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Since 2007
+ DOCTOR internal project on radar/lidar measurements of WV & models (2010-2012)
* A couple of PhDs
+ Wakenet meetings
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ONERA internal map of WV related activitie

DEMR (Radar)
* Involved in Doctor project

* Investigated WV radar measurement in
presence of rain

DOTA ( Lidar)
+ Lidar design & development
« WYV, EDR monitoring

DMAE (Fluid Dynamics & Energetics)
*  Project management
*  Experiments (WT, water tunnel)
*  Ground effect
+ Parabolized Navier-Stokes

DEFA (Energetics)
« Contrails
+ RANS, LES

«  Thermodynamics, microphysics and
chemistry
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DCSD (Flight Mechanics & Systems)
- B10, B20 facilities
- Severity of encounter metrics

DAAP (Applied Aerodynamics)
- Panel methods
- Vorticity confinement

DCPS (Design & Performance of Systems)
- IESTA air trafic simulator

DAFE (Fluid Dynamics)
* Vortex Dynamics
« Simulation, theory, experiment
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Research at DAFE (Dpt Fundamental & Exp’\“

Research threads meandering
« Single vortex, pair, 4-vortex systems ot}
* merging, meandering ! e
« Jet / wake interaction, contrails : N
 DNS, LES merging

* Theory (stability)
» Wind tunnel experiments

Motivations 4-vortex

* Physics

* WV mitigation
* 4 vortex systems
« Crow instability

N ONERA
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On-going projects

PHYWAKE project
funded by DGAC (French Civil Aviation), 2015 - 2019

Several departements (DOTA, DAAP, DEFA and DAFE) involved

Dedicated to WV
* Flow physics
 Measurements (Lidar/Radar)
« Mitigation
« 1D modelling

Motivation
« Trafic security
e« Contralls

R ONERA
§) Wake Vortex research at ONERA SRR




On-going projects

SESAR H2020
ONERA is third party behind DGAC (French Civil Aviation)

Involved in
« PJ13
 PJ2.1 «runway throughput »
- PJ8.1
« PJCI-04

Period 2017-19

ONERA
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Presentation outline — WV research over th

Motivations
« WV mitigation using the Crow instability

* WV measurements

ltems presented
» Observing vortex pair instabilities in a wind tunnel
« Optimal perturbation in vortices (H. Johnson Phd)

» Radar Detection in clear air (Doctor project)

AR ONERA
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Vortex pair instabilities, a wind tunnel experiment

using high speed stereo PIV

DN ONERA
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Spatial requirements on wake development ’fﬁ \

w instabilities is slow
gth required for the development of the instabilities is ~ 100 wing spans

S2L Wind Tunnel Eiffel type '

- Obtain Crow in the length of the test section ?

test section P

length = 2m
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Experimental setup

side view

-

chord = 0.2m

Re=4.10°

vortex 1

vortex 2

Crow time

T =
I

=>» Choose the gap to reduce T, so reduce b
and maintain a strong I'

12 Literature : Pailhas 2000, Devenport JFM 1997, Heyes 20

4i Measurement of T




Flow field visualized by smoke
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High speed PIV setup

%ﬂmera 2 & camera 1
o z=2C Q

top view

vortex trajectory
—

laser sheet

laser

Time resolved stereoscopic PIV f=3kHz

Posttreatment based on in-house code FolkiPIV*

. ONERA
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High speed PIV setup

%ﬁmera 2 & camera 1
o z=2C Q

top view

vortex trajectory

/

—_—
U0=20m/ S — /

\/

—— 2.5¢

1.5¢

laser sheet

laser

3 measurement planes : 1.5c ; 2¢ ; 2.5¢
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Mean flow

axial vorticity field

Longitudinal evolution of the vortex properties

Position z=15bc z=2c 2=25c
circulation T° (m?/s) 1.37 1.33 1.22
vortex radius a (mm) 13.5 14.5 15.3
vortex separation b (mm) 38.4 40.5 42.3
aspect ratio 2/b 0.35 0.36 0.36
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INSTANTANEOUS FLOW FIELD




E(t, z)=0.5|u(t, ) dx T E(f,2)

10°+

z=2.5¢c
zZ=2cC
z=1.5c

I 1 1 I I 1 ! ' I I I I 1
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Unsteadiness : evolution of the kinetic energy

