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ABSTRACT

The theoretical methods and experinental
facilities at the HASA lLangley Research
Center have been employed to conduct
investigations of sailplane airfoils.
Hind-tunnel investigations of two
sailplane airfoils have been conducted
in the Langley low-turbulence pressure
tunnel. A procedure for sailplane
performance improvenent has been
outlined.

INTRODUCTION

Over the past decade, a considerable
amount of research directly applicable
to sailplanes has been performed in such
diverse areas as.-advanced;composites,
handling qualities,-and airfoils. While
most of the effort-on aeronautics and
structures is directed toward powered
aircraft, the vast majority of the
technology developed can be easily
transferred to sailplanes. Some of the
effort, however, is directed toward
sailplanes in particular. Most of this

research has been conducted on airfoils.

Research on airfoils includes both
theoretical and experimental work.
the past five years, Prof. Richard
Eppler of the University of Stuttgart,
West Germany, has continued the
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development of his airfoil design and
analysis program in cooperation with
Langley. In addition, wind-tunnel
investigations of two sailplane airfoils
have been conducted in the Langley
low-turbulence pressure tunnel (LTPT).
Also, a number of Wortmann airfoils have
been smoothed theoretically. The
smoothed coordinates for these airfoils
are given in the appendix.

SYMBOLS

Cp pressure coefficient

¢ airfoil chord

Cy section profile-drag coefficient

c; section Tift coefficient

< section pitching-noment coefficient

about quarter-chord point

Reynolds number

R

X airfoil abscissa
z airfoil ordinate
o

angle of attack, deg
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THEORY

The Eppler Airfoil Design and Analysis
Program contains a method for the design
of airfoils with prescribed
pressure-distribution characteristics, a
method for the analysis of the flow
about given airfoils, and a method for
the analysis of boundary Tayers. With
this program, airfoils with prescribed
boundary-layer characteristics can be
designed and airfoils with prescribed
shapes can be analyzed. The progran
also has the capability of analyzing the
effects of the simple flap deflections
typical of most Open and 15-Meter Class
sailplanes as well as the more
complicated variable-geonetry
deflections 1ike that on the SB-11.
Finally, the program can analyze the
effects of certain surface imperfections
such as the steps which result from
aileron and flap hinges and poorly
faired spoilers.

Mumerous comparisons between the
predictions of the program and
experimental results have been made.

One such comparison using data obtained
in LTPT is shown in Figure 1. The
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agreement between theory and experiment
is excellent and typical of our
experience with the program.

EXPERIMENT

Wind-tunnel investigations of two
'sailplane airfoils have been conducted
in LTPT. For the first experiment, two
templates were taken of a fiberglass
Standard Class sailplane wing and a
wind-tunnel model constructed to the
coordinates of the inboard template.
The shapes of the inboard template and
the design airfoil, the FX 66-17AI1-182,
are compared in Figure 2. At the
maximum thickness point on the upper
surface, the difference between the two
shapes is approximately 1.5 rm (0.06
in.) whereas, at the maximum thickness
point on the Tower surface, the

di fference is about 3.3 rm (0.13 in.).
These differences assure a chord equal
to that at the inboard station -

81.10 cm (31.93 in.). The shapes of the
inboard and outboard templates are
compared in Figure 3. Again,
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COMPARISON OF DESIGN AND AS MANUFACTURED SHAPES
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considerable ditterences are apparent.
Obviously, these differences cannot be
corrected by sanding alone. The results
from this wind-tunnel test are given in
NASA TN D-8324 entitled "Experimental
and Theoretical Low-Speed Aerodynanic
Characteristics of a Wortmann Airfoil as
Manufactured on a Fiberglass Sailplane"
by Dan M. Somers.

