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The topology and dynamics of the flow bypassing an automobile A-pillar modeled
by a 30° dihedron are investigated experimentally. The various components of the
A-pillar flow are identified by means of low and high frequency particle image ve-
locimetry. For each component, the time evolution of the position, displacement,
vorticity magnitude, circulation, and fluctuating kinetic energy are analyzed along
the A-pillar. More precisely, the flow bypassing the A-pillar is composed of two
vortex structures with different behaviors. The major structure grows in size, circu-
lation magnitude, and total amount of fluctuating kinetic energy along the A-pillar,
whereas the minor structure does not vary significantly. Finally, the displacement
of the major structure is identified as a movement of precession and the influ-
ence of the A-pillar geometry is emphasized.

. INTRODUCTION

While in motion, a road vehicle generates turbulence, coherent vortical structures, and noise. The
corner edge between the windshield and the front side window, known as the A-pillar, is among the
most problematic aerodynamic components of a vehicle. The flow bypassing the A-pillar generates
an intense three-dimensional coherent structure, the A-pillar vortex, which is not only a localized
distribution of vorticity increasing the drag of the vehicle but also a source of intense fluctuations
of kinetic energy and wall pressure on the front side window. Nowadays, the A-pillar vortex is
also considered as a major source of aeroacoustic noise perceived inside a road vehicle. Therefore,
the understanding of its fundamental dynamics is a key element in the long attempt to control and
minimize this disturbance.

The oldest public document mentioning some research work on the A-pillar flow is a 90-year-
old Dutch patent from the N.V. Instituut voor Aero-En Hydro-Dynamiek.! Even though no results
are presented, it proves that this research topic is almost as old as the car industry itself. However,
it is only in the 1990s that the first scientific researches related to the A-pillar aerodynamics were
published with the major exception of Watanabe et al.? in 1978. They analyzed experimentally the
topology of the A-pillar vortex using a simplified geometry of a road vehicle front part represented
by a dihedron at 48°. With parietal visualizations, they managed to highlight the existence of two
separation lines and one reattachment line, concluding on the existence of two vortices.

The experimental study by Haruna et al.® on a production vehicle defines a solid basis for the
understanding of the phenomenon. They used parietal visualizations to confirm the existence of a
region of separation and reattachment on the wall and proposed a plausible explanation for the inner
dynamics of the phenomenon.

In 1999, Uchida and Okumura* validated the Lattice Boltzmann numerical method as accurately
predicting the aerodynamic noise emanating from an A-pillar flow. It led to a series of studies on
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aeroacoustics*¢ rather than vortex dynamics due to its concrete industrial application. Meanwhile,
the Department of Mechanical and Manufacturing Engineering at the Royal Melbourne Institute
of Technology produced a variety of articles on the topic. An experimental comparative study of
five models with varying windshield geometries identified the major tendencies of the phenomenon
as a function of the angle of attack.” Most studies, past and present, do not take into account the
presence of the side mirror, for complexity reasons, with the exception of Watkins and Oswald,® and
Zimmer® who quantified its influence on the flow. More precisely, they show that the side mirror
creates another vortex structure which slightly impacts the A-pillar flow. Finally, Murad et al.'°
compared numerical simulation to past experimental data and concluded that a forward 2nd order
k — € model was best predicting the flow past an A-pillar, regardless of the angle of attack.

With the recent evolution of the measuring techniques, new approaches of the problem are
possible. It is possible to calculate statistic momentums as well as to perform spectral analysis
based on experimental data acquired by tridimensional laser velocimetry. With such analysis, it is
conceivable to follow the position of the main vortex structure and show that it corresponds to a
maximum of fluctuating kinetic energy.!! Gohlke ef al.'? studied how a change in the geometry
of the A-pillar radius and the windshield-hood angle could modify the averaged forces applied on
a road vehicle under cross-wind. Hoarau et al.'® used laser doppler velocimetry (LDV) and off-
set microphones to investigate the wall pressure unsteadiness caused by the A-pillar vortex. They
showed that the A-pillar vortex structure could act as a guide for pressure fluctuations and impose
the length scale of the perturbations. They concluded on a possible meandering phenomenon for the
A-pillar vortex structure.

The present study aims at elucidating the dynamics of the A-pillar flow as it is essential for
future studies on side windows pressure fluctuations. Past studies have tried to control the A-pillar
vortex but as long as we will not have an accurate understanding of this vortex structure, optimized
control methods will be out of reach. Therefore, this study focusses on high resolution results to
clarify the different components of the A-pillar flow, through a detailed physical description and the
identification of their dynamics.

