
WIND TUNNEL INVESTIGATION
AND ANALYSIS OF THE

SM7O1 AIRFOIL
By Oran Nicks, Gregory Steen, Michael Hetfner, David Bauer

Low Speed Wind Tunnel, Texas A & M Universig

Prcscnted at rhe ){Xll CXTIV Congress, Uvalde, Texas, USA (191)

ABSTRACT

A wird tunnel test was perfonned on a two dimen
sional model of tllc SM701 airfoil dcsigned for use on
WorldClass glidcrs. The tesicovercd a range ofReynolds
Nun$erconditions fron one rnillion to 2.5 millior. Acro-
dvnamic forces and monrents were nreasurcd rviih an
eiternal balarce. Wake rake measurements of the two
dimerrsional drag i{ere also made. Flow lisual'zatiul
ieclxiquesprovided inJormationontransition f rom lami
na r to tu rblr lcn t flow. l'os t stall condi tion-s lvere examined
fbr boih positive and ne8ative antles ofattack. Lifi, drag,
.,nd p'r, I d,d m,rn,F,,r wFre d,dl),zrd .,rJ, on,p,, i "'n.
nradc with numerical predictions. The model was dc-
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signed, conslructed, and lhe test conducted by studcnh at
Texas A&M University.
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BACKGROUND

'nr htemational Cli.ling Conrmjssiorl (IGC) of dle
lederatlon Aeronautiquc lntenrationale (FAI) ifttjated a
de.r8n 'l]ld prolol) pe c' ',,,l rriri,.- rrL "l,hip'rrol.a8ofor a ncw Wor'1d Class glider io be Lrsed nr mtcnrainnlal
competition. Techl1lc.l SpecilicaiiorN for dris d(si8n and
ground rules concernng t]1e competition w.re announced
sorldlvtleby the FAi. The spe.ifi.ntiorrs !v( rc frepared
after I11uch deliberatnxr bv arl nrtcnra tional pa nel incorpo
ratin8 judgemenis tlut favor low cost, safcty, suitable
performance, aj]d ease oI handhrg d]at might encourate
soar gon a worldwidebasjs.

T1t balanccd characteristics chosen bv Lhc pancl sug
gested drc dcsjrability ofa hith nuxlrlurn liftcocfficrnt,
gentle stall rrnd adeltuai(' I /D ratjos nt lo$, Rcynolds
Numbers. Trro cxpc rlceLl airfoil desiFrrs, Mr. Dan M.
<o.ner- dnd Dr. M.r L l'.\'1,LrelJ-,pr.r,l.F-t,,J,.ri I

.u lJbh .,r'url. t,l iArl.l,r.r,.,.rl . r,,r,nro|L.r.rr
volvcd iD WorldClassTechnical SpLrif icaijons. T]1eSMT{)1
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FIGURE 1. TAMU LSWT facilitv diagrnm.

kilovolt arnps

pouds per square foot

revoluijons per minute

longitudnral djstance tuoDr test section center

Iateral disiance fton tcst section center

vertical distmce from iest e.tion .enter

anfoil was desi8lred usjnS theEppler Somers Airfoil De
sitn Program. lts physical an.l dcsi8r clraracterjstics ivere
$en offered b all dcsigncN who mjght wjsh to employ

Because fie analytical proccdurcs ar liniied in the
dekmnrrion of some parameters such as maximun lift
c(xffi cicnt,characterislicsaf terstall, deterninationof zero
lift angle ofattack, and pitching moment, it rvas proposed
that experimeniai tcsts bc corductecl on a iwo-dimen
sional moclel o{the SM701. A sh,dcnt prqcct proposed by
TcxasA&M Univc$ity was funded by NASA to perfonr
distesiusinga nodilicLi wind llllnel m odel. The tesi u, as
conducted and this rcfort wa s p repa red by a student team
and an advisor at Texas A&M U versity under NASA
CrantNumbcrNAC]l 1260 FDP.Mr.DaI1grmers:rndDr.
Mark Mauglmer provided coNultation during the tesi
ak,ng with leclures on ilre application of dre lpplcr
Somers anfoil desitl ncihod.

