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Abstract One of the main advantages of PIV is that it allows the direct measurement of the instantaneous
velocity vector field over a planar domain from digitally recorded particle images. Over the last decade,
particle image Velocimetry (PIV) has therefore become the experimental tool of choice in a variety of
aerodynamic applications in the low-speed flow and in the compressible subsonic regime. In supersonic and
even more in hypersonic regimes experimental difficulties are encountered related to the short duration of
wind-tunnel operation. Moreover, the large accelerations associated with compression shocks are not well
described by the seeding tracers with their limited dynamic response. Besides these limitations, the large
spatial variations in seeding density and the steep velocity fluctuation associated to flow compression and
flow turbulence poses severe problems for the robustness of the cross-correlation analysis of current PIV
algorithms. The analysis of PIV recordings is generally performed through cross-correlation of equally sized
interrogation areas placed on a structured grid, whereby window refinement and deformation have become
general practice. The reduction in window-size is applied uniformly over the entire image, irrespective of
possibly spatially varying seeding density or velocity fluctuation length scales. As a consequence, in some
regions of the measurement domain the amount of tracers is too low to retrieve reliable velocity estimates,
negating the increase in both accuracy and spatial resolution of the PIV technique. The present investigation
aims at the assessment of an advanced PIV algorithm in the hypersonic regime. Within an iterative structure,
the adaptive algorithm adjusts both the location and size of the interrogation areas according to the amount of
available seeding particles and to the extent of spatial flow fluctuations. The flow sampling rate and the
statistical properties of the interrogation window are therefore adapted to the experimental conditions thereby
removing the unnecessary constraint of uniform windowing and spatial sampling. The flow over a double
compression ramp configuration at Mach 7 constitutes a challenging application due to the presence of weak
and strong shock waves at the leading edge of the ramp and at the second ramp respectively. The purpose of
the present paper is to assess the performance of an adaptive interrogation scheme to describe the flow in the
hypersonic double ramp configuration.

