
tffects on the Polan llue to
Ghan$es on llistunbances

Io Ihe Gontoun ol the WinU Pnolile

By [. fillars

dclibofulclt broughi rhout. rnd thc composilion ol ?iribil
surlrccs w.s ch!.ged lir tcst purposes. The results oi lhc
v ird lunnel nreantrcnrcnts shrll be rcForled in lhis 1cxi.

To bcgin $ith. sonrelhi'rg musl hc srid rboul modilicN-
liofs (inlcnlionil ,r 01) 1o Lho fn lc conlour \rhi.h !r.
limitcd loa speci.rl trfl ol lhe prollle. The rost imporrxnl
rre. ol rhe troiilc is lcturlly lhe air&i/,rr.. Somc pcople
.rr. L,l lhr opinion. bccrusc ol .odrtutcr cxlcul.liots. llul
.ontour mislrkcs in lhe nragiitude irom {).00.1 Lo 0.00E inch-
cs wnh $ing chords o1 .19 i chcs itfuencc the Nidth ol thc
bDrinrr hucker. It is inpossih!c lo b!iLd $ind lrrfn.l nrodcls
$rrh such p'r.Lsr)n rt rjusLilirble c\pendilutc. not Lo mcn
tion rhe coistruclior ol rcrlairpltr.es. Thc m)dcls uscd lor
rnersurencnts in the l. r ur wind tunicl rt lhe Inslilule l)1'

Aero- rid Gx ,"_irmics i'i Stultgrrt rrc in generrl built {ilh

:rny difler.nt frclds conlrol the precision demrnds
o.thcprchlccontourol!irlbils Chrngcsordislu.
h,f.a\ ld lIe sxrftce oI {ind tunncl modeh ee.e

prc'ile rccuracies konr 01)20 t(r 0.027 inches. The pronle
leirtliLtcs nrc nrd. bl hrnd. ll ers deterrnined by comfara-
tivc nrcrsurcments ol dillerent wind iunnel models ol thc
samc prollle. but wilh diferenl profilc accuracics, that the
pol.b ol rllmodels were thc samc. and hence th€ lruenessol
rhe cofrour \!hich was achicved by our level of fabrication
ticcurxcy is suuicicnt. flonlou. dinerences in the 

'nagniludeof 0.008 inches rrc smoolhed oul becausc of thc bounda.y
h)!r Th! \ ,r,illtn llu.lurlions grcrll\ irfluence the nurner'
ical crlc lx1io. tcchniqucs. In lhis crse. lhe so-called "com-
tulcr sind tunncl model supplies increasingly doubtful

ln liicure I lhc wi d Lunfcl nrcrsurcmcDls havc been rcp
rcsenlcd lor a l,l l?i lhick llappcd !irloil. The airlbilnose ol
thc \r, d 1LLf..l nrodcl $'rs chargcd lhrough enlargenrenl up
ro{r l.l irchcs in thc $r} llrc d rrrrL,r \hoss(pn)|lcdcplh:
216 irchcs) Thc hrshed poLr hls bccn mcasured on lhc
nnnlcl Nrlh lhe chrnged ?rirloil nosc rhc width of lhe ltmi
nNr buckcl ol bolh drodels is thc srmci by the chrnged nose
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Figuie 1: Alteialion ol ai oilnose
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the in.r.rsc ol drrg on lhc uppcr ftngc ol lhe lNmiftr buckel
is fu\s ihis is ro be c\fres\cd irr {h. cr(dlcurre. The srail
ch..rcler;lics fie s(nn.$hrt nrolc Ir\orxblc Figuic2shovs
corrtrrrli!e ncrsnrcmcnts oI xnothcr !irloil ]!ith flrps.
Hc.c. rho!c rl1. thc nrr\ir.urn lilr rnd the \lrllchrrrcleris-

TIe suhsequ.fl cnhrgc.rcrt oi lh. nos. lctrls lo smoolh
rnnt.ut tht dnr6 rl Lhc lrrnsition regrnr ol thc originrl
surhcc. I hc riolrrs \lrow. nrverll'eler\. thrr llre chrngcs
dor'r negrlrvelt dllecr L|. p.rloJ rn.. ,l on. rxkcs into
consm.ri,rbn thc odcr ol Lhc cortdr ch!nges on lhc qhole.

