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Aeroelastic Prediction Workshop -
Overview & Post Workshop Summary

Summarized by:
Jennifer Heeg, Dave Schuster, Pawel Chwalowski

AePW Website contains all presentations from the workshop:
https://c3.nasa.qov/dashlink/projects/47/
Direct link to workshop presentations:

https://c3.nasa.gov/dashlink/static/media/other/AePW __likeAB_main_v3.htm

Notes: These comparisons are utilizing the preliminary data, as submitted prior to the AePW. These are workshop results, not publication results.
There are significant differences including normalization constants, definitions of FRF and sign conventions

These issues are being sorted out post-workshop. None of the results included should be interpreted without proper consideration of these issues. Corrections and rescalings etc will
be performed prior to publication.

Please use these results showing proper respect for the willingness of the analysts and data reduction team to share preliminary findings.



https://c3.nasa.gov/dashlink/projects/47/

Tentative Schedule of Information
Distribution

A AePW (April 21-22, 2012)
A LaRC Seminar (May 18, 2012)

A Aerospace Flutter & Dynamics Council (October
2012)

A ASM special session (January 2013);: RSW focus
A SDM special session (April 2013): BSCW focus

A IFASD special session (June 2013): HIRENASD
focus



Please consider these results showing proper regard for the
willingness of the analysts and data reduction teams to share
preliminary findings

A All of these results are preliminary

A We are still tracking down
I Units
I Normalization constants
I Sign conventions
I Reference points
I FRF definitions
I Implementation errors

A Re-analyses have not been performed
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Workshop Contributors

A 17 analysis teams providing data for workshop

Industry

5 7 5
A 26 total analysis sets provided for workshop

RSW BSCW HIRENASD

6 6 14

A 10 nations represented among analysis teams

A 59 registered attendees

Updated April 23, 2012
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HIRENASD

A Chosen as a challenging
test case, with aircraft-
representative geometry &
weak aeroelastic coupling

A Some preliminary

assessments from AePW:

I CFD solutions produce consistent
results for the mid-span properties,
both statically and dynamically;
agreement with
so bado

I Mach 0.7 case used as a
benchmark- very benign and
gualitatively good comparisons with
experimental data

I Neither solver type nor turbulence
model appears to differentiate
goodness of static solutions;
influence on frequency response
functions requires more evaluation

exp{'

M=0.70 & 0.80Re=7, 23.5 million, |
test medium: Nitrogen,
h =-1.34, 1.5

2nd bending mode oscillation

0 02 0.4 0.6 08
XIC

Likely plan of action:

A Form technical working group of HIRENASD

analysts

A Examine influence of stataeroelasticsolution

on oscillatory results

A Quantitative assessment of significant factors;

identification of outliers and uncertainty
bounds 10



Benchmark Supercritical Wlng (BSCW)

A Chosen as a challenging , ’ s
Splitter Plate
test case, flow-wise, but » "
simple geometry

I Strong shock with
suspected shock-
induced separated
flow

A Some preliminary
assessments from AePW

I Computational methods had
difficulty producing
converged solutions due to
flow field complexity

i Complex flow field also Likel | ¢ action:
observed in experimental IKElY plan of action:

data: Largest magnitude of A Form technical working group of BSCW analysts
dynamic behavior appears A Extensive study of available experimental data;

0.45

0.4

0.35 P

0.3 |

/'/7 2 0,25

flagn C

. : 02 it
M= O 85 Rec—4 49 m|II|on test medlum-RB4a B
h = BA‘ =1Afreq1 & 10 Hz i

to represent shock characterize different flow phenomena
oscillations A B N « _ ben o
1 selfee v enchmark against more benign cadesver
even for static solution: Mach number, lower angle of attack
A Analyze the static (unforced) problem using

time-accurate evaluation methods
Study of time convergence criteria

To



Rectangular Supercritical Wing (RSW)

A Chosen as the
test case

I Pre-workshop assessment:
Attached, fully turbulent flow;
Moderate strength shock

A Some preliminary
assessments from AePW:

i Complications of
modeling and
computation due to
splitter plate and model
being enveloped in the

f
r

S

M=0.825,Re~=4.0 million, test mediunR-12,

|l am dunko
— 4

h =2& & freq=10& 20 Hz

boundary layer

I CFD solutions vary
widely, even for static

solution; Not an accurate  Likely plan of action:

representation of the A
CFD state of the art

A
A
A

Form technical working group of RSW analysts
Use configuration to focus on an analysidy
study

Determine sources of variations from among
modeling and analysis parameters and methods
Determine relative significance of parameters



Please come see details of the workshop
results

ST G R e O N (R B )
Working groups now forming!