FACILITY DESCII] P]'IoN

lhc Tcxas A&M UnivcJSity Lorv Spee.l Wi,rd Tunncl
(TAMU-L-SWT) is a sclfcont.ine.:l research facilitv locared
dJt.,., ll. l. l,i\v,,u. \'1..rl nrulle..srdt ,i,. 1,....

Teh, l"ru''l .-"'.1.' ' ",d.I.,'r Lblerr I
hpe havirg n rectangular t.rsi scctiinr tef teet r{j.lc arLl
sevei feet Ingh. Irigurc I prcscnts a ljne clra$'nrt of ihe
second floorof dtebuildnrs.nLl a plnf view of dr. wnr.1
tuNrcl circuii. Total circlriL lentth.lt thc'centc.hlc is 3q6
Ieet (i20.7 nr. Tl[ maxinNnr djaneter d30 fi'tt (9.14 nr)
occursiniltsettlingchanrber. Asirglescrtelis locitcd ni
the settling .hambcr cnirancc anLl a doLrble screcn jusi
upstrea of drc.onhrction scction to i'nprov. .lvnam ic
pressure unlorrnitv alr.] n) rcdt(:c llolL iurbulell(€lcvcls.

Tre contr.lction secti.lr wiich acts as a transitionpiecc
f.om cjrcular b rcctangLrl.r ooss sectjon is olrcnforc.d
concrete construction. (iDhaciior raiio is 10.4 k) l in a
lorgih of30 feet (9.1'l m).

l)iftusion takes pl.lce nnm.dii&1y downstream oI dre
tcst scction in a .oncrctc diffuser
!\'hch als(r retuns thc florv to a
circular scction. The horizonial ex-
pansion angie is l.'13 degrcrs and
dre vcrtical3.38 degrees jn nll over,
all len8thof.la,.5 fcci (11.17 m)

A l2.sf{roi(3.81 m) diameier, tour
blndc Curtiss Electric propeller
drilcn at 900 RPM by a 1250 KVA
s)Ichrorous el€ctrjc motorprovidL\l
the alr liorv in the wficl tunnel. A ny
dc'sired tcst scction Llynamlc pres
sure bctwecn zcro and 100 polllrds
per s.tuar€ fooi (0 - '1.79 kPa) canbe
obianrcd by properHadepiichangle
positionnrg.

Tluee sePara tc stud ics ivere per
Iormed on hurncl parameters criii
cal to iM tcsrint ofa iwodimellsbnal
laminar florv airfoil in prep.rrition
for ihc nrvcstigatioD oI the S1v1701.

These siudies ex.lmnred thc tcsi scc
tioll f rccstream iurbulencenrturasity,

fECHN]CALSOARING



d)e floor and cciling bolndn4 layers, nnd the exie ral
ba lancc sysLem ncc rLrn.v an.] repea iabilitv.

Freesiream lurbulcnce inn:nsitv nlcasurcnrcnts wcre
rnadc ai filc diflerent locntions !r thc't.st stcti(,r usnrg n
sllSleconrponcni TSI hoLlvirc rnd.ssociate(l eq1l +nnent
Ire.l.rial\erenotfilirr.dorlin.arizcll,iherciotethe* orct
case is prescnh:11. I)aLr wcrc takcn ii c.ch locnijon nr the
test sectn)n.lt l().lifk,reDi dvnarnic prcssLrres. L,.nch clni.
poj11t lvnsobhnrc.lby a,,rlyrnrg20,18sanplcs.cq,,ired.t
2lJ00l11. Figure 2

sitl vs. d,vnarnic

nificantlywjth 1o

surc. Th.r SV1701

rangeoflpsf(1e1
Pa) to 2'l psf (1.15

proxlrr.riely 0.3t),, b{1.(l',1 nr this rdngr.
The testsc'ctnrr fl oor rn.l..ilnrE b(trI)d.rr\ liv{rs serc