Ol coub.. ro I z, nrrr or rpprrcnl loq poirl! cr. be lole(l-
cd. On lhe orhcr hr.d, lo.rl linritcd thick.nidg or lhinii.g ol'
thr nn,ril. ii lhc strr rr...oukl hrv..rg.crl.r cil.cL on thc

fohr b.cnusc ol thc conlrolol the lr.rsilion regron.
Mrn) frolilcs rre cquiFlrcd wilh:r rchrtrrl! \lJofit .e-

lle\cd ltutilint dg..I the nrxnulrcllriig ol sings thc rc
lle\ ollci is ukc. otrt lirr siorflicii] lhrt nrcrns thc rcncxcd
rlr to ioi ol thc prctllc is rctircel Lrl r str.ighl piccc l ig-
urr.l sho$s lhe ellecls 01 such chJ g.\ 1ni rlr. f,,lrr ol thc
p.olilc The nrrightening ol lhc lkiling.dgc \r ks llkc r
ic!iL1i\ cli dr.lif.d llrf (lhI dcplh ot 6'1, tj l0). ligu.e
.lsho$s i ltrfNd rirli)il$|crer j", dect, dr!/n,i //.,/, w:,s

rrtr.hcd. w]]ich vr' declired I{ .fil.\ o i1 : | 10" Ihc
disphcerrenLol lh€lanrin,! buck.rbc.ruscollhissmrllfup

On ,.L,rlrr, rind 1u...1 Dr)d.L r "rrn,t 'd,r' .rr(lc,,rL ,)l

lir.{l xlrnirunr loil (Myl!r [oil). $hi.h hung oul r1 : ' ol
th. t,(nile chord olcr the lrliling dgc rnd $rs befl !i'
dotri\r(1. \'rs Irslcncd o lhe tIliline c(lge ol llc uP|]cr

1B

sidc. ll.crusc ot this. lhe ld inar buckcl *as pushcd up
wrrd\ k) r dillcrcncc Jcd : 0 l5 I hrcugh such r chrngc, a

wing sirh r rigjd prolilc could be .dapled 1o special werlher
cordilions, or llighl {cighls. In the snnre }ay an acrcdynam
ic t{ist ol rhc $ings could b. ditrincd. l'hc probrbililies ol'
succcss by erch trolile should. ncvcdhsless. be €ladnrcd ii
\!ind lunrel clpcrinrcnts.

A. oli.n askcd qucslion coiceris thc lolcfublc l/rlln?g
1,/':. /ri tr.r{ol r NlnA I1 u\ui,1l!istoL Dirclic.llobuild
thc tfuilirs edgc ol ri.phrrc wings crtrenrcly sharp Fi8urc 5

\ho$s |hhN ol x l7q lhick prolile. ol which lhc ttriling
edgc thickncsr srs vr.ied. The nrcan inc.casc in drrg lcs.
ir rchlion ro lhe tdilc wilh. t.riUng edge thick.css ol
0.lirtil 1lr. ptulilc chord, i\ f(r'id.d Nlcrsurcnrcnls wirh I
Itr\f,,(.f ,,])crlil Re : lfrilli.n rsrlelltr\\inrliLrrdvcs
tigrrtr s ol or,er t)roL,l.s, ]icldcd .bout the s! . dr.8

A othcr possibilitt l(tr lhe modilicrlion ol the prolilc .on
tour is thc 1rlr /,.rtrq.. r a,fi, nr.( ol lhc $h. e crnrl.ur On
r Mi.Lr. thc \r re trolil. is scldom used oler th€ cnti.c lcngth
ol rl).sr.. I)dilcs ol dillerenl thicknes dnd crmbe. lre
us.dr( lhc\ingtuol.if Lherilcnnrndil llrc\i.g1il llr.
o(lr!! I'r) ilc' 1,"'!.9 b.ts'.cn Lh.se \te.irl troLilcs rrc
rc ri.\id Lr) rlklr/g Thurgh lhis $e 3.r |rotilcs lhrr hr\e
dilltrc l conldrrs thxn Lhe original oncs, rnd shich could
hrvc othcr Dohrs lh.n lhe o.isinrl prollles l'iqurc 6 shorvs

lhc in llur r.c ol thick.r$ 1rlr1rl,r,. .\\ rn !\rrft. thc fR,
lilc i X 6l-168 {rs thirn(d 10 ! thickncss ol l'fi Il'. thi.
frnllc (hrslrcd pohr) hrs r snrrllcr ltrnin!r buckel.1hal is

