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Un ivcrsitat fitut rgnlt

has appeared, jn Ccrman, in l9:9in OSTIV l)uhlication xl.

ll OSTIV Consrcss
, usA, t970

l. q9,,'rl,-clcllra-i:r_o:Lq t!rt!_!!_.rr
'lo ger an aj lclon, the trail in! cdLro of

thc airfoil is cu1: olf i thc outer t),rrt of
thc ring and dscd :Ls a flap. rs no reasured

lolars of thc ai rf_oi I (itlr l'l ap arc connonly

^vailrblc:.ome cxanlples will bc eiven which
show thli influencc of va.ious lar.a cteF sudr
ns type o[ the nil'l-oi1 uscd, chord o1j the
flaf, position of its hiDgc, lhictncss ol thc
ri.foil, deflection anglc of flap, Rcynolds-
nunbea, and sat l)r:tt,cen airlojl and flilt.

By thc del'lcction of thc t_La| rt r fixed
mslc of altack the cambcr of the airfoir lrnd
thcrcby it5 velocjl-t dislribution is chrnged.
r\t the sidc of thc airfoil opl)ositc to thc
dcflcction of thc flali thcrc rtises a petlk in
thc velocity distribution t thc krc.o of thc
flap, folro ed t'y a pressurc risc. At the
sane timc thc velocjt)'is raised on thc nosc
of th. airfoil, too, 0et,ending on lhe ingl.
oF artack oF d1e airfoil thrisc t$o vclocity
pcaks can causc transjlion to mo!e for!'ard
eventuaLly causing laminar or tu.bulcnt sepa-
ration. llris wi I I espccirlly haptcn at 1(H
Reynol{.ls-nu bers n d at flaps Nith l rge
chords nnd targe dcflection angles.

l'rcsentcd at the X

Al p inc, Tcxrs

t:laps irc used for handling a airplane
in the ajr. Ry d.l lccting the flaf the can-
Ic, o. .. .,irr ' . j: , ,1 r..ru , jr i | ,

in(r i':. -r J..r.i'sc r lrfl . .1, |,elrjl
of drag cncounrc...d kith tl,is lilt-effect
should bs ns snarl s possiblc. Illrlls nrc
nor all.y uscd as ailcrons on $ings rnd at the
hc'rizontal rnd voItical tai l!lancs-

l:or riodcrn !irplanes uith hjel pcrl:o.
ancc cach part of the plane shoutd be of

higirc'r t,crl,'rinucc it\.11. iproJvnJnr( l,pr
lorrioco and h.rndling fclf_or ltnc. togcthcr
!ill giv(: i succcssful airiplx e.

'lo Sivc thc corstructor somc i.lea about
thc clfcctiveDess rnd perfornrrnce of vnrious
flaps,,rsasurcncnts irc carriul out on somc
(:aol,ercd rnd svnrlctricat ail'lbils in thc
'iLrmirrNindkanar dos lnstituls fur Acrodyn:r
nik und Grrsdynanik, Ui,ivc6itat StuttAlrl"
(Ref- l). ls a result of thc ncasurendrts o'l
sy metrical ailfoils il considcrstion on thc
inllucncc 'if the ai! foj I polar nd the aspect
ratio on t]lc drag ol' hori:ontrl tai ltlrnes
wi I I bc givcn too.

lhj s papcr
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lh. cIlccl ol tlr. flap and of its deftcc
tion is dillicrcnt for the tvfc of iirloil

thc velocity ii .nthc'. ncar t|c los. on bolh
sides f10 to l0 l)cr ccrt of cl,ordl . Thc
prcssuf..jse is llrt so th,1t lhc bound..),
lrycr car be tauiinar !1, to sa) 50j, o1'chord,
rc::ulting in I rrth.r big drrg. Nith in-
crcasing aJrgLe of .ttack the trarLsil jon point
steadill nov.s foNrrd on tlc utper sid. an.l
bxck'ard on thc I o$cr s id.. lll cftt ing t h.:
l railing .dg.i as l_onra.{l rs 65"i chord ud
u.!rg i1 rs r Ilaf, th. kn.. of t|e fl!| Ltitl
I ie in r rcsion ol- a rnthc. thick bourdarv
1 , i .. . c-1r,;Itap d.Ilectjon o$ing to tiie suctlon f€d at
tlic knc. of th. l'1rt) describ.d al)ove. Thc
suction peat at th.: nosc inducql b), flap de
1'l.ction will b. of inor L.ff!,cL siDc. th.
nia\i u vclo.jLy (or nridiNrn prcssurcl is ar
re.rdy lying in this r.gion.

