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Tenplates have been taken lron a fibcr-
glass sailplane uing and .r two-dimensional
wind-tunnel nodel constructcd to the coor-
dinates of those tcnplatcs. ful investigation
was then conductcd in the Langley lou-
turbulence pressure tunn.l, the fesults being
conpared sith data taken at the University of
Stuttgart for the design scction, the
I,X 66-l7AII-182. The comparison indicated
that the nanufactured section had slishtly
hlgher drag and slightly lo er naxlru lift
thar th. design section. An i teractivc
graphics conputer progran was employed to
nodify thc manufactured scction. The nodi
fied section was theoretically supcrior to
thc nanufactured one although still infcrior

INTRODUCl'ION

Research on advanced technology aixfoils
has rcceived considerable attention over the
past several years at the Langley Research
Centei. The paticular airfoil tested i{as
selected because of the availability of dara
fron another 1os-turbulence wind tunnel and
because it is representative of state-of the
art, single-o1ement, lanrinar airfoils of
fixed geonetry (i.e., no flap). A further
objective Nas to detemine the effects of
practical, fiberglass construction rechniques
on the aerod)rnanric characteristics of the air-
foil. AccordinSly, the t,ind-runnel nodel was
built to coordinates measured fron tenptares
of a fiberglass sailp1.me wing. The aixfoil
corresponds to rhe FX 66-17AII I82 designed
by Professor Ir.X. Wo4mann of the University
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of Stuttgart, West Gemany. The expetinental
section charactcristics of the FX 66 17All-t8Z
are reported i Reference 1.

'lhe invesligation vas Performcd in thc
Langley 10 -turbulcnce Prcssure tunnel (LllT)
to;btain the basic 1() -spced, t\^ro-dincnsional
ac rodlranic characteristics of the airfoil.
The r;surts have been conpared uith theo.cti-
cal data gencratcd by a viscous, subsoni'
airfoil conputcr prograin and Nith data from
RclbreDce 1. During thc tcst, thc Relnolds
nunber. ascJ on .. rloil -hord, var:eJ lron
appro';nrlely l.{r x IL'tj to j.0 x ln6, krth
g.onct.ic angtc of attack Tanging fron -10o
to l5o.

:i

fqure 2,- LiiqeY 0{lnhLr re prAsre lLmn.l

SY!lBOLS

Values arc givcn in both s1 urd the II.S'
Curtonrry tlnits. lhe noasurcnents and calcu-
lations serc adc in the U.S. CustonEry Units'

cr,

!l oid-forcc coeffi( iclrr ,

crd Point dtas coeffLcient (Rcf. 3)

ct Section ]i ft cocfficient,

hcosa-ccsina
Section pitching-noment cocffi cient ahout

quarter-chord point,

-f.,(: . '').(:).ft(:).(:)
section nornal-forcc cocf f icient,

- J. o/l\

,I

r'///:/2..,

verticsl distance in wake profile, ccnti-

hee-strean uach nunbe r

static pressure, N/n2 t lb / ft2)

'.1

l'.essure coettrcrcnt, :! ,_

Airfoi I chord, ccntincters (inches)

! ro fi 1c-drag

.,.,(:)

/r.'(:)

1".,".,



x Airfbil abscissa, centimcters (inchesl

z Airfoil ordjnate, centineters (incl,es)

d Angle ol attack, degrces

s_!L._CtI*' ,

L Local point on airfoil

T Transitioir

o liree strea condit i ons

q Dynaidc pressure, N/n2ilb/ft2)

R Reynolds nmber based on fice-strearn
conditions od airfoil c|ord
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ITiIND TUlil\ll L

The Largley lov turbulence pressLlre tur_
ne1 [Rcf. 2) is a closcd th.oat, single-rc
turn tunnel lFig. 2) Nhiclr can be opcratcd
at stagnation prcssures fron 10.13 to 1015
kN/n2 (0.1 to l0 atm) Nith tDnel-elpty, test
section Nlach nLlnbers up to 0.46 and 0.23,
respectively. The nininun unit Rc)'no1ds nun
bcr is apptoxinatery 0.66 x loh per neter
(0.20 x IOo per ft) at a lvach nuiiber of about
0. 1 ,. \e n1/ , u.n L1 ' (e/ro ld, r moe - , c

-pfroxi Irral/ rq ) l^6 pF_ i^rcr Lt5 ' 106
per ft) at a luach nurnber of 0.23. lhe test
section is 9r.44 cn (3.000 ft) Nide by 22E.6
cn (7.s00 ft) hirh.

