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USE and development of different tools:
e CFD Navier-Stokes analysis

* Panel method

e Vortex lattice

e L1,5 procedures

Component design and optimization
- 2-D airfoil optimization

- Wing optimization

- Winglet

- Fairing and karman

- Control surfaces

- Distributed propulsion

it
A ..v. g ik T g ann “,
UL LA W B CFO and 30 panel method cakulations on Tecrnam P2012

CFD Analysis of !v.nmood Aircraft
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Aircraft Design and Flight Mechanics

e Aircraft Design

e Aircraft Design framework
Development

* Flight Mechanics

e Aircraft Performance

* Aircraft cost and operations
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Wind-Tunnel tests
B S — * Design of wind-tunnel models
HHe i ) « Test article instrumentation
* Wind tunnel instrumentation
(i.e. visualization)
* Numerical-Experimental comparison

2-D (Airfoil) Tests

G97 Nacelle Optimézation

TESTS
T 7+ 3-Dscaled model
‘;w ” Fluoe. OF Vis : ".:?. ° Semi_model
Tecnam P2006T wind-tunnef tests apbaed’ ] - . v

e 2-Dairfoil tests
e Helicopter (no rotor)

y,

!Uﬂ

Tecnam P2012 wind-tunnel tests

Daperimentsl measure:
of P2OOET wing span Iood-"
{with fuselage and macelle)

[ N

— About 20 airfoils tested (10 designed
at UNINA for light aircraft and wind-
turbine applications)

= Since 1996 30 aircraft models tested

Business Jet Wing Stall path
with under-wing VG

Business Jet Semi-Madel Tests

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14t December, 2017
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Flight Tests and flight simulation

Light Aircraft Stall Maneuver
(fight tests vs flight sim.)

Tecnam P2006T climb tests 1
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* Flight tests certification

e Performance Estimation and tests

e System identification

* Flight qualities

e Set-up of the flight simulation model

APPLICATIONS:

* Flight tests of P92 and P96 (Techam)

* Flight tests and VLA certification of G97
Spotter (2000-2004)

e Flight tests and VLA certification of
P2000 RG (Techam)

* Flight tests and certification of P2006T

e Support for Oma-Sud Sky Car

Flight tests of P2008
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Design of the wing model for RIBES wind-tunnel tests
S g 8 0

Clean Skuy 2
Taper ratio TR 0.7
Aft spar position % [WAKZS
of chord
Rear spar position 65 %
% of chord
GOE 398
Material AL2024T3

alluminum alloy

Baia N1 BaiaN .2 Baa N3 BaiaN 4 BaFaNg Baa NG BaanNT Baia N8

1

':—i_l".
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thickening of T2024T3 aluminum
alloy on the front spar

i =]

o —

| STRINGERS —_—

TUBULARROD | —"

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017



7 % LnversiTA e STupt o Narou » I[::E"'EEE:EITG o BN pesign of Aircraft and
Feorrcolll 7 INDUSTRIALE Flight Technologies

First machined rib and tubular rod
attachment for model a. of a. reg.

4 Aluminum alloy panels
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Rear spar

Linchpins and
Nuts

Front spar

Linchpins and
Nuts

en. 800 (eight hundred) rivets cherry max (see Section 4.4 and 4.5)

*n.6 (six) linchpins of 4.8 mm AN type

*n.6 (six) nuts of 4.8 mm MS210442 or equivalent type

en.2 (two) linchpins of 7.92 mm e n.2 (two) nuts to join front spar to the 1%t ribs.
en.2 (two) linchpins of 4.8 mm e n.2 (two) nuts to join rear spar to the 1%t ribs.

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017



i UniversiTA e STupt o Narow ﬁ:gﬁﬂ::ﬁﬂ DI W 1yosion of Aircraft and
Feoerico ll ff INDUSTRIALE Flight Technologies

Pressure taps

e T_“ = ye——
Section 6
SECT |y(mm Chord( | N. Pressure
W----

0.100 0.582

450 0.281 0.549 4

600 0.375 0.533 38

990 0.619 0.488 4
Section 4 1200 0.750 0.465 26

1600 0.938 0.431 4
Section 3 Total 80
Section 2

Section 1

Tubes outer diameter is 2 mm

Tubes inner diameter is 1 mm

Tubes do not coincide with rivets and ribs
Tubes go through ribs and spars holes

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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Strain gauges

m POSITION INSTALLATION

between rib1-rib2 front spar
between ribl-rib2 front spar

between rib1-rib2 rear spar
between ribl-rib2 rear spar
between rib3-rib4 front spar
between rib3-rib4 front spar
between rib3-rib4 rear spar
between rib3-rib4 rear spar
between rib5-rib6 front spar

