


High-Speed Demonstration 

of Natural Laminar Flow 

Wing & Load Control for 

Future Regional Aircraft 

through innovative Wind 

Tunnel Model 
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The project tackles the CfP JTI-CS-2012-1-GRA-02-019 

ETRIOLLA Consortium 

FOI 

UOB 
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REV 

Joint Undertaking 

PO: Ruud DEN BOER 

GRA 

TM: Riccardo Gemma 

Experimental TRansonic Investigations On 

Laminar flow and Load Alleviation 

Project organization 
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ÅAssess the extent of laminarity on the wing 

ÅInfluence of steps, gaps and contaminants 

ÅEvaluate and optimize the performance of LC&A system at 

the trailing edge of the wing 

ÅDesign of an elastic laminar WT-Model including 

 LC&A solution 

ÅBuild the WT model and realize the chosen LC&A solution 

ÅTest the model in transonic and off-design conditions 

0 

1 

2 

3 

-6 -4 -2 0 

tw
is

t 
in

 d
e

g
 

span in m 

Target twist distribution  

Before testing the model-wing 

a static load test and a 

ground-vibration test is 

performed in order to show 

that the model can be 

operated safely in the 

Wind tunnel 

Project Goals 
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×Aerodynamic requirements  
- Transonic test 

- Laminarity requirements (increase Re, Waviness, Steps, Gaps, 

Contamination) 

×Structural requirements 
- Close to the target curves (twist, bending Ą elastic model) 

×Handling & Transportation (Size, Weight) 

×WT design and safety requirements  
- Stress limitations, buckling, safety factors 

- Divergence, flutter 

×WT Testing conditions 
- Heat development in the WT 

- Balance precision, Control & Actuation 

- Remote Actuation and Measurement (WT time saving) 

- Handling, mounting 

×Measurement requirements 
- Laminarity extent (IR paint), Temperature 

- Pressure distribution (PSP, pressure taps) 

- Model deformation 

- Position of & Moment on control devices 

- Integral Forces & Moments (Balance) 

×Manufacturer constraints 
- Machines, Handling, Assembling, Materials 

- Minimum thickness, Size of pieces, Weight, Delivery times 

Constraints & Requirements 

Bounding box  transportation 

Example heat/ temperature development WT 
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Important due to 

aerodynamic effects 

Important due to stresses 

Elasticity requirements Static structural similarity 

Constraints & Requirements 



ETRIOLLA               

7 

Impacts 

×On scaling of the model 

- factor 3,05 ï ensure the highest Re possible 

×On the structural design  
- Unconventional & Complex concept 

- Complex computations (CFD, CSM, Heat) 

- Complex interactions (CSM, CAD, CFD) 

- High strength materials (alu and steel), weight 

- Special actuation & Measurement devices 

- Functionality test, calibration 

- A lot of connections and interfaces 

×On the manufacturing side  
-High precision & Tolerances, heat 

treatments 
-Long delivery time for the materials 
-Complex assembling procedures 
-Complex shapes of the pieces 
-Final shape measurements (big size) 

×Logistics & Transportation 

-Big Size, Container 

-Handling car 

×On the Testing 

-Sensitive handling, cranes 

-Pressure calibration (PSP) 

-Deformation measurement 

-IR measurement 
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Aerodynamic studies 

Location of transition onset over 

the span 
Aerodynamic 

performance 

Lower side Upper side 

laminar flow (also in wind tunnel), depending on Re and Ŭ: 

Performance with LC&A 

devices 
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WT Model Design 

   Scaling this model is - from the structural point of view - a challenge: 

ÁPressure Ą quadratic  

ÁMoments Ą cubic 

ÁStiffness ï depends on:  
ï=> material (G, E) ï independent of scaling  

geometry => k_geom^4 (I_y;I_x;I_t) 

ÁLoads: different conditions in flight and WT 
(temperature; altitude/ density) 

This means (=challenge): 

A Ăsimple scalingñ is not possible. The structure ï by Ăkeepingñ the 

outer shape ï must be completely different  (to the AC wing ) to get a 

similar behaviour in terms of twist and bending! 

Excursion Similarity 
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Original state ï stiff torsional box 

due to closed shape and big  

distances from shear center to skin 

ÝToo stiff to reach  

torsional reference curve 

cross section concepts in terms of torsional stiffness 

Sketch principle 

(structural) design concept 

New torsional concept ï 

open torsional box (WB + LE + rear spar);  

Torsional stiffness of TE area 

is also reduced 

(one connection to the rest) 

Structural Concepts & Structural Parts 

Å Front spar 

Á Reduce bending 

Á Shift center of rotation 
(bigger lever arm leads to 
more rotation with same 
forces) 

Å Skin 

Á Keep shape (laminarity) 

Á Transfer aerodynamic loads 

Å TE area 

Á Transmit the loads but 
decouple some DOFôs from 
TE area to reduce torsional 
stiffness 

Å LE cover 

Á Necessary for assembling 
(procedure) 

Á Tensile loaded 

Å Covers in WB area 

Á Easier assembling and 
model instrumentation 

Á Tensile loaded 
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Ears at front spar for 

connection between front spar 

and axis 

Detail: Skin rotates 

around axis 

connected to 

front spar 

Ears at ribs for connection 

between ribs and axis 

All TE-Devices are 

actuated and remote 

controlled 

Global Inner Structure of the Model 

Complete removable 

TE are for easier 

actuation testing 



ETRIOLLA               

12 

No contact between front spar 

and skin 

Cover between 20% 

and 65% of chord 

LE-Cover 
Hinge Axis 

Shell TE-Shroud 

Shroud Cover 
TE Devices 

Cross section no rib 

Cross section at rib 

Ears at rib Ears at spar Hinge Axis 

General Inner Structure of the Model 
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 Data acquisition  scheme   

Motor/Encoder/Brake 
Miniflaps: 3x3  

Ailerons : 2x2 (no brake) 

Force sensor 

Angular sensor 

PT100 surface 

Accelerometer 

Pressure  
3x100 sectional press.taps 

2x17 taps for PSP calibration 

3 inside model taps  

Onera data acquisition 

system  

IBK  monitoring and control 

system  

IR 

PSP 

Model deformation 

Example scheme flap position control 
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Shell ears 

Spar ears 

Spar outboard 

WT model Manufacturing 


