SARAHES
—

Increase d Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters
e

From empirical approadhte humericalmodels
for ditching analysis f
SMAESNd SﬂM—EEBrejects overview r

V. DACQEMESB. PAUL -
Dassaliltrdvdation \‘

SARAH CNIRIM facilities inauguration event,

* *
SARAH Confidential i i
A B o ~ Rome, Italy *



W Plan of the presentation

Increase d Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

SMAES SARAH “

Q0

(2011-2014) (2016-2019)
A e o o=
the art T

A/C ditching analysis

V. JACQUES, B. PAUL 2 \‘




/)
JARZSER plan of the presentation

Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

%

J

SMAES SARAH
(2011-2014) (2016-2019) —

V. JACQUES, B. PAUL 3




SARAHES .
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A/C Ditching : Emergency landing on water of a controlled A/C

Approach Impact Landing Floatation

[y o
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~ min ~ msec ~ sec ~min
Aerodynamics Hydrodynamics Aerodynamics + Hydrodynamics Hydrostatic evolution
Approach and handling Impact pressure and local Trajectory and aircraft dynamics Floatation time and evacuation l
conditions deformations i
(Certification N

(CS 25.563 and 25.801)

A Aircraft dynamics

@ Structural integrity e R 016 i
what should be avoidedé
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ditchin g of Aircrafts & Helicopters

Dassault Aviation context \

Design rules and Certification means of compliance mainly rely on :

A Empirical criteria from tests on reduced aircraft models,
A And in-service ditching events.

A Need for industrial enhanced ditching analysis methods to:

A Better understand physical effects involved during ditching
A Evaluate ditching behaviour of innovative A/C configurations

Q Anticipate certification requirements evolutions / “
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/ State of the art (~2010) \

Higher-order methods Lower-order methods |
A Coupled Euler-Lagrange (CEL) A Boundary Element Method (BEM) f
A Volume of Fluid (VoF) A Von Karman r
A Smooth Particle Hydrodynamics (SPH) A Modified Logvinovitch Model (MLM)
‘J
A Need for : ‘ :
A Dedicated experimental investigations
A Better understand physics (fluid phenomena, FSI etc.) \

A Calibration and validation databasis w
v Enhancement of existing methods towards full A/C ditching/
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AR SMAES project

Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

Smart Aircraft in Emergency Situations (2011-2014)

A Development of novel holistic, simulation-based approaches to
the analysis of aircraft ditching. l

A Dassault Aviation developed the analytical method called MLM (Modified Logvinovitch
Model [1]) to assess the global hydrodynamic loads on the aircraft from an early design
stage to the certification process, for a large number of configurations, at reduced
computational cost.

A Initiate a test basis for the
validation of the simulation tools

A High speed guided ditching tests on simple test specimen

e

planar plate cylindrical plate Test facility for guided ditching tests

at the INSEAN
A Tests on flexible structures to start adressing FSI

[1] Korobkin, A.A. Analytical models of water impact. European Journal of Applied Mathematics (2004) 15:821-838.
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SARA — MLM method for a 2D impacting body

Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

Hypothesis on the 2D section: - symmetric
- rigid
- positive lateral curvature

Step 1: evaluation of the free surface evaluation W '
The wetted area half-width Qis \ ES;::‘;'?_‘;‘ , ;
the solution of [1]: > \\ Water free
: 3 \\ > b surface elevation
(:] ((I:)Z O EFD Fb)’Q T Initial water free surface ‘

Impacting 2D section ‘

Step 2: analytical expression of the hydrodynamic force

A from Bernoulli non-linear formulation and Wagner potential: ) : velocity part

0
0 : acceleration part
0 : « Archimede » part

0 0 0 U

AQ obtained by a numerical integration of the pressure terms along the wetted area. “