[y
(=]

between rib5-rib6 front spar
between rib5-rib6 rear spar

(Y
[N
U ULl LW W W WRE PP

between rib5-rib6 rear spar

1 between rib1l-rib2 front spar thickening UN oz '—_l 4

[
w

[y
=y

1 between ribl-rib2 front spar thickening UN 1@
1stbay, between 1st

1 and 2nd stringer Skin UNIDIRECTIONAL 39.5 0.025
1stbay, between 2nd

1 and 3rd stringer Skin UNIDIRECTIONAL 39.5 0.025
2ndbay, between 1st

2 and 2nd stringer Skin UNIDIRECTIONAL 170  0.106
2ndbay, between 2nd

2 and 3rd stringer Skin UNIDIRECTIONAL 170 0.106

ROSETTE-
1 between ribl-rib2 front spar 3SIGNAL 39.5 0.025
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Strain gauges
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SECTION §

ETAPS k
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The model geometry has
been also reconstructed
through a HEXAGON
metrology electronic harm
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UNINA Low-speed wind-tunnel facility

Type: closed circuit-closed test section

Test section dimensions :2.0m x 1.4 m

Maximum speed :
Turbulence level :

about 160 Km/h (45 m/s)

0.1%

Temperature range : 10-50 °C

— 2100 —=

Speed range : 5-45 m/s
Reynolds number : 1 -2 mil. For airfoil 2-D tests.
Usually about 0.9 — 1.0 mil. For 3D model tests (chord of

about 0.25 m)

Dynamic Pressure : 15—1200 Pa
Stagnation pressure : Dyn press + ambient pressure
(about 103500 Pa + q = 104700 Pa)

429

2.054

9.570

3.38

|
|
|
|
s T T T T = _
E\ll : | s e I
E —> H
5892 1833 [ | b
|
D | |F~C —> B
4 | | l
- X ____ I
|
2005 || -+~ - - — — 4 — — —
|
> C > B

=— 2.100

—e]

5.050

4.090

3.565

0170

— 0.170
0.950

3.730

20.23
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I min Max

-80 Kg 100 Kg 0.030 Kg
-12 Kg 12 Kg 0.005 Kg
-15 Kg*m 15 Kg*rm  0.010Kg*m
40 Kg*m 60 Kg*m 0.030 Kg*m
-8Kg*m  8Kg*m 0.006 Kg*m

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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Resultant of Normal forces

Y_N=M fl_root/N
Eta=Y_N/1.6

$=0.815 m? model reference area (planform area)
¢ : model reference chord (mean aerodynamic chord, ¢ =0.5153 m

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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AO(I(I—FTzW)'é"(i]'CL acor:ag+Aa

t

Wind-Tunnel corrections
Upwash and streamline curvature

7,,=0.18 0 =0.61

The correction is proportional to the developed lift and lift coefficient.

The correction to be applied is positive, it means that with a certain geometrical angle of
attack, the effective corrected angle of attack will be slightly higher.

At an angle of attack of about 6° and a lift coefficient of about 0.80 (CL=0.80), the correction is
about 1°, it means that the effective angle of attack is 7°.

Solid and wake blockage
Due to the model solid blockage, and due to the wake blockage the dynamic pressure
around the model will be increased by a factor that in this case is around 1.013.

That means : CL..,=CL*(a/ q,,,)
d.,,/9=1.013 or q/q.=0.987 CD_,,=CD*(q/ q.,,)

CMCOF=CM*(q/ qCOF)

ACD =Aa-CL—-ACD, 4 piockage CD,, =CD [ij +Aa-CL-ACD
qCOI’

wake blockage

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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Pressure measurements

1600 Pressure taps located

420

Section 1 Section 2
(39 taps) (26 taps)

SCANIVALVE 128 channel electronic
pressure measurement system

- Accuracy (about 3 Pa)

- Very Fast

- Unsteady measurements

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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TEST MATRIX PLANNED and COVERED

Name flow speed Reynolds Measurements and Conditions

Oil 30 m/s 1.06 mill. Flow vis with fluorescent oil at several a of att
CLEAN Conditions