For the second experiment, a
windtunnel model was constructed by an
American sailplane manufacturer using
the same sheet-metal fabrication
techniques used in constructing the
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corresponding production wing.
of the test, the nodel, which
corresponds to the FX 67-K-170/17
airfoil, was coated with a plastic film
in order to determine the effect of the
coating on the profile drag of the
section. The results of this test are
given in the paper, contained in MASA
CP-2085, entitled "An Exploratory
Investigation of the Effect of a Plastic
Coating on the Profile Drag of a
Practical-Metal-Construction Sailplane
Airfoil" by Dan M. Sommers.

As part
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SMOOTHING

As the result of an inquiry by Dick
Johnson, a number of Wortmann airfoils

have been smoothed theoretically using
the Eppler Program. The airfoil
coordinates published in the Stuttgarter
Profilkatalog I are not smooth probably
because of numerical errors contained in
the method used to design the airfoils.
The "waves" in the resulting shapes are
apparent in full-size drawings of the
airfoils. These waves are removed at
the factories either by geometrically
fairing the coordinates used to
construct the molds or by sanding during
the finishing of the sailplane.
Unfortunately, neither of these
techniques necessarily results in an
aerodynamically smooth contour.
Accordingly, the coordinates of a number
of Wortmann airfoils have been manually
adjusted using the Eppler Program.

To illustrate the procedure, the
theoretical pressure distributions
"before and after" are shown in Figure
4. The left-hand pressure distribution
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airfoil coordinates. These coordinates
were then adjusted until a smooth
pressure distribution was obtained. The
coordinates were further adjusted until
a smooth (and desirable) boundary-layer
development was obtained. The resulting
pressure distribution is shown in the
right-hand portion of Figure 4. The
final coordinates are the result of 75
individual changes, all of which are
forward of about 30 percent chord. It
should be noted, however, that the
Targest of the resulting differences
between the original and smoothed shapes
is only 0.45 mm (0.018 in.) based on a
chord of 1 m (39.4 in.).

In conjunction with this work, Prof.
Eppler smoothed several iortmann
airfoils as well. The smoothed
coordinates for these airfoils, as well
as those for the FX-67-K-170/17 airfoil,
are given in the appendix.

PERFORMANCE IMPROVEMENT

As a result of the previously described
studies, as well as many others, it is

is for the original FX 67-K-170/17 possible to recommend a procedure for
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sailplane performance improvement. This
procedure should be very efficient and
productive and follows the outline long
advocated by A. J. Smith. Do the easy
things first. Measure the ship's
dimensions, deflections, weights, etc.
When weighing the ship, weigh the
individual components as well as the
entire ship. Is one wing heavier than
the other? If the controls are not
properly rigged or the c.g. is not where
it should be, adjust it. Then seal the
ship. Make sure the air enters and
exits only where it should. Next,
before you start sanding, find out if
any major aerodynamic problems exist.
Why. spend hours fixing something that
doesn't need to be fixed? Tuft the
ship, particularly the wing-fuselage
Jjuncture. Then determine the transition
points on the wing and the fuselage
using a stethoscope. Then, if problems
are found, correct them. Obviously,
comparison flying in straight glides as
well as thermalling will help identify
the areas which should be examined more
thoroughly.

CONCLUDING REMARKS

The theoretical methods and experimental
facilities at the MASA Langley Research
Center have been employed to conduct
investigations of sailplane airfoils.
The unique and powerful capabilities of
the Eppler Program have been used to
design and analyze many airfoils and to
smooth several Wortmann airfoils.
Wind-tunnel investigations of two
sailplane airfoils, corresponding to the
FX66-17AI1-182 and the FX 67-K-170/17,
have been conducted in the Langley
low-turbulence pressure tunnel.
Comparisons between design and as
manufactured airfoil shapes indicate
that sanding alone cannot produce the
correct contour and that correcting only
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the first 10 percent or so of the chord
will probably not drastically improve
the performance of the sailplane.

Finally, a prioritized procedure for
sailplane performance improvement has
been outlined. This procedure should
allow the performance of the sailplane
to be inproved in an efficient and
productive manner.
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