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NATIONAL ADIVISORlY C0O4MITTFE FOR AEROIIAUVICS

RESEARCH MIORANmlJ

AN INVESTIGATION OF THE UfTt-MO4NT F LUCTATIXN OF 0.20-CO'RD

PI-AII AIMoYS ON A HIGH -ASPECT -'RATIO WI~lM IN THE,~

TANGI! 8-FOOT HIGH-SPU= TtJN2ML

By AIrvo nt. Jitoma and, Luke!: L. Liceiri

Concurrently wi ;h a three-dimensional lateral -c-n'urol
invettitio n.o in -6ho lney8-r1oot hirli,-speel, tunixnel o

awinr, or high aspect ratiu having, 0.2)1-chord, stra ,i~ht-sriod-
profile plain aile:onr , a few rhA~ahcrocoras of aileo-n
'vfl'rationo Wri'o obtainori by mr-Janz 01' on oscillo-uraph connected
1:;o the .olrarin otrain gage unocl to meanure aileron bingo-

At ouerritlcal i.kach nimwbocc, froqueanciec of the ordecr
oZ na~nit udo of' 50 Lu 100 c,'cle!Ji ror oc.AmG. wore0 okerJ1Vod1 forDL the

hinpo-r'unent flvvctualions of tho r.1lcron of theC mo4&. i'
l~h.*-.oo -san irplaEL-o, Lull- scale irc mmnt-lcuto

Lrcuqucn':!ioz (bv-sod on ",he no~cxl :cuuncicu_) ar:in~irtod to. be-
o.P tiL- s3o order). of magniud -: tiewnsnten-l tquc.es
tor t,:n airplui:. of' thir size.

Onu phaoe of' a rc;neral rcL'uez 01 prpPvWU uflertt-ek(fl by the
X~V-iJAtfiu~orr. CoznItzue fur A onuisin cennection with

the11 dccjirn Oci. arYttc cI alrpiarr with a hig(,h--usp7jct-ratie wixg.
was hz dol cznination of' thec la.wcral-contco1 cllpxaioerlsic:"EVOi

0.2-chrdaileryynr; on the. wingr. The a-culr' Of thooc testso are
pvS'13t'fltd IflnCC'fC 1. Wake, f'lotLcttions behind. thej inboarJ0
stttt.Ifo of 'kthriha~et-a~ it werecacte and, tChesec da ta

crc epo a n rc;I~O2.

Thu,,ma'in to t rn ea: of' rcF'cwn cc I a fe(w irco-cinmt,
w( re fu'ui-ci~nn fluc'Lu[at,.on; ATuese Inca~ t r

~, u~prcri ~ paThr. -ascuion ±'ts a'. 'Jwc:.,Cuu',Lt.LA;ta

atl a'. P143s.9± -ac} of' 0" wa,, cn ailcrn.i dcfikcetion of' -33
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2 CONFIDENTIAL NACA PM No. L6LlOa

for Mach numbers from 0.76 to approximately 0.925. A few
fluctuation records wore obtained f or 3n aileron &L- ction of
5.50 at anl =n9l0 of attack of 00.

The symbols used heroin are dWined ats follows:

(z anigle of attack of f inite-span wing

V velocity in-undistur1bodl stronn

p mass density in undistttrbed stroem

a pood of sound in undistuirbed stream

q dynamic presauro In undisturbed stre-a (h )
H It-:ch number(/a

ba aileron deflection; positive for down deaflection

ba span of aileron; model v.alue), 0.590 -Poet

Ca aection A.l:ron chord measurd. along Q:rf oil chord line

from hinge a xis of aileron to trailing edge of airfoil

ca root-moan-squtare chord of aleoron; model value, 0.0534 feet

(.1 ! Pba I

11a ailuron modal hinge moment

C aleron hinge-moment coeffic~ient

APAAUS AND TESMTS

'The: tests ware made in the Lanigley B-foot htgh-spoed tiunnel,
which is - igle-rLeturn closeod-throat tnel, with --n air-atrnxa
turbuh--nco tit i,3 -mfll but SiJJ3y I;rtf:xt ±r o
thgse tes3ts the airspued w.n continuously controllable to -a choking

CONFFWJaL
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Mach number of' 0.950 (uncorrectud). The) data presente;d herein
re for corrected Mach numbe)rs from 0.760 to U.907 and. for an
uncorrected Mach number of 0.925. The Mach number corrections
used my be found in roferenco 3.