As !n cxa l,lc rLcasur.rnents on thc ri r
Ioit lix 60 126 wcrc ca..ied out f{r. l,taps (,irh
20, 25. 10, :15'; chord of thc xirfoil chord.

. L or ..' .lorir
thc r€glon ol tho (ing tit.

Filare l shoNs fotar diagranF of this
airloil $i1h a Flaf chord oi, 15: at Re = C.7

".!l .,

Figurc 1

aDd 0.s i 100. Al I fllps tcst.d on this air
loii cre l,irgcd in t|e njddlc, rlie ftrt nosc
\!as rouD.lcd a.d tl,o !rtr b.1!e.rr rirfoil rnd
flrp cre r.]thcr stuall- lhc d.fl..tjon ot'
the J:lat is definc,l to bc positi!. in do\,ri
\iard djrcction. (ln rhe Fil]tr.q r1 hotds
fo. cr. .n.l cri lar rD.)

Osin! to a nornat aj .fojl thc .lra!, lrolxr.t r, .. p.

drag $ith grotri.g x.gle of Jttacli or ljl_t.
ll\. t.imsitjon poinLs rarkcd hy the drsh.i
lines arc ovint steedil) t_on.rd r..1 ba.k
(ard (ith varyirs ct. Thcv er. Nersured sinply
r) ! stethosc.uc. |or cxsur.ircnts ir flight
a special m.,thod $as develop.d [RL.l. 2). Al
positi!. an!tes ol flJt dcfle.tio. 6 the lorcr
branches of the drag tolar xfti shifted ut(ards
in dircction ol cl, but at tIe upper brancles
t|crc is scarccly any elfect u! to 3 = | l0o.

'I' o'trr'. I ..f
is shift.d to tu)r. nnd no.. srraltcr vatucs as
th. turliulent bouidary 1.Ier js separating_
\r r-- . 1 1 , .. i,' .r I o

lq!.' d-.o I r.r . : ..,
for B - :0o t|c boundary lal.r has sefarared.
In thc diagrarn one polar lor ric = {J.5 r lob
:rt flatr deflcction angle 3 = 0o is included.
Ll c ninimun of Lhc drae is nexrtv thc stlnc as

f
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bc stilt )rc tr,'r!)unccJ-
of fl!tr J{llecrjon L'li to i
in (l rat i:t rrth.r:iDrlll.

1t Dcg.t i \.o in!1es
= - lJo Ih. in( r.rsc

,'i

'r

lri tiurc .l

irt lte = 0-l x 106, yca thc drrlt incrcases
rr. r.fi(lIy Nilh 8ro$iDs cl . The .i(d) po

lrr sho\ir thrt 1trrl)Lrlcnt scprrrl ion occur.r
now r1 iivon Lo\icr alrElcs of rltrcl\.

lhc Dcrsurencnts on th., slric ai.loil Nith
othcr ftrp.Jrords sho$cJ verj sinilnr rc'sults.

(lqti(c: on all i:isLlfcq tl,ere xIo onll
d].i,rLr sonr. I$i poinls, )ut nirny t)oi t:i Lrcfrl
rct',rl l\ mcrsurcd. )

li r fl3p is rsod rs r !ilc.on thc
drrnlcs in lift .ocll ici.nt (:L Bai cd by r
doflcctjor) of thc ll l) should l). as big Is
possiblc !t lo! flirht stccds.s t\. dyn:rnic
trcssufc ;s lo$. :\t lhe sanc rirc the itl-
cIo!se id Jrig should Ic sirall, at t.rrs1. at
I,ositi!c fll1l) dcftcctions. At ru rnglc of
i.tr , .' ! Lr . rl i.,. ' . .c ir.
lilt is Erinc'd dcfloct irrg rirc' i:1rt frou il -
{ lou l o : . 1,n. trrrt rl,. J rJf tro,i, L on. r

dorrbll .s lhe tL,rlJuIcnt bound r) Lay.r h.rs
s,,p".ut"a 'r* tl)c.lralr fota. tor i = irs')
sho!s. A1 hiShcr.18les of attacl this ould