,,rlrihutcd to Lhe shr.t ritloil no\e. I1s nritrinrunr drNg is
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nrller, beciuse on thc pmhlc s upper sidc lhe Lrrnsition of
the boundrry lar-cr occurs somclhrl hter, dnd tle tre$LL.e
rise in thc turbulcnl boundNry hyer js snrller with x thinncr

Iigure 7 sho{s the inHucncc ot .rang.r ,r .dr?lp. Thc
cr.rher ol thc frclilc. which ;I F_ig. 6 Ru\ thifned lron
ll s'i to L,lr?. sls h.re rriscd lronr 3'ri 1o 3 69i ollhc ptufilc
.hnd I h{: lilr .oellicienl lnr rn ,r : 0" wxs incrclsed l.onr
0.5 to 0.6. The lower border ol thc lNnrinrr buckcl \rNs di\
pl^ccd lrr dbove, sincc lrxnsiti{m on lhc lo\rer side occurs
$ibdanlially ex icr.

Regarding thc innuencc ol rhs tohtpo\itnn ol tlL sttl
inc.s: In gcncrrl lhe rnolto,s, r prcilc surhcc should bc xs
!Dooth .s potsible 1. sonrc crscs. i.c.. lor Iroiile! \!irh thick
funrirrr scLthrnrn hubblcs, lhe bubhle! ca. be rcduccd ot
cnlirel! dlinrinrtcd lhn)ugh ciislurbrnccs on thc tn)tilc $rr
1.ce. By this mcrns thc inilial conditiois bccomc nrtrc 1.vor
rble lirr lhc turbulcnl bou drtry lxycr. A dccrcdse in drrg is

Rhrt li)1l(trvs Mllar lapes wilh buDrfs rrc unctimct used 1o

,,(hi.rc lhe dl\1,, inccs Ihc ht nrn\ hrle r hei.rhr .l rbout
0.040 i chcs rnd r distrncc rprrt ol !bou1 0 ll inchcs (Rcl.
l). Disturbrices on lhe prolile surfrcc don L rlw.ts have lo
h. fi\rdvrntrecousl

\ lcNst in lhc a,rloil iose rreN. lhe lrrrjinrr boridxrl
hr-cr pl.ccs reltitnclr high dcnr..ds on the \urlxcc ftrugh
ncss. Il lle crnicrl urehness i\ ov..slcpNd. thcn sc see

slighrl! bchind this i lrrrr'Lti,rr t. Lrrbtl.nl ho!t,lr') lrr!r
R..lohnson (Rel. l) clxidrcd thrt hc rcccived bctl.r nr.r
mrcd rcsulls on r nol cntircll rnoolh PIK-10 w1ng. hccrusc
thc lNminar setrrxtion bubblc h.d bee reduccd thtuugh the

surlacc roughness. On lt wind tunnel modcl. which hrd I
rchLivcly big hminir setr.rtioi bubble on lhc uppcr side,
cxperimenls silh dillcrcnt surlxcc rorghness were m{dc.
The poirl oi insrabiUl) h)r .r 35% ol the chord for a : 0'.
'lhc pnnjlc Bas srnded tnd polished o.iginally !ilh Be1
rrrdtrpcr ol r Srrnulxtion of 1200. Afterwrrds it rvas
roughendd rilh srrdprpcr ol srxrulrtions o1.100. 120 rnd
240 in the range bclleen 15 rnd 60-q. of the frolile chord.
Alt.r.rch trellmen!I polar measuremcnt wasmadeand no
ch!ng. ol thc poLr.ould be dercclcd. NASA me{surcnrcrls
(Rel. l) proyed lhat practi.al metal conslruclion pronlcs
coyered Rrll a phslic fi]m hrd thc bcst drxg coellicienls.
According to ths k.owledge the inst.bility of lhc hnrinrrr
troundrr) h!.r i!ill not bc clltcled b! the surfuce roughncss.
as long rs il lics undcr thc c.iticrl ughncs Si.ce the l)er
nrissible rough'ress lor lurbulent boundxr] lay.rs is snrsller
thdn thc crhicll iough.ess lor hminrr boundart larers. we
hrlc to pry spccirl rll.ntioi 1o the smoothness ol lhc sur
I'r(.irrh 'r( .ftLrrrurqul rr ',r 'JJn .,1(,