Dimensions of the model wing and. infCormation concerning
the test setup are to be fouand, In reference 3. Thu wing has
an IIAOA 65-210 section, an aspect ratio of 9.0, a talper ratio of
2.5:1.0, and nn eweepback, twist, cr dibodrul. The aileron is of
the plain type with' no aerodynamic balaince aid has an luns'r':led
Gap that average d approxirnately 0.003 wing chord. The aileron
chord is 20 peorcent of thu wing chord and the aileron span is
37.5 perce nt of the wine semispan., with the inboard und. of the
aileron at thej 60-porcont-snd. span station. Two flexural hingas
located approximately 25 pe-rcenit of the aileron span from either
end of the aileron supported the aile-ron. (Sefig. i.) Thu)
aileron has Aastra-ight-sided profile -,,ithi a trailing-edge tngle
of 11.12.

lnge-moment &-Aa were obtained by use of !an eetia
stra -in (,ogo, =nd fre;quoncy recorda wore nt--do by -attaching -;n.
ovoillograph to the s train-gg circuit. ad, thoun making a
pho togrct-phic record of the, hinge-moment fluctuati Oone, The timur
matrka on. the film were at 0.1-second intcsrv!4s. -, consideration
of' the inte-rpret!ation and limitations3 of such frequency rec -ords
is m e In r&x'oronce 2.

The mass-balwiced aile)ron system of the, model had a n!-tural
frequency of' 625 cycles per second and had t: damping cons.tant
"bout 2 percent of the critical d-mping conotant of the ailoron
oysto-m. Those valu-e were obta-ined from a record, 'at z-ero ciArupco.d,,
o1' the hinge-moment fluctuations ensauing when the ailr-ron trAling
odg-sj w:.s displaced from the oquilibriun position and was: Subse-
queintly r fls-ased and permitted to vibrate freely. CouiteurbalrxTicez
werv -.Ltttch--d to the aileron (rig. 1) to mass-o bclu 3tatIcally
thej atlerxon about ita hiniGe aLxi.s; howeve1-r, comrple3te atAic
ba-lan-ice o not obtained. Th1Ls fa.ct v,!:ceta;e by dufilocting
theL wiing t1ip fror.1 the uquilibriuna poition an.rd the.n -Le~IgI
id peri ttiig the wing to vibr tt i freeily. U'/4jjj ti.s proc edur,
i3 followed,. a record showing 3liht am-plitude. obt:ai-.nud onl th:-

oociflogr- .ph ixldl:ca-t-d tWL-.t the a2ileron was not pe--rfectly 7t3
bz-Ltuico&d. Tate balancig, however, Is bolIjved to be -;uffIe'c-ct,
deoja sjo thtaclrt Oof th.: Will- tip did 110tsriul
contribute to the vibr-Aion.3 Of t'.k a-il,.ron. Prom the sll-!-t
oscill-tionsa recordedA for the rel vibratlrng win, the n',tur't.l
fr ,quua-cy Of th-, maode:l wing in the prim,-.z'ry btxding mode was- d-Jt~r-
ne,d to be-1 a)bout 50 oyclo.s perx ca3co.a.

CONFIDENrI 'L
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RESULTSr AND DISCUSSION

In figure 2 are shqownI measared frequencies of the hinge-momont
fluctuWatio)n of the aileroni of the model. Frcoucncias of theQ
orde.r o-' mac~itude of 50 to 100 cycles per se-cond wre observed.
It ij quite pr~obable thvt hieher frcquencles existed as indicated
by the datat of referenco 2. Alsao shown In figure 2 is- -a comparisgon
of the de:ta of thek; present tests* with tha wake,-freque-n cy measure-
monts of reference 2, which were made behind the wing inboard
atations of the model. Low-frequency wal~e fluctuations oif the
orde3r of manitude of 50 to 300 (7010.3 p--r se-cond. worze meredro
in the tests of ref ereuco 2. igth-frecquency wake fluctxritiens
of th.) ordeor of magnitud.o, of' 1300 to 1600 cycles por second were
ao mslasurodc in the teats of rofeyxmoc 2.