Il. EXPERIMENTAL SETUP

Due to the complexity of the A-pillar flow, we chose to study the flow bypassing a simplified
geometry presenting similar characteristics. A dihedron fulfills that purpose. A similar approach was
used by Uchida and Okumura* for their numerical study of the acrodynamic noise due to the A-pillar
vortex. Lehugeur'* also used a dihedron as a simplified geometry in order to test various control
methods of the A-pillar flow, for numerical simulations as well as experiments.'> Hoarau'* ' used
a slanted dihedron to have a geometry slightly closer to the geometry of a real road vehicle.

From these previous studies, and observations made on real modern road vehicles, a dihedron
with a 30° angle was chosen to model a simplified A-pillar. This dihedron was fixed on a back-side
front Ahmed body, replacing what used to be the back of the body (Fig. 1). The characteristic length
associated to the model, defined as the square root of the apparent cross-section is Ly = 0.336 m.

The wind tunnel used for the experiments is the S1 wind tunnel (Eiffel type) at the Institut de
Mécanique des Fluides de Toulouse. It is an open tunnel with an open test section. The diameter
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FIG. 1. Geometry and dimensions of the model (left). Position of the eight PIV planes perpendicular to the side wall and
perpendicular to the axis of the vortex structures (right). The dashed line corresponds to the axis of the A-pillar vortex at 25°
with the horizontal. The PIV planes are in the (x, y) directions and the z-axis is aligned with the A-pillar vortex axis.



of the cross section is 2.4 m. The model was set on a mast at the center of the wind tunnel. The
speed of the wind tunnel was set at Uy = 8 m/s. The typical Reynolds number for the experiments is
Re = 170 000.

Particle image velocimetry (PIV) at low and high frequency was used for the experimental data
acquisition at, respectively, 4 Hz and 1000 Hz. With the help of smoke visualizations, the axis of
the A-pillar vortex was identified and observed to be inclined at an angle of 25° with the horizontal
axis. Therefore, the camera was set behind the model with a 25° angle with the horizontal axis. Thus
it was possible to obtain cross sections of the vortex at different locations along the A-pillar. On the
whole, eight different sets of acquisitions were performed (Fig. 1) at distances from the front of the
model along the A-pillar of, respectively, 0.38 Ly, 0.53 Ly, 0.68 L, 0.82 Ly, 0.96 Ly, 1.10 Lo, 1.25
Ly, 1.54 Ly. The material used for the low frequency PIV was a Quantel Laser CFR 200 with 2 x
200 mJ cavities at a frequency of 4 Hz and a Sensicam camera with a resolution of 1280 x 1024
pixels mounted with a Nikon lens (55-160 mm). For the high frequency experiments, a Darwin
Duo 2 x 20 mJ from Quantronix and a photron APX with a resolution of 1024 x 1024 pixels and
a 135 mm Nikon lens were used. Di(2-ethylhexyl)sebacate (DEHS) was used as a seeding with
particles of diameter 0.5-1.5 um and a time response of about 25 us.!” The flow was analyzed by
cross-correlating 50% overlapping windows of 16 x 16 pixels, yielding fields of 160 x 128 or 128
x 128 vectors with a spatial resolution of 0.312 mm (0.00092 L), 0.392 mm (0.00117 L;), 0.664
mm (0.00198 L), and 0.816 mm (0.00243 L), respectively, for plane 1, planes 2-3, planes 4-5,
and planes 6-8. Less than 2% of the calculated vectors were detected as outliers using a sort based
on the norm, the signal-to-noise ratio, and a median test filter. These vectors were replaced using a
second order least square interpolation scheme. There is a 2.4% uncertainty on the data.

From the analysis of the velocity divergence in each PIV plane, it is possible to validate the
approximation of a two-dimensional flow within the planes 1-8 (Fig. 2). For an incompressible flow,
the divergence is defined by
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dvu=—+—+—=0 1
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meaning that, from the two-dimensional PIV data (u, v), it is possible to have access to the velocity
variations in the third direction dw/dz. Figure 2 displays these averaged data for three different
planes. The spatial fluctuations are not significant and are related to acquisition noises as the spatial
repartition of dw/dz is too random to correspond to the projection in the (x, y) plane of a coherent
vortex structure. It is then possible to conclude that dw/dz is negligible and that the flow is locally
quasi two dimensional.
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FIG. 2. Representation of dw/dz for the plane 3, 5, and 7 showing the validity of the bidimensional approximation (solid
lines for positive values and dashed lines for negative values).