nrcasuredb) usingr trvclvcIort bourrdarv lnyrrf,ikc.Thc
rake L1ciht.1t.'cl tlrc nleasltronuri oi th. cl.!dr n)ir1 nrrd
on( staLic prcssurcs by lhe PSI $100 prcssu.e nre.sure
mcntsvstcm. Thc tq) lot.rlpr$surc porlwnslo..ted 3 60
in.hcs (91.1nm).bo\ c LhesurlaccanLl ihc sirtic prcssrrre
portrv.slocnte.:i4.ltl inches(101.1 rndl)nbove thqsurfice.
Thcbounclnry LrverthLck(less !vnsme.rsLrr.d at tl \.'SN'l7(l l
lcadi.gcLlge,.lu.dcr.hod, and triLlif gc(llte lociticrrsas
wcll as scvcn other iociii.nrs or boih the flool an.l ihc
cei]lng at ten djlierent .tlnnnic pressrLres. The displace
nrflrt/ momeniuln/.nd energr thi.knesses were ca)cu
l.r ted based o,r ihebo un.lary l.rver sL1n eys ni ea.h lr:Ln iion.
lllebound.tq' lavcr thiekrtss.s(n thc il(x)rnrrd tltr,..ihrg
rrere nenrly identical. fu born.lary laver tlxckress, de
Iiied .rs drc heiglrt abft thi: surf&, *4trc dr irral
\,t,, rrr,..lr.l"r , .. rr'' rr,.r,,,1..;'\.;r'a.r', 1

approxinlatcly LI0 ifches (28 mm) it thc efuan.e io i.hc
krstscciior b2.55in.hcs (68mnr)ala pointlzinrhcs( 1.07

ntbel Lrdthecerrhrr.Thcbrurlarylavcrthickrr:ssrangcrl
irom 1.85 hches ('17 nlm) it ihe lerdnrg e.lte loution to
2.1U irch.'s (53 ni ) rt th, bailirrE cdg.: ll)catxrr nt a
dynanic pressue ol30 psf ( 1.14 kl'a).

Tlrefacjljtl''ssix.omponentpyrdn l.rlextern.rlbnlx1ce
was checked for repeai.rbility an.l accrracy by rcpcatedll
loading a single compore,lt rridr calibrated precision
r\'eights. T]rcse iestsh'ere.lone rviihiroth ihe tunnel.lrive
nroior off and on. 'lhc drig mcaslircnlcnis rvcrc r!'lnat-
edl)' a.curate to withnl 0.05 lbs. (t1.22 N) ar1d ihe lift
mcasurcnrents r{.re ac.ur.rtc to widrin0.l0lbs. (0.44N).
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Botlt (nrforrents wefc slighil_\' Lrcttcr behve.l rv;th the
drivc moioron r.rther thin oil. lt is belie! c'd thisisdLreto
thevjbrntionspresentnr tlt svst(rn fron thc nrotor elirn;
rra rB anv siickllg in ihc nri'.h.ni.nl coolpolLrnis oftlle

N{ODEL I'ESCRIPTION

]'he SN170l nirloil is n lar prr.:uri thn:k, lanrh.r flow
nirloil dcsiEnrcd ior
tnBlLnLrxnnunrliii
ind lol\' profjlc
drag whjle exhib
iiirlg.l0cjle siall
drncii'ristics.The
rnodeleorrsh1rctcd
for ilis test lud a
sp. o16.97ft (2.17
nt, a clrcr!:l of 2.68
ft (0.82 m) and ,rn
.rrea of 18.66 1t:
(1.73a m').