2 peaks present

10°+

z=2.5¢c
zZ=2cC
z=1.5c

I 1 1 I I 1 ! ' I I I I 1
0 500 freq 1000 1500
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Wavelength

normalize on separation "b" normalize on radius "a"
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Scatter plot of the vortex centers

-.04 - -04 - -.04 -

1 / Preferred orientation ~20°
2 | Symmetric about center line

3 / Amplification
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POD modes

Vorticity fields

Crow peak Widnali'peak
SYMMETRIC SYMMETRIC ANTISYMMETRIC

Real part

Imaginary part
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Comparison to theory

Theory
Crow Widnall S
Present
experiment Py
) )
L e ®
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OPTIMAL PERTURBATION

A way to mitigate vortices

« Valid for stable or weakly unstable systems (such as Crow)

» Transient growth mechanisms may lead to by-pass and

early turbulence

R ONERA
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OPTIMAL PERTURBATION

Objective : Find the maximum of kinetic energy E; at time
T whereE =< q',Bq' > and <.,.> s.p.

q = (u',p") is the perturbation state vector and B = ((1) 8)

Constraints : Navier-Stokes equations + bound. cond.

= Lagrangian approach

Er
L ) ) + - —
(90,997 ) £,

where (a,b) = fOT <ab>dt

(g™, NS(q))

R ONERA
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OPTIMAL PERTURBATION

oL

- Optimal : find g’ such that P
"o

= 0 by an iterative approach

- Impose |q'y| = E, in the process

algorithm
9" = af

N ONERA
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APPLICATION TO VORTICES

Background

Linear optimal perturbation to a single vortex (Antkowiak 2004,
Pradeep 2006, Heaton 2007)
* Linear opt. pert. to a vortex pair (Brion 2007, Donnadieu 2009)

Crow optimal (adjoint)

E/EO
ol Re=4000 < modée
10°[ \O\ a\:
aatte:
101 '
109 =

N ONERA
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LINEAR OPTIMAL WITH FINITE AMPLITUDE
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A first step toward non linear optimization (Wakenet 2015)

Baseflow +

&

Linear optimal

H. Johnson PhD

Effect of initial amplitude € ?
- DNS simulations with increasing €

28 Wake Vortex research at ONERA

Cycle: 0 Time:0

Re=1000
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e =3.1072 C‘#:%(E’J g.:;

t/tb =7

—> Strong sensitivity to initial amplitude
- Persistence of the ring state for small €

—> Largest € produces a pre-turbulent state rapidly (t=12 vs. t>26)

AR ONERA
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PERIODIC RING STATE DYNAMICS
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ref. Arms & Hama (1965).
» Vorticity exchange I, vs. I,

» Low decrease of kinetic energy

VRN ONERA
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EFFECT OF e = 3.10°2

Cycle: 0 Time:0

WY ONERA
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EFFECT OF € = 3.10%

11 T |

: E -

| » Linking accelerated

f ~ » Ring state dynamics prevented
09r ]

: » Higher dissipation due to turbulent
08F ’ small scales
07— » Accelerated decay
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PHYSICAL MECHANISM

e = 3.1072 is the threshold for g

the persistance of the
perturbation around the vortex
cores

This external perturbation likely
promotes transient in the cores
(Antkowiak 2004)

os—Linearopt.ka~1.4

radius variations

. t/t, =15 t/t, =2.5 t/t, =3.5
axial wavenumber

" ~ LW
33 Wake Vortex research at ONERA \ ‘ S T




NON-LINEAR OPTIMIZATION

Previous analysis shows that non-linear effects clearly have potential in 3-D

The method has first been developped for 2-D perturbations to a single
vortex following Bisanti 2014

- Case of the Lamb-Oseen vortex, at Re=1000
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NON-LINEAR OPT. OF THE LAMB-OSEEN V

Optimal initial

t=0 =T t=2T =47
(a) (b) (c) (d)
/3 .‘ ( N\
\J . ),
Linear
_ (e) (f) (@) (h)
perturbation
gets more K @) “' (\f )\ | |
localized with kil ) Bifurcation occurs
increasing € g (tripole) for
i) % i ® 0 suffic_ient initial
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CASE OF 3-D PERTURBATION TO A SING

; 2
/7 /I B
S0 e

Linear
EO — 10_4
G(T) =57

ka=1.4
T = 12.6 (rotation times)
Re =500

Non-linear
EO — 10_2

G(T) = 48
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