I:i!ure I sho$r thc inLr.xs. ol_ I i ft,
L, . )irI'.,1 l,L r'rrro,'\ 'I. II \ti. r\. t1, .'l rll,
i).,t r1'' lhc.,r,r',il l\ ri, ll, r,,rh ll.,j( ui
v!rious cho.ds at irn rnUL! ol rrlr.k of r -
'4r' {cL - 0.! of 1l)c rirloil ('i1h uriJfllcctcd
fiapl . ll tositivi, 1tr| dci'l(,ctions rl1 llrirs
hrvc ncrrlr" thc s.n(' .tficior(\.. Ic]orkl Lj =
rl0o thcr'( is oDI) lrertr i dr.rse in lill
l,Lrt a hi!lr incrcrso jrr Jrr! rLs lras |.crr s)orin
bcfore. lt regntiNo d.1'lrctiorls ol tlic i 1!l
lhc cl1r.i(1.,v for constrnt ii is gro$ir!' (ith
incrcisirrp llap cl!o)d, c!cn xf high D(!r.ti!c
vrlucs ol h. lhc . sorercnts !t..r. (arri.d
out willr r'l)1. g.t brlr{x'n ijrlb jl lllj.l l-lrLp
:i.alcd. Sonc oL.asurc,r,.rts !crc rep,.rtoJ Ltitlr
o|or g3t,! rs thc gxp kas lcrv s ill no dlf
li'rencc corld be ncrsurc.l.

Thr olh.r tvpc of airloil €ntiorroJ al,ov.
ilrc th. trcli kno( r Lrurin Nlrlirils: Ar

Iti)rin.r rir'l-oi Is thc \rl.ci t)r d jstril)ut ions
,l the rrAlc.s ol Jllr(:L .orlcsDo ding to the
upper ..d thc loucr (orn.. of thc lr irrrr Lruc
lct ar. (o,ist.nt ori llic utpcr ^.d towcr sidc
ol the rirfoji rerl)octiv.lI Lrt 1o ()0 8l)'l ot
th. airl'r)jl clrord, l-ollo(cd b) Nr.. or lcs5
stcp prcssurc riscs, dcpcn.lin! on thc l\ick
ncss of thc rirloil. liilhin lhc thus-d.lincd
rr g. ot- lngl.s ol' iLttr!:k thL. lransitlui
t)oints rrc rr1l,e. lixcd to tl)o beginrjnS of
thc p.cssr.c ris.s. Outsidc'thc lrrxinrlr buc
kct the! vcr) sool n'or.e lon(rId ro lhc nos(l
ot rh.r rirl();l .csull ing iD rtr' ;ncrc.sc of

ll) Ii.:{jng r l'lxl) to I lrr)ni.rr airfoil
thc ilrp ll|ce Drr! c{r., 1o li(. bcforc thr tr3n-
siliod poiDt, tnus, bcc.usc of its trt) -witirout dollection -- or by lhr suction ])crk
cl,ts.:d l)y d.fL.(t ion , trrns i I ion or cvcrl
lnnrinar' sc|rratjorr iL1 th. kriol ol
thL. 1'l.t 1)!:cn at ioL( rngles oi- att.t.k. Sirrcl)
(lc !clocit) distrihution of li ina. iirfoils
is flirt rt ll,e corners oI thq lanin.r br.l..ct
I snirll dcfl.(tioo of thc Ilrrn irill l,rcdLrc.i a

srtctio l)cak at lIo nosc or thr opl)osito sidc
briniting thc trarsi(ioD I'oint ao6'ard. At
larinar ltirfoils lhc flrp (:hord and tho d..
flcctior ol thc il l rrc thcrctore extxctcd
10 li:rrc E.oitcr irr{trcn.c th,rn o. a fofmrl

Iil'ur.'i shoris polar dirSrams ol a
larin3r nirlojl r;1[ a rhi'jtr)css of ]1.4i it
kc . ' irJ .. ^ l.r' rc Jitl. 10 v.l..J-
1'lrls ot ;6'l rnd .?01, chor.l. l,hL. !j .fr)il hrs
l] s'nall lrDinxr bLrckel . Thc vciocitv djstrj

.+- '
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l,ution on th('upper side is flrt up to 4.if of
cho.d, thcn it dccrc.rscs lin.arly. On th.
loricr sidc it is I thcr tll]t ut to th. tr!il-
ing cdgc, ln th. liisurc orllr lhc uppcl. cor
ncr of thc dr'xg toln.s t'of tositivc flrlr
rlcll.cli,ons uxc sl,o!!]L

'lhc dr.rg porrrr for tho v.rior's flrps
slros an rpl,rccinblc influcn(c ol rhe flxl
chorLl. lt thc 36'i chord llrf (drishc.l liIcsl
!hc Jrog is rLugnificrl rn.l sol,rration occrrs
uch cxrlicr s thc t)olrrs I'or F - ,10o, +l:o,

