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RESEARCH MEMORANDUM

v ey -

AN INVESTIGATTION OF THE HWINuw-MOMENT FLUCTUATIONS OF 0.,20-CHORD
PLIAT AYTERONS ON A HIGH-ASPECT-RATIO WING IN THE
TANGIFEY 8-FCOT HIGH-SPEFD TUNNEL

Ly Sfrvo n, Touomo and Luove L. Liceird
SR GARY

Concurrenfly wivh e three-dimengional lateral-conirol
Investization nede in che Lanley 8-foot hiph-zpeed tunnel of
e wing of high aspect rativ heving 0.20-chord, otraight-slded-
rofile plain cilerons, a few photosraphic records of ailloion
vibrations wei'e obtained by mowns or an oscillogrophh connected
to the elenirical streln gage uzod to meesure aileron hinge
mrments.

At pupercritical Moch numbers, freauencies of the order
ol mynitvde of 90 Lo 100 ¢yecles por second were obreived Tor the
hingo-mment flusctuaiions of the ailcron of the model. o o
10h.-fouk-opan uirplano s Tvll-scile hingo-moment -fluctuation
frequencics (beood on the rodel “recuuncics) are indicated to be
oy the some ordor of muymitude on the wins natwesl frcquencics
tor wn airplune of this size,

I .GDUCTION

(my phare of a funcral regee:ch proeram undcerteken by the
Tabionnl Advisors Commilieo for Acronaviics in cenncction with
the degipn of w wigh-emeel oirplons with & high-cepect-ratio wing
wos Lhi detcermination of the luseral-conbrol cheractericiics or
J.00-chord ailerons on the wing, The reoulbn of thoge tosis weu
wesenuod in reforeones 1. Weke Dlactostions behind 1he inboard
steticn of the high-eomect-ratio wing were mcacwmeed and thuoe duta
LC reporiea n aelorince .

Tuvings vhe cilcron Lechs of wefuronee 1 a fow metgurcmenss
wre mnTe U Lincc-nomnent rluctuchlons: Lheoo wmeomerer’ e
rezordon in Ghe presont paper. Fluctuebion roiords we:r. cbhulncd
ot w1 fuede o) nolack of 07 and en aileros defloetion of -2.39

CUITITYHTIAL
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for Mach numbers from 0,76 to approximately 0.925. A few
fluctuation rocords were obtained for sn aileron deifloction of
5.5% at an angle of attack of 0°,

SYMBOLS

The aymbols used hereln are defined ag follows:
a angle of attack of finltse-span wing
v veloelty in undisturbod stroam

p n=83 deneity in undlstvrbed stroom

fv

apesd of sound in undisturbsd stroum

q dynamic pressure in undisturbed stream {%p\ﬂ)

M Mich number (¥/a) ’

5, ailoron defloction; positive for down dofloction
b, span of alleron; model value, 0,590 feet

a section 2iloron chord measurcd along «irfoil cherd line
from hinge axis of ailcron to trailing edge of alrfoll

8, root-mosn-squars chord of alleron; model valuo, 0.0534 feet

) i Fom T \
\/crl -‘ - / c:':.2 dy !

"\ bfl {}O /
Hp alluron modal hinge moment

Cp, alloron hinge-moment coofficicnt ( ,(‘)-ILQ)
- 100

APPARATUS AND TDSTS

Tho toats woro made in tha Longley 8-foot high-apoed tunucl,
vhich is - 3ingle-return closcd-throat tunncl with -n air-strson
turbulunco taat is em:ll but sligetly kI e £2n iree wir,  For
thoso tosts tho alrspeed wus continuously controllzble to .o choking

CONFILFNTIAL,
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Mach numbor of 0,950 (uncorrscted)., Tho dotz prosented herocin
tro for corrcctod Mach numbors from 0.760 to U.907 ond for an
uncorrectod Mech number of 0.925. The Mach number corrections
used nzy be found in refersnco 3.

