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Abstract: Wind turbines experience significant loads due to the wind pressure exerted on their struc-
ture. These loads, influenced by various environmental factors, play a crucial role in the durability
and performance of the turbines. To ensure optimal management of these structures, it is necessary to
predict them accurately. This requirement led to the development of BHawC, a Siemens Gamesa Renew-
able Energy (SGRE) in-house aero-servo-elastic simulation software for the full wind turbine. This tool
uses simulated wind data as input. To enhance its accuracy and bring the simulations closer to reality,
we wish to use realistic datas by using wind profiles generated from on-site measurements obtained via
ground-based and nacelle-mounted LiDAR. Unfortunately, the on-site data usually do not allow a full
reconstruction of the wind field around the turbine. The scope of our contribution is thus to propose a
reconstruction procedure of the wind field around the wind turbine given LiDAR dataset. This problem
is mathematically formulated as a minimization problem under incompressibility constraint (PDE con-
straint). The ultimate purpose then is to obtain more reliable and realistic wind field to be used in BHawC.

Navier Stokes equations (0.1) are solved using the YALES2 solver [1] under low-Mach number and
constant density approximation:

∂tu− ν∆u+∇ · (uu) + 1

ρ
∇p = 0 in Ω

∇ · u = 0 in Ω,
u = g on Γin,

(0.1)

with Γin the inlet boundary. Let u(tj ,xi) be observations data at position xi and time tj, uij(p, g) the
solution u from (0.1) and J the functional cost:
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Our goal is to find the boundary data g∗ such that g∗ = arg min
g

J(u, p; g), where g∗ is calulated and

updated until convergence using an optimisation process, based on Gauss-Newton approximation. The
sensitivity matrix is assembled using the adjoint state method [2] applied to Navier Stokes equation.
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