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On the ÕWing... #124

 

Adding a “plank” center section to a swept ’wing

 

Several readers of this column have recently contacted us concerning the 
addition of a ÒplankÓ center section to a swept Õwing. In one case, the 
modiÞcation had already been accomplished, and the builder was lamenting the 
loss of roll response and wondering why it felt tail heavy in ßight. Another 
correspondent was wondering about the change in location of the neutral point, 
as he was attempting to determine the new center of gravity. Such questions 
usually generate another ÒOn the ÕWing...Ó column, and this time was no 
exception.

LetÕs take the case of the second correspondent Þrst. ÒHow does the addition of 
a plank center section affect the neutral point?Ó Simply put, the neutral point 
moves forward in proportion to the span of the additional constant chord panel. 
That is, the greater the span of the new panel, the further forward the neutral 
point will be.

Figure 1 depicts the original 
swept wing conÞguration. For 
simplicity, we chose a swept 
wing with a chord of ten units 
and a tip chord of Þve units. 
The leading edge is swept back 
ten units, and the half-span is 
20 units. To determine the 
neutral point, we used a 
method described by Richard 
Moran in the March 1994 
issue of 

 

RC Soaring Digest

 

. 
Using this method, the neutral 
point is found to be at 6.12 
units from the apex of the 
leading edge. (Remember, the 
center of gravity (CG) is always 
placed in front of this point.)

Figure 2 shows the plank center section which will be added to the swept wing 
planform described above. The semi-span of this segment is denoted by V. 
Because the chord is constant, the neutral point will be at 25% of the chord, 2.5 
units behind the leading edge, no matter the span.
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The composite aircraft is shown in Figure 3. Note the original swept portion of 
the wing remains constant, as does the chord of the center section. To reiterate, 
the neutral point of the swept section is 6.12 units from the apex of the leading 
edge; the neutral point of the constant chord center section is 2.5 units from the 
leading edge.

In computing the neutral point, we Þnd the relationship between the span of the 
center section and the distance of the neutral point from the leading edge is not 
directly proportional. Table 1 shows that as the added center section span is 
increased, the neutral point moves forward, as expected. But a graph depicting 
the relationship between V and X

 

NP

 

, the two variables, shows a slightly 
non-linear relationship. See Graph 1.

Why would such a composite planform, once constructed, feel tail heavy during 
ßight? Probably because it IS tail heavy! In the example case shown here, the 
addition of a center section of 40 units in span (20 units semi-span) dictates 
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that the neutral point will need to be moved forward from 6.12 to 3.69 units aft 
of the leading edge apex. This is nearly 2.5 units! Since the added section has a 
constant chord, the volume of the composite aircraft is more than doubled as 
well. Little wonder so much weight is required to place the CG in front of the 
neutral point.

Finally, why is the composite aircraft relatively non-responsive in roll? There are 
three reasons which come immediately to mind:

Inertia - The lengthened span has more inertia than before the modiÞcation. 
This tends to prevent the roll motion from starting, and, once started, from 
stopping. The inertia for the entire wing will grow at an exponential rate if the 
mass of the wing is distributed evenly along the span. While this is not true for 
the given example because of the swept and tapered outer panel, it does provide 
some idea of what may be expected as the wing span increases.

Sensitivity - Since the elevons are now further outboard, away from the center 
of gravity, the aircraft is less sensitive to control surface deßections. 
Aerodynamic control surfaces are in control terminology velocity control 
devices. That is, the velocity of the surface to which they are attached (in a 
direction perpendicular to the free stream velocity) is proportional to their 
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deßection. As the distance of the surface from the CG is increased, the control 
sensitivity is reduced in inverse proportion. Thus Òtwice as farÓ equates to half 
as sensitive.

Roll damping - As soon as the rolling motion begins, the effective angle of attack 
changes. The change in effective angle of attack is different at various locations 
along the span. The greatest change takes place at the wing tip, where the 
rolling velocity is greatest, while at the center line there is no change at all. For 
the downgoing side, the effective angle of attack increases, increasing lift in the 
direction which is against the rolling motion. For the upgoing wing, the effective 
angle of attack decreases. The resulting negative lift is against the rolling motion 
as well. These changes in effective angle of attack damp the roll. Roll damping 
increases as the wing span is increased.

These three factors Ñ inertia, sensitivity, and roll damping Ñ create a situation 
where roll response deteriorates as span increases. Aileron area must be larger 
or deßection angles made greater in order to maintain control authority in roll.

So, is adding a constant chord center section to a swept wing design a good 
idea? Probably not. A better alternative is to take the same planform and simply 
make a bigger Õwing!
___________
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