Thc nroclel rvas
buili arornld an
cxisiing met.l
wnrlt whi.h Nas
usecl as tlt back'
bone n)r ihcSM70l
nrdcl. Foam $as
sinde.l to 

'tDttrhih( shapc of ih.
u|pcr arrd lolvrr sLrt.r.cs ol lhc eristing wing ind tirsr
glucLl to Lhc Niig rvith en rpLJ\) resin. Tenpl.rtes lrere
Sencrnicd o'r. comprler ifd clrt ort !:,i nl unurufi plates.
'Ih.s.r l(inp1.ics wi'lc rlountcd to c..h crrd of thc foanr
cove.ed wifij. Tlre lonnr wns snn.ir'.] dolrLr io tk tenr
pl.tcs n'rd.o! errll with ,nLrliiple h\t.s ofljbertlass. The
fin.rl sh.pc u.s obl.i.cd by LrsjnB ]londo Uodtr Fjller to
smooth .{rt an\ irrl8ulnrjties 11 thc.rirn) shape ihe
nlo.lel 1^..rs smr.lcrl trr .r 

"ri 
r.{)tlL lirish rrld Finie.l ,{tter

p,iifiing, the !viig rris polish(l Lry Nri sin.li.g iviih 60ll
gnl s.rndp.f.r. Outer l(!ltlit$ r\1:r. then rnade lron ihc
nrodelb| Lrs,1rgolersiztd prc]lileshipes.nd fillingnr ihc

taps beilveen thc tr.rplil$ nn.l ihr nrodcl s iih Bordo.
From thcse icmplitrs, nctLrnl cross sccliors w(re iakcn
fronr ilircl] diifertnt st.r ti( 

'rs 
I Long tlle spnn of the nrodcl.

Wrenconrp.ted wjlh plots of lhc ihrofcii.al(1rv,li,,ih'(
some.lif fu rencc's r!erenoti...l betlveerl ilre.ciunl slupc of
dr trrxtri rnd the thcttrctilal sl Lrpe OJr tl1e lower slr ac.
n( ar ilr. tl.ilnlged$,.n r:rirr in thicl:rcss ofll.35't, of th.
chor.l wa! obscr!cLl tr.iwd!r thc h!oshapes. olrthe uppi:r
surfa.t at afpro\nrutrh 5", lrom the leidjng eLige, a
mtlxj,n!rn €rrorol0.28", \\'is observeil atainnr die tuck
ncss.lnboth.rsrs,thrnr\ltlrvnstltrckerthanthcilu)reii
cal shal,e (l'igure 3)

A stecl .r01rrii.g fnifu !\'isili.chcd to lh.r tr()delatonc
end.md ths l'lntt rrns thcn b.rted to thc cxtenlalbal.ucr
Tlrre n'.rs a 0.125,rch (3.1: ln ) gap ni thc iesi sectji'1
ceilrng nnllth e mo.lel cxtcnde.linto thc floor. A floorplatc
with a 0.125 nrh (:l.12,nnr) g.1p nround ihc nndel ilas

Unrler high aerodvnamic loidirrss thc model s,as ob

Fl(;URF 2. Freestre.nr r,,d),,len.p n,te,,sir!



seracd to contact ihe floo+rlah so the gap was cnlariled.
Tris, horvever, a orved air lrom the balance room b be
drarvn into t]f tcst section and .rdversely affcct the airflow
aroutrd the model. Several floorplatc c,;fi8u rationswhi.h
.ttcmptcd to eliminntc dris flow were testccl and effoils
lvcrr also made b close the nodel ceihrt gap. Thc final
configuration L\ntivas tcsied is sh o14n in figxrc 4. A 0.125
lrch (3.12 mm) ceiling gap was use.l to prelcnt nrterfer
-c.F JuriS )d\v 'wFFp. lll l-,rlur.orll,ehirts(,r
placecl0.312s inchcs (8 mnr)above dre floorand a spacer
was placcd b.rtlvecn ihe nrodel and thc nounillg plnte
$ ith dre floorplate fitthtj a round the spa.er. l ins con fiilu
miion redirected any airflo$, ftom Ludementh thc lcst
section parallelto the floor.

