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Abstract: The UAV field recognizes a full conceptual, technological and applicational 

maturity, however, a number of national and international scientific references recommend 

research directions that are insufficiently explored, such as: biological inspiration through the 

concept of morphing, approaches of the multisystem concept, or optimizations of operating time 
in hostile environments. For the aerodynamic optimization stage, this paper proposed a tailless / 

flying wing concept design for the assessment of aerodynamic performance in the flight 

configuration, by means of experimental tests in a subsonic wind tunnel. 
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1. INTRODUCTION 

 

The UAV field recognizes a full conceptual, technological and applicational maturity, 

however, a number of national and international scientific references recommend research 

directions that are insufficiently explored, such as: biological inspiration through the 

concept of morphing [1, 2, 3], approaches of the multisystem concept [4, 5, 6], or 

optimizations of operating time in hostile environments [5, 7]. 

For the aerodynamic optimization stage, this paper proposed a tailless / flying wing 

concept design for the assessment of aerodynamic performance in the flight 

configuration, by means of experimental tests in a subsonic wind tunnel [8, 11, 12], as a 

follow-up of several numerical evaluations [13, 14, 15]. 

 

Abbreviations 
 

Cx -drag coefficient Cy -lateral force coefficient 

Cz -lift coefficient β -sideslip angle 

S -area V -velocity 

ρ -density K -turbulence factor 

Cm, 

Cn, Cr 

-moment coefficients on the 

three axes 

Fx, Fy, Fz -aerodynamic forces on the 

three axes 

α -angle of incidence   
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2. AERODYNAMIC TESTS CONCERNING THE PERFORMANCE OF FLYING 

WING UAV 

 

2.1. Theoretical landmarks and description of the subsonic wind tunnel 

 

The aerodynamic tunnel from INCAS is a Prandtl type, with a closed experimental 

chamber and octagonal cross section. This wind tunnel provides an ascending cross 

section channel, having four corners with 90° turning vanes, which direct the airflow 

from the end of the diffuser towards the collector’s entrance. 

[X, Y, Z] – Components of the resulting aerodynamic force: 
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FIG. 1 Model reference system 

 

In Fig.2 such a closed circuit wind tunnel is represented schematically. The term 

“closed circuit” means that the return of the airflow is done using a single lateral channel 

[8, 9, 10, 12, 15]. 

 

 

FIG. 2 Prandtl wind tunnel with closed circuit (1.operating room, 2. engine, 3.engine cooling system, 4. 

power supply panel, 5. control panel, 6. engine control panel, 7. section to minimize turbulence, 8. 

settling chamber) 
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In the subsonic wind tunnel from INCAS we find the technical data from Table 1, 

below. The venue supports testing of aircraft models of up to 1.8 m wing spans. 

 
Table 1. Subsonic wind tunnel technical data 

No. Component Description 

1. Experimental chamber 2.0 m height x 2.5 m width 

2. Compression ratio 10:1 

3. Experimental chamber 

dimensions 

2 x 2.5 x 6.0 m 

4. Maximum wind speed 110 m/s 

5. Turbulence coefficient 0.2 % (Dryden, at Reynolds No. = 385.000) 

6. Turbulence factor K = 1.11 

7. Working pressure atmospheric pressure 

8. Measurement system external balance, 6 components, of pyramidal type 

9. Accuracy 0.02 % full scale, all axes 

10. Resolution 0.002 % full scale, all axes 

11. Incidence angle -25....+45 deg. - 1...5 deg/sec 

12. Yaw angle +/- 180 deg.- 0.5...6 deg/sec 

 

2.3  Experimental setup 

 

The MASIM model was mounted on the three elements of the external balance. The 

latter is used to measure aerodynamic loads on the model, inside the test section, as seen 

in Fig. 3. 

 

 

FIG. 3 Model mounted on the balance inside the subsonic wind tunnel 

 

The balance is located outside the subsonic aerodynamic tunnel and it measures three 

forces and three moments. It is also used to position the model at different pitch and yaw 

angles. The position angles are measured with absolute encoders. For all measurements, 

the incidence varied with one degree step. To determine the aerodynamic parameters of 

the model, four sets of measurements were taken. The model was positioned on the 

balance and was considered to be at zero degrees, when the indicator on the control desk 

measured +7.37 degrees [12]. 

