.1 Anti-fairing view and working mechanism.
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Fig.2 Normalized streamwise velocity in the wake of the junction area for all the numerical and experimental
studies on the anti-fairing. Left: Baseline; Right: Anti-fairing. Differences in the wake are due to the different
flow conditions and geometries tested.
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Table 1 List of numerical studies on the anti-fairing.

Case name Solver Wing geo. Domain # Mesh points Uy [m/s] ¢ [m] Turb. model y*
Sim. 1 SU2 NACA 0015  Structured 1.6 - 10° 20.0 0.75 SA 1
Sim. 2 STAR-CCM+ NACA 0015 Hybrid 1.15-107 20.0 0.75 SA 1
Sim. 3 OpenFOAM  NACA 0015  Structured 6.0-10° 27.0 0.20 SST 50
Sim. 4 OpenFOAM Rood Structured 6.0-10° 27.0 0.305 SST 50
Sim. 5 INCA Rood Cartesian 2.5-107 27.0 0.305 n.a. 50

Table 2  List of experimental studies on the anti-fairing.

Case name Type of experiment ~ Wing geo. Us [m/s] ¢ [m]

Exp. 1 Stereo PIV NACA 0015 15.0-30.0 0.75
Exp. 2 Stereo PIV Rood 10.0 0.20
Exp. 3 Tomo-PTV Rood 10.0 0.20
Exp. 4 Balance Rood 20.0-35.0 0.137

Over the last few years, the anti-fairing has been used as reference test case for a number of numerical and
experimental junction-flow studies carried out at the Delft University of Technology. It must be mentioned that these
studies were conducted at several different flow conditions, and with different wing shapes as shown in Tables E] and E],
and Figures 2 and 3] Reporting the main findings of these studies is the purpose of this work. In particular, in Section|[I]
we present the main results of all the CFD studies on the AF; similarly, Section [lI]| summarizes the findings of all the

experimental studies. Final considerations and ideas for future studies are then reported in the Section

I1. Numerical Studies
The work of Belligoli et al. [27] presented the first two RANS studies of the anti-fairing and demonstrated the

reproducibility of the results on two different CFD solvers, namely SU2 [30-32] and STAR-CCM+. In this Section,
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Fig.3 List of all the boundary layers used for numerical or experimental studies of the anti-fairing.
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Fig. 4 Overview of the domain sizes (in meters) used for the numerical simulations. Red: no-slip boundary

condition; Blue: symmetry boundary condition; Green: inlet/outlet/characteristic boundary conditions. From
the left to right: SU2, STAR-CCM+, INCA, OpenFOAM.

the results of a wall-modeled Large Eddy Simulation (LES) are used to study the behaviour of vorticity and turbulent
kinetic energy in the junction region. In addition, a RANS sensitivity analysis of the anti-fairing performance with

respect to changes to its shape and incoming flow conditions is carried out to ascertain the robustness of the design.

A. Large Eddy Simulations

Based on theiry study of the capability of RANS turbulence models to reproduce junction flow phenomena, Apsley
et al. [33]] concluded that RANS can be used to study qualitative features of the flow, while LES are needed to obtain
accurate quantitative results. Hence, in this Section we discuss a LES study of the anti-fairing, focusing on the evolution
of two quantities that have been overlooked in [27]]: the streamwise vorticity and the turbulent Kinetic energy.

As usual, the results for the wing/anti-fairing (AF) configuration are compared with those for a baseline wing/flat-plate
(BS) configuration. To align ourselves with the junction flow literature, we choose to simulate a Rood wing instead of a
NACA 0015. The flow conditions, shown in Table[I] are the same as in the experiment of Devenport and Simpson
[2]. For the simulations, we make use of the in-house finite volume solver INCA, which performs implicit large eddy
simulations, whereby the numerical discretization and subgrid-scale model are merged through the discretization of
the advective terms based on the adaptive local deconvolution method [34, 35]. A third-order Runge-Kutta scheme is

used for the temporal discretization, and a second-order accurate central difference scheme for the viscous and pressure
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Fig.5 Contours of normalized streamwise vorticity w, UL in the symmetry plane (z/7 = 0).

gradient terms. For this incompressible case, pressure-velocity coupling is obtained by means of a Bi-Conjugate
Gradient Stabilized Poisson solver.

