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ABSTRACT

The theoretical nethods and experinental
facil ities at the IIASA !.anqlel/ Research
Center have been enployed to conduct
i nve sti gations of sai'lplane airfoi I s.
lli nd-tunnel investigations of two
sailplane airfoils have been conducted'in the Langley Iovr-turbulence pressure
tunnel. A procedure for sailplane
performance inprovenent has been
outl ined.

IN1RODUCT IOI]

0ver the past decade, a considerable
ar.rount of research directly appl icabte
to sailplanes has been per.foruEd in such
diverse areas as advanced conposites,
handlinq qudlities, and airfoils. \.thjle
nost of the effort.-on aerbnautics and
structures is directed toward powered
aircraft, the vdst najori ty of the
technology developed can be easily
transferred to sailplanes. Sone of the
effort, however, is directed tovard
sailplanes in particular. l.lost of this
research has been conducted on airfoils.

Research on airfoils includes both
theoretical and experimental work. 0ver
the past five years, Prof. Richard
Eppler of the University of Stuttgart,
lJest Genirany, has continued the

development of his airfoil design and
analysis program in cooperation with
Lan9ley. In ado i ti on, wind-tunnel
investigations of two sailplane airfoils
have been conducted in the Langley
I or,/-turbul ence pressure tunnel {LTPT).
Also, a nunber of t/ortnann a'irfoils have
been sr,roothed theoreti ca lly. The
srioothed coordinates for these airfoils
are given in the appendix.
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TI,]EORY

The Eppler Airfoil Design and Analysis
Progran contains a r,lethod for the design
of dirfoi ls with prescribed
pressure-di stribution characteri stics, a

nethod for the analysis of the flow
about given airfoils, and a L"Ethod for
the analysis of boundary layers. l'lith
this program, airfoils witl prescribed
boundary-layer characteri stics can be
designed and airfoils with prescribed
shapes can be analyzed. The progran
also has the capability of analyzing the
effects of the sinple flap deflections
typical of most 0pen and ls-Heter Class
sailplanes as well as the nore
conp l i cated variabl e-geor'letry
deflections like that on the SB-ll .
Finally, the progran can analyze the
effects of certain surface inperfections
such as the steps lrhich result fron
aileron and flap hinges and poorly
fai red spoi I ers.

l,lunerous conpari sons between the
predictions of the progran and
experiinental results have been nade.
0ne such ton)larison using data oLtained
'in LTPI is shown ir Figuie l. The

737

agreement between theory and experir,pnt
is excellent and typical of our
experience with the progran.

EXPERIMENT

lli nd-tunne l investigations of two
sai lplane airfoi ls have been conducted
'in L;PT. For the first experir,'rent, tl/o
ter,plates lvere taken of a fiberglass
Standard Class sailplane wing and a

l'ind-tunnel model constructed to the
coordinates of the inboard tenplate.
The shapes of the inboard tenplate and
the design airfoil, the FX 66-l7AII-.l82,
are cornpared in Figure 2. At the
naxinum thickness point on the upper
surface, the difference betveen the two
shapes is approximately 1.5 rn (0.06
'in.) lrhereas, at the naximum thickness
point on the lower surface, the
difference is about 3.3 r,n (0.,]3 in.).
These differences assune a chord equal
to that at the inboard station -
8l .'l0 cm (31.93 in.). The shapes of the
inboard and outboard templates are
conpared i n Fi gure 3. Agai n,
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conSiderable dr tterences are apparent.
obviously, these differences cannot be
coffected by sanding alone. The results
fron this wind-tunnel test are given in
iIASA TN D-8324 entitled r'Ixpeririental
and Theo retj cdl Low-Speed Aerodyndnic
Characteristics of a Wortnann Airfoil as
l4anufactured on a Fiberglass Sailplane"
by Dan ll. Soners.

