Sandia
E-a National
SAND2016- 103 /0PELULS

Fluid-Structure Interactions in

High-Speed Flow

Katya Casper
Justin Wagner, Steven Beresh, John Henfling,
Russell Spillers and Patrick Hunter

Engineering Sciences Center
Sandia National Labs
Albuquerque, NM

Texas A&M University
October 13, 2016

' % U.S. DEPARTMENT OF VYA T <37
"j ENERGY ﬂ' VA’;@‘-‘% Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin
s Natlonal Nuclear Security Adminisicaiion Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2013-3295 P




Fluid-Structure Interactions ) e,

The potential for fluid-structure interactions occurs when there
is a harsh loading environment.

Many potential high-speed applications:
= Shock-wave boundary-layer interactions (SWBLI)

= Hypersonic reentry: boundary-layer transition
= Cavity flows: captive carry or store separation

Limited experimental work on these problems, especially at high
speeds.




Motivation: Reentry-Vehicle Vibration [z

Vehicle vibration is a maximum
when a reentry vehicle
undergoes boundary layer
transition.

= Pressure fluctuations peak during

boundary-layer transition.

= Need to model fluctuations and spatial
distribution as input to studying
potential fluid-structure interactions.

= Need to understand physics behind
fluid-structure interactions.




Characterizing Pressure Loading on Relevant (s
Geometries
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Initial work focused on developing more
accurate models of the pressure fluctuations

using a turbulent-spot approach.

= At low speeds, the boundary layer switches
between smooth laminar flow and turbulence.

= Characterized by intermittency, burst rate, and
average burst length at a given point.

T
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= At hypersonic Mach numbers, second-mode waves | &=
are important and occur at the same time as
turbulent spots during the transitional region.
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Turbulent-spot model simulation, Vinod (2007).
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Transitional Boundary Layer, Mach 5

Transitional Boundaw Lazer, Mach 8



1 ﬁg?igi?al
Experimental Setup Lf

We want to study natural transitional boundary layers on a cone at Mach 5 and 8 to
obtain transitional statistics.

= Simultaneous schlieren imaging and high-frequency pressure measurements.

Seven degree stainless-steel sharp cone in Sandia’s Hypersonic Wind Tunnel.
= Axial array with closely spaced high-frequency pressure transducers.
= Directly beneath schlieren viewing area.
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Model installed in HWT. Axial pressure-transducer array.




Mach 5 Measurements, Re = 9.75 x 106/m (@ =

Schlieren Videos

x=0.355m
Intermittent formation of second-mode X =0.365 m
wave packets that then break down to

isolated turbulent spots.

= Observed in both schlieren videos and
simultaneous pressure measurements.

Disturbances are surrounded by a smooth
laminar boundary layer.

= To model this behavior, need to be able

07 L L L il L L L L L L L L L il
to distinguish instability waves from 000065 0.0007 0-3?30)75 0.0008  0.00085

turbulence.

Pressure Traces



Mach 5 Transition Statistics ) i,

Developed techniques to separate
waves from turbulence in both
pressure measurements and schlieren

videos. T e
= Compute separate statistics for .al ___.-,"'
instability waves and turbulent i o oo®
spots. g osf o .__-’
= Both measurement techniques E : .
show reasonable agreement. £ ._,"
Waves remain a small part of 02b  .°
transitional region. | e B e, o
Turbulent intermittency rises rapidly §32 034 03 0-5;(5 ('m;m&ﬁ To4d 046
through transition.
- = -a===  |nstability Waves

@ Turbulent Spots
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Computation of Boundary-Layer Statistics, ;s
Mach 8, Re =9.74 x 10°/m

Schlieren Videos

x=0.355m

3.5 —
—— x=0.365m

Flow alternates between second-mode
waves and turbulence. x = 0.396 m

= Smooth, laminar boundary layer not 28 WWWI”M

x=0.376 m

observed in transitional region. 2}
Important to separate waves from §: 15F ‘
turbulence in this case. 1k

= Wavelet transform technique used to do this.

= Then, use this to compute boundary-layer
intermittency and burst rates for waves and

O ! 1 ! ! 1 ! ! L1 ! L |
turbulence. 000115 00012 _ 000125 _ 0.0013 _ 0.00135
t(s)

Pressure Traces
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Natural Transition Statistics: Intermittenc{f) ..