-2lro shos- 'lhc k,,cc of drc flrjr i:t siturted
loo l-il. rlic.rJ. ls rf if,rll rn!lljs oI rltrrk
l)oud.ry lnlc) t.rr)sition norrKlly Fould t:rl.
t,lacc hcl,ind it lrmirrr scpr.al.ion !ill
occur l)rodurln! ! lligh nrrg.

l!ilh thc fla| of l0'1, cho,d (l',tt lircs)
thc suction poik at thc fl t, kncc is srallcr

oLring to thc. ntinor' chord of tho t'lrp. As thc
Itnco is silurtcd lOl fi)rtler rft, trn|sitio]l
trlics IlaCc dierd ol thc kDcc, lhc 1r$,,lcnt
I'u,D'di^ ln).r rhc tr, \sLL. rrsc
o\'cr tie fl.tp. Iho.t,(i) polrrs sho\l littlr
diftirrc .o rt l)ositi\c llnp !lcFlcctioni; but ll
rDrr'Pronounccd !lfcct at thc rcgativc oncs.

At tho rcasurcnrcnts on thc 36"3 chod flu!
tho girti \rrs scrlcd. orL tl)e 20i flaf it Nns
ot)cn. 'Jhcro is onc dr.g polar ,or thc 20';
chor(l ttall !iith sortcd ArD ndrlcd t1y a drsh-
t,ointcd I lnc. lho dr!8 is aboLrl l5l, srn ll.jr
thun llitli thc ofcned glp.

I. l:iaurc.l the ctfcctivc css of thc
l$o vlrious ftnfs is shorin tor a = +50, ,\1

tosili\. xn!lcs of flrt),l('llections thorc 1s
,, r,ar.;rlerlhl, Jiil, r,,rLc ir cr. .\l'u\'( -i

'llro li',.r! i: ncrrll no 11,rrl,(; !., r i,) lrtt

l

27



]ICHNICAL SOARING, VOL. V, NO. 2

rirh th.:o!; diord flat. l'his fighL b. an

.xan4rle t]rdt at laDinar !irfoiLs thc l'l ap

chord D.y b. not too la.g..
In Fi!ure 5 thi:re .re shorn pollls of a

l.riinnr !irfoil ith .1 flrp ol l0o; rhord at
Rc = 1.5 r l0o. ilcr. tnc flar) is hing.d rt
th., lttcr 5idc of the ai.foil cortour, rt th.
l.!'.r sidc thcrc is x \ierlge sh.I)ed !a| bcttccn
Ilrf nnd tile airloir {.s on th. sailflanc
K.r 61. lhc transition t)olnt of th.: airloii
rithout ll.f rould be i1t llr0l chor.l at th.
lo*Nr jid.. ll,c tull liD.s corrcsfond to
thc airfoj I rith the seal.l gr!. iir comt)ar
iog th. dash poiDt.d dr!g tolrr fo. llie xir
lo!l !ithout ll.p !i1| thc.orrespording
polar for r'lat, dcflti(tj.n Ll - {}', it .an lc
sc.n that the dr.rg js i.crea.cd rI ll,; o(ing
to the llap. Ar posilire ll.it) drflections
thc t.lais r.c.hift.,d 'Urards in thc dircc-

lr,
'' r; " l l

.r.ased rath.r soon o in! to th. grp aDd the
shary comcr 01'the ll.t.

Tlre influefcc ol se.ling th. sat bctrc.n
r', I 'l l. r' u l r - , ,-
ally ..im.rkab1.. Thcrc rrc t!o ncirsur.jDclrts
lor flrp defle.l loD. of | = 0o anJ Il - +:o
,iith lhc eap ofcn (da5bed lines). As the
.lra! lolars rnd tn. .Ll1) fola.. sho(', tlrc
loundrrl l!-ver has sel'arat.d fron thc IlaU al
z.ro angLc of a11ack ejthcr o. its upl)cr sid.
or its lo\ic. siLl.. At tllis flap arrangr:rent
the flti! has to bL. scil.d-

iigur.(, shoN:j arot\er errnl)le.f rl,.
influencc of thc gat scrl. The tolnts c.r.{:s
ton.l to th..jrfoil F)i 6ar 170 ArI Nith 101:

chord sith th.: fltrp hinse,l in the rniddl..
The dras folar for F = ,l2o (ith scxlc,d gaL)

(dashcd li el 5hoNs rn apl)..ciai)lc sain ol
draS agrinst the poLir 'iith oten ga|(fu11
Iin.J. Th. srnLe hords for tl,e llft. Is this
.irf.i I his r thiclin.ss of I8.2'; of chord the
efficiency of flap dcflection on lift cl. is
not so L,ig as on th. othcr airloilr s|olLcd

