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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 sfgn
conventions

These issues are being sorted out posirkshop. None of the

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

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

h




Principal contributors to assembling and
Interpreting and presenting the comparison data

A Carol Wieseman, NASA
A Boyd Perry, NASA

A Jennifer Florance, NASA
A Pawel Chwalowski, NASA
A Jennifer Heeg, NASA



To To T Io  Bo Bo Do To Io Po Do T To I

Contributing analysts & presenters

Daniel Steiling & Alan Gehri; RUAG Aviation

Bimo Pranata, Jaap van Muijden & Bart Eussen; NLR
Dimitri Mavriplis, Mike Long and Zhi Yang & Jay Sitaraman;
University of Wyoming

Markus Ritter; DLR

Thorsten Hansen; Ansys

Mats Dalenbring & Adam Jirasek; FOI

Pawel Chwalowski; NASA

Anne Sophie Sens & Jean Pierre Grisval; ONERA

Daniella Raveh; Technion University

Melike Nikbay, Pinar Acar, Chagri Kilich & Zhichao Zhang;
Istanbul TU, Zona

Sergio Ricci, Andrea Parrinello & Giulio Romanelli; Politecnico di
Milano

Jack Castro & Beerinder Singh; MSC Nastran & Metacomp
Alan Mueller & Sergey Zhelzov; CD Adapco
Mori Mani, Andrew Cary & Larry Brase; Boeing



Contributing to the Experimental Data
Reduction

A Josef Ballmann, Aachen University

A Alexander Boucke, Aachen University
A Carol Wieseman, NASA

A Jennifer Heeg, NASA



- M =0.80, test mediunNitrogen
Steady (Static Aeroelastic) Cases

a)

b)

HIRENASD /

Re.= 7.0 million, h = 1.54 g/E = 0.22 (ETW159**)
Re = 23.5 millionh =-1.34A g/E = 0.48 (ETW271*)

Dynamic Cases: forced oscillation @ Rending mode
frequency

Re.= 7.0 million, h = 1.54 g/E = 0.22 (ETW159)
Re = 23.5 millionh =-1.34A g/E = 0.48 (ETW271)

a)

b)

M =0.70, test mediumNitrogen

Steady (Static Aeroelastic) Cases
Re.= 7.0 million, h = 1.54 g/E = 0.22 (ETW155**)

Dynamic Cases: forced oscillation @ Rending mode
frequency

Re = 7.0 million, M = 1.58 g/E = 0.22 (ETW155)
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Data Point Excitation
FrequencyHz
155 79.3
159 78.9
271 80.4




HIRENASD Sensor Locations
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Summary of HIRENASD Entries

Analyst A B C D E
CODE ENFLOW NSMB | CFD++ & NASTRA EZNSS Edge
TURBULENCE :
MODEL KTNT k-wMSS | 2 Eq. Realizable-& SA SA
GRID TYPE Strmb Str Unstr Str Unstr
Analyst G H I J K
CODE elsA NSU3D ZEUS FUN3D |ANSYS CFH
TURBULENCEH
MODEL SA SA Unknown SA SST
GRID TYPE Str Unstr Str Unstr Str

Str = Structured
Strmb = Structured multblock
Unstr = Unstructured



Comparison Data Matrix: Experimental Data Status

REQUIRELALCULATIONS

GRID TIME
CONVERGENCE CONVERGENCE
CONFIGURATIO STUDIES STUDIES STEADY CALCULATIO| DYNAMIC CALCULATIONS

-2/3
SteadyRigidCases & G Gavs:N T Mean G vs. x/c

(RSW, BSCW) n/a 1 Means of ¢ G, G, n/a
1 MeanC vs. x/c
SteadyAeroelastic ﬂmﬁm
Cases €, G, G vs. NP nla Y Verticalaispracement n/a
(HIRENASD) vs. chord
9 Twist angle vsspan
_
. 1 Magnitudeand Phase of (Is. x/c
l I\P/Ir?g:emé?zing[ 1 Magnitude and at span stations_correspg?\/ding to
Forced Oscillatiod ~ CM ’ Phase of C G, transducer locations
Cases (vs. NPB at Sy n/a 1 Magnlt_u e and Phase of &, G, at
(all configurations excitation (VS'.Dt at SN ENE TERNEmE) . —
o — excitation mes of@a T 0 1
frequency) span station for two upperand two
lower-surface transduceocations
-