A conservative immersed interface method [36] is applied to map the junction geometry onto the staggered, Cartesian
grid. Adaptive mesh refinement is used to refine the grid in the regions close to the solid walls, resulting in a total of 25
million cells with a y* ~ 50 based on the free-stream speed. Further refinement of the mesh was constrained by the
available computational resources. Hence, a wall model based on the generalized wall functions (GWF) [37]] is applied
to model the flow between the log-layer and the adiabatic wall. The validation of the LES against experimental data,
omitted here for brevity but available in [38]], shows good agreement for the boundary layer development, wall-pressure
contours, shape and magnitude of the vorticity field. Good qualitative agreement for the turbulent kinetic energy is also
obtained, but its magnitude is half of that of the experimental data of [2] and the LES data of [39] due to insufficient
mesh resolution near the wall. Nevertheless, one can still obtain meaningful information from the comparison of the
relative turbulent kinetic energy magnitude between the anti-fairing and the baseline.

Figure [5| shows the vorticity, normalized by the ratio of wing thickness T to free-stream speed U, in the symmetry
plane at the wing leading-edge. In the AF case, the HSV is stretched along the streamwise direction in a region close
to the wall. The ejection of positive vorticity from the wall separating the boundary layer from the HSV is observed
more upstream (x/7 = —0.55) than in the baseline case (x/T = 0.35), and similar considerations hold for the HSV
core. As already noted at the beginning of Section[l] these observations are linked to an increase in momentum deficit
factor (M DF') with respect to the baseline case. From the symmetry plane, the vortex stretches around the wing and is
convected downstream by the mean flow. At the same time, its strength is slowly dissipated by the action of viscosity.
Interestingly, although the baseline HSV has higher peak vorticity at the symmetry plane than the anti-fairing HSV,
its rate of dissipation as it moves around the wing is faster as shown in Fig. [7a] This suggests that the magnitude of
turbulent dissipation is reduced by the action of the anti-fairing.

Figure[6] shows the normalized turbulent kinetic energy in the symmetry plane. Although the results are affected by

the limited grid resolution, it is evident that the anti-fairing has substantially lower turbulent kinetic energy than the
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Fig. 6 Contours of normalized turbulent kinetic energy J‘—z in the symmetry plane (z/7 = 0).
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Fig. 7 Vorticity and turbulent kinetic energy in the vortex core at different streamwise locations.

baseline. This situation holds for most of the course of the HSV around the wing as shown in Fig. [7b] The presence of
this phenomenon is also confirmed by the experimental results of Section [[II.A] thus supporting the claim that peak
turbulent kinetic energy is reduced in the first half of the anti-fairing.

In the streamwise direction, the anti-fairing presents a convex-concave curvature at the front and concave-convex
curvature at the back as shown in Fig. [Ib} These two curved parts are connected by a zone of essentially zero curvature
where the wing is located. As Fig. [8a]shows, the turbulent boundary layer approaching the start of the anti-fairing first
encounters a favourable streamwise pressure gradient, followed by an adverse pressure gradient due to the concave
curve. At approximately x/T = —1, the influence of the wing sharply generates a region of favourable pressure gradient,
followed by a region of mild adverse pressure gradient until x/7" = 6. Finally, the concave-convex curvature at the back
of the anti-fairing generates a favourable and adverse pressure gradient, respectively.

It is interesting to observe the inverse correlation of the streamwise pressure gradient with the shear component

Ou/dy. An adverse pressure gradient reduces the wall-normal shear, and vice-versa. The favorable pressure gradient
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generated by the initial part of the wing makes du/dy increase rapidly both in the baseline and anti-fairing case.
However, the short region of adverse streamwise pressure gradient in the anti-fairing ahead of the wing causes a drop in
wall-normal shear. This influences its overall magnitude which remains substantially lower than that of the baseline.
Similar effects to those of Fig. [8|are observable at other lateral locations z/T along the anti-fairing width. Sufficiently
far from the junction region, AU /3y is orders of magnitude larger the the other components of the velocity gradient
contributing to the viscous drag. This implies that the anti-fairing not only reduces drag by creating a propulsive
pressure force, but also by decreasing the magnitude of viscous stresses. Belligoli et al. [27]] already hinted at this
possibility, but the present analysis, together with the results of Section offer an additional evidence.