AePW Presentations Available on the website

A https://c3.nasa.gov/dashlink/projects/47

A Individual links for workshop presentation files:
I Overviews, summary and comparison material:
A https://c3.nasa.gov/dashlink/resources/568/
i RSW analystsodéd presentations:
A https://c3.nasa.gov/dashlink/resources/569/
I BSCW anal ystsd presentations:
A https://c3.nasa.gov/dashlink/resources/570/

I HIl RENASD analystsod presentation
A https://c3.nasa.qgov/dashlink/resources/571/



https://c3.nasa.gov/dashlink/projects/47
https://c3.nasa.gov/dashlink/projects/47
https://c3.nasa.gov/dashlink/projects/47
https://c3.nasa.gov/dashlink/projects/47
https://c3.nasa.gov/dashlink/projects/47
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Aeroelastic Computational Benchmarking

A TechniballChelHegge :Assessssiniee-of-the-art maithdd K& aolsofor
the: presdétoio anthdssessmentnf giieetaduc o glomemena

A Fundemeniahhindrdneasde tbistaballerdgenge
A No comprehensive aeroelastic benchmarking validation standard exists
A No sustained, successful effort to coordinate validation efforts
A Appaaath
A Perform comparative computational studies on selected test cases
A ldentify errors & uncertainties in computational aeroelastic methods
A ldentify gaps in existing aeroelastic databases
A Provide roadmap of path forward



Builditigchlock-approachdo validationtion

Aeroelastic prediction requires simulation with many independent

variables spanning multiple disciplines

Utilizing the classical perspective in aeroelasticity
J > S I
A Fluid dynamics ryineni
. | : y l
A Structural dynamICS SHE R Deformed shape,
! - Load plstrlbutlon_, Structural motion,
A Fluid/structure COUp“ng Magnitude, Phasing Boundary conditions

Fluid

dynamics

Validation Qbjectivecofll Workshop

Unsteady aerodynamic pressures due to forced modal
oscillations

Future Weotkshops

A Directed by results of this workshop
A Directed by big-picture assessment of needs & interests




Configuration / Data Set
Selection Compromises

N

% Configur at iaeroelstickyoe n o't
¥ Deflection data is sparse

%2 Expected flow phenomena does not encompass all possible
applicable flows for aeroelastic configurations

¥ Results from workshop comparisons can not be directly
translated to critical aeroelastic quantities

¥ Results of this workshop will only tell us how well we can
predict the class of phenomena that we are looking at:

i Forced transition

I Shock-separated flow

I Forced oscillations

I Uncoupled and weakly coupled aerodynamics



CONFIGURATION

Steady- Rigid
Cases
(RSW, BSCW)

Steady-

Aeroelastic Cases

(HIRENASD)

Forced

Oscillation Cases

(all
configurations)

Comparison Data Matrix

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES
Sy S S V&
N-2/3 n/a
C,Cp Cy Vs. n/a
N-2/3
. {Magnitude and
i MRl Phase of C, Cp,
and Phase of C. vs. dt at
CL, CD, CM M ™
o excitation
vs. N at frequenc
excitation g y
frequency

STEADY

CALCULATIONS

Mean C, vs. x/c
Means of C |, Cp,,
Cw

Mean C, vs. x/c
Means of C |, Cp,
CM

Vertical
displacement vs.
chord

Twist angle vs.
span

n/a

REQUIRED CALCULATIONS

DYNAMIC CALCULATIONS

n/a

n/a

Magnitude and Phase of C | vs.
x/c at span stations

corresponding to transducer
locations

Magnitude and Phase of C |, C,,
C,, at excitation frequency

Time historiesof C 6s at a
selected span station for two

upper - and two lower - surface
transducer locations



Magnitude of FRF, Cp/(displacemamnt)

Frequency response functions (FRFs)
calculation example

B0OO

HIRENASD Experimental Data, Pt 159, Large amplitude excitation '
nfft: 12299, 75% overlap, rectwin CS D( y ([/,/) FFT ( y) . * FFT ( X)
T T T T T T T T ’ —

FRF(w) =

PSD (W) FFT(X).* FFT (X)'

Here,
x = displacement
y=Cp
A 1 FRF for each pressure transducer

Frequency, Hz

Pressure / excitation:

At frequencies where there is no

excitation, the calculation is dividing by

NOA&K ydzYoSNBRZ YIF1Ay3a (KS
amplitude noisy response



Magnitude of FRF, Cp/(displacemamnt)