Irigure 7 rhoss a surriary ol the xxrii
tio. of lift cL grined Lry vnrious fIa| dcflc.
tio.s li !t cL 0.9 for !11 aj rfoils ncDtion.d.
At tositive flap deflcctions, !, thc normrl
airfoil Fx 60-126 sith flef chords lron 2(l

to 15,; and the lrnin:rr airloil Il 2 with 20%

frap chord sho,i the best efficicJrcy. lhc
Ianinrr profile FX 06-5-157 with 30,; flaf
chord aDd 11 2 with J6'l fl!f chord sh.,r.o
incrcase ir lift rbove B = +lCo o ing to
early separation- lhe cfficicncy of the air
foil 60 17 \]I !'ith 20!: flap chord is less,

oNing to its th i ckn.ss of lE. l'r" -

At ncgative flat, dcflcctions, tle .ffi
ci.Dcy of tIc ftrfs bcco es hiSher with !ro\i
ing Ilap dror'ds. In this crse the eflc.ti!e
ness on th. thick airfoil 6l-17 All is Largcr
than on tlre othor eirfoils (ith thc s!drc flrl

fo. coDt)arison, mcas!remcnts on thc air-
foil fx 67 ( 170 1r7"" thi!:]iress) Liith l8l, flap
''orl ,, 1 .r'l r ' I -
rlly d.signcd for opcratior uith l'1rp. Though
It is a .:i1her thicl nirfoi I it has better
c{ficicncy !t tiositi!c llap dcfl.ctions thaD
11.. ,. ,o.. .'l

the airtoils ilh 201: flal chord on nclatixc
algles of llal) defiecl io.. 0n .xj ltLxncs
i!ith l'lafs rloDg the (hole sIo th. ailcrons
ar. fartly dcflcctcd (ith thc inncr flats,

'I l r' r' r"'
' ''r 5 .1 | I r L.l l. i

ln runmarizjng all thcse 
'c.surc,herts 

on
can|cred ajrfoiLs Llie follor'itg strternent c1.

Th-. chord of tlic flat could bc uf to 30:,
ol airfoil chorLl on a normal trolilc riith a
rhichn.ss oI alout 11'". At a laninrr airfoil
thc llrp drord initlrt not .x.cc| 201 of .ir-

Lhe tole.eblc d.flcction ol:1he flar
..rtur'r..

d r or ri. l r 'r "r' ' r'q
a hiSh Iitcl, an{l fa! xronrcnt. .\t .8ativ. flap
dell.ctions the pitch.n.l 1aw onrc t js difi-

'.do-r, ..tJ jI I- ., J.t.
l

'lhe flap can |e constructcd Nith the
the hi gc in the mjddlc and its nosc rcund.d.
,\ fl:ip with thc hinge in the lov'er contour oI
thc airfojl shate and . round.d nosc rt its
,!1 u ,. ,h J 

" ' ,h., ..i.
flrt dellectio s thc titch and y!tr 'ron--nt isdiminished by s.prr!tion ar the ]Qee of the
fiap on the loNcr silc.

At all fta|s.n m iirtlanc thc grps be-
tu.cn airfojl a.d frap shouLd bi: sealed as
the drag is increased 3ttr.ciably by open
gaps, estecially !t lori lteyr)olds nLNl)crs.

2 . !yIr.-r_r_rj4 |l .!J_o-l_r: trt!.I __Lr_gr:

Slrnnctrical uirfoils \'ith fla!s are uscd
on !ert ical and horizontal tailtl!res. They
arc !'orkins i!1 the range of Reyrolds numbcrs
fro 0.5 to 0.7 x 106. As thcr. is not nuch
knom aboul airloils (ith flaps at tlLese 1ou
ileynoids-nunbers, sindtunnel tests Ncr. nrdc
on sone airfoils Nith flafs oI various chords-
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figu..r 8 rtlo\ts t)olrr dirgrans 3i lr. =
u.7 r lOb ol the \Al'\ (,.11 1)ll rirfoil Nith r
flajr ol_ l:"r.l,t!d. Ilrcady !t 1o! flrt nc
flcctr.rrs lhc drrg j1 ir!:rcrs.d l,-v . i!ninrr
:iot)arrtion Iubblc rt th. liri.e of L|.:1'lit).