Instability waves
= Significant part of the flow prior

to development of turbulent .
spots. : T
- = .
Turbulent spots N
> i A\ .
= Gradually begin to dominate Sosf N,
flow. £ | 3
i , ) g 04 LW
= Turbulent intermittency rises as N Y AN
instability wave intermittency o2k * '*@.,_\
decreases. o” apae -
i llLLI\IIIJ!IIFIIIIIII\JJI
8.32 034 036 038 04 042 044 0.46
x (m)
- = -g=:=:= |ngtability Waves

@ Turbulent Spots




Natural Transition Statistics: Burst Rate (&,

Burst-rate computations
shows flow switches
between turbulence and

waves. Z '.a;
) - — 20F e
= Equal burst rate for instability é ¢ 8
waves and turbulence. S5l o .\.,
= High burst rate when s a L o
intermittency is near 0.5. < 10- %2 &
® ° e
= Burst rate decreases as spots 8 o -'.'-'.,_.
merge into turbulence at
locations further downstream. ol
032 034 036 038 04 042 044 046
X (m)
- = -g=:=:= |ngtability Waves

@ Turbulent Spots




Characterizing Structural Response to this@ s
Loading

Laboratories

We now have a better description of the
fluid dynamics side of the problem.

Now we want to know how these
disturbances couple to vehicle vibration!




Experimental Design ) S

Designed a cone with integrated thin panel that

will vibrate from flow excitation.
= Thin plate becomes a sensor for the excitation
loads produced by flow.
= Adjustable material and attached weights to
fine tune structural natural frequencies.
= Carbon-composite and stainless steel panels.
= Aluminum, stainless steel, and tungsten weights.
Panel response measured with accelerometers

on inside of panel.
= @1, triaxial accelerometer on weight.
= G5, uniaxial accelerometer upstream of weight.

Weight
Mounting
Point, G1




Experimental Design ) .

Pressure sensors upstream and downstream of panel were used to characterize the
boundary layer.
= Schlieren measurements also acquired.
Developed a spark perturber to create controlled disturbances in boundary layer.
= Adjustable frequency up to 10 kHz.
= |nitial plan was to match the perturbation frequency to the structural natural
frequencies of the panel.
Controlled perturbation off for 15 s, and then on for 15 s during a run.

Composite Panel

o

Perturber
Electrodes
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Structural Characterization )l

Hammer test was performed to determine the
structural natural frequencies of the panel and model.
= Measure structural response to a known input.
= Generates a Frequency Response Function G it
(FRF) in all three directions. ‘
= Mode frequencies are obtained up to 10 kHz.
= Can also obtain mode shapes.




Three-lobe panel mode, P, (.

Most apparent mode in vertical FRF

= Significant motion at center of panel.

= Smaller motion in spanwise direction,
to either side of center.




Two-lobe panel mode, P, @

Sinusoidal mode shape in spanwise (y) direction.
= Oscillates with time.

= Peak amplitude away from panel center.

Similar mode in axial (x) direction, P,




Panel Response to Turbulent =)
Boundary Layers

Laboratories

Panel response shows many of the
predicted structural natural

frequencies.

=  Boundary layer excites the panel
modes in each direction.

= Can change frequencies of dominant
modes by changing panel material
and attached weights.

Higher-frequency panel response

also occurs (P_,-P).

= Most apparent in G5 measurements
in front of panel center. :

= Also see coupling with dominant 10"
modes in other directions (P,, P, ).

Acceleration (g*/Hz)

Composite Panel, Re = 14.8 x 10°/m

Composite Panel Tungsten Weight, Re = 14.5 x 10%/m
Stainless Panel Tungsten Weight, Re = 14.8 x 10°/m
10" 10 10’

f (kHz)




Composite Panel Response to Natural Boundar S
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Layer Transition
See an elevated response to Re = 6.6 x 10%m
transitional boundary layers. 10°F 22:;:3:134; ‘
= Re=6.6—-9.8x105/m - A
Lower response to turbulent <
boundary layers. = 10"
* Re=14.8x10%m L
Largest differences occur at higher ? 10
frequencies (5 — 20 kHz). 2 10"
= This was unexpected! g
We can gain more insight into this g 107
behavior from controlled <
disturbance experiments. 10

T 520

10
f (kHz)
Vertical Acceleration, G5
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Perturber Effect on Boundary-Layer Statistic§l) .

