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Introduction basic chord length. Since structural
The aerodynamic advantages of the and mechanical complexities
variable chord concept for sailplanes associated with such a design are
look very attractive and this attraction quite expensive, there will probably
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their capabilities. But a rigid flap has proposed here which is made of

its own limits, primarily in that the flap  sailcloth and is able to exploit the

extension may not exceed 40% of the variable chord concept to its full
extent. Why shouldn’t the sailplane fly
with sails, when those giant
prehistoric saurians like the
pterodactylus had once used this
principle? The combination of a fixed

Coardinates of the airfoll FX 70-VG-194/2.0 wing with a sailcloth extension is by
no means new. Figure 1 shows the

Experimental results

The tests were done with an old airfoil
No. 30, similar to the FX 60-126 [2],
and a light sailcloth (145 g/m?).

Figure 2 shows the complete model
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Fig. 2
100% sail flap on a rigid airfoil model

————— 500 mm —
Batten 100mm
Basic airfoil No. 30 100% Chord extension
C e Teded with sailcloth
=-45
C.( =0)= 49
Cimax= 1.6 Span 730mm
Fig. 3
Form and dimensions of the airfoil — sail combination
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5.8, Two-dimensional data for alrfoil No.30 with and

without a 100% sail extension.
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Another type of flutter develops when
the angle of attack is lowered to such
a degree that the positive pressure
difference between lower and upper
side of the sailcloth becomes negative.
The forces which evolve from the
buffeting sail are much stronger than
with the trailing edge flutter and may
be dangerous. However, the main
function of the sail is at low speed
flight ranges having lift coefficients of
1.5 to 2 but not a ¢;, of 0.5 or lower.
The drag polars and ¢ (4) curves of
the basic airfoil and the airfoil-sail
combination of figure 2 with stabilized
trailing edge at a Reynolds number of
2X10¢ are given in figure 4¢. At low lift
coefficients, the drag polar exhibits a
hysteresis which comprises the
buffeting regime. The loop is pointed
out by small arrows.

At high lift coefficients the drag values
are higher than with the rigid flap of
the FX 67-VG-170/1.36 airfoil [3].

This is partly caused by different
transition points, but also the porosity
of the sailcloth has a detrimental
effect on the drag. When the lower
side of the sailcloth was covered with
a thin plastic foil in order to avoid any
porosity, the drag polar improved
considerably, as shown in figure 5.
Therefore the sailcloth should be
airtight. The pitching moments are not
measured. They should be similar to
the FX 67-VG-170/1.36 airfoil.

One of the most promising qualities of
the sailflap lies in the fact that the
extension can also be used as aileron.
The aerodynamic qualities, especially
the buffeting boundaries which are
pointed out by arrows, are given in
figure 6 for four different flap settings.
It can be seen, that the buffeting
boundaries are low enough to assure a
workable lift range for adequate roll
control. The common technique to
differentiate the up and down
movements of the ailerons has also its
benefits for the sail-extended aileron.

The variable chord concept with sails
Some further remarks may be given to
this concept without going into
technical details. It is suggested to fit
the wing along the trailing edge
including the ailerons with five to
seven struts which define the camber
of the sail and transmit aerodynamic
forces to the wing. On the ground they
may be removed for an easier
handling of the wings. The additional

« All angles of attack in this paper are related to
the chordline of the flap model, see figure 1. The
¢ L(a) curve of the basic airfoil therefore is
shifted to the right by 12 degrees.



drag of these struts in the high speed
mode will be proportional to the
additional wetted surface. The sail is
stored on a circular cylinder inside the
basic airfoil at a chord station of
roughly 75%. To extract the sail out of
the lower side needs only a pull on
the extreme rearward corners of the
sail at the wing tip and root. The sail
then slides from below along the
cambered struts and the lift forces
press the cloth against the struts.
When the sail is out it should be
possible to increase the tension of the
sailcloth in spanwise direction up to
between 50 and 100 kp. A slack sail is
not particularly bad, but a tight one
works better. It is not necessary to
apply a special tension in the
chordwise direction. The aileron
should be hinged in such a way that
the cloth tension can be transmitted
into the wing without hampering the
turning motion. On the inboard side
the aileron chord should slowly
reduce to zero, otherwise the sailcloth
in this region will separate from the
lower side of the wing, when the
aileron goes down. To reef the sail the
cloth tension is reduced and the
circular cylinder in the main wing is
rotated as long as the two trailing
edges coincide. The part of the sail
which is stiffened by the battens stays
on the lower side of the airfoil.

The whole concept should not be
performed in one step. It is probably
better to test the low speed
configuration by a modification of a
suitable existing glider and to develop
the in-out mechanism of a new wing
on the basis of this experience. There
is always the danger of
overengineering such a project and to
lose the basic simplicity. Presumably,
at least with respect to gear and
gadgets, much can be learned from
the world of racing yachts.

Finally, the coordinates of a 19%b thick
airfoil which has been designed to
match the conditions of a 100% flap
extension are given in table Il. The
form of the flap is simply a circular
arc with 3.5% camber which runs
tangentially into the upper surface
slope of the basic airfoil. The
aerodynamic qualities should be
similar to the data given here, except
the drag values which should be
lower.
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It is hoped that this suggestions may
help to realize the benefits of the
variable chord concept. From the point
of view of the author it seems the

most natural and logical way to new
horizons of soaring.
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