Frequency response functions (FRFs)
calculation example

B0OO

P50 -

ROO -

n50

100

50

IRENASD Experi

RaWA

ntal Data, Pt 159, Large amplitude excitation

p, rectwin
T

10

20 30

50

1 g
70 80

CSD,, (W) _ FFT (y).* FFT (X

FRE() = PSD.(W)  FFT(x).* FET (%)

Frequency, H Excitation

frequency
~ 80 Hz

Here,

x = displacement

y=Cp
A 1 FRF for each pressure transducer
A Examine values only at the

excitation frequency




Magnitude of FRF, Cp/(displacemamnt)

Frequency response functions (FRFs)
calculation example

B0OO

P50 -

P00 -

n50

100

50

RaWA

M\
A

p, rectwin
T T

IRENASD Experimental Data, Pt 159, Large amplitude excitation

20 30

CSD,, (W) _ FFT (y).* FFT (X

FRF(w) =

PSD (W) FFT(X).* FFT (X)'

Frequency, H Excitation
frequency
~ 80 Hz

Magnitude of FRF, Cp/(displacemamt)

Here,

x = displacement
y=Cp
A 1 FRF for each pressure transducer
A Examine values only at the
excitation frequency

A Plot the results for all transducers on a sin

plot, as a function of chord location

at the

Eval u ate d b of length 12299 pts, at Frequency 78.8294 Hz

excitation
frequency
~ 80 Hz

59, n=10.589




Configurations

% High Reynolds number Aero-
Structural Dynamics Model
(HIRENASD)

%, Benchmark Supercritical Wing
(BSCW)

¥, Rectangular Supercritical Wing
(RSW)




Configurations

” r——

%2 High Reynolds number
Aero -Structural Dynamics
Model (HIRENASD)

¥, Benchmark Supercritical Wing
(BSCW)

¥, Rectangular Supercritical Wing
(RSW)




HIRENASD

A Chosen as a challenging
test case, with aircraft-

representative geometry & 7 ||
weak aeroelastic coupling b R AN 7 \
, ‘ % 4 A

M=0.70 & 0.80Re=7, 23.5 million, |
test medium: Nitrogen,
h =-1.34, 1.5

2nd bending mode oscillation

|

0 02 0.4 0.6 08
XIC

Likely plan of action:

A Form technical working group of HIRENASD
analysts

A Examine influence of stataeroelasticsolution
on oscillatory results

A Quantitative assessment of significant factors;
identification of outliers and uncertainty

bounds
24



Structural Dynamic Model

Structural
Model

The HIRENASD was excited at the
2nd Bending mode frequency, ~80 Hz
Forces applied using piezoelectric
stacks in the mounting hardware

Node Line

Mode shape, ® bending mode




Summary of HHRENASD Entries
Analyst A B C D E F
TURBULENC 2 Eg. Realizable-
MODEL KTNT k-wMSS e SA SA SASST
GRID TYPE Strmb Str Unstr Str Unstr Str
Analyst G H I J K
TURBULENC
MODEL SA SA Unknown SA SST
GRID TYPE Str Unstr Str Unstr Str
Str= Structured Codes used:
Strmb= Structured multiblock Tau
Unstr= Unstructured Edge
elsA
ENFLOW
NSMV
3 additional analysis teams showed results but E;Bg;& MaSlRa
have not yet provided information to the NSU3D
comparison database ZEUS
Fun3D

ANSYS CFX




CL

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

HIRENASD M=0.8 Rec=7e+06

—&—-A,cell-based,k-_ TNT EARSM
--=--B,cell centered, k-w MSS
C,cell based,2 Eq. Realizable k-epsilor
D,SA
—->—-E,node based,SA
-5 -F,node based,SA
G,cell-center,SA
l,cell based,Greens Integral boundary layer method
= --J,node bhased,SA
K.,vertex centered, SST

Grid factor

x10

Spatial convergence,
CL, steady

035 e ST ﬂfEt ..............

Grid factor




-0.25

HIRENASD M=0.8 Rec=7e+06

0.3

-0.35 -

-045

CM

0.5

-0.55

-0.6 -

-0.65

-%--A cell-based,k-_ TNT EARSM
-<--B,cell centered k-w MSS
C,cell based,2 Eq. Realizable k-epsilor
D,SA
-->—E,node based,SA
-&--F,node based,SA
G,cell-center,SA
- l,cell based,Greens Integral boundary layer method
—t—J,node based,SA

K,verntex centered,8SST

Grid factor x10™

Spatial convergence,
CM, steady

-0.25




Upper surface, steady
Mach 0.8, Re 7/M, a 1.5

Notes: These comparisons are utilizing the preliminary data, as submitted
prior to the AePW These are workshop results, not publication results.
There are significant differences including normalization constants, definitions of FRF and sign conventions

These issues are being sorted out pastrkshop. None of the

results included should be interpreted without proper consideration of these issues. Correctiorssaatingstc will be performed prior to publication.
Please use these results showing proper respect for the willingness of the analysts and data reduction team to share psfifimdings.