It is; sugegested. in refereince, 2 that thi. frcqu;ncy of the
wake fluctuations at a given-r Mac.,h number maj be) expacteol to vary
invoraoly as- tha ,j(,!A- of tho wing. If the- assunption is3 r:Cl

* that a u;.ln'1-. type of variation would occur for the aileron
*hinge-raomevnt fiuctuation.3, the., present tests indica,-te that for

on airplanei of' 104.5-foot spakn (33.3 timn0 th Ai?.o of the raodul
tes ted) C'ull -scalej low-frequenicy hinge-m.,omnt fluctuat Ions, of
1.5 to 3 c5Gdoe per second weuld. occur. These; low-frequency-
hinge-mmint V nc tivAtonsi appea, r to be of' the ;mnu orderw
miagnliude as thin wing natural fre;que;ncies tha::t can be exp cted
for wings3 of thIs size as detErmined by Anoy. It!r Fores t ,ata.

Shown in figure 3 io the equivalent static hjinge-moment-
cooff icien it variation for a oingle aleron resulting free ileoron
loa.d ch:e aglles. Thesec dat vnpily for !mn -ilazron with no aoeyn,:ntc
balane. The chan Ge in static hinge .mm:tit coefficiont ia bct icd
on thL- doublo anzplItude of the measured hinge -momenitfltutln
divided bY the u.),mificatisn factor

UL

(see,- reference 4) whore, far t1'A uresent tests, is tl'e rat~o
of iitsr orced fr-_quency to nutura-l fr--qu-ene~y For t1he ailuronl
sy,-te:i of thu- r-odj. end r/xc is the ra. tio of d:.nping cons-t-alt to
critical 4-arn~conjt-:nt for the ailoront :ysten of' the model.
Thi> d-Jt, of '1i~smru 3 -jewo tha t th, -,brtpt rice, in hin(,;,-nonent-
couffic-iut van ition occurs 'J the .etno 3speed range t th3,-

CCDWYIDEIT- AL,
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changes in forca characteristics of ttu) wing alone (reference 3).
Dynamic h! i:a-nment-cojfftcient varixlticns for any particular
aileron with no arodynamic b4lrnce, similar to the aileron tested,
can be dotaarixied fiom th.) stattic data of f igutre 3 if the natura l
frequency and daiaping characteristics of that aileron are knaown.
The hinge-moment changes. prcsentd hero are for a single hileron;
for two ailerons as on ani actual airplane, where one ailvron may
either opso or aggravaite the effects of the other aileron, the
net hinge-momout changes duo to both ailerons imay be expected to
be different f rom the results for a singlo aibron.

CONCLUSIONS3

From an investigation of the hinge-momont. fluctuations of
0.20-chord pla-,in ailerons on a, highasapoot-ratio wing in the
Lcngley 8-foot high-speed, tunnel, the following st-tmonts can
bv mad(-,,-

1. At anurritical Mach numbcrs, frequen-cies of the order
of miniitude of 50 to 100 cycles par aucend wore. observead for the
hlngo-moment fluctuations of the aleuron of the model.

2. For a J.O.5-f oct-span airpl,4ne, full-acale hinge-moment-
fluctuation froquuncios (based on the miodel froquenciss) are
indicated to be of the same order of -magitudo as thu wing1
natural froqw-,ncios for an afirplane of tiis size.

Lungleyv Moiac.iri'fla T.ronauticA Lriboratory
National Advisory Cwrmitteu, for 4.onauitica

Langloey Fialdl Vv..
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Fig. 2 NACA P.M No. L6L10a
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Figure 2,- Comparison of frequences of aileron hinge-

moment flututljtions of model and wake fluctuations
behind wing inboard stations of model. a = 00 .
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