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ETW Company
at a glance

> Limited-liability company

> Self-supporting / non-profit policy

> 35 employees in Cologne, Germany
> Enclosed, secured site

> Military-compliant security preservations
> Easy to reach by plane, train, and car

European Transonic Windtunnel

Shareholders
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EW European Transonic Windtunnel

ETW History
at a glance

1977 — 1985 Preliminary Design

1986 — 1988 Final Design

4 19838 ETW GmbH founded

@ 1993 Wind ON 3 F t';; J

1994 — 2000 Initial Operation Y
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EW European Transonic Windtunnel

Full-scale-like Flight Reynolds Number Test Capability
Flight Envelope — Doghouse Plot

Altitude

ETW uniquely provides
reliable data for

>High-Lift Design

>Stall Behaviour
[/ AR O >Mbp Dive Properties
True Airspeed >Cruise / Dive Separation




EW European Transonic Windtunnel

ETW Complements the Aircraft Development Process
and enables better solutions faster at lower risks

Model accuracy & confidence

R

Flight
Testing

Conventional

Windtunnel
Testing
CFD, CAE
Numerical Simulation <_

Concept Development Check-Out Manufacturﬁertificati‘
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EW European Transonic Windtunnel

ETW Complements the Aircraft Development Process
and enables better solutions faster at lower risks

Model accuracy & confidence
A

Conventional
Windtunnel >Reduced lead time
Testing

>Reduced overall test costs

CFD, CAE

Numerical Simulation >Reduced risks, higher con-
fidence in early design state
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European Transonic Windtunnel

ETW is a Unique, Worldwide Leading Facility
with respect to time-cost-quality

and Structural Loads

‘1. High Productivity and Costs Eff|C|ency

4. Security and Client Confidentiality
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EW European Transonic Windtunnel

ETW is a Unique, Worldwide Leading Facility
with respect to time-cost-quality

3. Full-scale-like Flight Reynolds Number Test Capability
— Allows early confidence in meeting design requirements
— Reduces risk of late design modifications and costly rework
— |s fast and reliable even for partly separated and/or unsteady flow

4. Independent Variation of Reynolds Number and Structural Loads

> High Productivity and Costs Efficiency

> Security and Client Confidentiality
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European Transonic Windtunnel

ETW is a Unique, Worldwide Leading Facility
with respect to time-cost-quality

1. Full-scale-liké Flight Rey\'o‘
b ] .

=

NOT using Flight-Reynolds number testing formerly led to ...
— $ 1 billion retrofit costs of wing structures (1964!)
— 300 kg tail ballast
— trim weights, too heavy structures, limited performance, etc.
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EW European Transonic Windtunnel

1. Full-scale-like Flight Reynolds Number Test
Capability

Cry|<E>Q-|reYl\|Ic 8 (t‘“lrtlgce 't t neIReynOLgS number envp Half-model
_ | envelope
Test Section 24mx2.0m I5 50
Slotted Walls 0% - 7.4% S 70—
Mach Number 0.15-1.35 8 60~ f
Stability +0.0005 - £0.0010 £ Full-model
c 95071 | envelope |
n
Total Pressure 1.15bar-4.5bar 2 ,,_
Stability 10.1% § _
Temperature 110K-313K
Stabili!; £0.25 K -g 20 — 'E DC6O  A3208p737
5 . oDC3 OFALCON
Max. Reynolds number 50 million 10— _ _
full-span models . Conventional Wind Tunnels
Max. Reynolds number 90 million (') 0_'2 0_'4 0_'6 0_'8 1_'0 1_'2

semi-span models Mach number [-]
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EW European Transonic Windtunnel

* Full-scale-like Flight Reynolds Number Test Capability
Model Cart Considerations

Instrumentation Cabin

77/

Hatch Cover —

Model Cart

Second Throat

Contraction Nozzle Point of Model Rotation
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E’W European Transonic Windtunnel