TESTCONDITTONS

Angle of attack sweeps were rr on the SM701 aiJfoil at
four differentdynamic pressures. Six componcnt erternal
bJlJrce JrtJ hLr, r.,lur, -t,nqle. ot Jt,.. l .r,,n npq.' VF
-uil lhrouElr posil.\ e.tall ii ;r d.arce r r. r.menr,. nr
setdt,ilamicprcssureswere4 psf (191.s Pa), 9 psr(130.9 Pa),

15psf (718.2Pa), turd24psf (1.U9
kPa); these correspond to
Reynolds Nu mbers of 1 x 10', 1 .5
x 106,2.0 x 10', and 2.5 x 106. The
minimum Reynolds Numbcr
was hnited by the ability !o set
.nd maintain a constantdvnimic
pressure in the test secti;n. Thc

'naxnnum 
Reynolds Nunber

was limited by drc $,hd loads
imposcd on the extemalbalance

Standarcl two dincnsional
bu,lrno. s,,lid bluckrge. ard
r{,rt. blo.},rge ..,,uctions .r\
describcLl in Refercnce 5 lvere
applied todl€ forcc.nd moment

Dat on dr SM70l i{as also
measured by the momentum loss
method. A traversing mecha
nlsnr wnslrsiailed h tlle tllrlnel
lv]nch held a scvcn hole pres,
sure probc. The probe tip was

112

located one chord lcngth behnrd ihe irailing e.lBe of illr
airfojl. The btrl pr.ssllrc lvas then read L1t5l pohts h a 5
hch (127 rnm) lvide sweep using the PSI-8400 pressure
neasurement svstem. lhsc 51 prcssures rvere then intc
grated bobtain thc scction drnil coefficientof thcairfoil.
T]]e momentun loss mcthod is|erytjmeconsun rgand
was &erefore run only on select cases. 1t lvas used to
measure fi elannlardra gbucketof tileairfoil. Thcparticu
larcasesnurwere:,l', 2',0',and 3'angleof attackail.{)
x l0', 1.5 x 1{)', and 2.0 x 106 Iteynolds \unibcrs, and 5"
duough rr'h 1' llcr.nlents a t n ltevnolds \runb.r of 2.5 x
I tI.

Extemive fl o$' visualizaiion lLas also pedornrcd on thc
SM701. Thc method used was fluoresc.nt oilpaxrted or
the surface ol the a irfoil. The iesi section was then bathed
in uliraviolet light b show ilrccontrastjnt]le oil florv. flr
fl .( \ i-u.,1 /.rlron s.,, L-ed r.+. l.,m L, +p.u-dL^n b.rb-
blF. Pir5iuorr \-pdnti^n l..s rgul.,1q rd .un.'., in-
pcrfirctions as welt as exumining fic flo$ at the.rirfoil/fl(x,r
and ai{oil/ciLing jLnldu r€s.

TEST IttsSULTS

VAiIIAT]ON WITT I RE\\TOLD:J NLIN,IBER

Th'lifr. r fn, r.r,t , .oprl.lLir'Br,. { \irt. o, tri\ rF th,ir
plottedvcrsusangleof aitack(|igures5and 6) shorving the
cffecis of Reprolds Numbcr. These effects arc sinnll
duoughout drc maioii1 oI tlle curve. Thev tend b be
larger near stall. Nc.r stall the lift cocfficic!1t jncreased
with ReFolds Numbcr. Thc DuximrLm lih cocflicieni
increased 1.5'1'X, beiwccn 1.0 x 10i and 2.5 x ]t) Reynolcls

The lift coefficieii was also plotted versus boih ihe
baiance Llrag coefflcient d.1ta ind thc nromenhrn loss
med,od dra8 coelficient dat.r (|igurcs 7.nd 8). Thc Llrag
coeliicient Dcasured bYboth nethods is the low.stai ihc
lrjghReynolds NDmber.