HIRENASD, M=0.80 Rec=7 .0e6 eta=0.323 Upper

Station 2
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HIRENASD, M=0 80 Rec=7 0e6 eta=0655 Upper

* Station 5
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HIRENASD, M=0.80 Rec=7 0e6 eta=0.456 Upper

08
Xic

HIRENASD, M=0.80 Rec=7 .06 eta=0.804,Upper
T 3 T T

Station 6

0.2 04 086 08
Xic

£

& A Gm

B Gm
C Ge
c Gf
C Gm
D Gm
<—E Ge¢
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F Gt
F Gm
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K Gm

& Exp
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F Ge
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HIRENASD, M=0.80 Rec=7.0e6 eta=0.145,Upper
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08
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Station 1
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-+ Exp

HIRENASD, M=0.80 Rec=7.0e6 sta=0.589 Upper

Station 4

0.2 0.4 [+X] 08 1
Xic

HIRENASD, M=0.80 Rec=7.0e6 eta=0.953 Upper

Xic

OMTMTTMOoOOOO® >
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Unsteady comparison results,
M 0.8, Re 7TM " Station1

ask I 1 [—=—a amazmo

Upper surface !
FRF Magnitude

Magn C.

J GtB4i25

J Gm, 64725

J Gm,256/25

K Gm, 328
* - Exp

F Gf 64/250
e 25 F Gm,64/250
F Gm,128/200
G Gc,64/50
| Gc, 25630
J Gc.B4/25
Notes: These comparisons are utilizing the preliminary data, as submitted
prior to the AePW These are workshop results, not publication results.
There are significant differences including normalization constants, definitions of FRF and sign conventions
These issues are being sorted out pastrkshop. None of the
results included should be interpreted without proper consideration of these issues. Correctiorssaatingsetc will be performed prior to publication.
Please use these results showing proper respect for the willingness of the analysts and data reduction team to share nefifinidings.

. HIRENASD, M=0 80 Rec=7.066 eta=0.323,Upper =79.0 Hz 14 TRENASD. M=0 80 Rec=7.006 eta=0 456 Upper 1=79.0 Hz - HIRENASD, M=0 80 Rec=7.086 ata=0 683 Upper =790 Hz
. . .
Station 2 - Station 3 | Station 4
5
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| Ge,256/30 = 6 & 4 | Ge 256230 = | Gio,256/30
J Ge64/25 ) J Gegd2s J Ge 64125
J GI84725 s J G185 J Gf.B4i25
3 Gm 8428 ;) J GmB4RS 1 Gmeams
J Gm,256/25 4t il 1 J Gm258R5 J Gm 256,25
K Gm 32/ . K Gmmn K Gm 328
* - Exp I s Ep * Exp
2
f“,{ . 5
| o 3. TEIp——— ;
leee T ¥y
ol H i i b 3
) 02 04 06 08 1

XIC

HIRENASD, M=0.80 Rec=7 066 ota=0655 Upper 1=79.0 Hz
18 T T '

HIRENASD, M=0.80 Rec=7 0e6 eta=0 804 Upper =790 HZ HIRENASD, M=0.80 Rec=7.086 ela=0.953 Upper (=790 Hz
15 . . - - 16 ' . .

- -
tation 7
ation ation "

" Q g?off" A Gm,32/50 G A GM,I2160
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12} E Gc 128030 C Ge.10015 © Ge100/6
F Ge 641250 10} 1 € Gc,128R0 E Go,128/0
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4 h F Gm,128/200 o F Gm,04250 F Gm,847250

& b @ Go64/80 P F Gm,128/200 F Gm 128/200

= | Go,25670 g Q Gagaso G GoB4/50
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J Gm 84725 s L i J QLS J Gledis
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Lower surface, steady
Mach 0.8, re /M

Notes: These comparisons are utilizing the preliminary data, as submitted
prior to the AePW These are workshop results, not publication results.
There are significant differences including normalization constants, definitions of FRF and sign conventions

These issues are being sorted out pastrkshop. None of the

results included should be interpreted without proper consideration of these issues. Correctiorssaatingstc will be performed prior to publication.
Please use these results showing proper respect for the willingness of the analysts and data reduction team to share psfifimdings.
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Unsteady comparison results,
M 0.8, Re 7TM
Lower surface
FRF Magnitude

Notes: These comparisons are utilizing the preliminary data, as submitted
prior to the AePW These are workshop results, not publication results.

