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Comparison Data Matrix

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIONS DYNAMIC CALCULATIONS
SteadyRigidCases G G Gyvs.N#5 / 1 I\M/Iean CB‘;S- xlc /
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 MeanG,vs. x/c
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Comparison Data Matrix: EXxperimental Data Analysis

REQUIREICALCULATIONS

GRID TIME

CONVERGENCE CONVERGENCE
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-2/3
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(RSW, BSCW) :
1 MeanC,vs. x/c
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Cases G, G G vs. N n/a Y Verticalarsplacement n/a
(HIRENASD) vs chord

1 Twist angle vsspan

| s B
1 Magnitude and _ 1 Magnitudea_nd Phase opr/s: x/c
Phase of CL. CI 1 Magnitude and at span statlons_correspondlng to
Forced Oscillatiod  CM ’ Phase of C G, transducer locations
Cases (vs. NPBat oy n/a ' Magnitude and Phase o{,&p, G, at
(all configurations excitation (VS'.Dt at SEIENE IEE|LISEY L oa
e excitation mes of @a 0 I as
frequency) span station for two upperand two
lower-surface transducelocations
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In-progress Experimental Data Analysis:

Balance loads

From Aachen University published results

06T
1| Ma=0.80, |
Balance data exists for calculating comparison .1l 0/E=0.48e6 //
data only for HIRENASD oa 57
Status: Not complete 5 o0
Issues: Axis definitions, orientation, . >
normalizations, transformations, other? Sl ¢
STOUIES STOUIES STEADT CA Re=14.0 Mio.
011 / ----- Re=23.5 Mio.
. G, G, G, vs.N23  Mean G vs. 021l j : e PR VIR
SteadyRigidCases n/a 1 Meansgofg 3 2 1 0 1 2 3 4
(RSW, BSCW) alpha
1 MeanC, vs. x/c
SteadyAeroelastic u Means of G G, G, |
Cases G, G G vs. NP3 nla 1 Verticaldisplacement n/a
(HIRENASD) vs chord

1 Magnitude and

Phase of CL, cff T Magnitude and

Forced Oscillation CM Pl O [0G,
Cases (vs. N2Rat Cu
(all configurations excitation (VS'.Dt f'ﬂ
frequency) excitation
frequency)

n/a

1 Twist angle vsspan

I Magnitudeand Phase of (s. x/c
at span stations corresponding to
transducer locations

1 Magnitude and Phase of &, G, at
excitation frequency

9 Time histories ong a o F
span station for two upperand two
lower-surface transducediocations
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Steady (Static) Experimental Data

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIONS DYNAMIC CALCULATIONS
SteadyRigidCases G G Gyvs.N*2 / /
(RSW, BSCW) na - na
SteadyAeroelastic e U -
Cases G, G Gyvs. B n/a {1 Verticaldisplacement n/a
(HIRENASD) vs. chord
1 Twist angle vsspan
 Magnitudeand Phase of (s. x/c
1 Magnitude and § Magnitude and at span stations corresponding to
Forced Oscillation Phase of CL, CL  Phase of C G, transd_ucer locations
Cases CM_vs: N/3 at Gy vs.Dt at n/a 1 Magnlt_ude and Phase of G5, G, at
(all configurations) excitation excitation excitation fr_equency ] i
frequency frequency T Time historiesof @a | 4 F & S

span station for two upperand two
lower-surface transduceiocations



Steady (or Static) Pressure Coefficients

A RSW:

I Historical tabulated values, obtained from archival
publications, available through RTO

| Based on steady state measurements; mean values

A BSCW

I Calculated from time history data
I Steady point: Mixed mean and mode values
I Oscillatory points: Mean values of unsteady time histories

A HIRENASD

I Angle of attack polar data: pressures did not stabilize

I Non-excitation portions of oscillatory time histories used,
mean values



BSCW Steady Pressure Distribution

A Non-oscillatory data point:

I For almost all sensors:

A Mean value calculated

A +/- 3 standard deviations used as upper and lower bounds
I For shock-traversed sensor:

