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ABSTRACT
The aim of this study is to highlight the fully three-dimensional flow, the three-dimensional quantitative
measurement advantages and the accuracy of the backward projection algorithm for a flow around an obstacle.
The calibration method presented is based on an analytical relation between the real co-ordinate and the image
co-ordinate for each camera. The calibration step consists in determining the geometric parameters of the stereoscopic
system without preliminary knowledge of the experimental geometry of the device. In order to minimize the errors
during the reconstruction stage, a backward projection method is used with the help of the analytical relations. The
analysis of errors related to the calibration and to the determination of the three velocity components is carried out.
The accuracy of the stereoscopic particle image velocimetry (PIV) system is assessed by taking measurements
of flow around a square section cylinder in angular displacement configuration with prisms to minimize the optical
distortions. With the use of this 3D measurement technique, the flow topology around a square cylinder is investigated
and a quantitative study of instantaneous velocity fields is explained. A comparison between different measurements
systems, 2D PIV and 3D LDV, is exposed and the accuracy of our stereo PIV algorithm is highlighted.

Fig. 1 : IsocontoursU/U0, V/U0, W/U0 obtained by 3D PIV measurements
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1 INTRODUCTION
The study of the flow around a square section cylinder having a free end and a limited spread, showed some
complex and strongly three-dimensional topologies in these flows for different Reynolds numbers and obstacle heights Martunizzi and Tropea (1993), Shah and Ferziger (1997), Calluaud et al. (2000) -. In order to really compare the
experimental results with the numerical simulation results or to calculate the correlation between the various points to
estimate the fluid movements and the flow organization, some reliable three-dimensional instantaneous measurements
are essential, and not only some mean values - Sousa (2001) -. Nowadays, the 3D PIV measurement system is
developed by several search teams. There are different ways of visualizing by stereoscopy to obtain, after image
processing, the three velocity components which are presented by Prasad (2000) in a synthesis article. Methods of
projection (secant or parallel axes) - Lecerf et al. (1999), Westerwell and Van Oord (1999) -, the polynomial or Spline
type approximation methods of the calibration matrices - Soloff et al.(1997), Willert (1997), Lawson and Wu (1997-a,
1997-b) - or the correlation methods between plans - Kähler et al. (2000), Raffel et al. (1996) - come to maturity now
and give promising results. In this context, the three-dimensional velocity measurements method suggested, is a
technique by projection with convergent axes without the introduction of parameters for the calculation of the
calibration matrix and for which the optical distortions are minimised by the use of prisms. First are explained the
calibration technique and backward projection. Then, measurement is applied to the study of the flow around the square
section cylinder mounted on the plate. The analysis of errors related to the calibration and the determination of the three
velocity components is carried out. Finally these measurements are compared with measurements by 2D PIV and 3D
LDV.
2 THE STEREO PIV ALGORITHM
2.1 The geometric back projection method
The purpose is to establish the analytical relation between the object co-ordinates point and the image coordinates point for each camera. The calibration consists then in determining the external and internal parameters of
each camera of the stereoscopic system employed. Whatever the selected model, the transformation for a camera can be
written:

 X
 Xi 
 Yi  = M ⋅  Y  where (Xi, Yi) are the image co-ordinates corresponding to a point (X, Y, Z) of the object reference.
Z
1
 1 
 