I r , ,,. 1

ll
0'r nrn) horr:iontel triltlarLe5 (hc iirloils
r.. thinn.!l in !hc oLrr!'f r)rrt ol tir tril
|1an. :)) !:.om.tri(rl r rxrs l .rrrrt i on , Diilg
r.r ! slio,r5 t).1.rr r.rsrr.,(l .n lrrrt5 of ori

'| Il' . r I I

nJl !r)d.f th.r srnr. l,l !tc!rL.r.l(:Lll) trrr:;
lor rcd trolil.:r n'itli tlrickncsiclj oF l!r.l)1, and

itirh d..r!,!s i.! thiclrl.ss th. I a,ririir
ljuck.l !ro$r srirl lcr, tlr. iurlnrDr llll cL Jr-!r
rrLl tre iiit .u.\'. slop. dc.r.Jsc too, lris
is.n.xeJLrtlc li,r tirl it ir rot edris,Il]lc t(l
ri.I thc thrclinris5 ,)f iln al.foiL l)I "crclygeori(:Lricil trrnsl:orn!tion. lh. r'rrl.tion o1

ihjclncis hrs 1o l,c rchi.y.d br'suitrllc
,:hrn!cs or the relo(itI distril)ution of lh.l
ori!i.rl xirloil.

O. lhc airfoil grin{,d l,y Sco ctri!:11
trxnsfo.nrition rld corrnonly on .ll rir€.ils
!itl, thi(kne.s.s l.:ss thrn ll)i of chod rl
',,1r'L'

L o.,J,r
of rl,c nosc rt tlrcsc loL{ l{.ynold:j nurbfrs.
Behind th. lJninrr stifarition rrubbl. . tl,ick
1lrbulcnt boilr]dary lalcr l_orn!.ad.ing a rcLa-
I i!c1I hi!h .lr3s.

'lr'r
original tailflrnc, is 1o lic's...- r\t thi5
railplrrLe Lli. Lhickncis of 1|e i!A(iI 6.11 ill2
xi rloil is !a.i.d J.m lo 8: .f cl,o.l in thc
lo$cl prrt of thc tictu... ll,. piclLlrc :liows
ll,c ur)tcr side of thc tlilptrn! 31 rJi .n!1.
o1 ltt.ctr of r - +5.50 ljth ir - 0o rn.l t{c!
0-1 r l(l'r. fh. trrn5ilior lin. is visurli:.d
hJ a nixture of oi I add lrn||llcli. ln tLc

hiljh th. l,Lrcl Iirt,,rc is trrn.t)ortcd rIi-ry,
mrlirt tlic !hit. t)rjrt ol th., od.l risiblc.
'lh. houndrrf l)ctr'.cn blrcli rnd rn,:tc rrxrks
th0 tra,ii t ion ol roui,drrJ l.)cr uhich ii rt
,J51 o1'.hord in th. ul,pcr pxrt enJ.t onty 5';
of chorl in th. loricr ind tlii. txrl of th.

lransition indication on an ori
sinal tailtlane: ufpcr sidc, d =

i3.5o, g = oo IF]oN diroction fron
lcft to r i ght.l

lransition indication on an ori-
ginal tailflane: u!pc. sjLlc, o =
r.so, a - 5o {trtok Jirection fron
lcft to righl. J

Fi gurc 11



l l Fure 1l shors ;Irol hc r | funs i 1 io. iI
(1i., tion ,)n th! Lrl)t)rr sl.l. .f tli. ::rrr. trit-
t)l:lrc :,t d ,-;1) rDd ir - so. tD thc lo$cr
I'rrt of tltc trill)l.nc r rhi.l lin. o( thc
l)l!cl ,,irituic It 51:.l rlil).d l:; lonrd dri.tr
rLrrrks r lrrin,LI s.lrrr|1 ion huhl)lr- lh(] t.ni-
ni,r bouD(l]N lxvcr ::ct,:rmt..s .iurt l)cf()rc thit
linc; rlt.r !:.11int lurl)ulcnt it rrrtlN.ir.rs
lJlhind llro IiDc so lo.jilr! r liubl,l! t,orcrth
it.

r;i[urc l]:ihoqs x trrnsition indic:Ltiorr
on th. Lrl)t.r siLlc 1oo rt n = -io, ar\l li: +:('.
lltnou!| tl,. !r1ltl. ol t)Ltrck is r.gr1 ivc, a

lx0inar s.prratioo lrtrbl)lc is crrr:r.J as thc
flxp js dcflectcd to thc'othcr sid. ol lhc Jir-
1'oil crLrltiDg a sLlctlof l)cxl rt th{i ltnoo on this