A Mode value calculated

A 1% and 99% values used as upper and lower bounds

A Oscillatory data point:
I Mean values calculated
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BSCW steady data

BSCW Experimental Data, Steady Data, Pt 1359
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BSCW Static Data:
Steady Cp estimates from non -oscillated data

Data is assumed to be Gaussian when the mean is calculated.
For BSCW:

Most pressures are approximately Gaussian
Data in the region of the shock is poorly represented in this way

BSCW Experimental Data, Steady Data, Pt 1359
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BSCW Static Data:

Steady Cp estimates from non -oscillated data

A
A
A
A

Using the mean value to represent the steady distribution:
Shock strength underestimated

Value at transducer 12: Mean value% too low if mode is considered as the proper estimated value

The lower bound shown, turquoise circle, represents a value that is never achieved (overestimate of bound)
The upper bound, magenta circle, does not capture 99% of the data which is implied s/¢hkedlations

(underestimate of bound)
Mode, 99% and 1% values used instead of meansghdor this point
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BSCW Static Point, Lower Surface

BSCW Experimental Data, Steady Data, Pt 1359
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HIRENASD Static Data

A Mode not used as replacement for HIRENASD data

PR EES it T v e e fa piae s ekl
A More sensors to evaluate
A More cases to evaluate
I Gaussian assumption not as bad as for BSCW shock

I Mul ti ple sensors di-Ggudsiany N mo
characteristics

I Need met hod to quantify nNngoo:
Gaussian assumption

I OR e Deci de t o replace mean
with other statistics



HIRENASD Steady Data Selection

A Each HIRENASD oscillatory point contains 2 regions
of oscillation: low excitation and high excitation

A These excitations are separated by several seconds



Excitation Signal

HIRENASD data subset for static analysis:
time histories

HIRENASD Experimental Data, Pt 155, n 0.953
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Frequency Response Functions

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIONS DYNAMIC CALCULATIONS
-2/3
SteadyRigidCases @ G GyvsN P n/a E “MAEZESCE’O\;S{';XC/; o P n/a
(RSW, BSCW) v P
 MeanG,vs. x/c P
SteadyAeroelastic 1 Meansof GG, G, P
Cases G G Gvs. N3 P n/a 1 Verticaldisplacemer\B n/a
(HIRENASD) vs. chord
1 Twist angle vsspan P
 Magnitudeand Phase of (s. x/c
I Magnitude and P Magnitude and P at span stations corresponding to
Forced Oscillation Phase of/gC‘D, Phase of C G, transducer locations
Gy vs. N°Bat Gy vs.Dt at n/a
Cases L o
(all configurations) excitation excitation ]
frequency frequency f Time historiesof @a | 4 |

span station for two upperand two
lower-surface transduceiocations



HIRENASD Exp Data; PU 159 : FRFy of Cp dute o displacement, frequency =78.8294 Hy
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Considerations in computing FRFs

A Subset selection
A Displacement by integration of acceleration
A Fourier analysis block size determination



Displacement

HIRENASD experimental data point # 155
October 2011 processing

HIRENASD oscillatory data
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Amplitude, |Cp/(displacement15/cref))|
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HIRENASD data subset used for unsteady
data reduction - Excitation signal

HIRENASD Experimental Data, Pt 159
500 T T T T

400 -

300

200

100 -

Excitation signal
(o]
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-200 -

-300 -

Full time history
Subset analyzed
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HIRENASD data subset used for unsteady
data reduction - Acceleration signal

HIRENASD Experimental Data, Pt 159
x 107 Data as delivered

— Full time history
— Subset analyzed
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Time, sec



Fourier analysis: analysis time length varied by
1 sample increments to determine block size

HIRENASD Experimental Data, Pt 159
x10* Bandwidth Definition for frequency determination

T . L T

PSD

: i : :
78 78.2 78.4 78.6 78.8 79 79.2 79.4 79.6 79.8 80
Frequency, Hz

Power spectral density function of excitation signal:
Analysis block size determined by minimum standard deviation among ensemt