FIG. 3. Normalized velocity module for planes 3, 5, and 7, with indication of the location of the primary reattachment point
(p.r.p.) and of the secondary reattachment point (s.r.p.).

By analyzing multiple cross sections of the phenomenon along the corner edge of the A-pillar,
it is possible to extract from two-dimensional data a representation of its spatial evolution from the
bottom to the top of the A-pillar.

lll. ANALYSIS OF THE MEAN FLOW

Figure 3 displays the module of the velocity field normalized by the upstream velocity U, and
the corresponding sectional streamlines. This gives an overview of the topology of the A-pillar
vortex structures.

From previous works and the upcoming results of the present study, the following topology
nomenclature was chosen to define the different features of the A-pillar flow: primary vortex,
secondary vortex, primary and secondary reattachment point, primary and secondary separation
point, mixing or shear layer, inner separatrix and outer separatrix (Fig. 4), the physics of which will
be detailed in Sec. II1.

From this information, it is possible to follow the evolution of the mean position of the vortex
structures in the different (x, y) planes along the A-pillar as well as the phenomenon geometry

Inner separatrix

o Primary separation point
» Secondary reattachment point

Shear layer

Secondary vortex

» Secondary separation point

Primary vortex
Outer separatrix

9 Primary reattachment point

FIG. 4. Nomenclature of the flow bypassing the A-pillar (as observed in PIV planes, left). Evolution of the size of the outer
separatrix in the planes 1-8 along the A-pillar (right), and spatial evolution of the center of the primary vortex (red dots) and
of the secondary vortex (blue squares).
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FIG. 5. (a) Evolution of the major axis a and the minor axis b (in mm) of the primary vortex structure along the A-pillar.
(b) Evolution of the aspect ratio & = a/b of the primary vortex structure along the A-pillar.

defined by the outer separatrix (Fig. 4). There are three major observations to be made. The shape
of the phenomenon stays qualitatively the same and only increases in size; the mean center of the
primary vortex moves away linearly from the wall; the mean center of the secondary vortex evolves
along a trajectory almost parallel to the wall.

Let ¢ define the aspect ratio of a cross section of the phenomenon or one vortex structure:

@

where a denotes the major axis and b the minor axis. For the primary vortex structure, it is observed
that the major axis and the minor axis defined using the Q criterion (see Eq. (3)), are linearly
increasing (Fig. 5(a)) and that the aspect ratio converges towards 1 (Fig. 5(b)). This means that the
primary vortex structure tends to become circular. It is possible to estimate the aspect ratio of the
phenomenon envelope, defined by the outer separatrix, meaning « is defined as the distance between
the primary separation and reattachment point (Fig. 4) and b as the maximum distance between the
wall and the outer separatrix. It is shown that the envelope of the phenomenon is very elliptic, with
a quasi constant aspect ratio ¢ ~ 2.5. It is a radically different tendency than the one observed for
the primary vortex structure.

A careful analysis of the streamlines allows the reattachment point mentioned in previous
numerical studies* % '® to be well identified (Fig. 3), as well as the separation point that is not always
mentioned in numerical simulations. On the upstream part of the model (planes 1-3), the free flow
bypassing the A-pillar vortex is accelerated by up to 20% despite undergoing a change of orientation
(Fig. 6). There is a 25° angle between the upstream flow and the planes within which it is recorded
through PIV.

Symmetrically to the center of the primary vortex structure, a second area of important acceler-
ation can be observed near the wall with speeds up to 1.07Uy. As the vortex structure develops itself
along the A-pillar, the velocities inside the outer separatrix considerably decrease. Within the area
defined previously as the shear layer and the one within the inner separatrix, the flow almost comes
to a still stand since the velocity magnitude is as low as 0.1U at the level of the 8th plane (Figs. 3
and 6).

In order to highlight the observed structures and precisely define their outer limits, the Q criterion
as defined by Jeong and Hussain'® can be applied (Fig. 7):

_ L@ — ) = v L] (du <@)2
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where £ and S are, respectively, the symmetric and antisymmetric parts of the velocity gradient
tensor. Q > 0 defines the region where rotation is larger then deformation and is therefore used to
identify vortices.
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FIG. 6. Velocity profiles along x and y normalized by Uy, with origin at the center of the primary vortex structure for the
planes 1-8.

