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Abstract
We present the results of a Tomographic PIV campaign investigating the wingtip vortex over a drone upper
surface at high angle of attack, together with associated three-dimensional pressure reconstructions. Our
final aim is to assess the accuracy of a newly introduced pressure from TomoPIV method, the Pressure
Schur Complement (Carini et al. ISPIV 2019), in realistic and difficult experimental conditions. The model
is set at 20o angle of attack in order to obtain a strong vortex. Measurements in a volume encompassing
a wall pressure tap generatrix, used for comparison, are performed both in natural conditions and with jet
blowing at the leading edge. While a strong vortex is indeed observed in the former case, leading edge
blowing is observed to lead to vortex breakdown, with a dramatic core widening and a higher turbulence
intensity. PSC reconstruction in the natural case captures truthfully the pressure drop due to the vortex,
except in a flow zone of reduced extent located directly below it. In the case with blowing however, a
large discrepancy with the wall pressure taps is observed. Both these limitations are presently ascribed to
the existence of a gap between the closest TomoPIV measurement location and the wall, within which the
pressure might significantly change due to streamline curvature induced by vorticity.

1 Introduction
Pressure from Tomographic PIV (TomoPIV) has received important attention over the last decade, as a
result of its potential to provide an important wealth of measurements in a single operation (i.e. velocity
and pressure fields, wall pressures, and possibly forces). As identified by e.g. Van Gent et al. (2017), the
choice of adapted boundary conditions, and formulation of algorithms leading to tractable computational
times, remain some of the important research topics in the field. In order to assess a newly introduced
pressure from TomoPIV method, the Pressure Schur Complement (see our companion paper Carini et al.),
we performed dedicated experiments in a the semi-industrial wind-tunnel L1, at ONERA Lille centre. We
considered a flying wing model of the generic SACCON geometry, which has been the subject of a series
of research studies in recent years (see for instance Schütte et al., 2012) and is known to exhibit complex
vortical structures on its upper surface. Tomographic PIV was performed in a volumic zone embedding a
generatrix of wall pressure taps, that were used for comparison, both in natural flow conditions and with
leading edge control by fluidic actuation (continuous blowing). The aim of this paper is to present in detail
the characteristics of the experimental setup and results, as well as the flow fields obtained in both cases.
Then, mean pressure fields yielded by the PSC method on the mean flow fields (using the Reynolds-Averaged
Navier-Stokes equations) will be examined, and compared with the pressure measurements at the wall.
Finally, conclusions and possible next steps of this work will be presented.



2 Experimental setup

2.1 Model and aerodynamic conditions

Figure 1: Schematic of the SACCON model. Top: planform and geometric parameters. Bottom: left:
leading edge (LE) blowing design sketch, right: close-up on the zone measured by TomoPIV, featuring the
volume illumination (green) and wall pressure taps (red dots), as well as the frame of reference used for the
results.

The drone model considered here is the SACCON generic geometry, which has been the subject of
several recent studies (see for instance Schütte et al., 2012; Tormalm et al., 2016). It is known to exhibit
complex vortical structures on its upper surface as the angle of attack is increased, possibly leading to
manoeuverability issues such as pitching moment crisis or vortex breakdown. It has therefore received
attention in the framework of flow control strategies, in particular using fluidic actuation (see, e.g. Jentzsch
et al., 2016). As can be seen in Figure 1, it has a diamond shape and is characterized by a 53o sweep angle.
The model considered here has a 1m wingspan, with its chord cre f = 0:31m taken as reference for building
dimensionless quantities. It is equipped with several lines of pressure taps. One of these, highlighted in
Figure 1, has been singled out to choose the flow zone studied herein, from which pressure reconstruction
from TomoPIV is performed, and will serve as a reference. As a strategy to mitigate pitching moment
crisis observed at moderate angles of attack (see for instance Schütte et al., 2012), studies have proposed
to perform leading-edge actuation via fluidic control. The present model is thus equipped with several slits
located on its leading edges, from which continuous air blowing can be performed. As one of these slits
has been shown to have maximum aerodynamic efficiency, we will consider it here as a way to drastically
change flow conditions in the measured zone without changing the drone angle of attack. The slit is 1mm



wide and 50mm long, so that its downstream end is located 27mm upstream of the pressure tap generatrix
(see figure 1).

