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SUMMARY

Ailerons are one factor that impacts a wing’s aerodynamic behaviour, fuel
consumption and carbon dioxide emissions. In order to evaluate their impact on
the aerodynamic behaviour of a wing, wind tunnel tests were carried out at
different speeds (15 and 20 m/s) and at various angles of incidence (-20° to +20°).
These results will be used to construct an experimental model that will extend to
the study of a morphing wing concept and to eventually extrapolate results for
higher speeds.

Introduction
Within the next decade, in accordance with the European Commission report on Aeronautics, new airliners must
reduce their carbon dioxide (CO2) emissions by 50% and nitrogen oxide (NOx) emissions by 80% given the levels
recorded in 2005. One approach being considered is to study ailerons and their impact on aircraft aerodynamic
behaviour, fuel economy and, ultimately, on greenhouse gas emission reduction.

This project is part of a study on Hydra Technologie’s UAS-S4 drone, installed and studied in the Research Laboratory
in Active Controls, Avionics and Aeroservoelasticity (LARCASE).

Different tests carried out on a wing model are presented in this article.

Pro le Model under Study
The main goal of this project is to study the impact of ailerons on airfoils and fuel consumption. Ailerons impact lift,
drag and airfoil bending moments. They are part of an aircraft’s control elements; the challenge is to optimize the
airfoil’s subassemblies without compromising manoeuvrability. The pro le under study was a NACA 0012
symmetrical airfoil ( gure 1).

Figure 1: NACA 0012 pro le

To conduct wind tunnel tests, it was necessary to design an aileron model adapted to the test chamber. Assembly and
different parts of the wing half were modeled using CATIA ( gure 2). The different parts were laser cut ( gure 3) for
the most accurate results possible.
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Figure 2: 2D Plan

Figure 3: laser cutting results
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Methodology Used in this Study
In order to perform fast and accurate tests, an electromechanical system was set up to adjust the aileron’s angle
position ( gure 4). A servomotor, activated by a microcontroller and connected to an adjustable arm, was used to
control the angular constraints required for the tests. The servomotor used in the tests functions as pulse trains:
indeed, the servomotor’s rotational angle value depends on the analog signal length emitted by the microcontroller.

Figure 4: servomotor operating diagram

At that point, a control panel had to be set up to manoeuvre the aileron, and also to reach the desired forces and
display them in graphs and data tables (table 1). The forces were measured with a LARCASE aerodynamic
scale connected to the control interface. Results were displayed in real time during the tests, as shown below ( gure
5).

Table 1: table of aerodynamic forces
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Figure 5: dynamic graph of F/Angle

Results
The tests were conducted at different speeds (15 and 20 m/s) and at different angles of incidence ( gure 6) (-20° to
+20°).

Figure 6: illustration of the angle of incidence

https://substance.etsmtl.ca/en/aerodynamic-balance/
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Preliminary Tests on a Pro le without Aileron
The rst test was done on a pro le with no aileron. Such tests had already been conducted with this pro le and the
results had been validated ( gures 7 to 9). This test was done to validate the operation of a new sensor by comparing
the new results with the previous ones. The tests were carried out by varying the angle of attack.

Figure 7: drag coef cient variations according to angle of attack at speeds of 15 and 20 m/s

Figure 8: lift coef cient variations according to angle of attack at speeds of 15 and 20 m/s

Figure 9: pitching moment coef cient variations according to the angle of attack at speeds of 15 and 20 m/s
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Consequently, these preliminary tests were used to validate the existing model. Indeed, the experimental results 
were close to what was expected. Flight stall (sudden increase in drag and signi cant loss of lift) can also be observed 
when the angle of attack is between 14° and 17°.

Pro le Tests with Aileron
Pro le tests with an aileron were performed according to several parameters: speed, angle of incidence and aileron 
angle. 

For these tests, the aileron angle was positioned at -40° to +40° and the angle of attack was changed from -10° to
+20°. The following three layouts ( gures 10 to 12) represent variations in the three aerodynamic loads under study

(drag, lift and pitching moment) according to the aileron angle, angle of attack, and at speeds of 15 m/s. Tests were
also carried out at speeds of 20, 25, 30 and 35 m/s but, for the sake of clarity, will not be presented here.