'ih.ri! ric.s rcNcnls r1)orr tlt.t it is trot
r(lri:ixbl( to Jl1.r thL, thickncsr of rir.tuils
l,v !.or\'tri.,rl tr!n:r1()r|Lrtion r (l ttj.t ii.
loiLs wilir Nn(l Nilhour tlrLt)s, rl i.rsr !l lo!
l{(Inol(1ii-rnrd,rr:t, er!|lr lo ;c tIi.kc. llrn

ln l,igur. ll thL !rrirrtoj.l ]i j:r by

'rrictNICAL SoARING, V0L. V, N0. 2

dcllcrlion 1'! tlrt. !lxt! is jll\dr lil thc s),
. Lr '': , .: ' .

-1,'
triLtilancs .D,ircnly $ork riith ncqirr ik. i rlc
r,r ' I ) rr'\ .i,l I t!.. .. I

vcrsr. ll)c,Lilf.rollro ir) clficlo . oD lift
is not biI heti!.c th( l:1, rnd tho 8r., tlric\
airloiri. ll[t tt,c l2: rhi(k ai.riril hr! i,n
.Il)rc.l!bly loitr-. r lr,!u.

lhc.. I r. , Lrt) shoFii cesurtrk.nT! ort rhc
sr . i,irfoil l)rvin! r flirl) oi llr'1, (ho.d irs il
r. 'r,,J r r. r'r i,rlr r r t 

t 
, l . r 

. 
. 

. , . . , , t

.) I

Itrrrioldr rl l,,,r,)1 1.0 .,j{l 1.5 \ l1lr. lir.
ItcIrr,)lds nrnDl)L'r hri :, r,rther Lis int'lucn(c
rrd rl R. 0.t \ 106 th(. r.llc.1 iyc..ss (i1

tl,. l0'; ,Io[l llr]) (ould l)rot,r|lf ). 1lr.:;,|rl
is lhar ul t]lc l5'i ri,orl Ili l,-l:iturc ll slr(N! polrr (li:rllrlN ot ttro
srmr.tri.iil t)fol_i 1(, 1 llt l.l: .i LrltJr ,r lu:
.horil llrti. lL. iirlir| rrit 5 i liltlo
hiIrcr r! i)r' tli..,l(]]\ (.ll l)ll onrrq to tltc
thi(knc!s ol l.l.:l; hut tlic lrrinir l)ucltcr i:r
.. I.r ,l .l
by dol1..tiorl o1_ 1 rc 1l,rlr.

lnerc is on. ,lrrr pol:rr lor t, = l50 Niti,
ot)c,r !:,p l,(:lr!c.cn lirl_oil ir tl ilrl). il. scltinr
th. tlrl) lhc drr!r Lri r bc rodrrc.d ltrtjrccirt)LI.
At th. lo!.l 1clnoLds n r:hrr of C.5 r ll)(, thc
d.a1l is il,out lt': Iilhcr.

,l
I

I

I

I

I

"i'"y:.

"l'' r' 
- l:i$rro l:J

'hans ition ir)dic.ition on an
nal trilf1.mc: utler side, o
-5oj ! = +5o (Ilov direction
riAht to IcL1,.)

Iri !]urc t2.
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li. lirc lnJ'lLr..cc ol thc i\irfoil l]olrr rnd
'-. 1 r '!q .r-l.i.lt)L t!1.:

lr,,t.,ndins nr rirc fosition ol t|. c.ntef
of !re!it) hori:o.1r1 lriltrlrncs ar. qorki.g
rt lilt c..11 i.i.rrs.1_ up to +0.: it loI
sl)c.d rnd drLiri to 0..1 !t l,i!1, :il)c.d. lt r
n.fni,rl t,jltlaDc rith st.lrili:cf rnl clclrtor
th. rn!lc ol itti.l i5 tio.iitj!c lrr50) rt
lor st,..d. ll,c lift coclilicic.t nu:t L,c r(l