Convergence of steady results, spatial

Experimental comparison data currently in progress

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIO DYNAMIC CALCULATIONS
-2/3
SteadyRigidCases G G Guvs:N T E mggzsgo\;sé)g 5, i
(RSW, BSCW) ’
T MeanG,vs. x/c
SteadyAeroelastic 1 Means of G G, G,
Cases G, G G vs. N3 n/a ' Verticaldisplacement n/a
(HIRENASD) vs. chord

1 Twist angle vsspan

I Magnitudeand Phase of (s. x/c

1 gﬁf:;tg?%ing[ 1 Magnitude and at span stations_corresponding to
Forced Oscillation ~ CM ’ Phase of C G, transc_lucer locations
Cases (vs. N2 at Gu n/a 1 Magnlt_ude and Phase of,&, G, at
(all configurations)  excitation (VS'.Dt at excitation fr_equencyv 7
frequency) excitation 1 Time hlst_orles of@a U |
frequency) span station for two upperand two

lower-surface transduceocations



CL

0.75

0.7

0.65

0.6

0.55

0.5

0.45

04

0.35

HIRENASD M=0.8 Rec=7e+06

Spatial convergence,
| | CL, steady

--&--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

-=--J,node based,SA

Notes: These comparisons are utilizing the preliminary data, Iis
submitted

- prior to the AePW These are workshop results, not publicatio|
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. Corrections eggtalingetc

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.

K,vertex centered,SST

035

Grid factor




-0.25

HIRENASD M=0.8 Rec=7e+06

-0.35 -

-045

CM

-0.55

—=—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
- o J,node based,SA
K,verntex centered,8SST

-0.65
0

Grid factor

x10™

Spatial convergence,
CM, steady

Notes: These comparisons are utilizing the preliminary data, IlS
submitted

prior to the AePW These are workshop results, not publicatio|
results.

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

These issues are being sorted out pagtrkshop. None of the
results included should be interpreted without proper
consideration of these issues. Corrections eggtalingetc

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.

-0.25




Convergence, time step size

Very few data sets submitted up to this point

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIO DYNAMIC CALCULATIONS
-2/3
SteadyRigidCases @ & Gyvs-N . H mg:zsgo\;z)g c, o
(RSW, BSCW) '
T MeanG, vs. x/c
SteadyAeroelastic 1 Means of ¢ G, G,
Cases G, G G,vs. N3 n/a {1 Verticaldisplacement n/a
(HIRENASD) vs chord

1 Twist angle vsspan

I Magnitudeand Phase of (Vs. x/c

1 Magnitude and Magnitude and at span stations corresponding to
Forced Oscillation Phase of CL, CL§ Phase of CG, transducer locations
Cases CM vs. N3 at Gy Vvs.Dt at n/a 1 Magnitude and Phase of &3, G, at
. : excitation excitation excitation frequency
(all configurations) . o < g
frequency frequency I Time histories of @a I o |

span station for two upperand two
lower-surface transducediocations




Phase(CL), deg

Magn(CL)

0.5

180
135

B O
L[4 B =

Spatial convergence, CL, unsteady

HIRENASD M=0.8 Rec=7e+06 {=78.9 Hz

Notes: These comparisons are utilizing the preliminary data,las
submitted

prior to the AePW These are workshop results, not publicatio|
results.

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

These issues are being sorted out pagtrkshop. None of the
results included should be interpreted without proper
consideration of these issues. Corrections eggtalingsetc

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.