Figure 10: drag coef cient variations according to aileron angle of attack and tilt angle at speeds of 15 m/s
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Figure 11: lift coef cient variations according to aileron angle of attack and tilt angle at speeds of 15 m/s

Figure 12: pitching moment coef cient variations according to aileron angle of attack and tilt angle at speeds of 15 m/s
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Finally, the results for the rst three speeds appeared to be correct and were similar to the theoretical models.

One objective of this research was to extend it to further research on a morphing aileron. Within the framework of 
the CRIAQ MDO 505 international project, the dynamics of a morphing aileron were analyzed from an aerodynamic 
perspective. Its aerodynamic performance was analyzed and validated in the IAR-NRC wind tunnel, as explained in 
Refs. 1–8, while the aerostructural modeling of the UAS-S4 is detailed in Ref. 9.

Conclusion
Implementation of an experimental model in keeping with the theoretical model will allow us to study the real impact 
of the presence or absence of an aileron device and also to integrate the morphing wing concept in further tests. 
Similarly, this method will allow us to obtain more accurate results and in accordance with the computer simulations. 
Finally, tests will be conducted with the XFLR5 simulation software to de nitively validate our results and to provide 
LARCASE with an interesting database, making the extrapolation of results at higher speeds possible.

David Communier Author's pro le

David Communier is a Bachelor of Automated Manufacturing Engineering, and has a Master’s degree in 

Aerospace Engineering from ÉTS. He is a Ph.D. student in Aerospace Engineering at ÉTS. His is studying the 

behaviour of morphing wings.

Program : Aerospace Engineering  Automated Manufacturing Engineering 

Research chair : Canada Research Chair for Aircraft Modeling and Simulation Technologies 

Research laboratories : LARCASE – Aeronautical Research Laboratory in Active Control, Avionics and 

Aeroservoelasticity 

https://substance.etsmtl.ca/author/theoandre
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=162
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/david_communier
https://substance.etsmtl.ca/en/real-time-testing-morphing-wing-model-wind-tunnel/
https://substance.etsmtl.ca/author/theoandre
https://substance.etsmtl.ca/author/david_communier
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=162
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=222
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009


10/11

Manuel Flores Author's pro le

Manuel Flores is a PhD student in the LARCASE research laboratory at ÉTS. His research focuses on structural 

optimization and the aerodynamic analysis of a morphing wing system for drones, and on experimental 

validation in the Price-Païdoussis subsonic wind tunnel.

Program : Automated Manufacturing Engineering  Aerospace Engineering 

Research chair : Canada Research Chair for Aircraft Modeling and Simulation Technologies 

Research laboratories : LARCASE – Aeronautical Research Laboratory in Active Control, Avionics and 

Aeroservoelasticity 

Ruxandra Botez Author's pro le

Ruxandra Mihaela Botez is a professor in the Automated Manufacturing Engineering Department at ÉTS. She

specializes in modelling and simulation for aircraft, helicopters, aerial systems and morphing wings.

Program : Automated Manufacturing Engineering 

Research chair : Canada Research Chair for Aircraft Modeling and Simulation Technologies 

Research laboratories : LARCASE – Aeronautical Research Laboratory in Active Control, Avionics and

Aeroservoelasticity 

Oscar Carranza Moyao Author's pro le

Oscar Carranza Moyao is a Research Associate at the ÉTS.

Research chair : Canada Research Chair for Aircraft Modeling and Simulation Technologies 

Research laboratories : LARCASE – Aeronautical Research Laboratory in Active Control, Avionics and 

Aeroservoelasticity 

Tony Wong Author's pro le

Tony Wong is a Professor in the Department of Automated Manufacturing Engineering at ÉTS. His research 

interests include evolutionary multi-criteria optimization algorithms, machine learning and parallel 

programming.

Program : Automated Manufacturing Engineering 

Research laboratories : LIVIA – Imaging, Vision and Arti cial Intelligence Laboratory 

https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/manuelflores
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=222
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=162
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/ruxandra_botez
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=222
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/oscar_carranzamoyao
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/manuelflores
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/oscar_carranzamoyao
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/author/tony_wong
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=222
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1042


11/11

Guy Gauthier Author's pro le

Guy Gauthier is a Professor in the Automated Manufacturing Engineering Department at ÉTS. His research 

interests include programmable controllers, sensors, servo control, microcontrollers, thermoforming and 

robotics.