RISU1TSAT2.5
MLLION IiFYNOLDS

^\LJMBER

ItG URE 4. Lnre clrarvxrt ofairfoil nr l ANIti I ShJT test

Tlrc valuesfor lift cocf-
ficicnt,both formsof drdg
coefficieni, nnd pitchnrg
mo'ncnt coellicient arc
prcscnted along !vith the
nurrcrical predictcd daia
anLl avi il.ble experin.rn-
t.tl daia icquired by D.
Althaus for thc 2.5 x 106

itc)'nolds Number casc
(Flgures9 11).Thebalance
measuredamaxnnum lift
coeficient of L53 at an
anglc of atiack of approxi'
n1ately 15'. The measurcd
zero lift.xrltle ( )fa ttack $'ns
aboLrt 4''. I llc invcrie.l
nraxinrLrnr Iift coefticient
rrasl).637at l0".Ireditr

f,LrMLR Ci- 'rf70r /\ nFo
ACTTAL TAr,l]t- srrr 5U70', aF.n

'/.ia

FIGURE3.Comparisonof nunerical and actualairioil
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nlsoshow ihe positive stall tobequite gende
with no sudder or dramaiic ioss of lilt. The
inverted stal], howcver, lvns measured b be
very hard s'ith nearly a ,10'r. drop in lift in just
I'. Tlr pitching nloncnt coefficieni wns fairly
smoofi and constant tluoughout the angle of
atti.k range except at inverted sta1l. The val
ues rLrnged from -0.112 at 10 to 0.07.1at 15'.
Thepitchingmonlcnt in inverted sta]lincreas..i
rapidly to nearly zero. A Llminardragbucket
rvas measured bv both ih. b.laf.e .n.l th.
nromerlium loss rnrtlrt . fhe rn rD rmurn dr.ls
.Ftf,.rentJneas,,r.d h\ th.hhn.ps.r<0 l_l Dl
at 2'. Ihe iowcst drag part oI the buckct was
3" wide wlnle t\c cntire blrcket was 5'wide.
Tlre momentLun loss mcfiod measrired a nirn-
mum drag coeff'cient oI 0.0062 at -1 ".

The transition location was obsen ed atvari
ous angles of attack throuth dre us€ of the
fluorescent o now visualization. Tlle mea-
sured tran\iti, rl,(rhons r-rfgeLl frurnh4 , irt
,rfthe lerdrngedseat 2 to12 .iit-rtl4'nnthe
uppersurface.At 2'iheira$itionlocarionon
dt lowersurfacewasmeasured tobeapproxi-
matelv 60% aft oI dre leadingedge.

DATA ANALYSIS

The lift coefficieni versus angle of attack
cuNe of the experimeniai data asrccs well
lvith drc nu merical predicted values drougll
ihe low C, range. The slopc tcnds to flatten somewhat
above a 1if t coef ficient of 0.4. T]]e manmum lif t coef f icient
m"d.urFd wJ- 17 , ,, r lh.,. prFJr red .rrrl ,.p1,r. r
r,.,l,l\ -o..loherrl,dr'n'Fr.ur'dL'\ \hL ,r. Noti.. r"d
data ivere available Ior the rvericd st;,ll con.tition. T]rc
predicted zero lift angle of attack was -5.294" wNle ihe
dpernnent showed this to be approximatcly-i1'.

n€ drag co€fflcieftt mcnsurcd by tlle balance l\'as ap-

I

I

proximately 35'/.
hither dun the pre
di.red and ?7'1,
hiSher fian ttre mo
mentum loss drag
values tlTough dle
laminar drag buckct.
The measured bal-
ance dragnear stall is
very much higher
dlan predictcd. The
momentum loss
mcthod drag coeffi
cients were quite
closc to ihc predicted
valucs and actua y
loweratsomeangles.
These measurcd
drat co€fficients
rvere extremcly close
to drosc mcasured by
Althaus. The no-
meniumlossmethd
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is gcnerally a more accuraic lvav to measure dre two'
dnncnsional seciion chancterisiics of an airfoii.

The pitdrnrg rnoment coefficieni as measured by th.,
balancewas significantly lowcr ihanpredicted. ln ger1cra1,
dremcaslrredmomeniwasabout35l,lower.