TEST L30 30m/s 1.06 mill. Full polar (up to stall) free transition L, D, M, Cp

TEST L35 35m/s 1.25 mill. (Up to 10°) polar free trans. L, D, M, Cp

TEST L40 40 m/s 1.43 mill. Limited (up to 8°) polar free trans. L, D, M, Cp
TURBULENT Conditions(b.l. tripped at l.e)

TEST 7/8/13 35m/s 1.06 Tests at 35 m/s and repeatability check (L,D,M)

TESTT30 30m/s 1.06 mill. Full polar fixed trans 1-2% L, D, M, Cp, strain

TESTT35 35m/s 1.25 mill. Full polar fixed trans 1-2% L, D, M, Cp, strain

TESTT40 40m/s 1.43 mill. Limited polar fixed trans 1-2% L, D, M, Cp, strain

TEST F28 Var speed Var a=4°& 6° fixed trans 1-2% L, D, M, Cp, strain

Model deformation measurement through LASER
TEST Da6 40 m/s 1.43 mill. a=6°, L=60.3Kgf fixed trans 1-2%
L, D, M, strain, Model deformation

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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TEST RESULTS, FLUORESCENT OIL VISUALIZATION

The clean model installed in the wind-tunnel has been covered with some fluorescent oil in
several section along the span.

Some paper strip has been placed close to station C (y=600 mm) and station E (y=1200 mm)
to highlight with pictures the accurate measurement of the position of the laminar

separation bubble, both in terms of curvilinear abscissa (in [mm]) and in terms of fraction of
local chord.

N

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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TEST RESULTS, FLUORESCENT OIL VISUALIZATION
Alpha (geometrical) = 2°, V=30 m/s

Paper indication

Section
placed between ¥

Cp 1 ditferent section section E and section F

=5 C comp ela=0L3TS

—=—SEC E comp ela=0.75

Section £
& SECBota=0.29 Paper indication placed

SEC A eta=0.10 between section C and
section D

Section D

= SECCeta=0.305

A SEC Deta=0E&19

SEC Eela=0.75%

Section T

& SECF eha=0.938

w

15

Section 2
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Alpha (geometrical)

=4°,V=30 m/s

Cp at different secthon

'
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——BEC C oiming eta=0375%
——&EC E comp eta=0.75
B SEC B etasD IR
& SEC Aeta=010
® SECCela=037s
& SEC Deta=DUG1D
SECEeta=0.75%

&  SEC Feta=0.933
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SECTION CD, upper surface
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Alpha (geometrical) = 8°, V=30 m/s

38 Cp at differant sectlon

—REC Coomp eta=0 355
e BEC E comp efa=0.i5
s SECHeta=0.78

SEC A ela-010

0 90 100 )00 120150143150,

Ll

& SEC Ceta=.37s

& HEC Deta=le1%
SEC Eeta=0.75

& SECFeta=0924

B
2
a
v
~
o

M

L8 ] ol o3 05 L1 a9 11

SECTION CD, upper surface
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AIpha (geometrical) = 10°
, V=30 m/s sec CD

T i S e pecTion

i5

Cp i

e ©

Alpha (geometrical) = 12°
, V=30 m/s sec CD

Cp oE SiTfarant uection

——FCC eomp #1400 375
== SEL E comg ela=0 'S
w SECHetas028
& ST ARTas010

F & SICCeia=075
cp i SFCDelaslhBld
SECE etasll 75

* & SECFeta-09% 5
o E
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o
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¥

1.1 o1 [=E} [ wfc w3 ] 1.1
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e g = g
Alpha (geometrical) = 12° -25-— % = .
, V=30 m/s sec CD 5§ FF 1« "
gl ot "
O o 3 i
N r~ ) B
w —
wv o E i 59
@ —
O —
L
O ——
q—

s [mm] x/c (local fraction of chord)
LS (Laminar separation) : 17 mm 0.016 (1.6%)
TR (Turbulent reattachment) 30 mm 0.040 (4%)

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017
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Nea ~
g2’

T

SG 50" 70 H0 SN

15
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5

30 &0

2 layers, about 0.4 mm
3 layers, about 0.6 mm
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3 Layers is better

i

3 layers

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017



fﬁ‘?ﬁ_’%Lan-'msf[m.n_uS'l'u[:| m NAPOLI » I[::E"'EEE:EIT“ DI Dt ok Birirolt arid
{E Fomucoll g7 INDUSTRIALE Flight Technologies

