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Introduction

Military &
Civil Aircraft

m) Transonic & Supersonic Regimes m) Shock Wave Oscillation

Buzz Engine Air Intake Transonlc Buffet on Wings

Limitations to
the flight

envelope

P. Grenson and S. Beneddine AIAA 2018 Sartor et al. AIAA 2015
012 ] Compliant
] Rigid
014
Soft material or thin plate > Deforms passively <
Passive Control : £ 006
. Incompressible flow > Favorable results'2 S
Compliant Wall 004
Compressible flow: Few studies but successful 3 002
0170' R
f(Hz)
M. O. Krame Naval Engineering Journal 1960" M. Gad-el-Hak Progress in Aerospace Sciences 38 20022 PSD rigid/rubber wall®
H. T. Pham et al. AIAA 20183
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Introduction

Static Deformation#> Coupled Dynamics'2

Vibration modes
Damping: out of phase response

Pressure difference across the shock

Lambda shape - Drag saving

Shock stabilizing effect > anchoring front leg Energy absorption

Lambda shock due to bump® Lambda shock due to deformed thin plate?

Triple point

A-shock

structure

M. O. Krame Naval Engineering Journal 1960" M. Gad-el-Hak Progress in Aerospace Sciences 38 20022 Michela Gramola Journal of Fluids

and Structures 2018* Michela Gramola AIAA 2020° Ogawa AIAA 20066
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Objective and Steps

“Studying shock wave interaction with a compliant wall to develop a passive control device”

Shock + Rigid Wall Shock dynamics

Compliant wall design

Shock + Compliant wall Compliant wall and flow

dynamics
Shock + Rigid Wall . Flow Stability Analv3|§:
Singular-value decomposition of
Shock + Static deformation the resolvent operator’
Sartor F. et al. 20157
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Objective and Steps

“Studying shock wave interaction with a compliant wall to develop a passive control device”

Shock + Compliant wall

Shock + Rigid Wall

Shock + Static deformation

Sartor F. et al. 20157

Shock dynamics

Compliant wall and flow
dynamics

Flow Stability Analysis:
Singular-value decomposition of
the resolvent operator’
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|. Shock + Rigid Wall: Setup

Schlieren Visualization
tacq. = 16,57s
Fs = 7000 Hz

(223

P,, = 0.96 - 105 + 300 Pa
T, = 300 K + 10K

64 Static Pressure Probes
tacq. = 30s
Fs= 100 Hz
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|. Shock + Rigid Wall: Results SPOD

Spectral Proper Orthogonal Decomposition *  Pure oscillation BL and shock = Independent

Parameters: 13 Blocks 16384 Samples 50% overlap SUUEL RIS
°  More energetic oscillations downstream

g X 106 First Eigenvalue
Real H SF x = 420 {=13.24, Mode 1 Real H SF x = 420 {=126.46, Mode 1
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f*PSD

Shock + Rigid Wall: Results Pressure

-
Stagnation Shock Turbulent

¢ Settling Chamber
g Pressure Boundary Layer
¢ Samples per block = 234 . i
¢ Overlap = 50%
* FR =0.42 Hz - Same as SPOD results g X10° First Eigenvalue
Normalized f*PSD Stagnation Pressure 7
—— x =300 mm 6
—— X =320 mm .
—— x=340mm % ;5
—— x =370 mm é
—— x =400 mm = 4
—— x=420mm %
= 3
¥
=
1
0
10° 10! 10? 10°
Frequency[Hz] Frequency [Hz]
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ll. Compliant Wall Design

Material & Dimensions Ma 1.37

Requirements & Constrains

°*  Test section dimensions

Compliant wall(E, v, p)

°  Natural frequency > Shock oscillation = > 200 Hz

Model Compliant Wall - Predict behaviour

* Different types of models: Linear elasticity, Hyperelasticity, Linear viscoelasticity, Plasticity...

b First approach > Simplest model » Linear elasticity

EX
FRANCARE ONERA Interaction of shock-waves with compliant wall
DGA



ll. Compliant Wall Design

Linear Elasticity

|. Balance of linear momentum  Constitutive equation > Isotropic 1st Lame coefficient
(Shear Modulus)

2 Hook’s Law
0°§
|7-a+F=pﬁ oc=C:¢ o=2ue+ Atr(e)l un=0G=

2(1+v)
\ .
Bod 1 &
Cauchy Body Relationship Internal CERA(ZIRR A4V 2nd Lame coefficient
Stress Forces ; 2

Tensor Stress - Strain _ B
A+v)(1-2v)
II. Adimensionalized - Function of Geometry(Lx,Ly,Lz) and Poisson Coefficient v

E
. Modal Analysis > Adimensional frequency Q(Geom., v
Ill. FEM formulation Y quency i ) )
Static Deformation - Adimensional displacement ¢(Load, Geom. v) 14

Range of thickness Lz

I\V. Parametric study - Satisfy requirements Viscoelastic Model
Elastomer :
Ongoing work
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ll. Compliant Wall Design

Lx
Ly Aspect ratio = Lx/Ly

* Poisson Coefficient v - Same range of Q values Lz

Parametric Study: Modal Analysis = O

Depth ratio = Lx/Ly

* Geometry - Region of interest Lz/Ly=0,2-0,4

+  Material > Elastomer

AR Lx/Ly 1.9, Poisson 0.49

Diamond Al,O3 Steels

] Technical SIC Ni alloys
103 e ceramics ,.é__Sia 4 \Jﬂa"‘:’ysl ____________ wc _____

Alm —W all
DR Composites CFRP N / o alloys
=== 0.4200Hz TR X ___.._\ Cualloys |

__— Metals

=== ().4 400Hz P 7
Nat 1 PMMA. . ©— Lead alloys
3 === 0.4 800Hz mateur:':'s Mp;\ : Zinc alloys
3 —_ EEK .
]  ps PET Non-technical
0 4 " Wood Epoxies ~Ceramics

Rigid polymer

© | &
E[GPa]‘
S 3

Foams

\

E E @K Isop’em -

— — -3 | z A =
10 E @ E jme’polymer -

p ! ! 3 ms ‘,f’ Butyl. ~~ Elastomers

10_4 r . ‘.’.’ . A,’ I . ?E'S?G:AF:BGKZNQ(GmmaD&:gnLS)
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p [kglm?]
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ll. Compliant Wall Design

Parametric Study: Static Deformation > &

Pressure ratio vs. position for shock-wave at x = 370 mm
08 .

° ¢ Displacement with TYoung Modulus E TPoisson Coefficient : . * Botom
H = Top
v 0r¢ Lz/Ly

--------- Ist throat
--------- End Nozzle

0.7
Main displacement - Dz

Dependency of shock position on the compliant wall

0.6 *
Small deformations < 1 mm

x = 370 Location 50% v 0.49 Lz/Ly 0.4 E 0.9 MPa L

0.4 i *, K
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Conclusion

1.
V.

Low frequencies = Forcing Stagnation Pressure Linear elasticity - First approximation
Medium bump frequencies > STBLI Elastomer
Oscillation shock and BL - Do not depend on Viscoelastic model

shock position

More energetic oscillations downstream

Future Work

Dynamic Mechanical Analysis - Characterization Material (DMAS)

Viscoelastic model o _ _
Digital Image Correlation (DIC) - Dynamic Wall

Experimental campaign with compliant wall

- : Schlieren - Dynamic shock
Stability analysis
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