1. Introduction
One of the main advantages of Particle Image Velocimetry (PIV) is that it allows the direct
measurement of the instantaneous velocity vector field over a planar domain from digitally recorded
particle images. The fact that this measurement technique allows accuracies down to one-hundredth
of a pixel has made PIV over the last decade the experimental tool of choice in a wide variety of
applications in the low speed flow and in the compressible regime. In supersonic and even more in
hypersonic regimes, experimental difficulties are encountered related to the short duration of windtunnel operation. Moreover, the large accelerations associated with compression shocks are not well
described by the seeding tracers with their limited dynamic response (Scarano and Haertig, 2003).
Besides these limitations, the large spatial variations in seeding density and the steep velocity
fluctuation associated to flow compression and flow turbulence poses severe problems for the
robustness of the cross-correlation analysis of current PIV algorithms.
The common practice in present image processing algorithms is to segment digital recordings of
the scattered light intensities produced by tracer particles into smaller sub-areas called interrogation
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windows (Willert and Gharib, 1991). The window sizes are kept uniform throughout the entire
image, which should contain a sufficient amount of tracers to retrieve reliable velocity estimates
(Keane and Adrian, 1993). These window averaged velocity estimates are most commonly obtained
by means of two-dimensional spatial cross-correlation of the interrogation windows. By
progressively refining the window sizes (Soria 1996, Fincham and Delerce 2000) and deforming
their shape within an iterative process (Huang et al. 1993, Scarano and Riethmuller 1999), both the
spatial resolution and sub-pixel precision of the PIV technique have been improved. These more
advanced algorithms furthermore proved to be more robust when coping with large velocity
gradients. The reduction in window-size is however applied uniformly over the entire image,
irrespective of possibly spatially varying seeding density or velocity fluctuation length scales. The
same goes for the interrogation parameters, namely the interrogation window size and overlap
factor, which are moreover set by the user. As a consequence, in some regions of the measurement
domain the amount of tracers is too low to retrieve reliable velocity estimates, negating the increase
in both accuracy and spatial resolution of the PIV technique. Furthermore, when dealing with
compressible flows a high spatial resolution might be required only in some parts of the domain
whereas large parts of the flow might require information with lower spatial density. From this
consideration the need arises to adapt the interrogation areas to local seeding and flow conditions.
Rohály et al. (2002) introduced a methodology which starts the interrogation process at the
smallest window size. When no valid correlation peak was found, a correlation plane is locally built
up into a larger interrogation area using neighbouring interrogation areas. This hierarchical
processing represented an optimization of the windows both in size and shape, targeting on a
maximization of the signal-to-noise ratio in the correlation planes. Starting with windows four times
larger than the expected maximum displacement, Susset et al. (2006) iteratively halved the
interrogation area when a valid displacement was obtained. Performing this size reduction
independently for each window enabled inhomogeneities of local seeding density to be taken into
account. Application to experimental images showed the improvement in spatial resolution both
methods gave rise to. However, none of the algorithms mentioned above took into account window
deformation. As such, study of the correlation’s signal-to-noise ratio did not allow a distinction
between degradation due to a lack in seeding particles or velocity gradients.
The shape of the interrogation windows can be adopted to besides seeding density also to local
flow properties. A windowing, re-shaping and re-orientation procedure was presented by Di Florio
et al. (2002) where the intensities inside each sub-region were weighed by a 2D Gaussian function.
Orientating the ellipse to follow the local measured velocity field and stretching the function
accordingly, an increase in spatial resolution as well as in reliability of the measurements was
appreciable. Scarano (2003) applied a similar procedure but adapted the weighting function to the
spatial curvature of the flow field, obtained by calculating the eigenvalues of the Hessian tensor. A
particular implementation of automatic adaptivity was reported by Scarano (2002), where both the
location and size of the correlation areas were adjusted to local flow scales within a recursive
structure. Assessment on experimental images (Scarano et al., 2002) brought into evidence the
minimization of the modulation effect attributed to the filtering effect of the correlation process.
The process needed however a user defined lower limit for the window size and no adaptation to
seeding density was incorporated.
The present investigation aims at the presentation and assessment of an advanced PIV algorithm
in the hypersonic regime. Within an iterative structure, the adaptive algorithm adjusts both the
location and size of the interrogation areas according to the amount of available seeding particles
and to the extent of spatial flow fluctuations. The flow sampling rate and the statistical properties of
the interrogation window are adapted to the experimental conditions thereby removing the
unnecessary constraint of uniform windowing and spatial sampling. The flow over a double
compression ramp configuration at Mach 7 constitutes a challenging application due to the presence
of weak and strong shock waves at the leading edge of the ramp and at the second ramp
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respectively. The flow at the wall undergoes separation on the first ramp with transition to
turbulence in the reattaching shear layer. The large turbulent fluctuations above the reattached
region originate from the transition of slip-lines due to shock-shock interaction. The numerical
simulation of such flows is nowadays still very challenging and experimental techniques can barely
visualize the phenomenon. The purpose of the present paper is to assess the performance of an
adaptive interrogation scheme to describe the mean flow as well as its fluctuations in the hypersonic
double ramp configuration.