The selected model was developed by Horaud and Monga (1995) and was taken up again by Riou (1999).It is
characterized by two transformations:
- a projection which transforms a point of object reference (3D) into an image point (2D) .
- a transformation between a metric reference related to the camera and a reference related to the image.
The optical distortions due to an optical non-alignment, a non-linearity of the lenses, and/or an optical refraction of
windows, dioptres, and other optical elements of the experiment are not considered by this method. The real object coordinates can be obtained by considering the geometrical transformations between the image reference and the object
reference. Considering an image point (Xi, Yi) corresponding to a real point (X, Y, Z), the total transformation matrix
for each camera is described as follows:
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matrices expressing respectively the intrinsic parameters of the system {perspective projection (f), vertical and
horizontal scale factors (ku, kv), intersection between the optical axe and the image plan (u0, v0)} and the extrinsic
parameters {rotations rij and translations (tx, ty, tz) of the CCD sensor compared with the laser sheet}.
Knowing some object co-ordinates of reference points (target) and their respective projections in the image plan, the
matrix can be determined by numerical calculation. This calibration method is based on an in-situ measurement of the
target points whose co-ordinates are known.
In practice, that requires to solve an over-determined linear system by a least mean square method, without
preliminary knowledge of the experimental geometry of the device. In order not to obtain a trivial solution, it is
necessary to give at least one of the matrix coefficients. By calculating explicitly the coefficients of the matrix M
according to the matrices coefficients which make it up (Ic and A), we find in particular: m31=r31, m32=r32, m33=r33,
m34=tz.
So, it is easy to obtain: m 3 = m 312 + m 32 2 + m 33 2 = 1 .
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The resolution method proposed is connected to this observation. We seek the matrix iteratively in order to obtain ||m3||
close to the unity. Thus, this iterative method does not require the introduction of one coefficient of the matrix M and
makes it possible to obtain a matrix explicitly in relation with the geometry of the device camera/target.
The robustness and the effectiveness of the method depend on the calibration target points localization. This
reconstruction method is simpler to implement and less susceptible to errors than some other calibration based on the
perfect knowledge of the recording geometry and so, the parameter introduction.
2.2 The stereoscopic reconstruction
In the first step, the images of flow seeding with particles are treated by cross-correlation via FFT. Thus, we
have the vector field projections on each camera. In order to find the real components of the vectors in the object
reference, it is necessary to determine for each vector resulting from a camera, its correspondent on the other camera.
This matching can be carried out in two ways:
- by a "classical" 2D correlation of the images on a Cartesian mesh followed by an interpolation of the vector
fields towards the unstructured mesh of pairing.
- by an image correlation directly carried out towards the unstructured mesh of pairing (correlation on non
rectangular interrogation areas in order to compare identical physical zones on both cameras).
The matching method that we chose, for this application, is an image correlation by adaptive multi-pass on 32 X 32
pixels interrogation area with an overlap of 50 %. To interpolate data by introducing the least possible errors, these
fields were post-treated and the vectors, having a signal/noise ratio under 1.2 or filtered by the median filter, are not
taken into account during the interpolations. Thus, the vector fields obtained are interpolated by coupled method least
squares - Spline Thin Shell.
Median section
of the
laser sheet

A

B

Y
XX

A1

Z

B2
B1

Interpolated vectors field (camera 1)

A2

Interpolated vectors field (camera 2)

Fig. 2 : Reconstruction method
Both projections of the velocity vectors on each camera, corresponding to the same real displacements, are
associated. The three velocity components are given numerically with the matrices M1 and M2 of each camera. The
origins of the interpolated vectors from each point of view (noted A1 and A2) are known and located in the median
plane of the laser sheet in a point A with real co-ordinates in the measurement reference (XA, YA, ZA). The ends of the
homologous velocity vectors on each camera (noted B1 and B2) correspond to a point B (XB, YB, ZB) in the object
reference. The last co-ordinates are given numerically by solving the system (E1) and the three velocity components can
then be obtained simply (E2).
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The accuracy of the calculated three-dimensional fields depends mainly on the errors introduced by the twodimensional velocity fields measurements, the interpolation of these fields and the calibration.
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3 EXPERIMENTAL CONFIGURATION
3.1 Stereo PIV measurements
To measure the three velocity components, a stereoscopic system of particle image velocimetry (PIV) is
developed and applied to the study of the laminar flow around a square section cylinder mounted on a flat plate (figure
3 a). Characteristic dimensions of the obstacle are its diameter D=60mm, its height H=18mm.