The Q criterion confirms the existence of the two distinct vortex structures: the primary vortex
as the largest structure and the secondary vortex as a smaller structure located in the region of
recirculation defined previously. A third structure located above the secondary vortex might exist
at the level of the plane 1 (data not shown). Whenever it was the case, it was observed to vanish
within the shear layer generated by the bypassing flow. The Q criterion also highlights the region of
important shear, located between the two vortices as well as a second shear layer of lower magnitude
near the primary reattachment point (Fig. 7).

The study of the vorticity field (Fig. 8) confirms the observations made previously: there are
two vortical structures of opposite sign. However, it is noteworthy that the vorticity does not show
evidence of a third vortex structure within the shear layer in plane 1 (data not shown).

The spatial development of the vortex structures along the edge and their decrease in intensity
points out the diffusion of vorticity along the A-pillar. Vorticity profiles along the x or y axis with
origin at the center of the primary vortex, allow a better quantification of this observation (Fig. 9).
The dissipation rate at the center of the vortex is equivalent to the one in the shear layer from the
second plane of observation on, its tendency is w ~ z~'3%. Even though the vorticity magnitude
maximum within the primary vortex decreases, the circulation I' (Eq. (4)) of the primary vortex
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FIG. 7. Q criterion in planes 3, 5, and 7. Solid contour lines for positive values and dashed contour lines for negative values.
The contour Q = 0 is displayed as a bold line.
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FIG. 8. Normalized (out-of-plane) vorticity field in the planes 3, 5, and 7. Solid contour lines for positive values and dashed
contour lines for negative values.

increases up to twice its initial value (Fig. 10). This could be due to a permanent supply all along
the A-pillar of the boundary layer vorticity coming from the windshield. It should be noted that the
circulation

r— f wdS @)

is calculated using Q = 0 as the limit of integration. Though objective, this choice leads the shear
layer to be integrated as well (Fig. 7). Therefore, the value of the circulation obtained that way is
overestimated (solid line in Fig. 10). A second estimation for the circulation was made by subtracting
the circulation of the mixing layer. The downside is that the limitation between those two areas is
not well defined and it is most likely that a small part of the primary vortex structure is being left out
by this process. This second method slightly underestimates the circulation of the primary vortex
(dotted line on Fig. 10) but the values differ only by 7% from the first method. Those two approaches
give a range within which the exact value of the circulation of the primary vortex is expected. They
both have a very similar growth in z.

The intensity of the vorticity within the secondary vortex decreases as the phenomenon develops
itself along the A-pillar (Fig. 8). Nevertheless, the circulation of the secondary vortex is quasi constant
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FIG. 9. Vorticity profiles along x and y, with origin at the center of the primary vortex structure, for the planes 1-8.
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FIG. 10. Evolution of the circulation of the primary vortex (Eq. (4)) calculated within the whole Q > 0 region (max) and
outside the shear layer (min). See text for details. Also displayed is the circulation of the secondary vortex along the A-pillar.

from planes 2 to 8 (Fig. 10). It means that there is only a reorganization of the vorticity within this
vortex structure.

IV. ANALYSIS OF THE FLUCTUATIONS
A. Low-frequency particles image velocimetry

The fluctuating kinetic energy E; gives access to the regions of significant unsteadiness
(Fig. 11).

Three regions of significant fluctuating kinetic energy are identified. One is the center of the
primary vortex, which means that it moves a lot around its averaged position. A second region
coincides with the shear layer. And the third region corresponds to the secondary separation point,
located between the primary and the secondary vortex structures, which suggests that its position on
the wall fluctuates.

As previously, it is possible to get a better quantification of these observations by looking at
profiles along x and y (Fig. 12). It is found that E; at the center of the primary vortex decreases by
57%. The local maximum values of fluctuating kinetic energy in the primary vortex, in the shear layer
and next to the secondary separation point decrease along the A-pillar (Fig. 13(a)). It is noticeable
that the decay rate is very similar at these three different locations, with E; ~ 7

FIG. 11. Normalized fluctuating kinetic energy field in planes 3, 5, and 7.
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planes 1-8.

A total integrated fluctuating kinetic energy can be measured in a similar manner as the circu-

lation:
l/otal =/‘EI/<dS

For the primary vortex, E; , , grows linearly and increases by a factor 6 between the first and the
last planes as the vortex evolves along the A-pillar (Fig. 13(b)). This result shows that the A-pillar
vortex accumulates more fluctuating energy than it dissipates as it grows along the A-pillar.