TJ

otun_t - rI. __l

I

L. S. Lower surface

U. S. Ulper surfacc

ulDrt,, Arr ARALUS, r!\r PROUElljR! \l0DlL

'lhe coordinrtes ol the model are listed in
Iable I lon page rrJ along Nith thosc t_or the
F)i 66 lT,\II-182 as designed by Nortnenn. The
t o airfoil section shapcs, niodcl and dcsign,
are conpared in lrjgurc r.

'lhe model consisted of a metal spar sur
rounded by ptastic filler with fibergtass
fomin8 the aerodynanic surface. The nodel
had a chord of 45.77 c)n [18.02 in J and a
spa ol 91.44 cn (50.00 in ). Upper and
loser surface orifices riere located 2.54 cn
[1.00 in ) to one side of nidspm at the
chord stations indicated in Table IL Span
wisc orifices wcrc located in the upper sur-
facc only to nonitor thc tNo-dimcnsionality
ol the flos at high angles of attack. The
rnoder surface as sanded in the chord\iise
direction with nunber 600 dry siricon carbide
papcr to insure m aerodynanically smn.rh

T
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llldrrul ical ly acturtcd, circular llatcs
pro\,idc fositioning and rttachnrort for the
t$o-dir.nsional nodcl. lhe plates aro frush
rith the tunnel sidewa!1s, 10r.6 cm (40.00
in ) iD di$net.r, and rotrte with the nodcl,
Ihc modcl ends Nelc moutcd to rectangular,
nodcl attachment plates (Fig. 3) such that
the center of rotation of the circula! plates
coincidcd with 0.25c on the model clord 1ine.
l-he Saps bct,een the rectdngular platcs and
the circL{ar !1atcs Nerc closod with flcxiblc,
sliding metal se31s, as shown i.n Fig. 5.

WAKE SURVIY RAKE

A |ixed, (ake survey rake (Fis. 4) was
cantilcver mounted fron the tunnel sidcwall
at the model irjdspa and appioxinately 1.6
chord lengths dosnstrca fron the trailing
edse of the model. The wake rake employcd 9l
total-pressure tubes, 0.I52 cm (0.060 in ) in
diametcr, and fivc static-pressurc tubcs,
0.3rS cn (0.12s in ) in dieeter. Thc total-
pressure tubes were flattcned ro 0.102 cn
(0.0,10 in I for l).ol cn (11.24 in ) frorr thc
tip of rhe tube. lach static-pressul.e tube
[ad four ftush orifices ]ocated 90o apa]'t,
eight Xube dia,neters froJr thc tip of the tula
in the ncasurcrnenr plane of tha !ora1-

r\Sl RUIIIJ\TAII0N

llcasu.ci'cnts of the static I)rcss,rrcs 1,.
thc modcl surfaces anJ tljc! Nak., rakc prcs
sures $ere Dirde by an autonatic, pressurc
scanninS sy\tcn urrljzrnc v.,rrJl'lf 1t,.r " Ir. .

typc, precision trallsduccrs. llirsi. tLrnncl
pressurcs s.re nicasurcd with p.e(isioi (lua.lu
manonetcrs. Anglc of attack sas nclsrr,.d by
a caiibrrtcd, digital sliait oicoili,r {lrj ..j Iy
a pinion gcar and rack attach.d fo the i.
cular platcs. Datr scre obtainc(l by a higi,
speed, data acquisition systcn xnd rccorded
on nagnctic tale.

TIS lS AND Mr fllor)S

For sevcral test runs, the nodel uppcr
surface tras coated with oiI to Jctcrminc the
location as irell as the naturc of the laniiar
to turbulcnt boundsry- raye r transition.
'lransition sas also locatcd bI connectine n
stethoscope to individual oriliccs on the
model. This allored an observcr to stalt at
the reading edge and progress fron orifice ro
orifice to!ard the trailjng cdge. Jhe hegin-
ning ol- the tLr$ulcnt boo drr) t.ryer ra! dc
lectcd is an increase in noise levcl ovcr
that for thc .taninar boundary iryer.
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The static pressure rneasurencnts at the
airtbil sulfacc ere reduced to standard Pres-
sur.e coefficients and nrachinc integrrted to
obtain section nornal-force and chord-force
.oefficients and sectior pitching monent co
efficients about the qlrartcr chord. Section
trofil.-drag coeflicients were coJrrputed from
th. Nake rake total and the tLr,ancl siderall
static lrcssures by thc nethod of liet'ercnce 3.
llrc tmnel sidcB'a]1 5tatic tressures wcrc
used instead of thc sake rake static fressurcs
because thc ralc cannot be atlned $ith the
flow in the u ake.