Consider effect of perturber operated — ® — Sharp Tip, No Perturber
at f — 7.9 kHZ. —10_— Sharp Tip, Perturber e
= At agiven Reynolds number, the Z o
perturber creates: 05l - e
= Higher intermittency. i ] g
= Higher burst rate at low Re, lower > | | 2
burst rate at higher Re. 8 0°r \\ 115 §
Nkite therburblents isobtifeddpvtsy o E L "], ;
=h dififeding danser s atey insteiadtion of = | =
modalifiebkativeceffeclis dodistattirakes. ] g
transition. 02r 1
How does this affect the panel % 8 0 iz 4 16
vibration? Re x 10°/m

Boundary-Layer Statistics




Carbon-Composite Panel Response With ) s,
and Without Controlled Perturbations

Laboratories

Effect of perturber at high
Perturber, f = 7.9 kHz, Re = 14.1 x 10°/m

repetition rates (7.9 kHz): o e o Perturber Re= 188 X 10
= Similar response when the E

—
o
©
1

boundary layer remains _10®

laminar. g o™
= Elevated response near 10 kHz &

during boundary-layer D10*

transition. s

= 10

=  Smaller response over a broad 2

range of frequencies (5-20 kHz) 8 1o

once turbulent. <
Effect can be explained by 107
considering the boundary-layer 107 . L ! .
statistics for these cases. ° ° f (Il&z) " =

Vertical Acceleration, G5




Carbon-Composite Panel Response to 7 o
Controlled Perturbation
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At low Re of 5 x 10%/m, the
intermittency and burst rate
are zero, both with and T e T Patarber

without the perturber firing.

=  Boundary layer is laminar

(dominated by second- 08

I
N
o

mode waves) in both cases. £
> (2]
. Q06 Jdis =
= Panel response remains the § | 2
same. g i 2
£ 04 10 &
= 1 ©
] -
s (11]

02 (] = 5

04 L 1|0 Lo 1|2 [ 1|4 [ 160

Re x 10m

Turbulent Spot Statistics



Carbon-Composite Panel Response to ;=
Controlled Perturbations

Laboratories

At a transitional Re of 6.5 x 105/m:

= Perturber increases intermittency
peeme-meo- - Sharp Tip, No Perturber
from 0.15 to 0.3. ——a—— Sharp Tip, Perturber

= Burst rate peak shifts to lower Re,
and is actually higher than natural
transition at this Re. 08
Burst rate is about 10 spots/ms
with perturber firing.

= Expected to correspond to flow
excitation with a distribution
centered around 10 kHz.

Intermittency

Burst Rate (spots/ms)

= Consistent with elevated 0.2
frequencies of vibration near 10
kHz.

|bf‘.‘. \|||||\||||\||_
%4 6 = 8 10 12 14 16

Re x 10m

Turbulent Spot Statistics



Carbon-Composite Panel Response to ;=
Controlled Perturbations

Laboratories

Ah drighres Nesrempee siraltid et 0f¢an
tbe éunbhbtaebibbuestalateremdgasneéd _
wilhatlemperturber firing. T e T Portarer

= [ntermittency is higher.
Nedtuaguietttunoektest for a clearer
R0e is less intermittent switching

between laminar and turbulent flow, £
o . > 0
consistent with a lower panel o 1% 8
(]

e (/4]
response. £ s
= (3]
£ H10
£ 1 @
7] -
. 11]

x  °

! .:"T. | I Ly o1 [ N ! |
%4 6 8 10 12 14 16
Re x 10%m
Turbulent Spot Statistics



Conventional vs. Quiet Tunnels ) .

Conventional Tunnels: o il Pi probe

Acoustic Disturbances
Traveling Along Mach Lines

= High noise near 2-5% of the _ Boundory Layer
mean.
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Transition

= Noise can cause much

earlier transition than
flight.

Qu iet Tu n n EI : $:;té§few Transition

Nozzle wall

Conventional Tunnel

Pitot Probe

Boundary Layer

= |Low noise around 0.05%. Centertine

= Comparable to flight.

Acoustic Disturbances
Traveling Along Mach Lines

Quiet Tunnel

Schematic of difference between
conventional and quiet tunnels, from
Segura (2007).



Purdue Boeing/AFOSR Mach-6 Quiet Tunngl e,
Test

Laboratories

Under quiet-flow conditions:

= Boundary layer (without perturber) remains laminar even at maximum
quiet Reynolds number.