&)

B. High-frequency particles image velocimetry

In order to get a better understanding of the dynamics controlling the A-pillar vortices, the use
of high frequency PIV is required. The raw data are however contaminated by some significant
noise originating from small erratic perturbations. In order to study the dynamics of the A-pillar
bypassing flow, it is necessary to be able to identify precisely the center of the two vortex structures.
For that purpose, proper orthogonal decomposition (POD) can be applied, based on the method first
introduced by Lumley? and then developed into the snapshots method by Sirovich.?!3
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FIG. 13. (a) Evolution of the maximum fluctuating kinetic energy at the center of the primary vortex, at the secondary
separation point, and in the shear layer, with best fits displayed, respectively, in solid, dashed, and dotted lines. (b) Evolution
of the total amount of fluctuating kinetic energy within the primary vortex and associated linear regression curve.
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where NV, is the number of observations (or “snapshots”). Then the eigenvalues A and the eigenvectors
Vi« associated to the correlation matrix
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are computed and replaced in the following Egs. (8) and (9) that define the orthonormal modes ¢ (x)
and the time dependent functions a;(t):
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It is then possible to compute
N
Ulx,1) = Un(x) + Zak(t)m(X), (10)
k=1

where U(x, 1) is the recomposed flow made of the time averaged flow U,,(x) and the sum of the first
N most energetic modes dominating the flow dynamics. For further details regarding the POD, the
reader can refer to Cordier and Bergmann.**

The relative statistical content of the truncated POD basis as a function of the mode number
(Inpoa) has a slow growth (Fig. 14). Even though the first six modes are representing only 37% of
the statistical content, they are sufficient to extract the primary and secondary vortex structure from
the surrounding noise (Eq. (10) with N = 6). If more modes are used for the reconstruction of the
flow, no further statistical content regarding the major dynamics of the structures is added and only
small-scale noise emerges, making the identification of the vortex centers more difficult. Anyway,
the variations of the vortex positions are well represented by the first few POD modes as the higher
modes are more related to the deformation of the structure and the small-scale fluctuations of the
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FIG. 14. Relative statistical content of each POD mode (orange circles) and relative statistical content of the truncated POD
basis as a function of the mode number (green squares).
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FIG. 15. Instantaneous fields of the Q criterion (a) without POD filtering, (b) with a 6 POD mode filtering. Instantaneous
fields of vorticity w (a) without POD filtering and (b) with 6 POD mode filtering.

flow. Figure 15 shows a comparison of instantaneous fields of the Q criterion (without POD filtering
and with a 6 POD modes filtering) and instantaneous vorticity fields o (without POD filtering and
with a 6 POD modes filtering). These results suggest that this level of truncation is reasonable.

It is then possible to track the trajectory of the vortex structures in time. Because of its size
and its high fluctuating kinetic energy, the primary vortex is the main actor of the flow dynamics
and therefore the one we focused on. The raw data were first filtered using the POD decomposition
(Eq. (10)). For each snapshot, the theoretical center of the vortex structure is identified. For this
purpose, a barycentric calculation based on the vorticity or the Q criterion can be performed. To
overcome problems related to the geometry of the structure, the computational domain has been
defined by Q > 0.5. The results obtained with the vorticity being almost identical to the one obtained
with the Q criterion, only the later are being used in the following.

By proceeding to a space-time tracking of the primary vortex center in the (x, y) plane, no
well-defined trajectory is identifiable but rather an erratic motion within a restricted, well defined,
area (Fig. 16). With the use of a coarse computational mesh, the very small perturbations can be
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FIG. 16. Temporal tracking of the primary vortex center displacement measured in plane 7 for a sample of 150 timesteps in
the (x, y), (x, 1), and (¢, y) planes, and (x, y, ) space. Here x, y, and ¢ correspond, respectively, to grid nodes and time iterations,
associated to the space and time discretization.
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FIG. 17. Frequency spectrum (left) of the primary vortex center displacements in the y-direction obtained by Fourier analysis
(based on the Q criterion). Location density probability (right) of the primary vortex center for 3000 consecutive snapshots.
The dashed line highlights the movement of precession made by the primary vortex core and the red arrow the main direction
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filtered out. It becomes possible to compare the evolution of the position of the vortex core for two
consecutive snapshots compared to its averaged position. It turns out that the primary vortex has a
preferred direction of rotation which is counterclockwise for 70% of the time (Fig. 17).

A fast Fourier transform of the primary vortex center displacement over time displays a frequency
spectrum without any clear frequency peak. It is shown that the phenomenon is associated to low
frequencies, between 1.2 Hz and 1.5 Hz (Fig. 17). These frequencies correspond to a Strouhal
number St = fLy/Uy between 0.05 and 0.06.