2. Flow Imaging
A complete presentation of the experimental campaign is given in Schrijer et al. (2005).
Therefore only a brief description is given in the following. PIV recordings were taken of a twodimensional double wedge model placed inside a Mach 7 free stream, corresponding with a
measured velocity of approximately 860±10m/s. The first and second compression ramp had a
deflection angle of respectively alpha1=15° and alpha2=45°. The Schlieren image presented in
figure 1 visualizes the leading edge shock, curved
compression shock and the complex interaction
region between the two. Experiments were
conducted in a hypersonic facility based on the
Ludwig tube concept. Dry air was stored in a
pressurized and heated tube impulsively open
towards a vacuum tank through a convergentdivergent nozzle. The test section had a diameter
of 35 cm and was optically accessible through
three windows. Titanium dioxide seeding
particles with a median diameter of 400nm were
introduced in the storage tube off-line by means
of a high-pressure cyclone device. The seeding
procedure provided a relatively homogeneous
seeding of the free-stream flow within a limited
time interval (typically 20ms) during the windtunnel run. The illumination was provided by a
Figure 1: Schlieren image of the double wedge
model (15°-45°)
Quanta Ray Spectra-Physics dual head Nd:YAG
laser delivering 400mJ energy pulses. A light
sheet of 1.5mm thickness was formed by means of cylindrical and spherical lenses. The light
scattered by the seeding particles was digitally recorded with two LaVision Imager Intense CCD
cameras (1376×1040pixels, 12bits). The cameras were equipped with Nikon 60mm focal length
objectives with the numerical aperture set at f#=8. The system synchronization and image
acquisition was performed with the DAVIS 7.1 software. The time separation between exposures
was 600ns. With an optical magnification of 0.18, approximately 32pixels covered one millimeter
giving a field of view with an area of 4.3×3.3cm².
Seeding spatial variations in the PIV recordings are clearly visible in the two instantaneous PIV
recordings (figure 2) of the field of views (FOV) bounded by the squares in figure 1 and originate,
besides from a non-optimal seeding method, from three flow phenomena:
1) compression shocks, where the seeding density increases following the fluid flow density
2) boundary layers and separated shear layers, across which the seeding density varies
according to the density and the upstream conditions
3) turbulent eddies, which exert centrifugal forces upon the particles ejecting them from vortex
cores.
Moreover the flow velocity also exhibits large spatial variations associated to the above-mentioned
phenomena. In the flow regime for the present experiment the above effects cause the cross3
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correlation to fail either because not enough tracers are encountered within the interrogation area or
because the flow velocity is too inhomogeneous within it. Clearly the two requirements are
conflicting and a compromise is often made in order to minimize both effects (Schrijer et al. 2005).
Instead, the analysis of the PIV recordings with an adaptive correlation algorithm (Theunissen et
al., 2005) is able to take into account some of the above effects.

Figure 2: Instantaneous PIV recording of regions A (Left) and B (Right) indicated by the squares in figure 1