The observarce of drc transition location iended ro aSree
lcry well with the predictcd values, especiaily.rt higho
anglc of aitack. I]1e obseNed hnnsitioir rvas abouil0l1,

forward of the pre
dicted l(xatiur near0'
ang)e of attack. The ob-
sen ed and predicted
l(rcations agreed
witlnn 3'X, at all other

Investigatio$ werr
pcrformed to consider
possiblc thrcc-dimen
sional,boLmdary laycr,
.xr.l irvels. Row cff(rb
on the daia due to dre
prcscnce of gaps be
twccn the top of the
model aid drc roofand
the bottom of ihc
model .1n.1 fte floor.

Knowing il1ni floor
rnd ccilnrg boundary
lalicls htcractcd with
t\e motlcl, thcircf f ccts
on ihemodelwerealso

ANGLE OF ATTACK (deo)

FIGURE 5. Revnolds Numb{:r effR-ts on I ift.

I ':",,"..] ?

l

l

ANGLE OF AI IACK (d€S)

IIGURE 6;. Re)'nolds Nun,bcrcffccts on pitNnt momeni (svnrlx,ls
as in lig. s).



ulitiie.ldl hhcr thes( thr.. Pr({lucts \ver{l
' -l rJ'l l bi tlr '" 'rrl r'

..iu'r"1 ,' l 'r ','r' .'!, I'll r"ll l' f
this tr)du.ed n redDctrn !r.l)$nnrir prcssure
of no more ihaD 2')n.

Utjlizing ihc fl or{ vlsilnlizai(D thotogr.P]rs,
dre nrens on ihc 

'\'in8 
nc.rr lh. iloor dr(lcei]i.g

. 1 f'4-' t\lel L, ' i,' . ,'l \', r",, r' ' ,

; 
" """1 . ./f LJc,,,i r.r.',. ,..r ,... 1r- r',i I E" I r:h"l::""ilt'i'lfi.r :''?.:'11:I."'t:l::ll::l:

'i 
-r';2' r,t p,,, lu.', ,l,rr 1l('pcrcdit.rgcoii(nalcire.
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DISCUSSION AND CONCLUSIONS

re(,,lts.ht.i,i,\l eirl(r'. A c(rnlruLrtion olLlir..t
nreasuftuc ts oI lili, drag, and Pit.h!.g mo

conditnnr. Il\ere.lo ipprar to be thrc( dirnett
sionalorboLLnd.rry la) cr cffccts ln thc 1ifi.(EIli
cient athigh angles of.iiack. The nraxnlrnn liit
cocifickrri nrtasrrrti was ipproximntcl,/ i7"1'
lowcr thn cnlclrlatxtrrs f)r.'di.ld. l lrc shaPe of
ihe lift cur|e slrggcsis sdri' three dnndrslo|.1
cff(ds D Lr v hi vc h..r pr t!e| t Thc fir iirrnrnn.c
.bo! cstill ntli.ntes thiiihcLltsjtn goilof Scntle
st.ll ch. rIt$istrcs rtis Ir:t.

Flor\' \ isurliz.iiif i(.hnquesallovcd thc rle
tcrnr;r.1tlo. ol tr.uNition ffi,n botlr ihe npp(j
ind l()s trsLrfnccsiiscr. lJ?eynol.lsNu $ers
.r..r., i|.,...1,.t.lr! e.1,,'\.1 i, unl,
.-t.dui..L..rn,, " i.ssr '. 1',.r'r'r"n.r
6,1'1, of the upper srrriacc anil6{l')i or th.lowcr
.r r1.,, ,.-).'r'^i ul.'rl-.L,rrl c..0/ n1r1' l'
\'.rnr' 1. i.,l t '':r''r ,Fr 'tr'J".1 .

n ,S.'.' ,r'.1'r s,r'"m.r' ,j '.Jrt'
npp.oxima krlv 35'1, lcss ihan dle Pred L.led v.rlue

FIGURE T.lte,vnolds NumlN cffects on bal. ncc drag. Syrnbols a rc I nrcnL aLc preserteit br.J,u,.^tir,.l rh,,rt
the same ns o'i l igure s. ;;".:','"',i. "i'.."lt.lr:,ru-rr-i*l fon lrd h,n

rrlL''.,;-, c *,ll'{t '.
qh,died. P.evrustv Dertomc.l boun.lary lavcr survcvs Bounddry layer cfn:'Ls $cre consnl'rcd rnd calcrtl'r