Frequency response functions for several
transducers

Magnitude of FRF (Cp / (disp/cref))

HIRENASD Experimental Data, Pt 159, Large amplitude excitation
nfft: 12299, 75% overlap, rectwin
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Coherence for corresponding transducers
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Frequency response function at excitation
frequency: all sensors at 1 span station

HIRENASD Experimental Data, Pt 159, n = 0.589
Fourier analysis results for segments of length 12299 pts, at Frequency 78.8294 Hz
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Corresponding coherence

HIRENASD Experimental Data, Pt 1591 = 0.589
Fourier analysis results for segments of length 12299 pts, at Frequency 78.8294 Hz
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Magnitude

Example of dynamic comparison data:
HIRENASD Frequency Responses at
2"d Bending Mode Frequency (78.9 Hz)

A9 20 212

17 18 32425262728
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15 44 13 12 I J l \ 4 3 = 1

11 10 ) 8 7 6 S

15

10

—

D Upper Surface

’ Lower Surface

Cp(x)/displacement

Pressure coefficients
at span station 4 due
to displacement at
location (15,1)

Reference quantity:
Displacement at location
(15,1)



HIRENASD Exp Data; PU 159 : FRFy of Cp dute o displacement, frequency =78.8294 Hy
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CFD displacement amplitude calculation

A Fourier analysis of integrated displacement



HIRENASD data, displacement signal

HIRENASD Experimental Data, Pt 159

x10° Using Integration and filtering of acceleration 15, 1
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HIRENASD data, Fourier analysis of
displacement signal

HIRENASD Experimental Data, Pt 159, Large amplitude excitation
nfft: 12299, 75% overlap, rectwin
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HIRENASD Response Amplitudes

A Updated information:
i Amplitude of excitations for 2" bending modes for each of the 3 unsteady
cases, extracted from the experimental data:

Exp Test Pt ___

Mach#
Re, ™ 23.5M ™
Amplitude 2.4 0.90 2.0
(mm)
Frequency 78.9 80.4 79.3
(Hz)

For those analysts using strictly forced oscillations (similar methodology to RSW and BSCW),

it is recommended that they use the frequencies extracted from the experimental data at the test conditions,
as given in the table above. It is recommended that they oscillate the model ifitbertling mode shape

as given by the finite element model.

For those analysts who are performing a coupled aeroelastic analysis, proximity of the oscillatory frequency
the modal frequency may be a dominant effect, and these frequencies are likely not exactly correct. The ne
slide contains a summary of the -aiff natural frequencies of the"bending mode. The first 2 columns show
the experimental data; the last column shows the current finite element model frequency.
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Comparison Data Matrix

GRID TIME
CONVERGENCE CONVERGENCE
STUDIES STUDIES STEADY CALCULATIONS DYNAMIC CALCULATIONS
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The purpose of this series of charts is to look for evidence of nonlinearities in the computational aeroelastic solutions.
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Comparison Data Matrix
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Cases CM_vs: N/3 at Gy vs.Dt at n/a 1 Magnlt_ude and Phase of G5, G, at
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4oo-: ReVariation: Influence on lift and drag
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Additional things about the BSCW data



Mean Squared Coherence, yiy
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BSCW Exp Data, Data Point 1360, Nominal processing parameters,
Lower Surface Pressures, Legend shows sensor number
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BSCW Exp Data, Data Point 1360, Nominal processing parameters,
upper Surface Pressures, Legend shows sensor number
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BSCW Experimental Data, Oscillatory Data, Pt 1360
Mach 0.84831, gbar 204.0748, Re 3364751.7719

-0.6 I T T T
—
0.7 H ]
0.8 ]
o -0.9H i
A "
-11F
1T PR 3 1 1.5 1.6 1.7 1.8
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Excitation frequency in evidence for half cycles

Excursion of shock across transducer (past transducer towards leading edge )
Occurs principally during the first ¥2 cycle of excitasbawn
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BSCW,Exp Data Point #1360, Lowpass filter at 55 Hz
T T