3. Adaptive sampling and sizing interrogation
3.1 General methodology
Two criteria are set for adaptive windowing and sampling; signal adaptivity and flow adaptivity
(Theunissen et al., 2005). The former relates the number, location and size of the interrogation
windows to the amount of available signal i.e. tracers. Individual particles are identified, after which
a moving filter is applied to retrieve a local seeding density estimate, Sd, expressed as particles per
pixel². Having set the minimum number of tracer particles captured by the interrogation windows to
NI, the calculation of the necessary window size is then straightforward. Flow adaptivity prescribes
the distribution and size of interrogation windows such that they properly sample the spatial
fluctuations in the flow. While signal adaptivity is solely based on the analysis of the image
involving particle detection, flow adaptivity is implemented within a recursive structure since the
fluctuations are calculated through the spatial standard deviation of the velocity (σu) not known apriori. The selected window sizes are inversely proportional to the seeding density and velocity
standard deviation; larger values of Sd and σu imply smaller windows and vice versa. The choice of
window locations is based on the projection of a random set of locations weighted by the 2D
distribution of the target sampling rate (ϕ)
expressed as samples per pixel² (Secord et
al. 2002). The latter is obtained as a linear
combination of both signal and velocity
standard deviation distributions. A more
thorough elaboration on the adaptivity
criteria can be found in Theunissen et al.
(2005). A schematic diagram showing the
main steps composing the interrogation
procedure is depicted in figure 3.
A validation procedure succeeds the
cross-correlation procedure to obtain the
window averaged displacements. As the
Figure 3: Image processing flow diagram
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window size adaptation is driven by the velocity spatial fluctuations the elimination of spurious
vectors starts off with the recently proposed normalized median test (Westerweel and Scarano,
2005). For the vector in question, only the neighbouring nodes lying within an area equal to the
window size used in the correlation are taken into account. Next, vectors are categorized as valid
when the quality of the correlation process, quantified by the Signal-to-Noise ratio (SN-ratio) is
sufficient. Typically a lower limit for the SN-ratio is set to 1.3. The third and last validation test
makes us of the characteristic that the presence of an outlier is are rare event. Displacements with an
occurrence less than 10% of the maximum number of counts are removed from the vector field.
Erroneous vectors are then replaced by a linear interpolation of their direct neighbours.
Each determined displacement vector is re-interpolated using a 2nd Order Least Squares Fit on
the neighbouring nodes previously used in the validation process, thereby stabalizing the predictor
corrector iterative interrogation (Scarano and Schrijer, 2005).
To enlarge the measurable velocity gradient range, matching between regions which undergo
transformation has to be improved. To do so, the images are deformed based on a continuous first
order approximation of the displacement field. Though linear interpolation is in general less
accurate compared to higher order interpolation schemes, it has the advantage of requiring less
CPU. For this reason displacements were chosen to be linearly interpolated over all the pixels from
an unstructured mesh of points using the nearest neighbours, i.e. using for each pixel the three
nodes of the circum-triangle based on a Delaunay triangulation (Sambridge et al., 1995). Calling ‘P’
the point which to interpolate to, the nodes of the circum-triangle of ‘P’ are used to construct the
linear system. As an example, in figure 5 the circum-triangle of ‘P’ corresponds to ∆135. The
interpolated value at ‘P’ is then given as

f p = c1 ⋅ x p + c2 ⋅ y p + c3

(1)

where the coefficients c1, c2 and c3 are the solution of the linear system A⋅c=f with
f=(f1+ε1,f2+ε2,f3+ε3)T and the i-th row of A is (xi,yi,1) with i=1,3,5. The measurement error is
symbolized by ε. The mesh returned by the 2D transformation method is however of poor quality as
can be seen in figure 4. Similar to grid adaptation in computation fluid dynamics, a mesh smoothing
is applied prior to the reinterpolation process. Following a Laplacian smoothing operation (Zhou
and Shimada, 2000), the measurement points are redistributed to the center of gravity of the area
spanned by its neighbouring N nodes (figure 4). Doing so the Delaunay triangles are equilateralized
and the grid quality is enhanced. Since for a given a circum-circle’s radius, the area of the inscribed
triangle is maximized when it is equilateral, the smoothing operator minimizes the influence of the
measurement uncertainty ε when solving the linear system (1).

Figure 4: Mesh smoothing (Left) original sampling distribution (Right) distribution of sampling points after 3
Laplacian smoothing iterations
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The proposed methodology returns displacement vectors placed on an unstructured grid.
However, in most cases data reduction requires a re-interpolation onto a Cartesian grid. Here, the
algorithm makes use of Natural Neighbour (NN) interpolation (Sambridge et al., 1995), where the
natural neighbours are defined as those points whose circum-circle of the Delaunay triangulation
contains point ‘P’ (figure 5).

Figure 5: Nearest Neighbour Interpolation (Left) Delaunay triangulation with circum-circles (Right) Voronoi
diagram before and after insertion of point P, blue and black lines respectively