(a)
(b)
Fig. 3 : (a) Dimensions of the obstacle. (b) Illuminated sections
The Reynolds number, calculated from the diameter and the uniform flow velocity U0, is 1000. The surface-mounted
cube is placed 4 cm from the leading edge of the plate on which it is mounted. The experiment is performed in fully
developed hydrodynamic channel flow. The dimensions of the channel are 80 cm x 16 cm x 16 cm (length x width x
height). Various sections of the flow are illuminated by means of a laser Mini-Yag of 30 mJ of Quantel company and
the thickness of the laser sheet is 7 mm. The seeding of the fluid is carried out with solid particles (hollow glass
particles). Visualizations of the flow are recorded by two cross-correlation cameras with 768 X 484 pixels resolution.
The objectives, chosen for this study, are Nikon objectives of focal 105 mm with an aperture of 8. The size of the
visualized zone is 86 mm according to X and 44 mm according to Y. The two-dimensional velocity fields are measured
by the flowmap software of Dantec company, by doubleframe image processing by adaptive cross-correlation via FFT
on a final size 32 X 32 pixels of windows with an overlap of 50 %.
In order to reduce the optical distortions due to the passage through the air-altuglass-water dioptre, prisms
filled with water are laid out against the faces of the hydrodynamic channel. The viewing angle of each camera 1 and 2
is fixed respectively at 45° and -45° with respect to Z axe. The Scheimpflug criterion is used to obtain entirely focused
images (figure 4-a).
The experiments were carried out for several sections of flow (Z=0 mm, Z=-10 mm, Z=-20 mm, Z=-30 mm),
figure 3 b.
(a)

20°

(b)

2D head

1D head

Camera 2
Z

-45°

Z

X
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Y
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45°
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Fig. 4 : Stereoscopic PIV configuration (a), 3D LDV configuration (b)
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3.2 2D PIV and 3D LDV measurements
With the aim of comparing the stereo PIV measurements, the flow field was investigated with two-dimensional
Particle Image Velocimetry (2D PIV) and three dimensional Laser Doppler Velocimetry (3D LDV).
The 2D velocity measurements carried out for various plans are obtained by 2D PIV with the Flowmap
software of the Dantec company. The flow is illuminated on various sections (Z=0 mm, Z=-10 mm, Z=-20 mm, Z=-30
mm, and Y=1 mm, Y=9 mm, Y=19 mm) by means of a laser Argon coupled to an acousto-optical modulator, figure 3 b.
The seeding of the fluid is carried out with solid particles (hollow glass particles). Visualizations of the flow are
recorded by a cross-correlation camera and the images are treated by cross correlation on final size windows 32 X 32
pixels with an overlap of 50 %.
For the 3D LDV, the optical setup used is composed by a multimode Argon ion laser (10 W), a beam splitter
module (beam splitter, colour splitter, Bragg cell), one 2D transmitting-receiving optic and one 1D transmittingreceiving optic and an optic and electronic module (photomultipliers, amplifier, filter).
After the beam splitter module, the blue (λ=488 nm) and purple (λ=476.5 nm) beams are used for measuring the U and
V components with the 2D optic, and the green beams (λ=514.5 nm) are used for acquiring the W component with the
1D optic. This 1D optic is placed 20° with respect to Z axe (figure 4 b). After the optic and electronic module, the
analogic signal is treated and the LDV bursts are validated by signal/noise ratio, measurement volumes coincidence and
criteria of particles sizes.
4 ESTIMATE OF 3D PIV CALIBRATION
It is essential, in order to determine the matrix coefficients, to place in the zone to be visualized a set of points
for which one knows the co-ordinates in the object reference. With this intention we use a black background target on
which are placed 1 millimetre diameter white circles spaced every centimetre. By moving this target in various sections
Z spaced every 0.5 mm, we obtain a three-dimensional object grid and its projections on the two cameras (figure 5). The
matrix coefficients for the two cameras are then calculated.