It is somewhat surprising how such a small region of adverse pressure gradient ahead of the wing has such a
large impact on the wall-normal shear. It is also possible that more complex curvature effects are present as the
two-dimensional incoming turbulent boundary layer encounters the convex-concave shape at the anti-fairing start.
Indeed, many of the phenomena observed in this Section are also typical of curvature effects on boundary layers [40-44].

This is one potential topic for future studies.

B. Sensitivity Analysis

The incoming boundary layer shape and characteristics are one of the most important factors influencing the features
of the horseshoe vortex such as vortex size and the magnitude of the turbulent quantities [29]. Therefore, this Section
studies the performance of different anti-fairing depths and boundary layer thicknesses in relation to drag reduction. For
the subsequent set of simulations, we make use of the open-source CFD solver OpenFOAM.

A NACA 0015 wing with a chord ¢ = 0.2m is used for this sensitivity study, for which a matrix of 30 test cases is
constructed based on five different boundary layers and six different anti-fairing depths. The reference boundary layer
shape at x/T = —2.15 is the same as in the study of Devenport and Simpson [2]], while the reference anti-fairing depth is
the one obtained from the ASO in [27]]. From here, the other four boundary layers are obtained by scaling the reference
one with the factors C = 0.5,0.75, 1.25, 1.5 as shown in Tab. and Fig. Similarly, five additional anti-fairings were
generated by scaling the initial AF geometry in the wing’s spanwise direction such that the maximum thickness was
K - dmax, with dipax being the maximum depth of the original anti-fairing, and K = 0.0,0.5,0.75, 1.25, 1.5. Note that
K = 0 corresponds to having an anti-fairing with zero depth, i.e. a normal flat plate. The details for these cases are
given in Table[d]

The computational domain for this sensitivity study is shown in Fig. §] The origin of the coordinate system is
aligned with the flat part of the plate and located at the leading edge of the wing. The inlet and outlet planes are located
at x/T = —10.2 and x/T = 25.3, respectively; the side boundaries are placed at z/T = +14.67, and the top plane at
y/T =7.3. A velocity profile of thickness 61913 is specified at the inlet, while a constant total pressure is prescribed at the

outlet. A symmetry boundary condition is used for the side and top boundaries and a no-slip condition is used on the
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Table 4 List of different anti-fairing depths con-

Table 3  List of inlet boundary layer thicknesses sidered.

considered.

Case number (j) Case name  dpax /T

Case Number (i) Case name 5191\91 /T

1 AFo.0 0.0

1 BLos 0552
2 AFo 5 0.104

2 BLoss  0.828
3 AFoss  0.156

3 BL,  1.103
i BL L3 4 AF, o 0.208
X BL”S 1'665 5 AF| 55 0.260
L3 : 6 AF, 5 0312
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Fig. 9 Effect of anti-fairing depth and incoming boundary layer thickness on the drag reduction. The line
represent the mean drag reduction for different incoming boundary layer thicknesses. The error bars correspond
to one standard deviation from the mean. The source of the variability for viscous drag data is unknown.

solid boundaries.

A structured mesh with approximately 6 million points and a y* = 50 is used. The steady, incompressible RANS
equations are solved using OpenFOAM'’s simpleFoam solver. Second-order upwind discretization schemes are used for
the convective and diffusive terms. The linear systems arising from the discretization of the governing equations are
solved using the generalized geometric-algebraic multi-grid (GAMG) solver. The closure of the RANS equations is
provided by Menter’s k — w SST model [45] in conjunction with wall functions. The drag coefficient is obtained by
normalizing the drag force with the free-stream dynamic pressure and the reference area A;s = T - b, where T is the
maximum thickness of the wing, and b is the wing-span of the configuration with K = 1.0. The drag deltas (in drag
counts) are computed as

Acp = (ep,ij = cp31) - 104, (1)

where cp ;; is the drag coeflicient of the configuration with the i-th boundary layer thickness and the j-th anti-fairing
depth. The drag coefficient cp 31 corresponds to the baseline case, i.e. a simple wing/flat plate junction.