= When the perturber is used, it is the only disturbance source.

= Can target different structural natural frequencies of the panel
independently of natural transition.




Panel Response to Laminar and Turbulent o
Laboratories
Boundary Layers

Laminar Boundary Layer Turbulent Boundary Layer
2r — 61x|  OF C1x
; Gl - — Gly
5F — 61z| 15F 1z
3 o WMWWW Moo
or ] 1011 T,
@ E _O.ZE @ E W 10 E
s . |8 5% g
B of | 2 Bof |
s | 1012 4018
§-5W01§ §_5 ) g
< | {1 & <« [ o
-10F 1 -10 M ] |
15 W 0 5 il 0
- | | | N | |

_20 B L L L | | L | | | L L L L | L | ] J L L L L L L L L L L L L L ]
0.505 0.5055 0.506 0.5065 0.507 0.605 0.6055 0.606 0.6065 0.607
t (s) t(s)




Turbulent Boundary Layer ..
(Noisy Flow)

Broadband turbulent forcing causes dominant modes to

respond
= X-direction: 2 lobe panel mode near 3.3 kHz

= Also mode near 12.5 kHz

= Y-direction: 2 lobe panel mode near 2.1 kHz
= Also modes near 7-8 and 15 kHz

= X-direction: 3 lobe panel mode near 2.8 kHz

f (kHz)




Laminar Boundary Layer
(Quiet Flow)

Much lower levels of panel excitation
= Similar dominant modes as under turbulent flow

= Stronger low frequency vibration near 1 kHz

y

20

f (kHz)
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Controlled Spot Excitation in Quiet FlowWT

Sandia
National
Laboratories

Perturber operated at low repetition rate of 0.1 kHz.
Generates isolated turbulent spot in the boundary

layer.
0.06
= Higher mean pressure ‘
within spot. 0.04
= Lower pressure laminar .
calmed region behind it. ﬁ o
= High frequency second- £
mode instability waves forn @
at the end of the calmed ~ 7°°
region. 0.04

-0.06 —
0.

o
L LI

N
| L

05102 05104 05106 0.5108 0.511
t(s)

31




Controlled Spot Excitation in Quiet Flow

Panel shov
spot excitc
= Directi

= Respol
forcing

X

-

.celeration (g)

o

10

o

1
N

-
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— G1x
Gly
G1z
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T
I

o (
Pressure (psia)
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3.6 kHz forcing of dominant x-mode @&
20 G1x

X mode resonaq% ver Gly
G1z
= Also forces pagpel res S9

frequency i 'ﬁ]d
(weak exg'gatl p

—
=
()
N

Y mode resonange
the harmonlggre

Pressure (psia)

= I

. X
IR T

'H'u.lll'unmn"mlllml4'||u||llillllu|
i (=

0.9
I =2
5

IN ] .O ]

m

f (kHz)

WT
9.9
] 9
8.1
7.2
6.3
0 54
45
3.6
| gt |E 23
1.8
0.9
0

SO

05055 0506 05065  0.507 -—
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2.1 kHz forcing of dominant y-mode

Y mode begins tofresonate, but

thereis a delay1% response!
l I 1 ' bl

= Primary forci I is n the x.and z

Sandia
|l1 National
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2.9 kHz forcing of dominant z-mode

20r G1x
Z mode resonate s stro gly G1ly
nd 15F G1z

= 2"¢ harmonidis al n strongly s9

excited. _ 10F

X direction alo fesonates at the

same frequ@cg W\P\/\/W\/\l
m st harm"éqlg s also excite

Y direction i%ng Xe] WW@%WWW\\/
] X y _

9

8.1 8.1
72 7.2
6.3 6.3
5.4 5.4
45 45
3.6 | { | i ’ 36
27 27
1.8 18
0.9 0.9
0 -1 0

I N R [ N R R
(s)

.O
N

.O
Raessure (psia)

1.5055 1.506 1.5065 1.507
05 1 t (S)
t(s) 51 1515 t(s) ” 1.51 1515




Future Work )

Data shows we can use mode matching to force panel
vibration in different directions.

= Still more analysis needed to understand and predict panel response,
especially under turbulent boundary layers.

= Continued comparison to computations/modeling efforts as a validation
case.