Camera 1

Camera 2

Fig. 5 : Images of the target in the plane Z=-30 mm
An algorithm was developed to make it possible to automatically detect the image co-ordinates of the target
points. After threshold and detection of the target points contours, we identify the image co-ordinates by a centroïd on
the detected tasks, weighted by the grey levels. After localization of the target points in the images of camera 1 and 2,
we calculate the matrices M1 and M2.
In order to quantify the errors introduced by the localization technique, we defined the following step. With the
matrices and the images co-ordinates of the target points (x1, y1) and (x2, y2), we calculate by reconstruction the real coordinates of the target point. Thus, we can estimate the errors introduced by the calibration while defining the averages
and the RMS of the differences between the real co-ordinates (XR, YR, ZR) and the reconstructed co-ordinates (XM, YM,
ZM) of the target points.
2

N
1 N
1
( λ M − λ R ) with λ=X, Y, Z and N the number of localized points.
λM − λR ;
Eλ ' =
∑
∑
N i =1
(N − 1) i =1
The stereoscopic system and the transformations between cameras and object reference are correctly defined
when the number of localized points is superior to 250. Consequently, we move the target in 17 sections in order to
have over 400 localized points . In this condition the values Eλ and E λ ' converge.

Eλ =

In the different sections Z=0 mm, Z=-10 mm, Z=-20 mm and Z=-30 mm downstream the obstacle, we obtain
means and average values Eλ and E λ ' varying between 0.015 mm and 0.050 mm, 0.005 mm and 0.012 mm and 0.025
mm and 0.040 mm respectively for λ=X, Y, Z. Those data Eλ and E λ ' allow to analyse the various errors which could
be introduced during the calibration. These later seem to be extremely weak compared with the errors obtained during
the two bi-dimensional velocity fields measurements and compared with those associated with the selected interpolation
method - David et al. (2002).
The difference between the back-projected and the true position of the target points are plotted in figures 6, which show
that the error is inferior to 0.10 mm. This difference, for the Y co-ordinate, is inferior to 0.02 mm, which correspond to
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an error of localization of the target points in the images. The errors introduced in the calibration matrix correspond
mainly to a dispersion of the dots in the X and Z direction.
The absolute value between back-projected and true position as a function of the distance from the image origin is
plotted in figures 7. In contrast to the results obtained by Westerwell and Van Oord (1999), the error is independent of
the position. The concentration of the dots are localised for an absolute error varying between 0.01 mm and 0.08 mm.
The dots with an absolute error superior to 0.08 mm correspond to a poor localisation accuracy: more than 0.8 pixels in
the images of camera 1.
Plane (X ; Y)

Plane (X ; Z)

Plane (Z ; Y)

Fig. 6 : The difference between the back-projected and the true positions of the dots measurement in the plan Z=0 mm.
Camera 1
Object reference

Camera 2
Camera reference

Object reference

Camera reference

Fig. 7 : Absolute difference between the back-projected and the true positions as a function of distance of the image
origin for the measurement in the plane Z=0 mm.
5 RESULTS
5.1 Investigation by stereo PIV
The existence of a horseshoe vortex upstream the obstacle and the presence of vortices show the complex
aspect of this flow. Downstream the obstacle, interior to the horseshoe vortex separation line, a low pressure region
produce vortices with axes according to Y (figure 8 a). The section Z=0 mm shows the complex flow topology behind
the obstacle. A stagnation point downstream the obstacle is located. Under this point, a return of fluid per aspiration on
the higher part of the cube is generated. As a result of the strong shearing regions which are created by interaction
between an accelerated flow according to a positive direction and the return of fluid according to the opposed direction,
some vortices are created and escape towards the wake from the obstacle (8 b).

(a)
(b)
Fig. 8 : Streamlines in the section Y=0 mm (a)
Vortex shedding visualization in the section Z=0 mm (b)
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Y

X
Z

Fig.9 : Schematic representation of the flow around a surface-mounted cube, Re = 40 000, H=D
Martinuzzi and Tropea (1993), Sousa (2001).
The figures 1 and 10 show the mean velocity fields computed with 1000 instantaneous velocity fields acquired
by our stereo PIV technique. First, those figures confirm the return of fluid at top of the obstacle for sections Z=0 mm
and Z=-10 mm: some regions where U component is negative are hightlighted. In the other sections, this dynamic of the
flow is not present. The absolute value of the out-plane component W in the section Z=0 mm, symmetric plane of the
flow, is near zero. In sections Z=-20 mm, Z=-30 mm, this component justifies the three-dimensional flow topology
downstream the obstacle: the vortex illustrated by a positive W component area downstream the cube (figure 8 a) and
an area with negative W component showing the presence of a detachment zone which imposes on the fluid coming
from upstream to skirt this zone at the top of the cube. The section Z=-10 mm shows a vortex with an axe according to
Z and a considerable negative W component zone. The latter emphasize fore the form of the vortex core downstream
the cube (figure 9).
(a)