There are significant differences including normalization constants, definitions of FRF and sign conventions

These issues are being sorted out pastrkshop.

None of the

results included should be interpreted without proper consideration of these issues. Correctiorssaatingsetc will be performed prior to

publication.
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Sort by solver example, steady, M 0.8, /M

7.0e6 eta=0.589 Upper - sort on Solver
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Sort by turbulence model example, steady, M 0.8, 7M
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Sort by turbulence model, FRF Magnitude, M 0.8, 7M
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Static pressure distributions for all 3 analysis conditions:
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Inboard span station, upper surface
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Influence of static aeroelasticity

Harmonic perturbation around correct initial
geometry affectCpand frequency response
function near the wing tip
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Wing Location

Harmonic perturbation
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Harmonic perturbation
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HIRENASD summary points

Convergence results: Difficult to say anything at this point.
Experimental comparison data & updates from analysts required

CFD solutions produce consistent results for the mid-span
properties, both statically and dynamically; agreement with
<20 o Ml Y BN 4§ SR I SRS N DK ¢ ) s Ko DTSR AR A Ko 0

Mach 0.7 case used as a benchmark- very benign and qualitatively
good comparisons with experimental data

Neither solver type nor turbulence model appears to differentiate
goodness of static solutions; influence on frequency response
functions requires more evaluation

Wing tip region is poorly predicted
Little attention has been paid to the leading edge suction peak or

other behavior. Generally assumed that match would be poor; fully
turbulent flow in modeling, forced transition in experimental data.



HIRENASD

Likely plan of action:

A Form technical working group of HIRENASD
analysts

A Examine influence of stataeroelasticsolution
on oscillatory results

A Quantitative assessment of significant factors;
identification of outliers and uncertainty
bounds
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Benchmark Supercritical Wing (BSCW)

r
Splitter Plate/

M=0.85,Re=4.49 million, test medium:-E34a,
h =53 =1Afreq1 & 10 Hz

A Chosen as a challenging test case, flow-wise, but simple geometry
I Strong shock with suspected shock-induced separated flow



Summary of Benchmark Supercritical Wing Entries

Analyst A B C D E F
TURBULENCE
MODEL SA SA SA SA SST SSTkw
GRID TYPE Str Unstr Str Unstr Str Str
Str = Structured
Codes used:
Unstr = Unstructured FUN3D
CFL3D

Overflow 2.2c
NSMB
NSU3D
ANSYS CFX




BSCW Steady Grid Convergence

BSCW M=0.848167 AOA=5 deg
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Comparison results, U

BSCW, AOA=5 eta=0.6 Surface=Upper - sort on All analys{
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Comparison results, Lower surface
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To Do To o

T I

Some BSCW summary points, focused on

computational results

Computational methods had difficulty producing converged solutions due to flow field complexity

Complex flow field also observed in experimental data; Largest magnitude of dynamic behavior
appears to represent shock oscillations
CFD solutions vary widely, even for static solution
The flow phenomena that appear to be present on the BSCW test case include
T shock-induced separated flow
i geometry-induced separated flow
I shock oscillations even in the steady solution & unforced experiment
Convergence wrt grid size has not been consistently demonstrated

Static predictions of pressure distribution (Xducers are at 60% span):

T Predictions of upper surface shock location vary by 25% of the chord

| OIPredlcted values of Cp ahead of shock are consistent among analyses and consistent with experimental

ata
T If experimental data is taken as gospel, CFD solutions predict shock too far downstream
T Aft of shock, the magnitude and distribution of the predictions vary and have a different distribution shape
from the experimental data

i Lower surface: aft of the shock predictions begin to fan out; disagree with the experimental data
The Ianalytical results tend to look more constant wrt frequency of excitation than experimental
results
Computational FRFs in the region of the shock and aft of the shock do not give consistent
answers, nor do they match the experiment

We have an insufficient number of data submitted to assign cause and effect relationships



Time histories histograms of Cp for each transducer

Station 5 just
aft of the
transition strip
looks the most
like an ideal

= Sinusoidal
distribution

Stations 7 and 8: Nearly
sinusoidal, near the peaks,

omomasn there is some sign of nen T

linearity and peaklattening.
Note how the distribution has a
Gadz22L¥ GF1Sy 2




