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Today, the need for more local and global aerologic data increases because of urbanisation,
development of helicopter lift (hospitals, offshore activities…), windfarm installations or reinforcement
in regulation and norms (dispersion of pollutants…). An example of application is helicopter landing on
a frigate where, to improve safety during this difficult and perilous manoeuvre, it is needed to estimate
the velocity field above the flight deck. Another example of application concerns airports where it
would be interesting to estimate the turbulence field around the landing point from spare
measurements to improve safety. The objective of this PhD thesis is thus to be able to estimate 2D (or
3D) velocity fields from 1D (or 2D) sparse measurements in the field (hot-wire) or at the wall
(pressure, skin friction). Indeed, it is interesting from an economic point of view to estimate a velocity
field from a limited number of sensors.
For example, in the separation behind a backward-facing step or a cube, the coherent turbulent
structures, the vortices, leave a trace on the wall and the objective is to estimate the velocity field from
these wall traces. The current method is the Linear Stochastic Estimation (LSE) [1] which, for
example, enables from correlations between the 2D velocity field and spare wall pressure
measurements to estimate this 2D field [2]. The LSE behaves like a model which can be trained either
from time-resolved PIV measurements or from unsteady numerical simulations. Moreover, the proper
orthogonal decomposition technique (POD) [2,3] enables to decompose the velocity field in a sum of
modes ranked as function of their energy. Each mode corresponds to a more regularized velocity field
which is easier to estimate from wall measurements.
This PhD thesis is part of a beginning, 4 years long, ONERA research project named PR HYBEXCIT.
Two main parts can be identified:
- an experimental part which consists in performing the time-resolved PIV measurements in two wind
tunnels from the ONERA Lille center;
- a numerical simulation part where hybrid RANS/LES simulations will be performed with the elsA
software from ONERA.
The tested configuration will first be academic (backward-facing step, cube…) to aim at the end of the
thesis to a more realistic configuration (separation behind a frigate for helicopter landing).
This PhD thesis can be decomposed in four steps:
- bibliographic review of velocity field reconstruction/reduction (LSE, POD…);
- management of the wind tunnel tests in the ONERA Lille center (the tests will be performed by a
dedicated team);
- numerical simulations of the different test cases;
- development of a LSE/POD code.
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