An estinat. of thc stardard 1ow sfeed,
sind tunnet boudary correctiorls ltef. 1l is
.h"nr,f !ur-.. l' o .1 ior '!p.o i

matcly I pcrcent of the ncasured coelfici.nrs.
hale been applied to the data.

snraller radius developed a leading edge ples
surc !cal earlier, rcsutting in fonard nove
mcnr of the transition location at a lorer
lift co.fficient. lhis also accounts for the
lo er naxiintn lift coefficient. lhc pitching-
moment cocflicients dgrecd well for the two

COMPARISO\ OF !XPERIIINTAI,
,\NI] TIIEORF,l'ICA], DATA

A viscous-f1ow airfoil ncthod (llefercnce
5r ..,. u.F o. 'crlrre \u.l o,r": D q-

sure distributions coresponding to data takcn
in the cunent wind turnel invcstigatlon
The theory agreed quitc uell (it| cxperiJ ent
ovcr thc entire chord (Fig. 8) with the nrajor
discrepancies occirujng at locations corres-
ponding to laninar separation bubblcs.
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'JUSSION

!x?e rinentaL Results

(lonparison ith Other Data. The varia-
tion of lilt coef{icicnt uith transition loca
tlon at a Rclnolds nulflber of approxinately
1.5 x 10b conlared favorably with the data
for the FX 66 ITAII-182 (des:iCnl tlig. 6l
fron Rct_crence 1. lhc rates of variation
agrced Ne11, whl1c the actual transition 1o

cations wcrc forward ol thosc fron Referencc
l. The transition locations at a lift coef
fici.nt of 0.7 were a|out 0.04 x/c foncard on
the ulpcr sulface and 0.02 x/c forsard on the

The angte of attack for zcro lift coef-
, e . l(l ,r. -), ,P!-o -

nately -4.70, as about I.0o lowcr thm the
LIPL ilata. This difference $as attributcd to
tle thicker lo cr surface of thc IrX ai6-17AlI
r82 lnodell resulting in.n airioit Nith less
canber. lhis was verified ly conparing the
two sections tlreor.ticall). Thc lift curvc
sropes .igrc.d Nel1. lhe drag coefli.ients
agrc.d rcasonably ell lictween lift coeffi-
cients of 0.2 and 1,0. 1he lo cr drag ol
the d.sign section (as attributed to its
being thinner thar tle Ir\ 66-17A11 182

lnodel). r\liove a tift coefficlcnt ol approx
inrtctl 1.0, rhc FX 66-17AII 182 (design)
displaycd significmtly loNer drag coeffi
cients, probably duc to the srnaller, upper-
surfacc lcadiDg edge radius of thc FX 66-
17^Ir-182 fnoderl . tscc ris. 1.) The
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Flgure 8.
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Comparison ol experlmenlal_and lheorellcal
dl(rlbriions- R: l-5 x ld- lV = 0.10.

9.8 l_o

chordwlse pressure

TIIIORE'IICAL TlODI FI CATION

Ar interactive graphics version of the
viscous-f1oN airfoll computer progran i',as
employed to nodify the leading edge of the
nodel. The nodification (Fig. 9) was restric-
ted to sDall contour chanAes which could be
acconPlished uithout altering the wing stnc-

turallyj thus allowing the nodification to be
perforned on existing sailplanes. The coor-
dinates of the nodified section are listed in
Table III. The resulting inprovemenr (Fig. 10)
was nrodest. The deficiency of the modified
as contpared to the desisn section could not
be co.r"cted Decruse of conlour Ji lrerences
at locations oursrde the lead;n8.edge region

- - - -UoDer surfoce) -.'' ) I rEOrV
Lower sur{ocej

O (JDoer surfoce'l -" \ Exoerimeni(D Lower surfoce I
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CONCI,USIONS

'lcn?latcs have bcetl taken fron a fiber_
slass salLflxnc rjng and d wind tunncl niodcl

constructed ro the coordinates of those tcn
tlates. An in!,estiSation Nas then conducted
in the La slcy loLr-trlrbulencc pressure tLlnnel
to detcnnine thc brsic lo speed, two-
{lime sionaI acrodyn,Iic characteristics of
thc ajtfoil, wl,ich corrcsponds to the fX 66

lTAll-182 dcsigncd by P1.ofcssor lr.X. I'Jo|tnann.
lhe results rcre conpared ith dat.! takcn at
the University of StLlttgart for thc design
coordinatcs .Uld ('ith thcoretical calculations
u.ing a vlscous flow airfoil J ethod. Ihc
tests cre perfomed at Re)noLds nunrbcrs,
based oD ajrfoiL chord, from approxinately
1.0 i 106 to 3.0 x 106.