--=--B,cell centered, k-w MSS
i C.cell based,2 Eq. Realizable k-epsilor |
E.node based,SA
----F,node based,SA
Gr—————- -r—@ ————————————— O i
0.5 1 15 2
x10™
L T —{a— ———————————— S i
i i |
0.5 1 15 2
Grid factor x10”




Comparison Data Matrix

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIO| DYNAMIC CALCULATIONS
-2/3
Seatigicases @GSN P tuengiede P
(RSW, BSCW) v P
T MeanG, vs. x/c P
SteadyAeroelastic ! Meansof GG, G, P
Cases G G Gvs. N3 P n/a 1 Verticaldisplacemer}s n/a
(HIRENASD) vs chord
1 Twist angle vsspan P
I Magnitudeand Phase of (Vs. x/c
1 Magnitude and Magnitude and at span stations corresponding to
I Phase of C G, Phase of C G, transducer locations
Forceg;secslllatlon Gy Vs. N3 at Gy Vvs.Dt at n/a 1 Magnitude and Phase of &3, G, at
. : excitation excitation excitation frequency
(all configurations) . o < g
frequency frequency I Time histories of @a I o |

span station for two upperand two
lower-surface transducediocations



Envisioned time convergence assessments:
Forced Oscillation Cases
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Convergence, time step size

Very data sets submitted up to this point

GRID
CONVERGENCE
STUDIES

-2/3
SteadyRigidCases & @ G VS:N

(RSW, BSCW)

SteadyAeroelastic
Cases
(HIRENASD)

G, G G,vs. N3

1 Magnitude and § Magnitude and

Forced Oscillation  nase of €L, CL

CM vs. N3 at
Cases excitation
(all configurations)
frequency

TIME
CONVERGENCE
STUDIES STEADY CALCULATIO| DYNAMIC CALCULATIONS
1 Mean Gvs. x/c
n/a 1 Means of ¢ G, G, n/a
PR -
n/a 1 Verticaldisplacement n/a
vs. chord

1 Twist angle vsspan

I Magnitudeand Phase of (Vs. x/c
at span stations corresponding to

Phase of C G, transducer locations

Gy vs.Dt at n/a 1 Magnitude and Phase of &, G, at
excitation excitation frequency

frequency I Time histories of @a | a

span station for two upperand two
lower-surface transducediocations



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

HIRENASD, M=0.80 Rec=7.0e6

eta=0.145,Upper

—c— A Gm
—<—B Gm
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C Gf
C Gm
—<—D Gm
—<—E Ge
F Gc
F Gf
F Gm
—o— G Ge
| Gc
J Gc
J Gf
J Gm
K Gm
-®— Exp

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

HIRENASD, M=0.80 Rec=7.0e6 eta=0.589 Upper
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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. Corrections eggtalings
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.
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Upper surface, steady
Mach 0.8, Re 7/M, a 1.5

HlRENASD: M=0.80 Rec=7.0e6 eta=0-953:Upper prior to the AePW These are workshop results, not

T T 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. Corrections eggtalings
etc will be performed prior to publication.
Gm Please use these results showing proper respect for the|
willingness of the analysts and data reduction team to
Gm share preliminary findings.
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Lower surface, steady

Mach 0.8, Re 7/M, a 1.5

HIRENASD, M=0.80 Rec=7.0e6 eta=0.145 Lower
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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. Corrections eggtalings
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.
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Lower surface, steady

Mach 0.8, Re 7/M, a 1.5

HIRENASD, M=0.80 Rec=7.0e6 eta=0.589 Lower
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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. Corrections eggtalings
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.
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Lower surface, steady
Mach 0.8, Re 7/M, a 1.5
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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. Corrections eggtalings
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.
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ach 0.7, Re 7/M, a 1.5, Steady Cp distribution

HIRENASD, M=0.70 Rec=7.0e6 eta=0.145 Upper
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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 nefifinidings.
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Mach 0.8, Re 23.5M, a=-1.341, Steady Cp distribution

HIRENASD, M=0.80 Rec=23 566 eta=0.145 Upper

-0.8 T

HIRENASD, M=0.80 Rec=23 566 e1a=0.589 Upper

Ty

Upper surface

HIRENASD, M=0.80 Rec=23 566 e1a=0.953 Upper

—=—A Gm A Gm
~—B Gm B Gm
- © Ge © Ge
e—A Gm c af c af
b € Gm © Gm
G Ge D Gm D Gm
cat F Gc F Ge
C Gm F Gm F Gm
D Gm F GfF=80.4 F GIF=80.4
FGe a Ge G ae
F Gm | GoF=80.4 | GoF=80.4
3, F GiF=804 1 Ge JGe
. N G Ge J Gt J Gt
02 % | GoF=80.4 1 6m J Gm
| ation jor
J Gt
| J Gm
U"r - Exp 06 1 o8
06 1 '
1 08 . . ; i 08 . . ; i
o 02 04 08 0.8 1 o 02 04 08 0.8
08 . ; ‘ == ==