The analysis of the location density probability for the center of the primary vortex (Fig. 17)
reveals that the averaged position does not correspond to the positions with the highest density. The
later is located on the edge of the region around which the vortex center moves. The positions with
the highest densities are all located on the outer edge of the elliptic area within which the primary
vortex core moves. This result suggests that the vortex core has a movement of precession.

V. INFLUENCE OF THE GEOMETRY

The phenomenon observed and described previously depends a lot on the geometry of the model
and more particularly on the geometry of the corner edge. In order to emphasize the importance of

FIG. 18. Rounded A-pillar with a radius of 40 mm. Streamlines of the mean flow in plane 7 obtained by PIV.
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FIG. 19. Analysis of the mean flow bypassing the rounded A-pillar: (a) Q criterion; (b) normalized vorticity w; (c) normalized
velocity module; (d) fluctuating Kinetic energy E; (negative values with dashed contour lines).

the geometry in the formation of the A-pillar vortex structures, the right angle edge was replaced by
a rounded edge with a radius of curvature of 40 mm, presenting no discontinuities with either side
of the model (Fig. 18).

As previously, the new flow topology and dynamics can be analyzed using high frequency PIV.
Only plane 7 is discussed as it is sufficient to emphasize the differences between the previous flow
and the new flow obtained with the rounded edge. Looking at the time averaged Q criterion, vorticity
w, normalized velocity module, fluctuating kinetic energy E, (Fig. 19), and streamlines (Fig. 18),
the first observation is that the flow is completely modified compared to the previous one. The new
A-pillar bubble is much smaller: —74% in the x direction and —33% in the y direction corresponding
to an aspect ratio much greater, of 9.6 instead of 2.5.

The analysis of the Q criterion and the vorticity field shows that the primary and secondary
vortices observed in the previous case are no longer visible. The vorticity magnitude is very low
compared to the previous flow, and there is no negative vorticity. Near the wall, the flow drastically
slows down to 0.1U. That explains why, with a 30° yaw-angle, Gohlke et al.'> observed a much
smaller and closer to the surface vortex structure at the rear lee-side of a modeled road vehicle.

With the instantaneous data, it is possible to follow the temporal evolution of the vorticity at
any point in plane 7 (Fig. 20), as was previously done for the right angle A-pillar (Fig. 17). A FFT
of the recorded signal at (x = —6, y = —80) shows a weak periodical phenomenon associated to the
flow bypassing the circular A-pillar, at a frequency of about f = 50 Hz or St = fLy/Uy = 2.1. The
existence of a periodic feature in the flow dynamics is confirmed by the POD modes representation

Frequency (Hz)

FIG. 20. Fast Fourier transform of the vorticity magnitude temporal evolution within the area of perturbation past the rounded
A-pillar.
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FIG. 21. First 5 POD modes associated to the U, velocity component (negative contours in dotted lines).

based on U,, which are characteristics of a shear layer in the presence of regular vortex structures
being convected downstream, similar to the vortices generated by the Kelvin-Helmholtz instability
of the shear layer (Fig. 21).

VI. CONCLUSION

The use of low and high frequency PIV has shown in the case of a right angle A-pillar that the
envelope of the A-pillar vortex phenomenon has an elliptic shape and is made of a primary vortex and
a secondary, counter-rotating, vortex of lower intensity and dimensions. The center of the primary
vortex moves away from the wall as it develops along the edge of the A-pillar while the secondary
vortex remains near the wall, both with linear trajectories. The separation point, the center of the
primary vortex, and the shear layer are the regions of highest fluctuating kinetic energy and their
intensities decrease as E; ~~ 77711, whereas the total fluctuating kinetic energy increases linearly.
Moreover, despite a decay of the maximum vorticity magnitude within the primary vortex structure,
the circulation I' increases in z.

The study of the flow based on high frequency PIV has highlighted the displacement dynamics
of the primary vortex. It exhibits a low frequency response (1-2 Hz) associated to very low Strouhal
numbers, but its oscillations are mostly erratic. Moreover, it is found that the vortex center has a
movement of precession which is mostly counterclockwise around its time-averaged position.

Finally, the influence of the A-pillar geometry on the structure of the flow has been confirmed by
replacing the initial sharp A-pillar by a rounded edge. The topology of the new flow fundamentally
differs from the previous one. There is no dominant vortex structures and the dynamics of the flow
is very similar to that of a shear layer subjected to Kelvin-Helmholtz instabilities.
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