1h(:HNICAI. SOARINC, V0l. I\', tio. 2

Comparison of the resulting data wjth
that fron the University of Stuttgafi indi
cated that the ntanulactured section l)ad
srig|t1y higher drag than thc design scction,
part.icularly above a Iift coefficjent of 1.0.
The deficiencies were attributed to differ
ences bet\,reen the manufactured section and
the design coordinates, pxo|a|1y resulting
fron fibergl ass construction tcchniques.

Conparisons oI the t.angley data with
calcul:rted results fron a viscous flow air
foil nethod Ncre sood for chordqise pressure
distributions uherc no separation \1ras prcsent.
'. orJrrol). .n .rrF^!cr '' ;r,p'r
of the nrethod (as enlployed to nodify tie
sailplane section. The results shoNed that
the Drodified scction sas superior to the manu

facturcd section, at least theoreticellv.
The nodificat|on was restricted to contour
chmecs which could be acconplished L'ithodt
altering thc ing structurally Ii.e., "Cos
ncr ic . h"n8- ,. upp cJ o
thc replacement of onc oi nore layers of

2.
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Model
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Figure 10. Comparlson of model and modification theoretical chordwise
pressure distributlons. R" 1.5 )( 106, [,] = 0.10, q = 1.293.
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T,^3LE r.- !X 66-17^rr-182 (MoDrlt) AND

f^ ob-1. \l -lP (ul ' ii\) \le-OlL I 'o(ll NAlrc

rx 66-r7AI1-182 (Mode1)
[. = 45.]-/26 cn (18.0207 iD.)l

0.00000
.00083
.00166
.44211
.00188

.00585

.01353

.01781

.02415
,a3467
.05011
.06090
. ol 514
.10199
.1-5106
.20015
,25320
.30311

.40185

.50041

.55178

.60095

.6505 6

.7Ar3l

.80012

.44991

.90009

.94994

.97613

.99033

0.00000
.44341
.00561
.00786

.0r 114

.07259

.o2r20

.02521

.03106

.03841

.04861

.05510

.06328

.07608

.09548

.t 1042

.72L65

.r2'dr9

.1.3066

.12902

.l2335

.11506

.70427

.09128

.08197

.07028

.06026

. o41 31

.01585

.o2433
,01251
.00629
.00285

.00081

.00166

. oa27 7

.00188

.oa527

.00641

.01352

.01588

.0511:l

.01643

.10169

.15067

.20055

.25032

.10166

.35047

-450A7
.49998
.55056
.59970

.10012

.14995

.79808

.84898

.89907

.94t 58

.91426

.91832
1.00000

0.00000
-.00516
-.00691

-.00992
-.01136

.01231
-.01676
-.02573

.03040
-.03651
,.04131
-.04833
-.05321

.05617
-.a5779

.05782
-.05591
-.05253

.a4112
-.04134

-.02630
-.01892
-.01234

.0o132

.oa364
-.00113

.00080
-.00095
-.00104
-.00059

ll
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TABLE I.- FX 66-174II_182 (}IODEL) AND

FX 66-17AII-182 (DESIGN) AIMOIL COOTTTNATES - conclu.len

Fx 66-17AII-182 (Desisn)

0.00000
.00107
.00428
.00961
.a11a4
.02653
.03806
.05156
.o6699
.48427
.LO332
.12408
,14645
.17031
.19562
,2222r
.25000
.21466
.30866
.33928
.37059
.44245

.46730

.50000
,5321O
.56526
.59J 55

. 6607 2

.69134
,12LI4
.75000
.71119
.80438
.82961
.85155
.87 592
.91\13

.91341

.9 90',19

.9989',1
1.00000

o.00000
.00616
.01211
.01866
.02686
.03492
.04335
.05201
. 0601 6
,06949
.07805
.08635
.49426
.10169
.10850
.11460
. r1984
.72409
.r2105
.12814
.L2491
.127t 4
.r2492
.I2065
.715L2
.10873
.10185
.09416
.08755
,08032
.07315
.06614
.0s914
.o5282
.04662
.0407 8
.015 t1
.01026
.021 3q
.01 196
.00759
.0025{l
.00016
.00000