* Full-scale-like Flight Reynolds Number Test Capability
High Reynolds Number Testing

e = \{ Transport Aircraft

i}
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EW European Transonic Windtunnel

* Full-scale-like Flight Reynolds Number Test Capability
High Reynolds Number Testing N\

Business Jets
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E’W European Transonic Windtunnel

* Full-scale-like Flight Reynolds Number Test Capability
Military and Space
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EW European Transonic Windtunnel

Full-scale-like Flight Reynolds Number Test Capability
Reynolds-number effect on maximum lift

= 5 kts higher approach speed
at constant weight

g

Conventional
Wind Tunnels

C max | Mach 0.2
L

Unclassified

20 24 Re.[Mio]

o
H
oo
-
N
-_—t =
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EW European Transonic Windtunnel

* Full-scale-like Flight Reynolds Number Test Capability
Pressure distribution — Comparison with RaNS-CFD data

4 Shock position poorly predicted

Q. o
3 3]
whd e
c C
2 2
= [z
= &= n [
@ @
o | o
o o o
g g Ma, = 0.85,
% Ma_, = 0.80, @ Re,, =16 Mio.
o | | Re, =16 Mio. o
o - o

Local chord length x/c Local chord length x/c Unclassified
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EW European Transonic Windtunnel

Full-scale-like Flight Reynolds Number Test Capability
Buffet-onset boundary — Comparison with flight-test data

C.

Jn
(]
0.1

Flight-test data

Buffet-Onset ¢, depends on:
>Mach Number
>Reynolds Number
>Wing Deformation
[1 ETW capabilities required ' Ma

0.05

Classified

A

v
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EW European Transonic Windtunnel

* Full-scale-like Flight Reynolds Number Test Capability
Data Corrections and Confidence

ETSR SUPPORTED MODEL WITH DUMMY STING

96% Confidence

> Performance data based on
corrected low & high Reynolds data

> Single-sting data complete model /
body alone plus deformation data

> Assessment of sting interference
using CFD for the body alone config.

> Wind-tunnel calibration data & robust w.
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EW European Transonic Windtunnel

1. Full-scale-like Flight Reynolds Number Test
Capability
Advanced sting designs to limit far field ?ting interaction

New Sting-Support System
> Developed and tested within ongoing EU projects
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EW European Transonic Windtunnel

ETW is a Unique, Worldwide Leading Facility
with respect to time-cost-quality

1. Full-scale-like Flight Reynolds Number Test Capability
— Allows early confidence in meeting design requirements
— Reduces risk of late design modifications and costly rework
— |s fast and reliable even for partly separated and/or unsteady flow

2. Independent Variation of Reynolds Number and Structural Loads
— Enables high-performance, optimized, structurally efficient design
— Enables separation of Reynolds-number and aeroelastic distortion
— Minimizes flight testing to resolve fluid-structure interaction issues

3. High Productivity and Costs Efficiency

4. Security and Client Confidentiality
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EW European Transonic Windtunnel

2. Independent Variation of Re-Number & Structural Loads
Pitching-moment / lift characteristics

Reynolds Variation at const. Airloads Airloads Variation at const. Reynolds
o i o
5 HEA 5
4 Hi 4
5 i 5
2 I g
P I P

Pitching-moment coefficient c

Conventional =
Wind Tunnels
% - : , /ﬁz;://
?; /./"'/./A —— Re= 8x10° ,/. A —— qlE=low
%l —— Re = 25x10° el —* q/E=medium
i —— Re =33x10° — q/E=high
Lift coefficient c Lift coefficient c,

Unclassified
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2. Independent Variation of Re-Number & Structural Loads
Lift, drag, pitching-moment characteristics Falcon 7X (1:10)

Reynolds Variation at const. Airloads Airloads Variation at const. Reynolds

Unclassified

FigniRe = 16 Mo
=
|
\ cfc)

> Reynolds Number strongly affects
aircraft performance

| c(a
\ i) \ > Aeroelastic distortion strongly
/ | C>(C|) affects aircraft stability
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EW European Transonic Windtunnel