Considering the six nodes in figure 5-right, the introduction of point ‘P’ modifies the original
Voronoi diagram (represented in black). The Voronoi cell about ‘P’ (blue lines) overlaps all the
original cells of its natural neighbours. NN-interpolation is a local operation since the weight
attributed to each of the functional values at the neighbouring nodes is related to the ratio of the area
of the overlapping Voronoi cells to the total area of the Voronoi cell about ‘P’. In the example case,
the interpolated value at ‘P’ is therefore defined as
6

fp =

∑ Ai f i
i =1
6

∑ Ai

(2)

i =1

Though the NN interpolation allows a direct computation of the first order derivatives, more
smooth results for derivative operations were obtained by fitting 2nd order polynomials onto the
structured grid. The latter furthermore allowed a direct evaluation of e.g. the vorticity.
3.2 Interface treatment
The presence of an interface within the experimental field of view further complicates the image
processing. First of all the interface poses a signal truncation since the image area occupied by the
object is without tracer particles. The imposed non-slip condition is furthermore translated into the
development of a boundary layer (BL) over the object, which in most cases is turbulent and
contains a variety in flow scales. Whereas the lack of seeding particles imposes the use of larger
interrogation windows, the BL needs a higher sampling rate using smaller window sizes to resolve
the flow fluctuations within. Again these are conflicting requirements for which a special treatment
in the interrogation process is needed.
Three further adaptations were implemented in the methodology described above to cope with
interfaces. First, the sampling rate was gradually increased near interfaces. Second, to increase the
spatial resolution window sizes are forced to further reduce in size when approaching the object
image. Close to the object, the flow is assumed to have a displacement parallel to the interface. The
final adaptation consisted therefore in rotating the interrogation windows over an angle defined by
the interface contour. Windows are also stretched (keeping the area constant), parallel to the contour
to further increase the resolution. As illustration, the rotation and stretching of correlation windows
6
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at randomly picked locations is shown in figure 6 when applied to the instantaneous PIV recordings
presented in figure 2.

Figure 6: Rotation and stretching of correlation windows near interfaces

Extraction of the necessary angle of rotation was performed with finite differences applied on a
binarized image of the object. Inside the rotated windows, image intensities were reinterpolated
onto the new (ξ,η)-grid using Whittaker’s reconstruction scheme extended over 7 pixels (figure 7).
Having performed the correlation by means of Fast Fourier Transforms in (ξ,η) coordinate system,
displacements were then reconstructed to (x,y) coordinates.
Figure 7: When rotating and stretching the
correlation windows near interfaces,
intensities in the (ξ,η) reference system are
reinterpolated using the pixel intensities
in the (x,y) coordinate system

4. Experimental Application
Through the adaptivity of the sampling to the seeding and flow scales, a higher number of
correlation windows is placed across the shocks and in the boundary layer during the interrogation
process.
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Figure 8: Instantaneous sampling distribution corresponding to the images represented in figure 2
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Already from the distribution of correlation points it becomes therefore possible to distinguish
several flow features. A small number of sampling points is placed outside the leading edge shock
where the flow is uniform and the flow is rather poorly seeded (figure 9-left). Combined with the
small velocity fluctuations, window sizes are mainly driven by the seeding density and are
relatively large ranging between 120pixels (≈3.8mm) and 57pixels (≈1.8mm) (figure 9). Traversing
the shock, the amount of seeding is increased due to compressibility effects and a higher sampling
rate can be imposed. The higher signal density automatically leads to smaller interrogation window
sizes. Below the leading edge shock window sizes within the range of 9pixels to 47pixels are
applied, corresponding respectively to 0.3mm and 1.5mm. Near the interface the typical window
size is 7×20pixels² (≈0.2×0.6mm²) with a maximum stretching factor of four.

Figure 9: Instantaneous distribution of correlation window sizes (in mm) calculated as (Wsx⋅Wsy)1/2,
corresponding to the images represented in figure 2. The size of the black squares gives an indication of the value
of Ws located at the center of the square