Program : Automated Manufacturing Engineering 

Research laboratories : CoRo – Control and Robotics Laboratory 

Research chair : Canada Research Chair for Aircraft Modeling and 
Simulation Technologies 

Research
laboratories :

LARCASE – Aeronautical Research Laboratory in Active 
Control, Avionics and Aeroservoelasticity 

Field(s) of
expertise :

Aerodynamics  Wind Tunnel Testing 

References

Sugar Gabor, O., Koreanschi, A., Botez, R. M., Mamou, M., Mébarki, Y., 2016, “Numerical Simulation and Wind Tunnel 
Tests Investigation and Validation of a Morphing Wing-Tip Demonstrator Aerodynamic Performance”, Aerospace Science 
and Technology, 53, pp. 136-153.

Koreanschi, A., Sugar Gabor, O., Botez, R. M., 2016, “Drag Optimization of a Wing Equipped with a Morphing Upper 
Surface,” The Aeronautical Journal, 120(1225), pp. 473-493.

Koreanschi, A., Henia, M. B., Guillemette, O., Michaud, F., Tondji, Y., Sugar Gabor, O., Botez, R. M., Flores Salinas, M., 
2016, “Flutter Analysis of a Morphing Wing Technology Demonstrator: Numerical Simulation and Wind Tunnel Testing”, 
National Institute for Aerospace Research “Elie Carafoli” INCAS Bulletin, Vol. 8(1), pp. 99-124.

Koreanschi, A., Sugar Gabor, O., Tondji, Y., Botez, R., 2017, “Numerical and Experimental Testing of a Morphing Upper 
Surface Wing Equipped with Conventional and Morphing Ailerons”, APA-36, Applied CFD I: Boundary Layer and Solver 
Methodologies, AIAA Science and Technology Forum and Exposition 2017, AIAA SciTech 2017, Grapevine, TX, SUA, 
January 9-13.

Botez, R. M., Koreanschi, A., Sugar Gabor, O., Mebarki, Y., Mamou, M., Tondji, Y., Brianchon, G., Tchatchueng, J., 
Guezguez, M., Flores Salinas, M., Grigorie, L., Amoroso, F., Pecora, R., Lecce, L., Amendola, L., Dimino, I., Concilio, A., 
2016, “Innovative Wing Tip Equipped with Morphing Upper Surface and Morphing Aileron for Greener Aviation”, 
Greener Aviation, Brussels, Belgium, November 11-13.

Sugar Gabor O.,Koreanschi, A., Botez, M., Mamou, M., Mebarki, Y., 2016, “Analysis of the Aerodynamic Performance of a 
Morphing Wing-Tip Demonstrator Using a Novel Nonlinear Vortex Lattice Method“, 34th AIAA Applied Aerodynamics 
Conference, AIAA Aviation, Washington, DC, USA, June 13-17.

Koreanschi, A., Sugar Gabor O., Acotto, J., Botez, R. M., Mamou, M., Mébarki, Y., 2016, “A Genetic Algorithm 
Optimization Method for a Morphing Wing Tip Demonstrator Validated Using Infra-Red Experimental Data“, 34th AIAA 
Applied Aerodynamics Conference, AIAA Aviation, Washington, DC, USA, June 13-17.

https://substance.etsmtl.ca/author/guy_gauthier
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=programmes&p=222
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=983
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=259
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=519
https://substance.etsmtl.ca/author/guy_gauthier
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=983
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=chaires&p=112
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=laboratoires&p=1009
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=259
https://substance.etsmtl.ca/en/https://substance.etsmtl.ca//?post_type=domaines&p=519


Koreanschi, A., Sugar Gabor, O., Ayrault, T., Botez, R. M., Mamou, M., Mébarki, Y., 2016, “Numerical 
Optimization and Experimental Testing of a Morphing Wing with Aileron System”, AIAA SciTech 2016, San 
Diego, CA, January 4-8.

Communier, D., Salinas Flores, M., Carranza Moyao, O., Botez, R. M., 2015, “Aero-Structural Modeling of a 
Wing using CATIA V5 and XFLR5 Software and Experimental Validation using the Price-Païdoussis Wind 
Tunnel”, AIAA Aviation 2015, AIAA Atmospheric Flight Mechanics Conference, Dallas, TX, USA, June 22-26

Images references

Les autres images sont des auteurs. La licence CC de Substance s’applique


	Page vierge



