
PERFORMANCE
IMPROVEMENT
ON TAILPLANES

BYTURBULAIORS
By D. Althaus

Ai.foils on trilplmcs operiting at loser Relnoldsndbcrs
than th-- win6 nty produ.e large hnnra. Rparationbubblcs,
wjth excessivc additioMl dJag when ihe flap is deflected.

ln ord.r to dcmonst.ate the effechveness of tub!lators, tests
wcre made in the Lnmid $ind tmel of the Unile6ity of
Stuttgnrt on a model of the FX 71-L{50/30 airfojl wiih a chord
of0.5 m, al Reynolds numbds of 0.7 and 1.5 nillioru.

In t_igurc I ih€lift drigpolarforth.modelwithcleansurfa.c
slrossa dctrimcntal increak indragwhcnlhen.pis defl ected
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.lown+l5 .Thjsisduetoalanin.rscparauonbubblefornring
ovei dre flap hinge on tlEside opposii. to ot Il.p deflection.
Moving up hom small lift coef6.ients, O\r d.ag coeffi.ient
reache a maimro followcd by a sha rp nnninrun. 'trris co[e-
sponds to the point where trasition ai the suction side has
mov.d up lo ihelaminareparation pohl, Ur€ kparationbubbls
hasbeer.emoved. Athighcrlift-c@f fi cienLs tran i6.nm^v.q
rapidly towards ut leading.dge of ine ai.foil Producing ihc
strong hcreae nr d.at.
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When carly trNition of ihe boudary layer is forced by a
tubulator the los of performan e by the large kparation
bubble is avojded. 'I he turbulator is a seff sticking tap€ 10 ]rm
wiJF.L,2rmm h,th wiLh.LE6eJ inbump'h\eJ wifi it' lpadiB
edae at x/c = 0.67 shoruy beforc ihe flap hinge (x/ c = 0.7). The
blmps de 0.65 llm high wiih a disi.nce of 5 nm (iiigure 3). ln
Figue 1, the performance with the bump tape is demonstrated
for B = + 15' flap deflection showing a nearly costmt.bat
.cffioent over a large rdge ofrift. At 20'flap mglc there is siill
a 6able dJagpolar whdeasearly separation was obsesedwith
thc.lcmmodel,whereadditionaldragbylaminarseparationis,
of .oure, produced even at smal] flap deflc.riore.

Figue 2 shows tests for Re = 1.5 milrions. At a flap dCle of 15'
th. diffelence jn dragbetwea the clearsuface dd thatwith the
bmpiapeissma er, owing tothefact ihat the dimeroions ofthe
eparation bubble have been de.rea*d by the hjgher Relnolds
number. At zeio flap dcfletion, ihere is no difference between
both conditios. Ihis means the hrbulakrr has no ncgativ.
influcn c on rhe bomdary laye..

Figdes 3 md 4 show the eafectjveness of lwo different
tubrdators: the bmp tape and a zit zit tap€ with a thi.kncss
of 0-4 I]m, both at the eme posj tion. At Re - 0.7 million, the zig-
zag tape is not yet full in effect. It should be placed a nnall
distan.e ahead but this mighi be detrimenlal at Re = 1.5 milion
(Fisue 4), whdc both turbulaiors have nearly the same eff<t.

'Ihe airfoils FX 71-L-1so/2s mdI'(71 L-1s0/20 (/20 =20%
nap chord)/1/ shows thc enc effect. The same holds fo. the
odrcr syme hical airfoils NACA 641 012 K a5 (25% flap choid),
FX L II 142 K 25 md li{ L V 1s2 K 25, all published in /1/. Bmp
lapcs at 3% ofaiifoit cho.d before the flap hinge shotrld improve
pdfomun ewith deflected flaps.

Of coue. tu$ulators mustbe usedonbothsidcsof mairfoil

/1/ D. A1i1u6, l-.X. Wortmann, ShrttEart.r Profilkaialog I,
Vieweg & Solm, Brauis.hw€ig /wicsbaden
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