The first experiment was performed at an incidence angle ranging from -4.53 to 18.37 

degrees and yaw angle was constant at 0 degrees. For the next two experiments, the angle 

of incidence varied from -4.62 to 17.37 degrees, while the yaw angle  was constant at -5° 

and +5° at a time, respectively. For these first three tests, the wind speed inside the 

experimental chamber was 25 m/s. 



AERIAL SYSTEMS AND AEROSPACE ENGINEERING 

 

216 

The last experiment was performed at a constant yaw angle of 0°, while the incidence 

angle varied from -2.67 to 17.33 degrees. In this case, the wind speed inside the 

experimental room was 30 m/s. 

 

2.4 Experimental results 

 

The experimental tests generated a series of results, the most relevant being presented 

in Fig. 4 (a, b, c, d). The final data is obtained following numerical transformations of the 

balance measurement units by means of some specific coefficients. 

For the speed of 25 m/s, according to Fig.4 we observed a maximum value of the lift 

coefficient, Cz,at an incidence of 16° for a sideslip angle β=0
o
,and of 15° for β=5

o
. 
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(a)                                                                                           (b) 

FIG. 4 Lift coefficient, Cz 

 

Drag has a minimum corresponding coefficient, CD,at 5° incidence (see Fig. 5), and 

the coefficient of the lateral force Fy grows in absolute value, proportionally (towards -

0.03) with flight incidence, but also with the sideslip angle β (0,005 for β=0
o
 vs 0,025 for 

β=5
o
), according to the graph in Fig. 6. 
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(a)                                                                                           (b) 

FIG. 5 Drag coefficient, CD 
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(a)                                                                                           (b) 

FIG. 6 Coefficient of the side force Fy 

 

The roll coefficient Cr, grows significantly after the incidence of 15° (see Fig.7), 

having value differences within the incidence range of 0°-10°. 
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(a)                                                                                           (b) 

FIG. 7 Rolling moment coefficient 

 

The pitching moment, Cm, versus incidence, for a speed of 25 m/s is highlighted in 

Fig. 8, with a null Cm, for incidence values around 3° (Fig. 8), for both sideslip angles, β. 

 

 

 

 



AERIAL SYSTEMS AND AEROSPACE ENGINEERING 

 

218 

-5 0 5 10 15 20
-5

-4

-3

-2

-1

0

1

2

3
x 10

-3

  [grade]

C
m

Coeficient moment tangaj

 

 

 V=25m/s si =0grade

 
-5 0 5 10 15 20

-5

-4

-3

-2

-1

0

1

2

3
x 10

-3

  [grade]

C
m

Coeficient moment tangaj

 

 

 V=25m/s si =5grade

 
(a)                                                                                           (b) 

FIG. 8 Pitching moment coefficient 

 

The yawing moment coefficient, Cn, varies significantly after the incidence of 13°, as 

seen in Fig. 9, having variations in the incidence range of 0°-10°. 
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(a)                                                                                           (b) 
FIG. 9 Yawing moment coefficient 

The values of the aerodynamic coefficients are shown in Table 2. 

 
Table 2. Aerodynamic coefficients (left β=0o, right β=5o ). 
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3. CONCLUSIONS 
 

The experimental steps for the proposed lifting surface were limited procedurally and 

financially, which led to the strict selection of initial test conditions with minimal 

implications for the level of confidence of the results. However, some obtained data 

contain numerical deviations that can be seen in the graphs in Fig.7 regarding the curves 

of the rolling moment coefficient, Cr, in the incidence range 10°÷15°. 

Although experimental results depend on a number of parameters from the test 

chamber (ex. test chamber geometry, airflow quality) [8], tests in the aerodynamic tunnels 

along with CFD (Computational Fluid Dynamics)simulations can confirm the 

expectations of the chosen configurations or indicate complete or partial geometric 

optimization processes. 

 

The paper presents the tests results performed under the MASIM project framework in 

the INCAS (National Institute for Aerospace Research “Elie Carafoli”) subsonic wind 

testing facility. The aim of the tests was to obtain the main aerodynamic coefficients for 

the an flying wing – a memeber of a formation flying system. 

 

ACKNOWLEDGMENT 

 

This work is supported bytheExecutive Agency for Higher Education, Research, 

Development and Innovation Funding (UEFISCDI) under MASIM project (PN-II-PT-

PCCA-2013-4-1349). 