Filtered
Unfiltered

30
Frequency, Hz

=
i) 0, ey i
Py T CL IR G
Sk, e G

@ el S O

4

)
: " . ‘ = St N
& P koo PR 2T R St ol

P ERREC
B T

109 L L L L

:

4 i
ST,

=
T

= Filtered
Unfiltered

(7=

Nothing stands out when | look
At these to differentiate

Sensor 12 from the ones before a
I FOSNI AGX

Sensor #11

"' ,‘wv‘u-“;‘“"“‘fwu.nmf‘ Se nsor #12

30
Frequency, Hz

Sensor #13

PSDICp(t3))

a0

50

60

BSCW,Exp Data Point #1360, Lowpass filter at 55 Hz
T T

H Filtered
- Unfiltered

i L . . il 4
20 30 40 50 60
Frequency, Hz



BSCW Static Data:
Steady Shock Location

BSCW Experimental Data, Steady Data, Pt 1359
Mach 0.84777, gbar 203.8749, Re 3363520.3401 Upper Surface

BSCW Experimental Data, Steady Data, Pt 1359
Mach 0.84777, gbar 203.8749, Re 3363520.3401
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Location: just barely aft of upper surface transducer #12, x/c (12) = 0.448
(Note: x/c (13) = 0.498)

Upper surface pressure transducer 12: magenta data plot
Pressure floor at1.17, i.e. it is bounded byt.17
No weltdefined, repeated ceiling value
Not sinusoidal
Expected pressure change across the shock:
large negative pressure ahead of the shock;
reduced negative pressure aft of the shock
Actual shock location is suspected to be just aft of this transducer location: the value oscillates to a higher présdsteo@f) as the shock moves
Sensors towards leading edge (#10 and #11) have values near the minimum of #12
Sensors towards trailing edge (#13 and #14) have values beyond the maximum of #12
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Standard deviation
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Standard Deviation of Static Data

BSCW Experimental Data, Steady Data, Pt 1359
Mach 0.84777, gbar 203.8749, Re 3363520.3401
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BSCW Steady Angle

BSCW Experimental Data, Steady Data, Pt 1359
Mach 0.84777, gbar 203.8749, Re 3363520.3401
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BSCW non -oscillated data

Splitter plate mode: ~15 Hz
Appears in the Wall Angle Measurement (WALLADT)
Appears in some of the wing sensors

nental Data, Steady Data, Pt 1359
gbar 203.8749, Re 3363520.3401

Natural frequencies of BSCW:

24.1 Hz (spanwisels bending) i
27.0 Hz (in-plane F'bending)
79.9 Hz (1%'torsion)

f=146 Hz
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PSD(SPACCZ)

BSCW Static Data point

Vertical splitter plate mode, 15 Hz

Splitter Plate Accelerometer Splitter Plate Accelerometer

AY UKS OSNIUAOIf a%e inthewalRANBOUAZY /d
BSCW Experimental Data, Steady Data, Pt 1359 BSCW Experimental Data, Steady Data, Pt 1359
Mach 0.84777, gbar 203.8749, Re 3363520.3401 o : l:\llach 0.84:7?7, gbar 203.8:7:4iQ, Re 33635:2?.3401

T T T T T T 10

PSD(SPACCY)
R o

........ ]||||] e e s g
0 20 40 60 80 100 120 140 160 180 2
Frequency, Hz

0 20 40 60 80 100 120 140
Frequency, Hz

B RR RERE
160 180 200



BSCW Non -oscillated data

BSCW Experimental Data, Steady Data, Pt 1359
Mach 0.84777, gbar 203.8749, Re 3363520.3401
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The different upper surface pressure transducers respond most strongly at different frequencies.
?to the different modes of the model?



BSCW Static point, aeroelastic modes?

Splitter plate mode: ~15 Hz
Appears in the Wall Angle Measurement (WALLADT)
Appears in some of the wing sensors

Natural frequencies of BSCW:
24.1 Hz (spanwiselst bending)
27.0 Hz (in-plane F'bending)

79.9 Hz (1sttorsion)