0.00000
.00107
.oa42a
.00961
.0L704
.02653
.03806
.05156
. 06699
.08421
.LO332
.724A8
.14645
.17033
. L9562
.2222I
.25000
.27866
.30866
.33928
.31059
.4A245
.43474
.46130
.50000
- t3?la
.56526
.59755
.62947
,66012
.691.i4
.7 2\t4
.75000
.7 717 9
.80418
.82961
.85355
.87592
.91571
.94844
.91347
.99039
.99891

1.00000

0.00000
-.00340
- . ool 4L
-.01158
-.01514
-.01911
-.02294
-.02674
-.03035
-.03319
-.03702
-.04004
-.04280
-.04532
-.047 52
-.04944
-.05098
-.05218
-.05292
-.0532t
-.05288
-.05198
-.05037
-.o4196
-.04464
-.04050
-.0157l
-.03072

.o2575
-.02tt2

.014,91
-.01326
-_01010

.00744
-.00522
-. 00.14 2

-.00201
-.00097

.00019

.00061

.00068

.00051

.00016

.00000

ll



TECIINICAL SOARING, \'OL. IV, NO. 2

TABLE II,- I'IODEL ORIFICE LOCATIONS

0.00000
.00585
.01353
.01741
,0247 5
.03467
.05013
.06090
.07 57 4
. r0199
.15106
.20035
.25320
.30311
.35283
.40185
.45244
.50043
.55178
.60095
.65056
,70137
.74442
.80012
,84991
.90009
.94994
.97 6t3
.99013

0.00000
,o1259
,02120
.02521
.03106
.03841
.04861
,055r0
.06328
.07 608
.09548
, LIO42
.12165
.128r9
.13066
. 12902
,123f5
.11506
.IO427
.09328
.08r97
.07 024
.06026
,o4737
.03585
,02433
.or257
.00629
.00285

0.00000
.00641
.03588
.05r13
.o7643
.10169
.15067
.20055
.25032
.30166
.35047
.4 0069
.45007
.49998
.55056
.59974
.64952
.100L2
-74995
.79808
.84898
.89907
.947 5A
.97026
,91832

0.00000
-.0r231
--02573
-.03040
-.03651
-.0413r
-.04833
--05321
-.05617

. o577 9
-.a5782
-- 05597
- -05253
-.o4712
-.04134
-.03396
- -02630
--ol-892
--ot234
-.oo732
-.00364
--00133
-.00080
-.00095
-.00104

13



TEGINICAL SOARING, VOL. IV, NO. 2

I
ITASLE III-- C@RDINATES OF IIODITIED FX 66-17AII-182 (XODEL)

0.00000
.00083
.00166
.oo217
.00388
.00499
.00585
.01353
.01781
.0247 5
,03467
.05013
.06090
.07574
.10r99
,15106
.20035
.25320
.3031r
,35243
.40185
.45244
- 50043
.55178
.60095
.65056
.70t31
-74442
.80012
-84997
,90009
.94994
.97 613
.99033
.99964

-0.00400
.00250
.00480
.oo7\1
.00925
.0u00
.0L225
.02150
.02515
.03175
.03940
.04960
.05585
.06385
.o7 630
.09550
, 11042
, r2t65
.72819
.13066
. 12902
.12335
.11506
.LO427
.09328
.08r97
.07o24
.06026
.o47 37
.03585
,02433
.or251
,o0629
.00285
.00021

0.00000
.00083
.00166
.00217
,00388
.00521
,00641
.01352
.03588
.05rr3
,07 643
.10169
.15067
.20055
.25032
.30166
.35047
.40069
,45007
.49998
.55056
.59970
.64952
.70012
,74995
.79808
.84898
.89907
.94758
,97026
,97432

1.00000

-0.00400
-.00700
-.00850
-.01000
-.01105
-.oL222
-,01305
-.o1125
-. 02590
-.03040
-.03651
-.0413r
-.0483 3

-.05121
-.05617
-.05779
-,o5782
-.05597
-.05253
-.o417 2

-.o4t34
-.03396
-.02630
-.01892
-.01234
-.oo132
-.00364
-,00133
-.00080
-.0009s
-.00104
-.00059
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