2. Independent Variation of Re-Number & Structural Loads
Application of Markers at Full Span Model

LETRASET Markers:

- Circular dots,
approx. 15 pixels in diameter

- More markers near wing tip to
compensate for chord length

Good contrast to background
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2. Independent Variation of Re-Number & Structural Loads
Wing Twist and Bending Measurements at Half Span Model

AFFL Ghosbls o pb-0LFSFLE0 = T-OCT-2004 1207 21_WE-'E_Ted[5T_REFEAT FL_003 AFPL Gheatsenpt-OLP-PLS0- 7-00 T-2004 11534 21_WS-'WS BEND_REFEAT_FL_003

--------- o Twist1.2deg® T Bend 42mm T
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2. Independent Variation of Re-Number & Structural Loads
High Reynolds Number AeroStructural Dynamics HIRENASD

Stiff Piezo

High-Speed Marker- Balance

Tracking Cameras

Piezo

I Stacks

Fx=+ 60 kN
Fy=+ 60 kN
Fz =+ 100 kN
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RWTHAACHEN

UNIVERSITY

2. Independent Variation of Re-Number & Structural Loads
High Reynolds Number AeroStructural Dynamics HIRENASD

Wing-tip acceleration

Konferencje Mechaniki Plynow

Instantaneous Model Deformation

from High-Speed Marker Tracking
Ma=0.80
Re=7.0 Mio.

q/E=0.22
alpha=1.50°

> Forced-oscillation test capabilities
demonstrated at flight-relevant conditions:
0.70 =sMa_, = 0.88

7 Mio. =Re_, = 73 Mio.

> Follow-on test planned Unclassified
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EW European Transonic Windtunnel

2. Independent Variation of Re-Number & Structural Loads
Anti Vibration Systems AVS | & AVS I

1.0

/

AVS |
Piezo System

o
o

c
(o]
:'g -
ol S

S 06 o ]
b o [a] £
> w lon| <
~ 04 S >
= <l <
=02

0.0

Unclassified
6 -5 4 3 2 1 0 1 2 3 4
angle of attack

Electro-Mech.
System
2 DOF

> Enhanced AVS efficiency

> Active Motion Mode
for Eigenmode excitation

[1 Limited full-model forced-
oscillation test capabilities
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EW European Transonic Windtunnel

ETW is a Unique, Worldwide Leading Facility
with respect to time-cost-quality

3. High Productivity and Costs Efficiency
— Provides much high-quality data in time, and at reasonable costs
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European Transonic Windtunnel

3. High Productivity and Costs Efficiency
More info in the same test

> TSP, PSP, and PIV cryo-proof & productive

Konferencje Mechaniki Plynow
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3. High Productivity and Costs Efficiency
More info in the same test - Temperature Sensitive Paint TSP
Re_ = 6 Mio.

> Laminar-turbulent boundary-layer transition
localization by TSP

> N-factor “calibration” of ETW for testing
laminar-flow aircraft ongoing

> ETW provides good flow quality as required
for laminar flow investigations (Tu < 0.6%)

Konferencje Mechaniki Plynow
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EW European Transonic Windtunnel

3. High Productivity and Costs Efficiency
More info in the same test - Pressure Sensitive Paint PSP

First successful test in ETW
300 K-160 K up to 340 kPa

Oxygen Injection with
manual control

Stabilisation of Oxygen Level
at requested amounts of
700, 1000 and 1500 ppm

Images successfully acquired

Surface roughness of paint 0.3uym

Konferencje Mechaniki Plynow 22 September 2008 © ETW GmbH. All rights reserved.
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European Transonic Windtunnel

3. High Productivity and Costs Efficiency
More info in the same test — Infra-Red Camera

Transient
to turbulent

Transient
from laminar

Konferencje Mechaniki Plynow

.3[”]_...... 2 R e

L flight data TP 1971 Unglassifled

——JafitRe data TP 1971 F

~+=-=JQ fit Re data TP 1971 s
@ ETW dataRe, P

8- @ ETW data ReT

T Re =10+10° Flight]
" Datﬁa
| Re_ =(16- 23)*10

‘ sharp cone 10 deg

04 06 08 10 12 14 16 18 20

> N-Factor “calibration” yields N = 10
at Ma_ = 1.35, Re/m = 23.3 Mio.