(b)

(c)

(d)

W/U0
Fig. 10 : Mean 3D vectors fields in section Z= 0 mm (a), Z= -10 mm (b), Z= -20 mm (c), Z= -30 mm (d).
In regard on the link between spatial evolution of the vortex shedding and the velocity fluctuation, the
turbulence intensity allows to illustrate the dynamic downstream the cube. The figures 11 show the turbulence intensity
computed with and without the out-plane component W. In spite of the fact that these figures present different sections
according to X where the spatial resolution is low (the acquisitions are carried out according to Z planes spaced every
10 mm), we observe different zones where turbulence intensity is nevertheless significant. The comparison of these
figures makes it possible to distinguish the out-plane component W contribution to the flow instationnarity. Until
abscissa X=100 mm, the maximum turbulence intensity zones are similar : the flow, and, in particular, the vortex
shedding are defined by velocity fluctuations according to component u’ and v’. Beyond this abscissa, the maximum
turbulence intensity areas are different: the vortex shedding seems to be defined by fluctuations according to three
components and the part of the W component becomes considerable. By the 2D turbulence intensity computation, the
vortex shedding is characterized by a space evolution at a fixed altitude: at X=140 mm, the points where the turbulence
7
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intensity is maximum are localized at Y=28mm for the sections Z=+ /- 10 mm. The areas with important turbulence
intensity described by 3D calculation characterize the 3D vortex shedding evolution and the part of the W component to
the flow instationnarity. Therefore, the vortex shedding is primarily localized in sections Z=0 mm and Z=-10 mm and
the out-plane component contribution is essential to understand the flow dynamic and the evolution of the swirling.
(a)

(b)

Fig. 11 : Turbulence intensity by 3D PIV measurements
(a) Turbulence intensity with 2 velocity components It =  (u'² + v'²) 
2D
U0 

(b) Turbulence intensity with 3 velocity components It 3D =  (u'² + v'² + w '²) 
U0 

To study the interesting features of the flow and any coexistence of three dimensionality vortex, we need a tool
to identify coherent structures. Different quantities have been used in the past to identify the various important features
of the flow. Vorticity is one such quantity which will show the presence of the swirling motion. The out-of-plane
component of vorticity (ωz) was used to detect the interesting regions in the flow and does indeed detect regions of swirl
but was unable to differentiate between straining zone and vortex structure. For that reason, the quantity Q which is
defined as the second invariant of the velocity gradient tensor -Jeong and Hussain (1995)- was computed with the aim
of differentiating those two phenomena. Large positive values of Q suggest the presence of a vortex and negative values
indicate a straining region. It can be noted that both of these quantities perform well in identifying the interesting
features of the flow. We will use Q to illustrate the various regions in the flow field. Those different criteria are used by
Ganapathisubrami et al. (2002) for stereo PIV investigations for round jet.
1  ∂U ∂V ∂W ∂V ∂U ∂W 
 ∂V ∂U  and
ωZ = 
−
Q=− 
+
+