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017



5 %, LIniversiTa pecu STunim Narow i ﬁ:gﬁ%ﬁ:ﬁm DI B |ysion of Aircraft and
Froericoll §f7 INDUSTRIALE Flight Technologies

il i}

== Wfi_root

00 10 40 &0 RO 100 120 140 16D 1RO OO 4.0 -20 00 20 40 60 BOD 100 120 140 160 180 200

alpha_e [*) alpha_c [*]

40 -20

& 2

1

My [Kgm]

o ] ; ] ] I ]
40  -20 00 20 4, BD 100 120 140 160 180 200
-4 I | | ] ]
—a—My ch
—a—[rag —ir— My pisle
L0
400 .00 am 800 100 1600 2000 alpha_c 7]

alpha_c [

Flexible Enginnering Toward Green Aircraft, University of Rome “Tor Vergata”, 14 December, 2017



"1 %, UniversiTapeas STupi m Narou 5
y Feperico ll (i

DIPARTIMENTO DI
INGEGNERIA
INDUSTRIALE

[ Design of Aircraft and
Flight Technologies

TESTL30, V=30m/s Clean Model, corrected and non-corrected coefficients
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TEST T30, V=30 m/s Turbulent b.l. oo
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TESTT30, V=30 m/s Turbulentb.l.
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TEST T35 and T40 Turbulent b.l. LOADS CONDITIONS
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TEST F28, V=variable, alpha=4°, Turbulent b.l.
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Comparison of Aerodynamic coefficients. Effect of turbulent b.l. and wind speed (Reynolds)
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Comparison of Aerodynamic coefficients. Effect of turbulent b.l. and wind speed (Reynolds)
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Comparison of Aerodynamic coefficients. Effect of turbulent b.l. and wind speed (Reynolds)
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Comparison of Aerodynamic coefficients. Effect of turbulent b.l. and wind speed (Reynolds)
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FORCE MEAUREMENT - Comparison with CFD prediction
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TEST RESULTS. Pressure measurements

CLEAN Conditions
TEST L30 30 m/s 1.06 mill. Full polar (up to stall) free transition L, D, M, Cp
TEST L35 35 m/s 1.25 mill. (Alpha=0-10°) polar free trans. L, D, M, Cp
TEST L40 40 m/s 1.43 mill. Limited (up to 8°) polar free trans. L, D, M, Cp

TURBULENT Conditions(b.l. tripped at l.e)
TEST T30 30 m/s 1.06 mill. Full polar fixed trans 1-2% L, D, M, Cp, strain
TEST T35 35m/s 1.25 mill. Full polar fixed trans 1-2% L, D, M, Cp, strain
TESTT40 40 m/s 1.43 mill. Limited polar fixed trans 1-2% L, D, M, Cp, strain
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TEST RESULTS. Pressure measurements

TEST L30, V=30 m/s Clean Model
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TEST RESULTS. Pressure measurements TESTL30, V=30 m/s Clean Model
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TEST RESULTS. Pressure measurements TESTL30, V=30m/s Clean Model
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TEST RESULTS. Pressure measurements TESTL30, V=30m/s Clean Model
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TEST RESULTS. Pressure measurements TESTL30, V=30m/s Clean Model
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TEST RESULTS. Pressure measurements TESTT30, V=30m/s Turbulent
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TEST RESULTS. Pressure measurements TESTT30, V=30 m/s Turbulent
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TEST RESULTS. Pressure measurements

Cp at different section
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TEST RESULTS. Pressure measurements COMPARISON
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TEST RESULTS. Pressure measurements
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TEST RESULTS. Pressure measurements

Sec. 37.5 %b (o= 6.6 deg)

Sec. 75%Db (o= 6.6 deg)
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TEST RESULTS. Pressure measurements

o= 6.6 deg, C,=0.736
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DIPARTIMENTO DI ) )
>i 2 INGEGNERIA B pDesign of Aircraft and