When the leading edge shock interacts with the curved shock, an area is formed where complex
features are to be expected. For this reason the interaction region is highly sampled and smaller
window sizes are applied (figure 8-left). Having passed several oblique shocks, the flow close to the
wall has a higher momentum compared to the flow behind the curved shock. The two layers are
separated by a slip-line and form a shear layer, creating the coherent structures visible in the PIV
recordings of region B (figure 2). The seeding distribution is clearly inhomogenous with higher
concentrations on the outer edges of the coherent structures and accordingly a relatively more dense
clustering of small (about 0.3mm) correlation windows (figure 8-right). Not surprisingly the
coherent structures can therefore also be identified in the representation of the window sizes as
regions with higher values amidst areas with smaller window sizes. An oversampling of the flow is
also encountered in the neighbourhood of the curved shock where its continuously varying slope
creates an increase in velocity fluctuations. Again, compressibility augments the seeding density
and allows the use of window sizes in the order of 0.3mm (≈9pixels) to 1.5mm (≈47pixels).
In classical interrogation methods, an enlarging in the window size leads to an increase in the
dynamic range of the system, but at the same time to a loss of spatial resolution. The window
refinement ratio is fixed when applying global window refinement, thus limiting the dynamic range
of the interrogation method. With adaptation of the correlation windows a refinement ratio of
around 12.6 could be reached for both fields of view, compared to a typical value of 3 when
applying a classical method to the set of images. Modelling the correlation process as an averaging
filter over the interrogation windows, the modulation effect is inversely proportional to the window
size. The large dynamic range will therefore allow a better measurement of the smaller velocity
fluctuations. In general though, the minimization of the window size implies a direct decrease in
reliability of the correlation results. With the adaptive methodology, both the dynamical range and
8
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spatial resolution are optimised by respectively maximizing the window size range and aadaptive
relocation of the correlation windows.
Figure 10 graphically presents the SN-ratio averaged over 50 datafields for FOV A and 6
datafields for FOV B. The Signal-to-Noise ratio (SN) can be considered as an indicator for the
reliability of the correlation process. A total of 20000 correlation windows were used in the
adaptive image analysis, leading to a mean overlap of 80%. In zones with uniform displacements,
high SN values (i.e. larger than 3) are obtained. Across the oblique and curved shocks as well as the
slip-line, a reduction in SN can be observed which further lowers towards to wall attaining a value
of about 1.4. The latter signifies the adaptive methodology to have a sufficient correlation peak
detectability and accuracy even near the interface. To appreciate the improvements in robustness as
a result of the adaptivity, the SN-ratios are compared with those obtained with an advanced crosscorrelation technique (WIDIM, Scarano and Riethmuller 1999). The average interrogation window
size for the PIV data processing was 41×41 pixels² (1.6×1.6 mm²) with an overlap of 75%. The
general tendency in SN is similar for both methodologies i.e. low values across the shocks and in
the wall regions with higher values in zones of uniform flow (figure 11). Adaptivity in window
sizes allows however for appreciable improvements especially in those areas where the window size
is mainly driven by the amount of detected particle images. Across the shocks, the proposed
methodology returns larger areas with SN values above 1.3 indicating a higher reliability.
Furthermore near the walls the thickness of the layer with low SN values is reduced in thickness
indicating a lower probability of encountering outliers.

Figure 10: Ensemble averaged Signal-to-Noise ratio obtained with the adaptive methodology of (Left) region A
using 50 datafields and (Right) region B using 6 datafields

Figure 11: Ensemble averaged Signal-to-Noise ratio obtained with an advanced PIV interrogation algorithm of
(Left) region A using 50 datafields and (Right) region B using 6 datafields. See legend in figure 10
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Resulting velocity profiles superposed onto contour maps of the total velocity for both fields of
view are presented in figure 12. Both the leading edge shock and curved shock and boundary layers
are visualized by the velocity measurements. The existence of a region with lower velocity can be
seen to exist on the first part of the double ramp configuration and continues along the second ramp.
After passing the interaction, the flow gains momentum as it travels along the second ramp. This is
put into evidence when comparing the velocity distributions from regions A and B and is clearly
visible from the shape of the velocity profiles in region B.
Since the spatial resolution of PIV is inversely proportional to the size of the interrogation
windows, it is evident that the combination between the higher sampling rate and advanced window
treatment i.e. rotation an stretching, towards the solid interfaces (figures 8 and 9), will enhance the
resolution. This statement is confirmed through comparison of the adaptive methodology with the
advanced cross-correlation technique when applied to the set of recordings of region A. To
appreciate the improvement a closer look is taken at the velocity profiles located near the wall of
the first ramp (white box in figure 12).