∂
X
∂
Y
2


 ∂Y ∂X ∂Y ∂Z ∂Z ∂X 
It is very important to note that all quantities were computed with just the in-plane velocity gradients, and hence we
considered only the components of the two-dimensional velocity gradient tensor.
The figures 12 a illustrate the three-dimensional degree of the flow for two flow sections and two different times. The
out-of-plane component of vorticity (ωz) and the criteria Q allow to identify the vortex structure defined by the in-plane
components. The derivates ∂W/∂X and ∂W/∂Y help us to determinate the out-plane component part to the coherent
structure and the instantaneous flow topology downstream the obstacle.
At the section Z=0 mm, the quantities ∂W/∂X and ∂W/∂Y show the low influence of the out-plane component. For the
vortices 1 and 2, ∂W/∂X et ∂W/∂Y reveal limited regions with negligible amplitudes. The study of the vortex 2 which
escape towards the wake from the obstacle shows the spatial evolution of the vortex shedding and the in-plane
components effect and consequence.
The section Z=-10 mm which is a region of important velocity fluctuations, allows to appreciate the 3D flow features.
The coherent structures localized by Q and ωz seem to have some relation with the W component. For the vortex 3,
∂W/∂Y exposes an important zone with significant Q and ωz values. The latter shows the 3D measurement interest and
the influence of the out-plane component. For abscissa upper 100 mm, ∂W/∂X and ∂W/∂Y determine the high threedimensional degree. The study of those quantities for vortex 4 allows to understand the flow evolution and the flow
dynamic. The coherent structure 4 moves downstream with an angle of 26° according to X axe and is characterised by
an important out-plane component (figure 12 a). The zone 5 (figure 12 a) which is characterized by an important outplane component amplitude, shows the interest of an instantaneous 3D measurement and the 3D dynamic of the flow
8
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around a rectangular cylinder. The W component knowledge seems, for this section, to be essential for the
comprehension of the dynamic of the vortex shedding. Indeed, Q calculated with the U and V components reveals
coherent structure 4 with a low amplitude and a limited zone. Q exposes the low influence of the in-plane components
on vortex shedding.
Z=0 mm

Z=-10 mm

1

3

4

(a)
2

5

(b)

(c)

(d)

(e)

Fig. 12 : Instantaneous quantities in the section Z=0 mm and Z=-10 mm.
(a) Instantaneous velocity field, (b) Vorticity ωZ, (c) Q criteria, (d) ∂W/∂X, (e) ∂W/∂Y.
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5.2 Comparison between stereo PIV, 2D PIV and 3D LDV measurements
The figures 13 and 14 present the profiles of average velocity components U, V and W measured by 2D PIV,
stereo PIV and 3D LDV and computed by respectively 1200, 1000 and 3500 acquisitions.
We note the correct resolution and reconstruction of the in-plane components by our stereo PIV algorithm. The
results obtained by 2D PIV and stereo PIV seem similar. Nevertheless, there is a difference for the V component for Y
varying between 0 mm and 15 mm. This flow is characterized by small displacements in the Y direction for Y under 15
mm. And, the stereo PIV technique requires the use of a large laser sheet thickness, the flow images are saturated near
the flat plate. Therefore, the 2D PIV precision in each camera and the V component stereo PIV accuracy obtained after
interpolation and reconstruction is low.
With the aim of quantifying the out-plane component accuracy obtained by stereo PIV acquisitions, the 2D PIV
measurements in sections Y=1 mm, Y=9 mm, Y=19 mm are compared. By our stereo PIV technique, this component
seems to be correctly defined and in analogy with the flow topology. In the section Z=0 mm, the out-plane component
is zero. For the other sections, we note the presence of positive W components which illustrate the vortex behind the
obstacle. The section Z=-10 mm reveals a negative W component between Y=15 mm and Y=25 mm and positive W
component between Y=25 mm and Y=40 mm. This observation shows the position of the vortex rotation axe behind the
obstacle: those flow sections are near this axe.
The 3D LDV data acquisitions are not in relation with the results of the other measurement technique (2D PIV
and stereo PIV). In consideration of the dispersion obtained with 3D LDV measurements , the average can not be
representative of the flow. This dispersion can be explained by:
- The measurement volumes coincidence is approximate.
- LDV measurements of a "slow" flow require a great acquisition time. Therefore, the average is computed with a
LDV sample time different from PIV sample time.
- In regard to the experimental setup, the beams follow a dioptre (air, altuglass, water).
- The LDV technique precision is poor for slow velocity flow. The Bragg cell frequency control is important and must
be adapted.
In this study, the 3D LDV limits could be highlighted: the divergence between 2D PIV, stereo PIV, on one
hand and 3D LDV, on the other hand, are important and the W component values measured by 3D LDV are false and in
contradiction with the flow topology and the flow dynamic.