In order to isolate each contribution to the total drag, Fig. [0]reports the pressure and viscous drag separately. The
Acp values are an average of the results for the different boundary layer thicknesses tested. The error bars correspond to
one standard deviation from the mean. The first column shows the variation in pressure drag coefficient as a function
of anti-fairing depth. We observe higher drag reductions with deeper anti-fairings because of the enhanced pressure
propulsive effect due to the increase in static pressure upstream of the wing: the cross-sectional area of a streamtube
increases when this encounters the front part of the anti-fairing, thus slowing the flow down; this, in turns, increases the

static pressure in front of the wing which enhances the propulsive effect explained in Section I}

10
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As the anti-fairing gets deeper, also the viscous drag component decreases due to the adverse pressure gradient at
the beginning of the anti-fairing causing a smaller wall-normal shear at the wall. The fact that the anti-fairing has a
consistently smaller viscous drag than the baseline (see Fig. [0) confirms the conclusions of the analysis of Section[[.A

The sum of pressure and viscous drag returns the total drag of the configuration. It is clear that the main contribution
to the drag reduction comes from the propulsive pressure mechanism described in Section[l] and thus that the viscous
drag reduction is only a secondary mechanism. It is also evident that the maximum drag reduction is obtained close to
the anti-fairing depth produced by the original optimization, thus adding confidence to the results of Belligoli et al. [27].

Given the small standard deviation of the results for the total drag, we can conclude that the effect of boundary layer

thickness on the drag reduction caused by the anti-fairing is negligible.

I11. Experimental Studies
The only previously available experimental data on the anti-fairing come from the stereo-PIV in the wake of the
junction done in [27]. The authors observed a significant reduction in momentum deficit (see Fig. 2a) which is a good
indication of drag reduction. This Section presents the main findings of two new experimental studies of the anti-fairing.
In Section[[TT.A] tomographic PTV is used to obtain volumetric data in the junction region. Section [[ILB|reports the
results of a direct drag measurement of the anti-fairing using a novel force balance developed by Dimple Technologies

[46].

A. Tomographic PTV

The numerical results of Section [[I}are sufficient to build a picture of the main effects of the anti-fairing on the
flow. However, the uncertainties associated to RANS turbulence modeling and LES grid resolution call for further
experimental validation of the numerical results. For this reason, we devised a wind-tunnel experiment using both
stereo-PIV and tomographic-PTV. With the former technique we obtain results similar to those of the experiment in
Belligoli et al. [27]], while with the latter we can visualize the 3D velocity and Reynolds-stress fields in the junction
region.

Two configurations, consisting of a Rood wing perpendicularly attached either on a flat-plate or the anti-fairing, are
tested. The wing chord is ¢ = 0.2m and the model spans the entire wind-tunnel height, such that its span is b = 0.4m.
Zig-zag tape is placed at the maximum thickness of the wing model and at an appropriate distance upstream of the
wing-leading edge to force transition. The resulting turbulent boundary layer at the wing leading-edge can be seen in
Fig. All experiments are conducted at a wing speed of 10m/s. As shown in Fig. a transparent test section
allows an easy optical access for the two and three high-speed cameras used for stereo-PIV and tomo-PTV, respectively.
For tomo-PTYV, a relatively large measurement domain of about 1, 400cm? has been achieved thanks to the use of

helium-filled soap bubbles as seeding medium [47}48]. More details on both experimental setups can be found in [49].

11
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(a) Overview of the experimental setup (b) Stereo-PIV setup. The green triangular  (c) Tomo-PTV setup. Here the laser cone
downstream of the wing trailing edge. shape represent the laser sheet illuminating  illuminates the junction region around the
the wake. wing.

Fig. 10  Details of the experimental setups.

The streamwise velocity distribution in the wake at x/T = 7.67 for the baseline and anti-fairing configuration is
shown in Figure [2d] Because of the different experimental conditions, only qualitative results with the stereo-PIV
results of Belligoli et al. [27] can be made. Nonetheless, a comparable velocity deficit reduction is observed also in our
results. Quantitatively, this corresponds to 8% less momentum deficit than the baseline case, thus constituting additional
evidence in favour of the drag-reducing action of the anti-fairing.