Future experiments will include Mach 5 testing at Sandia.
= Easier boundary layer to perturb than at Mach 8.

= |Less tunnel noise to drive natural transition.

= Expected that perturber will be more of a driver for vibration at Mach 5 in
comparison to Mach 8.




Motivation: Captive Carry )i

Weapons bays behave similarly to cavity flows.
= |nteraction of free shear layer and cavity walls produces resonant tones.

= Tones can have high sound pressure levels (SPL), up to 170 dB in some cases.

Fluctuations provide a driver for potential large vibrations of internal
stores in weapons bays.

S —

A —-LOH&Wfor Public_R




Response to Cavity Resonance?  [@:.

* |nteraction of free shear layer and | Shear Layer
cavity walls produces distinct dynamics _ | R
and well known Rossiter (1964) tones

Kegerise et al, PoF 2004

150

140

_1:I | 1 | I 1 | | | l | 1 | | I | | | | 1 1
0 1 2 S 4 5
x/D

SPL (dB/\VHz)
w
o

= Cavity flows have longitudinal
pressure waves

120

M0 = Spanwise vorticity results in

wall-normal gradients




Experimental Approach ) .

Trisonic Wind Tunnel

= Cavity integrated into flat-plate &4 upper test section wall
insert on test-section wall. '

= |ncoming turbulent boundary caviky
layer. =
= M=0.6—0.9,1.5,2.0,2.5 .
= Re=x=10’/m
Simple Rectangular Cavity _
‘ : lower test section wall
= |/D=57 | o T 2 f

= L/W=1,2 | P - Rt i an B
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Experimental Approach ) .

1) Simple Store in Simple Cavity

How and why does a fixed, captive
store respond in this
environment?

What happens when a cavity tone
matches a store natural
frequency?

38



Time-Resolved Pressure Sensitive e
Paint (TR-PSP)

Laboratories
Used high frequency PSP from ISSI to characterize loading in cavity
and on structures

= Photron SA-Z High-Speed Camera
" Framing rate of 20 kHz.

= Excitation using ISSI 400-nm LEDs

Model painted with PSP




Time-Resolved Pressure Sensitive
Paint (TR-PSP)

Laboratories
Results show reasonable comparison to Kulite pressure sensors
throughout the cavity.

= Cavity resonance frequencies and amplitudes match well between
pressure sensors and PSP,

1_' Kulite
PSP
Flow >
25| P’ (psia)
T
EO
-9
251
R 1 s R T/ R T _
X(mm) _1 | [ | [ R | 1 ]
0.02 0022 0.024 0026 0028 0.03
Snapshot of PSP movie in empty cavity. t(s)

Comparison of Kulite pressure sensors and PSP.
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Time-Resolved Pressure Sensitive Paint

PSP clearly shows
unsteady pressure field
throughout the cavity.

= Wealth of data showing
changes with complex

: - P’ (psia)
cavity features. o5 |

Coherent structures are &
observed passing along § )
the store. 25 .

= How does this lead to

Of |

50k

store vibration in each 100 150 200
configuration? x (mm)
Flow —m>




Simple Cavity FSI D=

cavity cutout

wall insert

removable
flange

T

Triaxial accelerometers
provided store response.
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Store Natural Frequencies ) e

Post NIRAct Hammeylestsgending Modes
kHz

5 natural frequencies measured below 10 kHz




Simple Cavity FSI ) .

Wall-Normal Acceleration 2 :
180 Centerline Pressure E 10 " Response at cavity
- . modes M1-M3.
- Little response to off-axis _ 10" = Response at wall-
- Vi1 z-modes ] normal natural
160 - M3 I 10° frequencies Y2 and Y3
= | M1 M2 = Similar behavior in x.
L | 14 A
Z i i 310 N
0 40k : | { = Inxand y
E—* Aft-wall pressure g2 | directions, store
o i E responds at on-axis
N : 1142 natural frequencies
120 i and to cavity
- Lines denote store natural i 23] y resonant modes
| frequencies Z1 i i ;'10
- 22 | i
Y ]
1 00 ! ! ! I | ! 3 T 1 0 5

10 10° 10




Simple Cavity FSI

180 Spanwise Acceleration
Centerline Pressure

160

SPL (dB/vVHz)
I
o

120

100

Sandia
|I1 National
Laboratories

Little response to
cavity modes

Clear response at
spanwise natural
frequencies 71 - 73

Every natural
frequency of the
store was excited.

