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Abstract 

Airplane wing load control systems are designed for modification/redistribution of aerodynamic loads in order to 
decrease risk of structural damage in conditions of excessive loads, to improve passenger comfort in turbulent 
atmosphere or to act as flight control systems. Classical examples include systems involving symmetric deflections of 
ailerons reducing wing root bending moments (Lockheed C-5 Galaxy) or deflections of spoilers stabilizing landing 
approach path (Lockheed TriStar). The fast development of Micro Electromechanical Systems and their application in 
Flow Control System opens the perspectives of designing practical wing load control systems based on fluidic 
actuators, modifying local aerodynamic loads by inducing changes to flow, for example, by inducing flow separation 
in the boundary layer or modifying Kutta condition on the trailing edge. This is the principle of operation of novel 
concepts of flow control actuators proposed by Institute of Aviation and discussed in the paper. The systems include 
actuators in the central part of the wing section, reducing local lift similarly to classical spoilers and actuators on the 
modified trailing edge, acting similarly to ailerons. The potential advantages in comparison to classical devices 
include potentially shorter reaction time because of avoiding the necessity of moving large surfaces against high 
dynamic pressure, which is important in conditions of fast-changing loads in turbulent atmosphere. 
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2.  

Fig. 1. Schematic view of the nozzles of the proposed fluidic actuator acting similarly to classical spoiler 
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Fig. 2. Mechanism of circulation control inducing the Coanda Effect in the Fluidic Aileron configuration 

3.  

Fig. 3. Flow velocity contours for baseline configuration with classical spoiler. NACA 64A210 airfoil at Mach 
number M=0.1 and Reynolds number Re=2.3 million. Angle of attack 8 , spoiler deflection 10  
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Fig. 4. Time dependence of unsteady normal force and pitching moment coefficients obtained for different spoiler 
deflections 
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Fig. 5. Dependence of coefficients of normal force, pitching moment and drag force, averaged over time on classical 

spoiler deflection angle 
 

 

 
Fig. 6. Flow velocity contours for “fluidic spoiler” configuration and different blowing mass rates. Angle of attack 8  
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Fig. 7. Time dependence of unsteady normal force and pitching moment coefficients obtained for different blowing 

momentum coefficients 
 

 
Fig. 8. Dependence of coefficients of normal force, pitching moment and drag force of the “fluidic spoiler” 

configuration, averaged over time on blowing momentum coefficient 
 

C

C
N

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

C

C
m

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
-0.06

-0.05

-0.04

-0.03

-0.02

-0.01

0.00

C

C
D

0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
0.00

0.01

0.02

0.03

0.04

0.05

276



 
Modification of Aerodynamic Wing Loads by Fluidic Devices 

 

Fig. 9. Dependence of coefficients of normal force and pitching moment of the “Fluidic Aileron” on blowing 
momentum coefficient 

ccJ Lef .

 
Tab. 2. Jet efficiency parameter for the load control concepts proposed by Institute of Aviation and for earlier 

solutions 
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