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Introduction

All aircraft designed to fly at both high
and low speeds are subjected to
trade-offs which usually result in
less-than-optimal performance in both
flight ranges. One way to improve this
situation is the variable geometry
concept, in which the aircraft assumes
two different aerodynamic
configurations depending upon the
current speed range. The mechanical
and structural complexities associated
with such a design often reduce the
aerodynamic advantages of this
concept. It is therefore important to
optimize the aerodynamic
characteristics as much as possible.
This is especially true for sailplanes
which have to be aerodynamicaly clean
not only in the high speed but also in
the low speed flight ranges. Practical
considerations restrict the variable
geometry of sailplanes to a variable
chord concept. Speaking in terms of
airfoil design the problem now
reduces to the problem of finding two
airfoils which perform well in both
speed ranges and are geometrically
compatible. It is the aim of this paper
to show the benefits of one solution
which was developed for and in
cooperation with the British Sigma
project [1].

Basic considerations
Because the variable chord concept
yields extremely high aspect ratios for

the high speed mode, the airfoil with

reduced chord which may be called
the basic airfoil should have a
reasonable thickness and relatively
low pitching moments. The drag of the
basic airfoil should be as low as
possible and the low drag bucket
should be large enough to fly between
maximum speed and maximum glide
angle without changing the airfoil. On
the other hand the low speed mode
with the extended chord should allow
for high values of the climbing factor
c;3/cp. It is obvious that a low drag

of the basic airfoil can only be
achieved when the front part of the
airfoil surface is smooth and
uninterrupted to maintain laminar flow.

Any high lift devices in this region
cannot be tolerated. With respect to
the chord extension at the trailing
edge, there are several possibilities,
one of which is the well-known Fowler
flap. The usual form, for which the flap
is stored in a cavity on the lower side
of the basic airfoil, is ruled out,
because the drag penalty which
results from the disturbed contour of
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the basic airfoil cannot be tolerated.
Even a modified form of this flap
which does not change the basic
airfoil both in the stored and the
extended version may be questionable.
Another and more favorable solution
seems to be a thin flap sheet which
extends from the trailing edge
tangential to the upper surface slope
of the basic airfoil without any slot.
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The flap sheet increases the total
camber to nearly 10%, but the
additional drag is low because the flap
is «hidden» in the boundary layer of
the basic airfoil. Both theoretical and
experimental evidence shows that
cy-values of 1.8 to 2.0 and cp-values
at this lift of about 1 to 1.5% are
attainable. (The values are related to
the extended chord.) The influence of
these data on the glide-performance is
given in [2]. Figure 1 shows the airfoil
configuration which finally evolved for
the Sigma project. The coordinates of
the basic airfoil and the flap extension
are given in table I. The large flap
sheet has a small plain flap at the
trailing edge, which forms in the
retracted version the last 10% of the
basic airfoil. The small flap is a very
effective means of shifting the low
drag bucket of the basic airfoil as well
as reducing the pitching moment at
high speeds. The Sigma airplane uses
it also as an aileron. The chord of the
flap sheet is 36%o of the basic airfoil
chord. On the lower side of the basic
airfoil there is an elastic part, which
adjusts to the different flap
thicknesses. There is some freedom
with respect to the lower contour of
the flap and the flap thickness.

Airfoil design

When the flap configuration, the flap
extension rate, the thickness and the
c-range of the basic airfoil are more
or less fixed, the search for a
convenient airfoil can start. The first
condition is that the form of the rear
upper surface of the basic airfoil fits
well into the flap sheet extension at
least up to the 90% chord station of
the basic airfoil. In other words, the
adverse pressure gradient in this most
critical region should have a smooth
and reasonable distribution to avoid
any premature separation of the
turbulent boundary layer at high lift
values. When an appropriate airfoil is
found the geometry of the flap sheet is
given and the airfoil can now be
optimized. This procedure is similar to
the one previously used for the
optimization of flapped airfoils [3]

and means tailoring the pressure
distribution to get the maximum width
of the low drag bucket. This implies
two conditions for a constant pressure
distribution in the front part of the
basic airfoil: when the flap is retracted
and the cy-values go down to roughly
0.2 then the lower side of the airfoil is
the critical one and the pressure
distribution on this side should
develop monotonously into a constant
distribution. For the upper side this
should happen when the flap is out. It
is interesting to note that this
condition can be realized with a 17%
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airfoil for lift coefficients which are as
widely separated as 0.2 to 1.8, each
value related to the respective chord
length.

Experimental results

The main results of the wind tunnel
tests, which were again done by
Dipl.-Phys. D. Althaus, are given in the
next three figures. Figure 2 shows the
drag polars, the ¢ 4 curves, the
Cme4 Values and by dashed lines the
position of transition for the original
basic airfoil and the extended version.
As can be seen the lift range with
small drag values is considerably
larger than can be expected with any
fixed airfoil. The reference line of the
angle of attack is the chordline of the
basic airfoil for both airfoils, and the
high and low speed flight need nearly
the same angle of attack. The attitude
of the fuselage therefore remains
practically unchanged.

However, this brings up the question
of ailerons. For obvious reasons the
Sigma group decided to put the large
flap sheet into a fixed position and to
use for the aileron a very small flap
assisted by a spoiler. Therefore we did
some additional measurements to
check the effectivity of this auxiliary
flap and spoiler. Figure 3 shows the
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Fig.4. Lift variation with two spoiler angles of 30° and 90°
for the basic airfoil and the extended version at
two Reynolds numbers.

drag polars and ¢ (o) curves of the
modified basic airfoil and the
extended version for three auxiliary
flap settings. The modified basic airfoil
has a small concave kink on the upper
surface in front of the auxiliary flap
(see figure 1a). There are only slight
differences between the original and

the modified airfoil as shown by the
dashed line in the drag polar of

figure 3. The effect of a

two-dimensional spoiler (see figure 1b)
located on the upper side at a chord
station of 80%o of the basic airfoil is
given in figure 4 for two spoiler angles
of 30° and 90°. The few results show
/Ac-values of 0.4 at 30° and nearly 1.0
at 90°. For the extended chord the
c,-values are slightly smaller. They
seem to be proportional to the spoiler
length/chord ratio and, together with
the auxiliary flap, assure adequate roll
control.

Conclusions

A pair of geometrically compatible
airfoils has been designed for the
variable chord concept. Wind tunnel
data confirm the theoretical
expectations and show that with such
airfoils a variable chord sailplane
promises an excellent performance.
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