,;;;;,; ';t;;;; ir- u.-'uarv t..,." ii.i.ti'ress *r.tih iiots'erenadch)iuierpreLilri:sccftcctsonthebalancc
i,.*..*t"a i. iir. ,n. rLrodet, f.r h,,tlr Lhe floor an.l tm rneasurenrcnts lt was condurlcLl ihat these nnd rhrcc

.c itn1J.r..tlrcse rlxckncsscs \\rfe 1^ ei!,ir rcd aSau ts i the s prn JirLrdr5,rnilLftr t'LMtlbvtlx lfusdrceof r onu iglrth

:iih;:"d.il;;;ri. rL n,-ii,J?r."*iri,'.g, tr,.r,",,",a iriLb 31p h!h!,. .trit ,,pler.DLl of tl,,r i,xr.rci .n.l ilnl

,rvl\,1 tlri.^n-.5 L riI'j kJhrll'L rr''l !'' "rrrrrr; 'l l/\ r" {ri \ "jr'r'lI
i,, i,"1" z:,,, 
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*,..t,,"ri,,", t',ai fird .nlcul,rti.nrs n) l.rcd ict rh rc(' di,,re,,si.,i,rl rltins

, ,".i r."i ,t" .,r,", qi ;,, i, iri,ir,, .i tr." i.,,a. r 
'"^r 

,u,., r sh)\^'r'.l thiith tcst frodLrcc,l (lultsiltatIcrr: rrr: l\
Ie.tedbvthebou|d.lrvlarer.Thelocaldrru!l.l,ressur* is, i rn' r.r, rll \\Jlfr 'ltdiiawrlc.btri.fdtosln!r\
i""i" r.i,"Ji'.ti* O.;.;,ct ceiting boin.larv 11,1.rs.,,.:l rhl d,JB dr li{\ i,i,L\ ',r,,tt.r.k '\'h.r. triti(.tl crriisr

m,, tri. tipd bv r h.rr r.:sDectrve wc|.:l1t.,.1 tlxckneiscs. Ihc .ondifnr!.\ist MlninrrrnrdtS.o.lii.ienljof'lnrt(111062

".. 
-,. i, ." a.1," r., rr... i 

"J";,.r,r "fir,. ",, 
,J"t tlat .,,, as lcfr ftnnParel I'rth nni lyik rllr pre.licred vaiLt's.oi .lboui

0.0055, being about 13'11' highcr ai thr r rrse

i

gFICURE 8. Rel.l]olLls Nu ber elfects on monleniunr bss
Symbolsarc the sane.s on lri8xre 5.
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The zero lift angle ofnttack was aboui 1.3.]ess neBaiive

Mcasured valursof sl.all liftcoef fi cientatnegarivcangles
.lr h..lli,er . t. l\'.,l.oLrr 0,, r. rtlr'.pRplr.;ld.\u nbcr
.. * \1., R.\ n, ld.\,rr,l'.rurh\(rnrll-or..r.!..u\cI'r
.otfficicnt of-0.7 wds nlcas! re.l .

logcther, aU dre cxpcrimental rcsults obtanred icnd to
J,ri'\ lhctrerd-d,1, r,LedD! .L \rh.,l f--o,,iun.lr\.,1- urlhe..,,F,,tdn n,-oe..li,e, . SrH.Ip;., iid,jr.p
r,lhFmc.r' Jr, mcr'15.'lRr\ n, J.l. \Un h, r !rlho-rx-lion

.xrd above. These expernncn tal dat4 combined with those
reportcd in Relerencc 9 tcnd to srlpport i]]e expected

IIGUIIE 9. Lift corfficient conparison.

perfonnance of the an foil a s predicicd by its desitners.
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FICtmE 11 Pitching moment coefficient compdilon.
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FIGURE 10. Drag coefficient comparison.