',.1
''l|Ir'|. l)ositi!.. Ar alrl'ojl suitablc I.r a lio.j

r:ontrI :itibili..r tl)cr.10rc shoul.l htr!c Lori

I L, Ill.!tr.r' ! to = 1l'.
ligur 15 sholr tL. drrg |.lnr rr rhe

cr {{l l,ol a. for r 1!i Ltl!!. r'ith .!.ct,!r!u1ar
shrIc. lhc drrg ct { .r,)is co lrose,l ()f th.
dfr! ol_ the tq'o.diD.nsionrl iirfoil cL)t

r,'11,.,
|d. ll rr" L o r. ,,rtl

E. \IC\r. S0ARTNG, \01. \, t]D. 2

rr! ..1!:L,lJt.d l)I tLc ir.thod oi' til-ting Lir.J
rrc.rdin! to llcirsi.g.r- lhc .11.,) tolrr ol
l[.] 1n'. di .nsion.l rirr'oil is sliorir too.
iltr\j,,c!ls Tl,c dj1'F.rc.!. of tli. jnduccd drrg
ro th. induccJ (Lrrg ol aD ellrtt i.ar I iri
{li!tri )u1i.f. ,\irloil J ! DolJrs lor Lnr -
0I:nrt1 {i.: \ lllr irr. Iist.rl tlr.

lr ord.r 1o sho[ th. i l_lucr(e.f lhc
ril)cct rrtio rn!1 the conbincd r,xrlation in
l{.)noLtl! nuii,.rr cairsin!,i,,riJtion of d.rg,
crlculirtio'LS 1-ot s trIilt)l,,f.s of ririoLrs shrt.
rcrc.rIic{] D]r1, Jhc resrrlts iLrri !urrtrnri:ud

All tai lr)la..s hixL. th. srnc .rcr F =
I -: D:. Lh. d,ord ol triLl)Lrn. t i! sc1..t.d
that ^t ir lliBhL sp.e,l .l'r).ut 8(l kr/11 thc
rl.vn.l(1s nunLbcr i.. l)-;1 r l0(). lt tlrr !rrLr
It'ight :;1coLl rrjlIlrnc a (i1h r !i1.llcr clr.rd
fli.s liith 11. 0.5 x l0f. lriL|lanc5 2 xnd
t hav. tl,. srJr. ..rr {ihotd rJ l,rill,liui.s 1

i .l I b!t r trt).r.f , 0.7- hilfl!n., s
hrs rt its rool ind til, thc .lio.d5 ol' tuil
t)lafci I ind 4 rcsf.cti!!il),. lrs llcv olds
nL rtr.. ir 0.6 r t06. lro' ca.h txi lr)linc con

a3
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l:igurltion thc sp n, aspocr rrtjo and lift(ur!c slopc rre listcd too.
lior a Ij fl (ocl fr\ icnr ( L r (r.l tI. .,i.-

i rl J_, rtrf ctrt ' \r t (orr-. l,.rJ Id
Reynolds-nunber und the ifldu('d drag ctli
(- cH) si!.in,i togorhcr the totirl drag c0
(= rw) arc shotrn for cnch confiRL,rrtjon. The
induccd dr{g is 1([ with r.spc(t to the air-
foil draA. lly an incrcisc of thc aspect ratio
l'ron 4.3 to 8.1 it is scrrccly rcduccd. tjut
the profile drag js erlarS.rd us thc ltcynolds-
ounber gcti snallcr. livc,r iI the intlue cc
of thc Re)nolds Il'rnbcr on rirfoir drag would
bc snraller drc taj lplancs I or 2 Nitlr snall
rtspcct ratio would bc supcrior.

'lh. Iift cnrv('slolo of il tairflane in
any !r se sl)ould not l. too high as rhc lift
produccd lry dllngcs in Ntr8lc of :rtrack nus!
be blought bnck o!) standrrd uscd for srabi-
lity by an ol)fosixc dcflcctio of the fla!.

As the cfficicnc) of a flal is bcttcr at
hishcr ncynolds nurbe.s it is advisable to
bLrild tailplun.s with 3 lone clrord rnd smal l
isf.ct rrr-Lo a\ t:rilplrnc l. lh. rdper is
nlore of optical thin of orodynamical use.
Thesc tailtl! es Night huvc evcn ,r snal lcr
trcrBlrt, roo. A\ la'rg Js lh. drJc of Jn rir-
Foil uith llap is not incrcased by thc dcflcc-

lion of thc fra!, an al1-frrjng tailplane hrs
no ddvantagc. In ordcr. to gc( a suitnbte
nass brlanrc all-flylng t ilplancs alc often
trperod and swcpl. Doth Nill havc no good
aftcct orr thc boufldary tayer .t rhosc los
Rclaol ds-nu'ntters.

i{iJrd tunnel ncasurc ents on this subiect
nol l'uhlr{lrLJ in Lhis prl,cr dnd rll othcr
kind tunnet rneasuronents on FX-aiIfoils
carried out in the 'rt.anrinrNindkanal dcs
Instj {.uts fur Aerodynamik der lrr ivcrsit.rt
Stutttrrt" arc prcpared to bc publishcd by
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