Figure 12: Ensemble averaged total velocityfield of (Left) region A using 50 datafields and (Right) region B using
6 datafields. Velocity profiles are undersampled by a factor 10 in horizontal direction for readability

WiDIM

Adaptive PIV

Figure 13: Zoom of the ensemble averaged total velocity field obtained with (Left) an advanced PIV algorithm
and (Right) the adaptive methodology. The zoomed in region corresponds to the white rectangle in figure 10-left.
Velocity profiles are undersampled by a factor 10 in horizontal direction for readability. The rectangles visualize
the size of the used correlation windows

After having performed a global window refinement, the application of a uniform window size
throughout the image results in a velocity profile tending towards the no-slip condition at the wall.
The applied window sizes are however quite large with respect to the boundary layer thickness
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(white square in figure 13) which results in a loss of resolution. For this reason the algorithm is
unable to capture the smaller fluctuations close to the wall. In the adaptive method on the other
hand, the windows are smaller compared to the boundary layer and together with the fact that they
are aligned with the interface allow a higher spatial resolution. Now the correlation process is able
to detect even the thin layer of recirculating flow near the interface.

5. Conclusions
Window refinement and deformation have become general practice in the analysis of PIV
recordings. The reduction in window size is however performed irrespective of either spatial and/or
temporal variations in seeding density and flow fluctuations. As such, the user defined parameters
for the correlation process are not always optimal. Within this article an adaptive PIV algorithm has
been presented, which adapts the location and the size of the interrogation windows to the signal
density i.e. number of tracer particles and flow fluctuations. Whereas the signal density is estimated
by means of particle detection, the flow fluctuations are represented by the standard deviation of the
velocity and calculated within a recursive structure. A special interface treatment is furthermore
incorporated in the image analysis to resolve the small fluctuations encountered near the wall of the
model. Correlation windows are rotated such that they are aligned with the wall and are stretched
along the wall. Combined with the higher sampling rate near the wall a higher spatial resolution can
be achieved. Displacements are then determined at the chosen locations by cross-correlating the
interrogation windows using Fast Fourier Transforms. Within the iterative process, window
deformation and displacement is taken into account to minimize the influence of velocity gradients.
To validate the presented methodology the flow over a double ramp configuration (15°-45°) at
Mach 7 (approximately 860±10m/s) was selected as test case. Two fields of view were chosen; the
region near the second angular deflection and the top of the second ramp. Analysis of the recordings
of both areas pose a challenging application due to the presence of weak and strong shock waves at
the leading edge of the ramp and at the second ramp respectively and temporal and spatial
variations in seeding density.
The implemented adaptivity criteria imposed higher sampling rates across compression shocks
and near the wall. Larger window sizes were encountered in areas with low seeding and uniform
flow, whereas shocks and boundary layers were sampled with reduced interrogation windows. A
refinement ratio of a factor 12 was obtained compared to a factor 3 when applying a more general
processing methodology. The application of small interrogation windows within the boundary
layers did not affect the reliability of the correlation process since the Signal-to-Noise ratio was
kept a sufficiently high level. To assess the adaptivity, a comparison was made with an advanced
PIV algorithm. An appreciable improvement in Signal-to-Noise ratio could be noted, indicating a
better robustness of the correlation algorithm against outliers. Boundary layers were better
represented due to the interface treatment and this with limited user input. The classic PIV
algorithm returned BL profiles satisfying the no-slip condition while the new methodology enabled
even the identification of reverse flow at the first ramp.
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