REFERENCES 

 
[1] Barbarino S., Bilgen O., Ajaj R.M., Friswell M.I., Inman D. J., A review morphing aircraft, Journal of 

intelligent material system and structures, vol. 22, pp. 823-877, 2011; 

[2] Valasek J., Morphing aerospace vehicles and structures, Wiley, ISBN 978-0-470-97286-1, pp. 286, 

2012; 

[3] Prisacariu V., Boscoianu M., Cîrciu I., Morphing wing concept for small UAV, Applied Mechanics and 

Materials, Vol. 332 (2013) pp. 44-49, ISSN:1662-7482, © (2013) Trans Tech Publications, Switzerland, 

doi:10.4028/www.scientific.net /AMM.332.44 OPTIROB 2013; 

[4] Prisacariu V., Cîrciu I., Cioacă C., Boşcoianu M., Luchian A., Multi aerial system stabilized in altitude 

for information management, Review Of The Air Force Academy, 3(27)/2014, Braşov, Romania, ISSN 
1842-9238; e-ISSN 2069-4733, pp. 89-94; 

[5] Karen Buondonno, Sarah Gilson, Bina Pastakia, Lacey Sepulvado, Multi-UAS Operational Assessment: 

Class D Airspace , simulation report, DOT/FAA/TC-TN12/45, 2012; 

[6] Ivan Maza, Anibal Ollero, Enrique Casado and David Scarlatti, Classification of multi-UAV 

Architectures, available at http://www.arcas-project.eu/sites/default/files/Classification%20of% 

20multi-UAV%20Architectures.pdf consulted at 02.03.2017; 

[7] Eggers J.W., Draper M.H., Multi-UAV Control for Tactical Reconnaissance and Close Air Support 

Missions: Operator Perspectives and Design Challenges, RTO-HMF-135, 20p, available at 

http://public.vrac.iastate.edu/~charding/audio/Eggers%20Paper%2011-06.pdf, consulted at 03.03.2017; 

[8] Prisacariu V., Cîrciu I., Pop S., Instruments for the evaluation of the aerodynamic performance of wind 

tunnels, International conference, Scientific Research and Education in Air Force – AFASES, 2015 
Braşov., ISSN 2247-3173, pp. 93-98; 

[9] Josué Njock Libii, Wind Tunnels in Engineering Education, pp. 235-261, in Wind Tunnels and 

Experimental Fluid Dynamics Research, ISBN 978-953-307-723-2, 2011, 709 p; 

[10] Bapu Joglekar, Rana Manoj Mourya, Design, Construction and Testing Open Circuit Low Speed Wind 

Tunnel, International Journal of Electrical and Electronics Research, ISSN 2348-6988 (online) Vol. 2, 

Issue 4, pp: 271-285, oct. – dec. 2014, available at: www.researchpublish.com; 

[11] Pepelea D., Cojocaru M.G., Toader A., Niculescu M.L., CFD analysis for UAV of flying wing, 

International conference, Scientific Research and Education in Air Force – AFASES, 2016 Braşov, 

DOI: 10.19062/2247-3173.2016.18.1.22, ISSN 2247-3173, pp. 171-176; 



AERIAL SYSTEMS AND AEROSPACE ENGINEERING 

 

220 

[12] Munteanu F., Oprean C., Stoica C., INCAS subsonic wind tunnel, INCAS Bulletin, No 1/ 2009, 

Bucureşti, DOI: 10.13111/2066-8201.2009.1.1.3, pp. 12-14; 

[13] Prisacariu V., Boşcoianu M., Cîrciu I., Lile Ramona, Aspects Regarding the Performances of Small 

Swept Flying Wings Mini UAV-s in Aggressive Maneuvers, Applied Mechanics and Materials, vol. 811, 

pp. 157-161, Trans Tech Publications, 10.4028/www.scientific.net/AMM.811.157, ISSN: 1662-7482; 

[14] Prisacariu V., Boşcoianu Corina, Cîrciu I., Boşcoianu M., The Limits of Downsizing – A Critical 
Analysis of the Limits of the Agile Flying Wing MiniUAV, Applied Mechanics And Materials, Vol. 772 

(2015) pp 424-429, © (2015) Trans Tech Publications, Switzerland, doi:10.4028/www.scientific.net 

/AMM.772.424, pp. 424-429; 

[15] Caiet de sarcini pentru tunel de vant pentru testarea modelelor de turbine eoliene, available at 

www.icpe-ca.ro/achizitii-publice/ap2014/tunel-caiet-sarcini.pdf, consulted at 09.03.2017. 

 

 