3D LDV (X=70, Z=0)
3D PIV (X=70, Z=0)
2D PIV (X=69.815, Z=0)

3D LDV (X=80, Z=0)
3D PIV (X=80, Z=0)
2D PIV (X=79.715, Z=0)

3D LDV (X=90, Z=0)
3D PIV (X=90, Z=0)
2D PIV (X=89.615, Z=0)

3D LDV (X=100, Z=0)
3D PIV (X=100, Z=0)
2D PIV (X=99.515, Z=0)

Fig. 13 : Mean velocity components U/U0, V/U0 measured by 3D LDV, 3D PIV, 2D PIV in the section Z=0 mm
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3D LDV (X=70, Z=0)
3D PIV (X=70, Z=0)
2D PIV (X=69.515, Z=-0.050)

3D LDV (X=80, Z=0)
3D PIV (X=80, Z=0)
2D PIV (X=79.715, Z=-0.050)

3D LDV (X=90, Z=0)
3D PIV (X=90, Z=0)
2D PIV (X=89.615, Z=-0.050)

3D LDV (X=100, Z=0)
3D PIV (X=100, Z=0)
2D PIV (X=99.515, Z=-0.050)

3D LDV (X=70, Z=-10)
3D PIV (X=70, Z=-10)
2D PIV (X=69.327, Z=-10.437)

3D LDV (X=80, Z=-10)
3D PIV (X=80, Z=-10)
2D PIV (X=80.585, Z=-10.437)

3D LDV (X=90, Z=-10)
3D PIV (X=90, Z=-10)
2D PIV (X=90.436, Z=-10.437)

3D LDV (X=100, Z=-10)
3D PIV (X=100, Z=-10)
2D PIV (X=100.289, Z=-10.437)

3D LDV (X=70, Z=-20)
3D PIV (X=70, Z=-20)
2D PIV (X=69.327, Z=-20.337)

3D LDV (X=80, Z=-20)
3D PIV (X=80, Z=-20)
2D PIV (X=80.585, Z=-20.337)

3D LDV (X=90, Z=-20)
3D PIV (X=90, Z=-20)
2D PIV (X=90.436, Z=-20.337)

3D LDV (X=100, Z=-20)
3D PIV (X=100, Z=-20)
2D PIV (X=100.289, Z=-20.337)

Fig. 14 : Mean velocity component W/U0 measured by 3D LDV, 3D PIV, 2D PIV
in sections Z=0 mm, Z=-10 mm and Z=-20 mm

6 CONCLUSION
To acquire information about the complex topology of the flow around a square section cylinder mounted on a
plate, a three-dimensional velocity measurement technique by stereoscopic PIV was developed. The latter is a backward
projection method and does not require neither parameters introduction nor knowledge of the geometrical configuration
of the stereoscopic system to determine the calibration matrices. The use of a prism to reduce mechanically the
distortions and other optical aberrations appears essential and simpler to implement than to compensate them during the
matrix calculation, which would require to solve a non-linear system. The accuracy of the calibration step is highlighted
by different criteria in an in-situ calibration. The various errors which can arise during the calibration step seem to be
extremely weak compared with the errors obtained during the two bi-dimensional velocity fields measurements and
compared with those associated with the selected interpolation method.
The velocity fields acquired by our stereo PIV algorithm appear similar to those obtained by 2D PIV
acquisitions in various sections for the in-plane and out-plane components. The in-plane components accuracy appears
excellent and the out-plane component is in agreement with 2D PIV measurements. In contrast, for this flow features
and this experimental device, the accuracy of the 3D LDV measurements is low.
The knowledge of the three velocity components is essential for the comprehension of the flows. In spite of the
interest in the average quantities ( u , v , w , u’, v’, w’, It), 3D instantaneous velocity fields measurements have an
essential advantage and make it possible to understand and to study, with the use of different tools, the shearing and
stretching zones of the vortex and its space evolution. With the help of this additional and new information, quantitative
investigations of real 3D flows like flow around a square cylinder can be supplemented in details.
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