Lower
surface

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 nefifinidings.
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Inboard span station, upper surface
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Sort by solver example, steady, M 0.8, /M
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Sort by turbulence model example, steady, M 0.8, /M
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share preliminary findings.
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Sort by turbulence model example, steady, M 0.8, 7M
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results included should be interpreted without proper
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etc will be performed prior to publication.

Please use these results showing proper respect for the|
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share preliminary findings.




Comparison Data Matrix

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIO| DYNAMIC CALCULATIONS
SteadyRigidCases G G Gyvs.N#2 ; T Mean G ‘]fs' xlc /
(RSW, BSCW) n/a 1 Means of G G, G n/a
T MeanG, vs. x/c
SteadyAeroelastic 1 Means of ¢ G, G,
Cases G, G G,vs. N3 n/a {1 Verticaldisplacement n/a
(HIRENASD) vs chord
1 Twist angle vsspan
I Magnitudeand Phase of (Vs. x/c
1 Magnitude and § Magnitude and at span stations corresponding to
I Phase of CL, CL  Phase of C G, transducer locations
Forced Oscillation CM vs. N3 at G, vs.Dt at n/a
Cases _ o S
. . excitation excitation excitation frequency
(all configurations) . o < g
frequency frequency I Time histories of @a I o |

span station for two upperand two
lower-surface transducediocations



2"d bending mode
oscillatory data

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 arjd sign
conventions

These issues are being sorted out pasirkshop. None of the

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

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




Unsteady comparison results,
M 0.8, Re 7TM " Station1
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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.
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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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FRF Magnitude, Mach 0.8, Re /M, a 1.5
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These issues are being sorted out pagtrkshop. None
of the
= R 5 results included should be interpreted without proper
tatl O n 1 consideration of these issues. Corrections eggtalings
S 6 etc will be performed prior to publication.

Please use these results showing proper respect for the|
. YU willingness of the analysts and data reduction team to
share preliminary findings.
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FRF Magnitude, Mach 0.8, Re /M, a 1.5
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Please use these results showing proper respect for the|

0.95 . YU willingness of the analysts and data reduction team to
share preliminary findings.




FRF Magnitude, Mach 0.8, Re /M, a 1.5
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results included should be interpreted without proper
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etcwill 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.




FRF Phase, Mach 0.8, Re 7/M, a 1.5
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Please use these results showing proper respect for the|
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FRF Phase, Mach 0.8, Re 7/M, a 1.5
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Please use these results showing proper respect for the|

0.95 . YU willingness of the analysts and data reduction team to
share preliminary findings.




FRF Phase, Mach 0.8, Re 7/M, a 1.5
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share preliminary findings.




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

publication results.
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Please use these results showing proper respect for the|

willingness of the analysts and data reduction team to
share preliminary findings.
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Mach 0.8, Re 23.5M, a=-1.341, FRH

HIREMASD, M=0.80 Rec=23.5e6 eta=0.145 Upper {=80.0 Hz

per surface
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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. Corrections eggtalings
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.
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HIRENASD, M=0.80 Rec=23.5e6 eta=0.589,Upper {=80.0 Hz - sort on
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Sort by solver example, FRF Magnitude, M 0.8, 7M
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Sort by turbulence model, FRF Magnitude, M 0.8, 7M
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turbulence models to draw meaningful conclusions {" Yo.14
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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|
SA constants, definitions of FRF and sign conventions
These issues are being sorted out pagtrkshop. None

of the
SST results included should be interpreted without proper
k_ TNT EARSM consideration of these issues. Corrections eggtalings
— etc will be performed prior to publication.
k'W MSS PI_egse use these results showing proper respect for the
willingness of the analysts and data reduction team to

2 Eq. Realizable k-epsilon - share preliminary findings.