> Good flow quality also for con-
tinuous supersonic ETW operation
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European Transonic Windtunnel

3. High Productivity and Costs Efficiency
‘Wake Me\asurement - DGV System |
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European Transonic Windtunnel

3. High Productivity and Costs
Efficiency

1)
PETW Developments > PIV ‘
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European Transonic Windtunnel

3. High Productivity and Costs Efficiency

by using remotely controlled HTP

Afterbody | Motor | VTP

Balance

Afterbody |
Inclinometer

Balance

Load Bridge | |

Adapter

Unclassified

HTP Inclinometer

—

Konferencje Mechaniki Plynow

Reached Objectives:

> Handling quality, and loads
data at flight Reynolds numbers

> Avoid model-transport/-change,
and -conditioning time
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EW European Transonic Windtunnel

3. High Productivity and Costs Efficiency
More info in the same test — Technical Developments

> Remotely controlled model components for half model techniques
First PETW test set-up in preparation

Konferencje Mechaniki Plynow 22 September 2008 © ETW GmbH. All rights reserved.



EW European Transonic Windtunnel

ETW is a Unique, Worldwide Leading Facility
with respect to time-cost-quality

1. Full-scale-like Flight Reynolds Number Test Capability
— Allows early confidence in meeting design requirements
— Reduces risk of late design modifications and costly rework
— Is fast and reliable even for partly separated and/or unsteady flow

2. Independent Variation of Reynolds Number and Structural Loads
— Enables high-performance, optimized, structurally efficient design
— Enables separation of Reynolds-number and aeroelastic distortion
— Minimizes flight testing to resolve fluid-structure interaction issues

3. High Productivity and Costs Efficiency
— Provides much high-quality data in time, and at reasonable costs

4. Security and Client Confidentiality
— Receive the highest of priorities at ETW
— Military compliant by design
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European Transonic Windtunnel

4. ETW Security and Client Confidentiality
Building Security

> Three restricted-access client zones
— access control by magnetic cards, recorded
— new access codes for each test and on demand
— depending on test phase

Lobby and
reception

Model Handling@AC
Control Room
Access Card

AC BAC controlled door
A

Tunnel Hall

|:| Secure areas

Access only if accompanied by
ETW staff

AC D Client/ETW
controlled door

“Test Team” access only
|:| accompanied by Client

]

Unclassified
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EW European Transonic Windtunnel

4. ETW Security and Client Confidentiality
Computer and Data Systems Security

> |solated, access controlled OpenVMS System

> Client data storage disk
— located in the customer zone
— may be removed & stored in a client high-security safe
> Data backups are kept in the client safe

> Data disks can be taken by the client
or stored for future reference TEST SECTION

USER ROOM

RAW SIGNALS

> ETW does not have accesstoany §I il rawsionais
test data without client’s permission [ ¥ == s

> ETW does not retain ANY data

without client’s permission PROCESSED DATA

MAIN TUNNEL CONTROL ROOM Unclassified
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EW European Transonic Windtunnel

Conclusion
Benefit in Aircraft Development by ETW Windtunnel Testing

ETW provides

> “Early Flight Testing”
— Flight-Reynolds Windtunnel Testing

— Independent Variation of
Reynolds Number & Structural Loads

> High productivity & costs efficiency
> Security & client confidentiality

,,,,,,,,

[1 High-performance, optimized aircraft design

[] Early confidence in meeting design requirements

[] Reduced risk of late design modifications and costly rework
[] Overall reduced development time and costs
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