Store responded to
cavity tones in x
and y only.




Simple Cavity FSI

Correlation of Pressure and Acceleration

1 AWP1-A2x
B AWP1-A2y
AWP1-A2z

0.9F M2
0.8:— ”
0.7F M3
Sosk
§ M1
qI,O.S_—
S04}
O f
0.3}
0.2:
0.1k

0 2 4 6 8 10
f (kHz)

Strong response to cavity tones in
streamwise and wall-normal directions,
but little spanwise response.

Sandia
|I1 National

Laboratories

Cavity resonance produces
longitudinal and wall-normal
gradients to drive the store in x
and y. The lack of spanwise
response indicates small
gradients in z.

Simple store tests taught us a lot,
but to go further we need an
improved store.




Complex Store

cylindrical center-body

fore-weight aft-weight

Al i i T A2
(internal triaxial accelerometer)

\ SAT2 (surface pressure sensor)

flow-side nut
aluminum

Sandia
National
Laboratories

Coarse adjustments in
natural frequencies of 100
— 400 Hz by varying nose
and tail material.

= Aluminum

= Steel

" Titanium

Fine adjustments of
10 — 100 Hz by varying
smaller weights.

Study scenarios where a
structural natural
frequency matches a
resonance cavity tone.




Mode Matching h) .

12 ——@—— streamwise Mode-match to a

—@——  Wall-normal .
- streamwise natural

—— Sspanwise
J frequency:

—_
o

Strong amplification

oo
|

Mode-match to a
wall-normal natural

amplification ratio
(@)
|

frequency:

i Significant amplification
4 -

i Mode-match to a
2k spanwise natural

- frequency:
O | | | | l | L | | l | | | | l | L | | l | | | | I | | | | I Minimal amplification
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

AF I,




1 H H ﬁg?igi?al
Time-Resolved Particle Image Velocimetry M.

Allows us to obtain PIV movies to provide
temporally correlated velocity fields.

= Challenge: TR-PIV has been typically
restricted to £ 16 kHz and a few mJ.

= |nadequate for a high-speed wind

tunnel.
Pulse-Burst Laser:
= Manufactured by Spectral Energies, LLC.
= Bursts of pulses for 10.2 ms.
= Up to 500 kHz of pulse pairs, 20-500 mJ.
= But only one burst every 8 sec.

High-Speed Cameras
2 Photron SA- X2

m ]UUUUUUU\
25 kHz 25 kHz




m Eﬁ%ﬂes
Time-Resolved Particle Image Velocimetry
A sample TR pulse-burst PIV movie

This is a 10.2 ms movie with 256 vector fields acquired at 25 kHz.
We can visualize:

= Recirculation region shifting position.

= Unsteady shear layer flapping enhanced by recirculation events.
=  Growth of shear layer structures and their recirculation.
|

Ejection and impingement events at aft end of cavity.

t=0 us =
10F = 2
= — =
£ of A
> (&
10} N -
20F
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Bring all of these capabilities togeth&:-

Pulse-burst PIV measures

\the flow structure...
150

140

...pressure sensors
measure the acoustic
environment...

SPL (dB/VHz)
W
o

Track the energy cascade
through the stages of
fluid-structure interaction. fu,

...plus we will have
high-speed Pressure
Sensitive Paint for the
10" store surface...

N
I Direct quenching Porous surface

0*® _and then we can & ﬁ Ej E/ﬂ E h m

10> measure the structural

——————————————————

SPL (dB/WHz)
B
(@]

surface Pressure (Pa)

response. m =
7.3e+04
4.9e+04
2.4e+04 H u

120

10*
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Backup Slides ) B,




Higher-frequency panel modes, P_, ,

More complex panel motion occurs at higher frequencies.
= Added uncertainty in characterizing these with hammer test.

Sandia

f=9.1kHz f=12.7 kHz




Motivation: FSI in Aircraft Bays @i,

150_—

140

-
w
o

SPL (dB/VHz) V

N
N
o

110

100

f (kHz)

Most bays are represented by rectangular cavities for ground-testing studies.
= Greatly simplifies the actual bay and can underestimate the loading.
Geometric complexities present in flight geometry can couple with cavity
resonance to produce a harsh aeroacoustic environment.
= e.g., Casper et al 2014, Ukeiley et al 2008