I Bay POSITION INSTALLATION TYPE y {mm] eta 4
2 1 between ribl-rib2 front spar UNIDIRECTIONAL 35.5 0.025 19
3 1 between ribl-rib2 rear spar UNIDIRECTIONAL 35.5 0.025
a4 1 between ribl-rib2 rear spar UNIDIRECTIONAL 35.5 0.025
5 3 between rib3-ribd front spar UNIDIRECTIONAL 310 0.1%4 I )
B 3 between rib3-ribd front spar UNIDIRECTIONAL 310 0.1%4
7 3 between rib3-ribd rear spar UNIDIRECTIONAL 297 0.1%4
B 3 between rib3-ribd rear spar UNIDIRECTIONAL 297 0.1%4
a9 5 between rib5-ribe front spar UNIDIRECTIONAL B0 0.391
10 5 between rib5-ribe front spar UNIDIRECTIONAL &0 0.391
11 5 between rib5-ribs rear spar UNIDIRECTIONAL L98 0.391
12 5 between rib5-ribs rear spar UNIDIRECTIONAL L98 0.391
13 1 between ribl-rib2 front spar thickening UNIDIRECTIONAL 35.5 0.025
14 1 between ribl-rib2 front spar thickening UNIDIRECTIONAL 35.5 0.025
15 1 1sthay, between 1st and 2nd stringer Upper Skin UNIDIRECTIOMAL 35.5 0.025
16 1 1stbay, correspondence to UD N.15 Lower Skin ROSETTE-35IGMNAL 35.5 0.025
17 2 Indbay, between 1st and 2nd stringer Upper Skin UNIDIRECTIOMAL 169 0.10&
18 2 Indbay, between Ind and 3rd stringer Upper Skin ROSETTE-35IGMAL 169 0.106
13 1 between ribl-rib2 front spar ROSETTE-351GNAL 35.5 0.025
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1 spar up (persa),
13 web spar up,19 web spar mid, 14 web spar low
2 spar low
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TEST RESULTS. Strain and stress measurement

Strain and stress measurement
TEST T40, V=40 m/s , Fully turbulent

Measured Forces and Moments
Mych=
Py -
Alfa_cor N AT Yaw Yaw root D My tara Mypolo Mfl root
[°] [kg] [kgm]  [kgm]  [kg*m] [Kg] [kg*m] [kg*m] Kgm
-1.940 6.839 6.181 1.115 0.915 1.195  -2.279  -2.479 5.039
-0.850 13.536  12.042 1.039 0.849 1.137  -2.018 -2.441 9.782
0.250 20.370  17.941 1.049 0.857 1.151  -1.746 -2.395  14.540
0.360 20,989  18.470 1.043 0.852 1143  -1.690 -2.350 14.964
1.490 27.873  24.419 1.145 0.938 1241  -1.362  -2.257  19.76%
2.590 34.378  30.105 1.321 1.085 1.413  -1.085 -2.192 24.364
3.700 41261  36.209 1.577 1.298 1670 -0.736 -2.066 29318
4.750 46,616  41.015 1.819 1.496 1.929  -0.453  -1.954  33.230
5.880 54.178  47.827 2,192 1.794 2384 -0.069 -1.810 38779
) £.920 52.519 2.436 1.975 2.761 0.244  -1663  42.506
8.120 67.153 59,259 2,686 2,117 3.404 0.685  -1.463  48.044
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TEST RESULTS. Strain and stress measurement V=40 m/s — Stress for different alpha (loads)

¢2 B3 4 A13 14

280.00
L 2
Fron spar @root, lower @\
60.00 cap - ¢
E Stress at N=60 Kg
¢
40.00 L 4
z 14 .
a @ Front spar thickening
= 20.00 x X X X X
E - 4 % X X
= X Rear spar stress (3/4)
v X / is very small
0.00 m R W ®m ®F BB I | o
0.00 A0.00 20.00 30.00 40.00 50.00 6&0.00 70.00 80.00
A
A
-20.00 A r
. & A 4
Front spar thickening A
-40.00
N
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TEST RESULTS. Strain and stress measurement V=40 m/s — Stress for different alpha (loads)

STRESS [MPA]
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TEST RESULTS. Strain and stress measurement V=40 m/s — Stress for different.alpha (loads)

HR16A #R16B ®R16C ~R19A AR19B @R19C \/
[sam 190
60.00 :
: = @
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$ 2000 ®
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TEST RESULTS. Strain and stress measurement V=40 m/s — Stress for different alpha (loads)

3 @4 7 HE 11 A12
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a
[ |
10.00 s
s " -
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N
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TEST RESULTS. Strain and stress measurement V=40 m/s — Stress for different alpha (loads)