[1] Korobkin, A.A. Analytical models of water impact. European Journal of Applied Mathematics (2004) 15:821-838.
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SARA A Extension to 3D impacting bodies:
Increased Safety & Robust Certification for 2D+t Strr'ateg]y

ditchin g of Aircrafts & Helicopters

Step 1: apply the 2D MLM method for each lateral section

Ny

J_C)JO Water free surface

y®

[ tminw

D)

z.hvdro

Note: for each 2D sub-problem, the vertical velocity @ and acceleration & of a point of the 2D
lateral section depends not only on the velocity and acceleration of the COG but also on the local

shape of the impacting body along the longitudinal direction (gradient & — and curvature

a —— ,with wh the coordinates of the point in the body axis) =

o -—'\I_'-"—‘

Step 4: integration of the hydrodynamic loads

O Q. 2o AT A j ® © z'Q  zZOo® V\‘
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w SMAES test matrix

Increase d Safety & Robust Certification
ditchin g of Aircrafts & Helicopters

Step by step validation of the MLM method

@I

Elementary 2D cases  High speed guided Free movement AIC ditchihg

ditching tests on impact of a analysis
simple specimens NACA shape -
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Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

SMAES test matrix

Elementary 2D case

A Constant vertical velocity &

A Radius'Y p a

A Non dimensional force:

% "WYY

A Non-dimensional time:

160
o T

-

p® afi

N

®Tests (Armand and Cointe, [2] )

N w B~ o

A Good agreement for the initial hydrodynamic peak force and hydrodynamic force %

evolution for low penetration depth.

|
\

[2] Cointe, R. and Armand, J.L. Hydrodynamic Impact Analysis of a Cylinder, Journal of Offshore Mechanics and Arctic Engineering (1987) 109:237-243 |
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W SMAES test matrix

Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters
—

High-speed quided ditching test

A Constant vertical velocity &  p® Ofi

A Constant horizontal velocity & Tan Curved rigid plate
A Constant pitch — ¢ J  w
z z Complete
N 2 5 submersion of
o " o . the first section
E: .’: . ”‘ ,J-"*'.“: E 4 v I_.___;-._ e . . =
g & s \ ‘lllli |
Impact starts \hu 002 004_006 008 01 % o002 o004 006 008 O |
= R Complete
R=2m R=infinite submersion |

A Good agreement for water impacts with a high horizontal velocity in the case of a plane‘
Impacting body and in the case of an impacting body curved in the lateral direction
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QARCLEAE SMAES test matrix

Increased Safety & Robust Certification for

ditchin g of Aircrafts & Helicopters

Free movement impact of a NACA shape

A Free movement including aerodynamics:

0 "Q"Q%M‘Y 00U

oiw§mvao

Gno&%m'véa

A Friction drag proportional to the length of the wetted area:

Lift

4

Weight

"2 Q)

Al

2(0\) i

Nt

X [m/s]

0
0

02 04 06 08
Time [s]

1

12 14

0

02 04 06 08
Time [s]

1

12 14

Time [s]

A excessive pitching due to significant suction loads during the first stage of the impact '\‘
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W SARAH project

Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

A Broaden the test basis for the validation of
simulation tools:

A high speed guided ditching tests on rigid
plates with both lateral AND longitudinal curvature

A guided ditching tests on reduced fuselage
models with dynamic pitch

A Guided ditching tests on deformable structures

A Varying environmental conditions

fuselage model

A Carry on the development of simulation-based approaches to the analysis of
aircraft ditching

A Emphasis on the understanding of complex physical phenomena
A Benchmark between simulation methods (SPH, VoF, BEM)

A Carry on the work on FSI effects V\
Objective: cover all the physics involved in a ditching \‘
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Increased Safety & Robust Certification for
ditchin g of Aircrafts & Helicopters

Comparison between MLMand SARAHOG s

first test results: double curvature plates

Zxx (m™)

z

A

¥

WP5 T5.2.1 on Shape 3

Guide inclination 1.5/40
Speed 35m/s
Pitch 6°

A MLM enables to quite properly track the

cavitation area for impacting shapes involving

non-zero longitudinal curvature

A we then suggest to apply a simple truncation:

4

0 AdO®
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= SARAH test matrix

/X\ XA A

t =30ms

\

Wi 12(¥2p)

B:P > P
WP <P

x A a

N

t =30ms

t =20ms

\ t=10ms

Py
\

Underwater
camera, the
cavitation area
appears cloudy in
the part where the
longitudinal
curvature z,. .. is
non-zero
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SARAH LS

—  SARAH test matrix
e Work in progress
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