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Abstract:

This communication deals with the emergency water landing of an aircraft (ditching). During an air-
craft ditching, the structure experiences critical loads and eventually fails. The appropriate design allows
minimizing the risks of occupants’ injuries. Therefore, the behaviour of an aircraft in a ditching situ-
ation has been thoroughly studied and demonstrated using scale model tests, comparison with existing
designs, analytical investigations and numerical simulations. See [Toso, 2009] for an extensive review
of these different approaches. The recent progress in computation capabilities led to the increased use of
numerical simulations in the certification process of aircraft. However, modelling such complex hydro-
dynamic impacts is challenging, even with state-of-the-art numerical approaches. For example, during
oblique and high-velocity hydrodynamic impacts, complex hydrodynamic phenomena tend to develop.
Among these phenomena, we can cite air cushion, suction forces, cavitation, ventilation, and aeration.
These phenomena result from the interaction between the structure and the fluids, they occur simultane-
ously and influence each other. The objective of this work is to demonstrate the capability of the present
numerical method to model hydrodynamic impacts in realistic ditching conditions and involving suction
forces, cavitation, and ventilation.

In the present work, numerical simulations are carried out using the explicit Finite Elements solver
Radioss, an Eulerian formulation for the fluid and a Lagrangian formulation for the structure. The
fluid-structure interaction is based on an immersed contact interface (penalty method). This study is
based on a series of experiments performed at the High-Speed Ditching Facility of the CNR-INM (see
Figure 1), in Rome, in the framework of the European project SARAH (Safety And Robust certification
for ditching of Aircraft and Helicopters). These experiments, described in [lafrati and Grizzi, 2019],
consist of oblique hydrodynamic impacts of a double curvature fuselage section (specimen P3 or SP3)
at different horizontal velocities. The results presented here concern three horizontal impact velocities:
U = {21, 34.5,45.2} m/s, with a constant ratio between the horizontal velocity and the vertical velocity:
V/U = 0.0375, and with the SP3 tilted at 6°. The rigid body velocity is considered constant during the
impact.
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The numerical results are compared to the experimental results in terms of hydrodynamic force and
pressure. The hydrodynamic force exerted by the fluid on the whole structure is presented in terms

of non-dimensional force f = where F, is the vertical hydrodynamic force, p,, is the water

F.
pwlU 2 Ser”
volumetric mass, U is the horizontal velocity of the SP3, and S,; is the characteristic elements’ area
the SP3. The hydrodynamic pressure measured at gauge p9 is presented in terms of relative pressure,
Prg = Py — P°, where P is the pressure obtained at the gauge p9 and P is the atmospheric pressure.

The p9 sensor is located at the rear of the SP3 along the longitudinal plane of symmetry (see Figure 1b).
Ut

dH
where H is the height between the lowest point and the front edge of the SP3 (see Figure 1b). The time

The evolution of f and Prg is presented Figure 2, as a function of the non-dimensional time, t* =

t* = 0 corresponds to the beginning of the impact phase, i.e. the instant when the structure enters in
contact with the water. The data stops at the end of the impact phase when the limit of the wetted surface

reaches the front edge of the structure.

(b)

Figure 1: From [lafrati and Grizzi, 2019]: (a) High-Speed Ditching facility: the trolley moves along the
guide suspended above the water. (b) Side view of the SP3 (hatched part), the acquisition box above
it, and the trolley. The position of the pressure gauge p9 is specified and H corresponds to the vertical
distance between the lowest point and the leading edge of the SP3.

Suction forces are measured at the rear of the SP3 for all impact speeds. For U = 21 m/s, the relative
pressure Prg is negative. Under the effect of suction, a cavitation bubble develops at the rear of the
SP3 for the cases U = 34.5 m/s and U = 45.2 m/s during the entire duration of the impact. Due to
cavitation, the relative pressure Prg does not go under 0.1 MPa. This pressure level corresponds to the
relative saturation vapour pressure at an ambient temperature of approximately 20°C. At the maximum
impact velocity, U = 45.2 m/s, the cavitation bubble expands until it reaches the back of the SP3 and
opens to the open air. The pressure inside the cavitation bubble thus increases until it reaches the relative
atmospheric pressure Prg = 0 MPa, at around t* = 12: this is the ventilation phenomenon. An increase
in the total hydrodynamic force is also observed at this moment. Indeed, the increase in pressure leads
to a decrease in the suction forces exerted at the rear of the SP3, and thus to an increase in the total force.

The evolution of the hydrodynamic force and pressure seems to be satisfactorily predicted by the nu-
merical model. The ventilation phenomenon does not seem to be captured well by the numerical model.
Indeed, for U = 45.2 m/s, the relative pressure Prg ~ —0.1 MPa from ¢* = 7 until the end of the
simulation.
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Figure 2: SP3 oblique hydrodynamic impact for U = {21, 34.5, 45.2, } m/s. Evolution of (top) the non-
dimensional hydrodynamic force f and (bottom) the relative pressure at gauge p9, Prg. Both physical
values are given depending on the non-dimensional time ¢*.

These encouraging results show that the proposed numerical method is promising for the study of hy-
drodynamic impacts in conditions representative of an aircraft ditching. Although the numerical results
are consistent with the experimental results, the ability of the numerical method to model a cavitation
phenomenon is not yet proven. The pressure variations observed previously could be related to flow sep-
aration at the back of the structure due to the high impact speeds. This hypothesis seems to be supported
by the fact that the model is not able to model the ventilation phenomenon in this case. Numerically, the
relative pressure at p9 does not go under 0.1 MPa. This is probably due to the fact that the air phase is
modelled using a perfect gas equation, which does not allow for negative pressures. Sensitivity studies

are underway to verify these assumptions.
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