Experiments have been performed in ONERA Lille’s L1 low-speed wind tunnel, which has a 2:4m wide
dodecagonal test section equipped with various optical accesses. Consistently with previous test campaigns,
the free-stream velocity was fixed at U¥ = 35m:s−1, corresponding to a chord Reynolds number Re¥ =
1:1106 and Mach number Ma¥ = U¥=

√
grT¥ = 0:1. The model’s angle of attack was fixed at 20o, at which

the pressure signal of the singled out taps has been observed to span a wide dynamic range. In the literature,
such an angle value is associated with the possibility of breakdown of the vortical structures on the model
upper surface (Schütte et al., 2012; Le Roy et al., 2014). Two configurations have been considered in detail:
in natural conditions, and with leading-edge blowing on. In the latter case, blowing mass flow rate was set
to 9:8g:s−1, corresponding to an exhaust velocity of 100m:s−1.

In all this study, we will consider a frame of reference associated with the pressure tap generatrix, the
wing leading edge and the measurement domain. As sketched in Figure 1 (bottom left), Z is aligned with the
right leading edge, pointing downstream, Y is parallel to the pressure tap generatrix, and X is wall normal.
The origin of the frame of reference is taken at the leading edge along the Y axis, so that Y coordinates of
the taps are negative. Associated to these coordinates we define the respective velocity components, with
mean and fluctuation decomposition, (u;v;w) = (U + u′;V + v′;W + w′).

2.2 Measurements
Due to the curved nature of the wing surface in the zone of interest (see in particular Figure 1 top left),
it was not possible to consider volume illumination originating from a lateral direction. This would have
led to occultations, leading to important gaps between the closest location of the TomoPIV measurements
compared to the wall and the pressure taps. It has thus been decided to illuminate from above the wing. In
order to mitigate as much as possible spurious light reflections in the images, the wing upper surface has
been painted with Rhodamine. As the present kind of vortical flows can be very sensitive to roughness, it
has been decided not to paint only the measured zone, but the whole upper wing surface.

Figure 2 shows the wing installed in the L1 wind-tunnel, set at 20o angle of attack, with volume illu-
mination on. Also shown in this figure are pictures of the illumination system, originating from above the
test section, and of the four cameras. A Brillant B Quantel laser was used, with an energy of 400 mJ per
pulse, together with a LaVision volume generator and a diaphragm to shape the resulting ellipsoid into a
parallelepiped. As sketched in Figure 1, the laser volume, of useful thickness 15mm, was placed parallel to
the pressure tap line. Its mid-plane did not coincide with this line, and was instead shifted downstream, so
that the pressure tap generatrix (coordinate Z = 0) is located 5mm downstream of it. This decision has been
taken in order to minimize the extent of the near wall zone inaccessible to TomoPIV measurements due to
remaining light reflections. Indeed, all four cameras (LaVision Imager ProX 4 Mpixel CCD cameras), were
placed on the same side of the wind tunnel, as depicted in figure 2 (top right), and observing laterally or
from downstream. Each of these cameras was equipped with a Scheimpflug mount and an f = 200 mm lens.

Tests were performed for both the natural and LE blowing cases using recording 2500 images at 5Hz,
with an inter-frame time of 10µs. Pressure tap acquisition was done at the same frequency, with same
number of samples.

3 TomoPIV processing and results

3.1 Processing parameters
Camera calibration was performed using a pinhole model, following an in-house procedure (Cornic et al.,
2016), defining the reference plane (first image acquired and processed) to coincide with the wing wall-
normal plane cutting the wing along the pressure tap generatrix. Note that the origin for the X axis is here
kept as the centre of the calibration plate, as the wing upper surface is curved and does not correspond to
a fixed value of X . During the tests, strong vibrations of the camera system have been observed. A first
partial compensation has been found by supporting the 200mm lenses with rigid foam blocks. However,
substantial vibrations remained, which imposed to perform self-calibration (also following the algorithm of
Cornic et al., 2016), for each individual snapshot. Due to a quite low signal-to-noise ratio in the images (see
sample images in Figure 3, where contrast has been strongly enhanced), the self-calibration was observed to
converge on a part of the snapshots only. As a result, the useful number of samples for averaging considered
so far is equal to 863 for the natural case, and 712 for the case with LE blowing on.
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