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Application of adaptive PIV interrogation in a hypersonic flow
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PIV has become the experimental tool of choice in a wide
variety of applications, ranging from subsonic to supersonic
to hypersonic speeds. Within the cross-correlation analysis of
the image recordings window refinement and deformation
have become general practice. 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. In supersonic and especially
hypersonic regimes large spatial variations in seeding density
and velocity fluctuations associated to flow compression and
flow turbulence pose therefore severe problems to the
robustness of the current cross-correlation PIV algorithms
since the amount of tracers might be too low to retrieve
reliable velocity estimates.
Within this article an adaptive PIV algorithm is presented,
which adapts the location and the size of the interrogation
windows to the signal density i.e. number of available 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, calculated within a recursive structure. The flow
sampling rate and the statistical properties of the interrogation
windows are therefore adapted to the experimental condition
thereby removing the unnecessary constraint of uniform
windowing and spatial sampling. After projecting a random
set of locations weighed by the 2D distribution of the
sampling rate, the displacement are then determined at the
chosen locations by cross-correlating the interrogation
windows using an FFT routine. Within the iterative process,
window deformation and displacement is taken into account
to minimize the influence of velocity gradients. 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.
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 (Fig.1) 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

(Fig.3). Larger window sizes were encountered in areas with
low seeding and uniform flow, whereas shocks and boundary
layers were sampled with reduced interrogation windows
(Fig.4). Towards the wall, the interrogation windows
decreased in size. The application of small interrogation
windows within the boundary layers did not affect the
reliability of the correlation process though since the
Signal-to-Noise ratio was kept a sufficiently high level. In
average, a refinement ratio of a factor 12 could be obtained.
Combined with a higher sampling rate, the advanced
window treatment i.e. rotation an stretching, towards the solid
interfaces (Fig.2), enhanced the spatial resolution. To assess
the adaptivity, a comparison was made with an advanced PIV
algorithm. A significant improvement in Signal-to-Noise
ratio was noted, indicating an lower probability of outliers.
Boundary layers were better represented due to the interface
treatment (Fig.5); the classic PIV algorithm returned velocity
profiles merely indicating the presence of smaller velocity
fluctuations while the new methodology enabled the
measurement of the reverse flow at the first ramp.
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