Figures [T1] and [T2] show the contours of the diagonal component of the normalized Reynolds stress tensor. At
x/T = 1.5, the anti-fairing has lower Ry, and R_, than the baseline configuration, and a comparable R,,. This evidence
is in line with the observations of Section about the lower turbulent kinetic energy k = (u'u’ + v'v/ + w'w’)/2
of the anti-fairing with respect to a normal wing/flat-plate configuration. Figure [I2]shows that this effect, although
damped, continues at least up to x/7 = 4.0, which is close to the wing trailing-edge and before the concave/convex part

of the back of the anti-fairing.

B. Balance measurements

The accurate experimental measurement of the drag of a wing-body junction is a complicated endeavour. One can
measure the velocity deficit sufficiently downstream of the test object and compute the drag as a momentum deficit.
This technique relies on several assumptions that are not always applicable due to spatial limitations of the experimental
setup. A second way is to make use of a force balance. However, the drag is usually one order of magnitude smaller
than the lift and, as such, its measurement is more affected by uncertainties due to repeatability and system accuracy.

For a direct measurement of the anti-fairing drag, we did a wind-tunnel test using a newly developed force balance
system with a flat-plate repeatability of 0.1% at 35m/s. The experiment was carried out in the M-Tunnel of the Delft
University of Technology, an open-jet low-speed tunnel with a 0.4 x 0.4m? cross-section, and a turbulence intensity
below 0.8%. A Rood wing with a chord ¢ = 0.137m and span b = 0.110m was used, and a wing/flat-plate and a

wing/anti-fairing configurations were 3D-printed and tested. The boundary layer was fully turbulent for all measured flow
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Fig. 13  Details of the experimental setup and results of the balance measurement.

velocities, while the boundary layer forming over the wing was forced to transition by means of a strip of carborundum
roughness at the location of maximum thickness as shown in Fig. [[3a] The turbulent boundary layer of Fig. 3d] was
measured in an undisturbed flow region at x/T = 5.4 downstream of the wing trailing-edge. A range of free-stream
velocities were tested, from 20.0m/s to 35.0m/s. The drag coefficient is obtained by dividing the drag force measured
by the balance by the product of the dynamic pressure and a reference area Aef = 7T - b. It should be noted that the wing
aspect ratio is lower than unity and that its span is only a quarter of the wind-tunnel height. These characteristics make
this experiment different from the other experimental and numerical studies on the anti-fairing, since the vortex shed by
the wing-tip can influence the junction flow dynamics.

Fig[I3b|shows the drag difference between the baseline and anti-fairing configurations of three different experimental
runs alongside some data from the simulations. A Reynolds-number effect is observed since Acp is positive at low
speeds and asymptotically declines towards a stable value at the highest speeds. The maximum measured drag increase
is about 1 percent at the lowest speed. On the other hand, the maximum measured drag decrease is about 0.4% at the
highest speeds. However, the relative change in drag at that point is less than 0.2% and falls within the margin of error
of the measurement. Furthermore, we observe that the Acp computed numerically seems to be too optimistic in terms

of achievable drag reduction.

IV. Conclusion
This work reviewed all the numerical and experimental studies of the anti-fairing, a concave deformation of the wall
around wing/body junctions that reduces the aerodynamic drag. The main drag-reducing mechanism is the activation of

a propulsive pressure force thanks to the interaction of the curved front part of the anti-fairing and the high wall pressure
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on the wall resulting from the presence of the wing.

This work showed that a secondary drag-reducing mechanism exists. This is due to the combined action of the
streamwise pressure gradient, caused by the anti-fairing and the wing, which reduces the wall-normal shear of the
streamwise velocity and, consequently, viscous drag.

A second finding is that the incoming boundary layer thickness has no significant influence on the anti-fairing
performance. The anti-fairing depth affects the magnitude of the drag reduction, with the optimum depth being close to
the one obtained by the original optimization of Belligoli et al. [27]].

A balance measurement of the drag force does not show a statistically significant drag effect, possibly due to the
effect of the wake of the wing tip and small wing aspect ratios.

Future numerical studies should focus on a wall-resolved Large Eddy Simulation of the anti-fairing. This would
allow to obtain an accurate estimate of the drag reduction, and an analysis of the alteration caused by the anti-fairing to
the standard junction flow dynamics. More attention should be paid to the effects of wall curvature on the boundary
layer and in relation to drag reduction. Furthermore, the sensitivity to changes in Reynolds and Mach number, as well as

angle of attack should be assessed.
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