Furlher disturbrnccs on thc surlace occur through gaps
bet*een rhc wirg .nd the 8!ps or thc rileron and iroLrnd the
xi,b.xke\ figurc l3 :ho*! ncrluremcnLs on r pnnilct o e
\ithorl r lLt. odc lvilh I ll'r .hord llap xnd one eith ! 20r,,
cho llxf. tlp to ! lilt coclliclenl o1 cr ,= 0.8 the.e is no
dillcrcncc in drls coclncicnt to be seen. The prolile rvilh a
l0rl chord ll!r nclcrlhcless sho*s a encwhat greller d.rs
,,r hi!her lLlr eoclli.ic rts. I hb is prcdoninrntl) duc Lo ! llow
ol air thrrgh th. grt bclween the wing and the Bap which
wrsnotscrlcd. Ihcgrpsxrelocrtedii thea.eaof thelurbu
lcnL boundrr) hl,.r on both ydcs ol rhe p.olile.
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Fignre 9 represenls th€ polrrs lor anolhcr p.ofile; one
wilhoui a fiep and one wilh a 25ol' chord llap. The prolile has
a ncarly fl{t undcrsidc xnd, asthc nrcasu rc mcnts ol the t ran-
silion rc!iors sho$. r complctcly hminrr no*. In this clsc
the lrurrrLio o the ldver side i\ lrinfed by the fldp sprce rt
l59i ofthc p.olilechord This nrerrs, like the pohs show. xn
incrcxsc in dr!9. ln ligurc l01hc nrcxsurcd.nts arc r.pr.
scnlcd lor the samc ptufilc *ith . Rcynolds numbcr ol Rc :
I illion. Here anolher mersuremcnt is illunrrled bI which
lhc gap sts sealed on lhd upper rnd louer sdes, and lurlher-
nore lrJ)ed over $ith Scotch trpe so rlut th. sprce belwee.
thc rving !nd thc fl!p hrd bccn sprnncd. lt is *cl1 known how
impon!Dr thc scrling ol thc flrp spacc is on r declincd nrp or
rileron. O 1lpcred wings sealing on rhc surlace i\ rdva.ra-
gcou\ The inlllef.e ol llr't grps o. ptuliles virh undecli.ed
lhps.tin be 1u11h.. i.vestigrl.d in the Sluttg!.r Pmlilkr
hlog I, in which lhc mclsurcmcnts oi frcfilcs with dilTcr
cnt flap dcplhs arc conlaincd.

R. Lpplcr (Rel. J) lried lo prove lheoreticdlly lhe inllu
encc ol sxch disturbrnces o. trolile sr.J..es He troposed a
so'crlled dislurbancc nodcl" bxscd on thc log!rithmical
law oi the waU lor lurbulcnt bounda.y laycrs. IIe.ss!mel
Ih.1.l {he noiil ol.siigle i perllclio.lhc ro icilumlos\
!l rhe bou d.ry lnler i cr€rses rl th€ r.hunt ol l;2 :
ku r,+luh.h- and thal lhe incrcxscollhccncrg) thickncss k
,\43 :.\t2. lhcvrluckisxpmfortionalilyconstrnL,hisLhc
hcight ol lhe rcughness. und uh is the spccd 11 . disranec lr
lronr lhe su.lice. As long a\ the dislurbaice is loctited in the
hnrinar boundrry hler,lra.silion is assurned to lrkc placc
al the obstru.tion. As !n cxrmplc- l)ohr c.l.uhlnns ol pft)

Iigurc ll shoss Lhe conpariso. between rvind runnel
nrelsurernents rnd lhe theory. Lisled arc the percentagc in
crcxses ii d.xg coresunrding 1o the drlg coemcicnts wilh-
out t.iJr airc lor ltelnolds trunrbcrs RE: I million lnd Re
- I nrillion. The djllerences bclwccn theo.y and the expcri
ntenl rrc considcrdble. especidlly lor thc Re : 3 million
case. A doubline olthc proporljonalily constdnt from 0.151o
n.. hr nr' ,, u J.uolir8 ^l rhe re.pe. r,( rn!,c.r\c n

drrg Likc$isc lve.a nol obldin agrec'nenls wilh thc

lhc drrnLiored er.mplcs sho! how co r'lex lhe influcncc
ol conLr)ur chriires or di\lurbrnccs on thc surlaces ol wings
acturll) is. 1lo*cv.r. they could be r1 lcast a hint about lhe
impacl ol sonrc p.ramctcrs.
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