AS5 6 7 m8
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STRESS 311 BAY
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s T LOWER CAP
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¢ n
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TEST RESULTS. Strain and stress measurement , design condition V=40 m/s N=60 Kg

2
=, > :
. /"r' 'S‘

4“’ ,’ Strain gauge n.2 (front Experimental
&

58

—
= Position strain gauge n. 2

“i g

Strain gauge n.16B Experimental
| (lower skin @ root,
| y=35.5 mm)
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TEST RESULTS. Strain and stress measurement , designh condition V=40 m/s N=60 Kg

FEM Experimental
Strain gauge n.5 (front spar upper | -16 Mpa -17.5 Mpa
cap @ y=300 mm)
Strain gauge n.6 (front spar lower | +15 MPa 18.2 MPa
cap @ y=300 mm)

FEM Experimental

Strain gauge n.9 (front spar upper | -10 Mpa -12.2 Mpa
cap @ y=600 mm)
Strain gauge n.10 (front spar +11 MPa 12.3 MPa
lower cap @ y=600 mm)
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TEST RESULTS. Deformation measurement
V=40 m/s, alpha_g=6°, alpha_c=7° N=60 Kg
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TEST RESULTS. Deformation measurement
V=40 m/s, alpha_g=6°, alpha_c=7° N=60 Kg

< |

Highly accurate tilt sensor
On the wing root

Measure model rotation @ root

. l \ .
T
|
Model root U ‘\; —
L[I | ¥X_root
{ ) )l
I 10 1 I =
w0 N-3xis VM l
- i | ¥_Balance
A g .
J ' | . ';1;___“ Balance center B
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TEST RESULTS. Deformation measurement
V=40 m/s, alpha_g=6°, alpha_c=7° N=60 Kg

Shift

Vertical root due to

Root displacement | Total only

¥ Mormal | Inclinom LASER (micro-meter | vertical | Root

MARK| [mm)] vV Force | Midori | Measurem | comparator) | shift ROT |Deformation

[m/s] | [Kef] [deg] (mm] [mm] (mm] | [mm] [mm]
11 1585 | 39.20( 603 1.45 50.00 3.594 4370 | 40.10 6.30
10 1398 | 39.20( 603 1.45 44 00 3.590 3896 | 35.37 5.04
9 1204 | 39.20( ©0.3 1.45 37.8 3.590 34.05 | 3046 3.75
8 1055 | 39.20( ©0.3 1.45 33.30 3.590 30.28 | 26.69 3.02
7 908 |35.20| o603 1.45 28.90 3.590 26.59 | 23.00 2.31
& 755 |39.20| 603 1.45 2440 3.590 2269 | 19.10 171
5 600 |39.20| 603 1.45 20.00 3.590 1877 | 15.18 123
4 462 |39.20| 603 1.45 16.00 3.590 15.28 | 1169 0.72
3 324 |39.20| 603 1.45 1220 3.590 11.79 | B.20 0.41
2 178 |39.20| 603 1.45 8.25 3.590 g8.09 450 0.16

1 35 |39.20| 603 1.45 3.590 448 0.89

From measurements of point 11 and 11P(Posteriore) at different chord position, also the
torsion at wing tip has been measured:

The torsional deformation at wing tip has been measured and is equal to 0.82 deg.
(positive, twist up).
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TEST RESULTS. Deformation measurement
V=40 m/s, alpha_g=6°, alpha_c=7° N=60 Kg

60,00
=@ | ASER measurement
d [mm]
50,00 - == Root vertical shift
4000 - «=fe=Total displacement due /
, to root shift +rotation /
30,00
‘ F
20,00 Measured model deformation
6 i
10,00 d [mm]
| 1 1 1 1 1 1 1 I
0,00 T T T T T T T 1
0 200 400 600 800 1000 1200 1400 160
y [mm] 47
3 |
2 :
1 .
D + 4 4 4 4 4 H
0 200 400 &00 BOO 1000 1200 1400 1600
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TEST RESULTS. Visualization with tufts
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TEST RESULTS. Visualization with tufts
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CONCLUSIONS

* Model design and building

* Force and pressure measurement

* Only small discrepancies at |l.e. in a section
* Good comparison with numerical results

Further considerations (concerning stress and deformation) :
e |tis difficult with a typical airplane structure and small dimensions to:
- have very accurate reproduction of shape (especially at l.e.)

- ensure reasonable deformations (especially torsional)
e Difficult to model constraint at root with connections through bolts
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