For the second experinent, a
wi n dtu nnel model v,/as constructed
Anerican sai I plane manufacturer
the same sheet-rEtal fabrication
techni que s used in constructing

COMPARISON OF DESIGN AND AS MANUFACTURED SHAPES
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NASA FIGURE 2 D. SOMERS l/r4-18/81
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coffesponding production wing. As part
of the test, the nodel , which
c0rresponds to the FX 67-y,-170/17
airfoil, T]as coated Hith a plastic filn
in order to dpternine the effpct of the
coating on the profile drag of the
section. The results of this test are
given in the paper, contained in ASA
CP-2085, enti tled "An Exploratory
Investigation of the Effect of a plastic
Coating on the Profile Drag of a
Practical -ltletal -Constructi on Sailplane
Airfoil" by [Jan 11. Soflners.
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SI,IOOTHI NO

As the result of an inquirY bY Dick
Johnson, a nunber of llortriann airfoi ls
have been srioothed theoretically using
the Epp'ler Program. The airfoil
coordinates published in the Stuttgarter
Profilkatalog I are not snooth probably
because of nunerical errors contained in
the r,Ethod used to design the airfoils.
The "waves" in the resulting shapes are
apparent in full-size dravtings of the
airfoils. These lraves are rerioved at
the factories either by geonetricall-v
fairing the coordinates used io
construct the nolds or by sanding during
the finishing of the sailplane.
Un fortu nately, neither of these
rechniques necessarily rcsul ts in an
aero dynami cal lJ, snooth contour'
Accordingly, the coordinates of a nutnber
of l,lorLnann airfoi ls have been nanually
adusted using the Fppler Program.

To i llustrate the procedure, the
theo reti cal pressure distributions
"before and after" are shown in Figure
4. The left-hand pressure distribution
is for the oriqinal FX 61-Y.-170/17
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airfoi I coordinates. These coordinates
were then adJusted until a snooth
pressure distribut'ion was obtdined. The
coordinates were further adjusted until
a snooth (and desirable) boundary-layer
developlEnt was obtained. The result.ing
pressure distribution is shotrn in the
right-hand portion of Figure 4. The
final coordinates are the result of 75
individual changes, all of which are
foruard of about 30 percent chord. It
should be noted, however, that the
largest of the resultinq differences
betsJeen the original and snoothed shapes
is only 0.45 nf,r (0.018 in.) based on a
chord of I n (39.4 in. ).

In conjunction viith t.his work, prof.
Fppl er snoothed several:rortnann
airfoils as lvell. The snoothed
coordinates for these airfoils, as well
as those for the FX-67-K-'l70,/17 airfoil,
are given in the append'jx.

PTRFORIlANCE I14PROVIMTN-I

As a result of the previously described
studies, as well as nany others, it is
Dossible to recorimend a procedure for
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sailplane performance improvenent. This
procedure should be very efficient and
productive and follovrs the outline long
advocated by A. J, Smith, Do the easy
things first. l{easure the ship's
dinens ions, deflections, weights, etc.
fhen ueighing the ship, r,/eigh the
individual conponents as uell 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, a(iust it. Then seal the
ship. Make sure the air enters and
exits only where it should. lJext,
before you start sanding, find out if
any najor aerodynanic problems exist.
lihy. spend hours fixing sor:tething that
doesn't need to be fixed? Tuft the
shi p, particularly the wing-fuselage
juncture. Then determine the transition
points on the wing and the fuselage
using a stethoscope. Then, if problems
are found, correct then. 0bv'iously,
compdrison flying in straight glides as
well as thernalling riill help identify
the areas vhich should be exanined more
thorough ly.

CONCLUDI NG REI'ARKS

The theoretical nethods and experimental
facilities at the NASA Langley Research
Center have been employed to conduct
i nvesti gatio ns of sai I plane airfoils.
The unique and powerful capabilities of
the Eppler Program have been used to
design and analyze nany airfoils and to
snooth several l,lortoann airfoi ls.
lli nd-tu nnel investigations of trro
sailplane airfoils, corresponding to the
FX66-l7AII-lB2 and the Fx 67-K-170/17,
have been conducted in the Langley
'low-turbul ence pressure tunnel .
Conparisons between design and as
manufactured ai rfoi I shapes indicate
that sanding alone cannot produce the
correct contour and that correcting only

Ita,{r!"f CA l, 5OaJ1 II1;

the first l0 percent or so of the chordwill probabiy not drdsti(ally ir,tprove
the perfornance ot the sdilpiane.

rindl ly, d prioritized procedure for
sar lplane pertorna4ce inprovement has
been outl ined. This procedure should
allow the perfornance of the sailplane
to be inproved in an efficient and
Producti ve manner.
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