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Initial testing was done with small balsa wood gliders, shown below. One wing had camber (curve) and was flown upside down. 
The second balsa glider was larger and more complicated with a cambered airfoil and reflex at the trailing edge. Both gliders
flew well. By changing the location of the center of gravity, the flight speed was changed. This confirms the fact that as the lift 
coefficient changes the center of gravity must change. By moving the center of gravity farther forward, faster speeds were 
achieved. The gliders flew straight and level but would sometimes drift sideways. If thrown improperly the gliders would 
oscillate and in general they were challenging to fly. 

The flying wing with camber, constant chord, and high aspect ratio is a stable platform and possible to 
fly in a controllable fashion. The main concern is in turning flight. A vertical fin may need to be used or 
more sophisticated drag creating control surfaces at the wing tips could be created. Also stabilizing 
electronics would need to be used for the yaw axis. Large control surfaces must be used to effectively 
change the shape of the wing and to give ample control in yaw. The weight saved by not having a tail 
section may be lost by having large control surfaces and more electronics. A good compromise may be 
to have a vertical fin and large ailerons instead of having drag flaps at the wing tips.
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•Aircraft are Inefficient:
•The horizontal stabilizer flies downward
•The vertical stabilizer may not be necessary
•The entire tail section is extra weight and surface area that can be eliminated

•Electronic Stabilization Can Replace Physical Control Surfaces:
•Piezo electric gyros can create artificial stability in pitch and yaw
•Efficient cambered airfoils can be used and flown in unstable configurations 
for increased efficiency

Flying wings are not new. Several Northrop, and German Horten brothers 
flying wings have been built. The defining characteristic of these aircraft is the 
swept wing. 

A constant chord , high aspect ratio wing with a cambered airfoil would be 
the most efficient for low speed flight. This configuration is highly unstable  due 
to the wings tendency to pitch down. The horizontal tail would normally 
counteract this characteristic. The trailing edge of the wing can be canted upward 
to produce the same effect as the horizontal tail. Ideally the center of gravity 
would be moved back far enough to stop the wing from pitching down. This 
could lead to violent pitching tendencies if not stabilized.  

Northrop Flying Wing Horten Brothers Flying Wing

For any airplane to be stable without electronic stabilization the following conditions must be met: 

 

The moment equation for an arbitrary aircraft is listed below. VT is the tail volume. ho is the aerodynamic center of the 
wing, hn is the neutral point. a is the lift slope of the wing and a1 is the lift slope of the horizontal tail.  There is no tail on 
a flying wing so the right half of the equation is therefore eliminated. Thus the shape of the wing must be controlled to 
cause there to be no moment, or the center of gravity must be moved. 

 

The equations reduce to this: 

 

It is apparent that Cmo (pitching moment coefficient about aerodynamic centre of wing) must be controlled or the center 
of gravity must be moved to allow a simple wing to be controlled. 

The following equation is also further simplified: 

 

 

This shows that the neutral point will equal the aerodynamic center of the wing. 

Clw = wing body or wing-body lift coefficient 

 

The above equation shows that as the lift coefficient changes the moment coefficient will change. The only way to 
remedy this is to change the location of the center of gravity or Cmo . What this means in practical terms is that as the 
speed of the airplane changes or the angle of attack changes the control surfaces must be manipulated very precisely to 
control the moments or pitching of the wing. 

 

The other main issue of concern for a flying wing with no fins or rudders is directional control and stability. Normally the 
vertical fin causes the wing to fly straight through the air. If a gust or other perturbation is encountered the fin causes the 
wing to travel forward and if the wing begins to travel sideways, the fin causes a restoring moment and the wing 
continues to have air flowing across it in the right direction. When the vertical fin is eliminated another control surface 
must be used to control yaw (turning). In this project a control surface was used to create drag at each wing tip and give 
control in a turn. A part of the control surface would move up and the other part would move down, effectively opening 
up in a V shape and only creating drag. 

Testing proceeded by modifying a 100 inch wingspan glider into a flying wing. This 
was done by removing the tail section from the fuselage and adding control surfaces 
along the trailing edge of the wing. At the wing tips, drag creating  control surfaces 
were added. Also, a piezo electric gyro was installed in between the receiver and 
servos (control actuators) to stabilize the pitch axis. The first flights were conducted in 
a nose heavy configuration so that there would be less reliance on the gyro.

After several test glides and crashes, fairly stable powered flight was achieved. When 
the motor was on, the wing tends to pitch up abruptly. The fuselage was modified so 
that the motor would have a negative incidence. The settings in the remote control 
were also changed to give more negative pitch with the motor on. After this the wing 
would climb and descend controllably and would also track well. If the wing flew 
slowly, it would begin to drift sideways and control was lost.  The wing also would 
not turn well, thus larger control surfaces were installed along with larger servos. 
Several test glides were performed with the larger control surfaces and the wing 
seemed to be more controllable. The first powered flight with the larger control 
surfaces resulted in a crash and severely damaged the wing. Further testing would 
involve repairing the wing and changing the angle of the control surfaces. 

Below are cases of cambered airfoils flying straight and level and in perturbed states. The airfoils on the left show cambered 
airfoils with reflex. This is required for the wing to be stable without electronic stabilization. These airfoils are not as efficient as 
the ones on the right since the trailing edge is creating a downward force. For the airfoil on the right in the perturbed case, it is 
clear that the lift vector is larger than the weight vector. This will make the wing basically flip over backwards if not stabilized 
somehow. The stabilizing mechanism must react quickly to prevent instability. The airfoil on the left will not flip over since the 
lift vector will cause the airfoil to right it self. 
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