Dimonsions of the model wing osnd information concerning
tho test seotup are to be found in reference 3. The wing has
an FACA 65-210 section, an aspect ratio of 9,0, a taper ratio of
2.5:1.0, and nn sweepback, twist, o dibedral. The elleron isg of
the plain type with no aerodynamic bolance 2nd has an unsenled
gap that avoragsod approximetely 0.003 wiag chord., 7Tho ailceron
chord is 20 porcent of tho wing chord and the ailoron apan is
37.9 percont of the wing somisgpun, with the inbozrd cnd of the
aileron at tho 60-porcont-gamispan station., Twoe flexurul hinges
located cpproximatoly 29 porcent of the ailoron apan from either
end of tho ailoron supported the ailsron. (Sc fig, 1.) Thu
aileron has a stralght-sided profile with o troiling-odge anglo
of 11,1°,

Hingo-momont data wors obtalnod by usce of n clectrical
atrain gage, and frequency records wore ntdo by attaching an
oscillograph to the strain-gago clreuit and thon making o
photogropiic record of the hingo-moment fluetustions, Tho timer
merk3 on tho film wors at 0.l-sccond intorvels, & consliderution
of the intsrprotution and limitations of such Iroguoncy records
is mudo in reroronce 2.

The maos-bialanced atlsron aysten of the modol had a notural
frequoncy of 625 eycles per sceond and hod ¢ damping constznt
about 2 per¢ont of tho critlcal damping conotant of the ailoron
systim., Those viluss were obtained from o rocord, 2t zoiro airupcod,
o' the hingov-monment fluctuations oneuing when the ailoron trojliag
odgs wen displocod from the oquilibrium position ond wed subsy-
quontly voliasod and permitted to vibraite frecly, Cowaterbalrncos
wors cttaciiud to the ailoron (fig. 1) to maos buloncs statically
tho aileron cbout its hingo axis; howovir, complets static
bxlinuco wes not cbbzined. Thig fact wes wscertained dy doileeting
the witg $ip fron thu coulilibrium position wnd then rolewcing 1t
sud pormitting the wing to vibrawbs frocly. VYnon this procsdur:
wis followoed, o record showing slight -mplitude obtained on thiy
bulrnecd.  The belancing, howover, 1s belioved to be surTicilcntly
c¢lous vo thut necolerations of th: wing tlp did not scriou:ly
contribute to tau vibr.tions of the =ileron. Irom the slicht
oscill-tions rocorded for the frocly vibruting wing, the ntur:l
frogquancy of thy nodol wing in the privoey boading nods was doter-
rnincd bo bo about 50 c¢yclus wor 3zcond,

CONFIDENTI L
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RESULTS AND DISCUSSION

In figure 2 cre showm mocsured froquencios of the hinge-moment
fluctuations of the alleron of the medsl. Frequencles of the
order of magnitude of 30 to 100 cyclea per adecond were obssrved.

It i3 gulty probable tnot bigher frequencles exlgted as indicated
by the datn of refercnco 2. Also shown in flguve 2 ia a comparison
of the data of the presont tests with tho wake-Trequency measure-
ments of referenco 2, which wore made behind tho wing inboard
stations of the model. Low-Trequency wake fluctuations of the
ordsr of magnitude of 50 to 300 cycles por sacond wors mensurod

in tho tests of reforenco @, Hirh-frequuncy wake fluctuwitions

of ths ordor of magnitudo of 1300 to 1600 ecycles por sccond were
alan mausursd In tho tosts of rofer.nce 2.

It i3 suggested in raforance 2 that the Trequoaney of the |
waka fluctuations at a glvon Mach number may bo oxpechol to vory
invorsoly zo tho sc:le of thu wing., I the assumption io nndo
that a oirdlar typs of variation would occur for the ailoron
hinge-nmon-nt fiuctustions, the present tasta indisuto that for
en airplane of 104.5-Ffoot spon (33.3 timow the sizne of tho modul
testod) .Cull-scele low-froquency hingo-uonoent fluctuatlons of
1.5 to 2 ¢ycles per second would occur. Theac low-Trequency
hinge-menont fluctuntions appuar to be of the asmo order il
magnltuds 28 tho wing natural frequeancioss thot can be expocted
for wings of this 3izo as dvterminod by Awviy Air Forcea toata,

iown in figure 3 1s the ecuivalent stetic hinge-romont-
cocfTicint vardiation for a single alleron rosulting fron Jloron
lonud chuness, Thosc data emply for an 2llsren with no acrodynsmic
balenco. The change in static hings momond coofficlont is bascd
on the doublo wnplitude of the measurcd hiage-momont fiuctus.tiocns
divided by the usgnificatlon factor
1

(see reference 4) whore, for the rresent testm, “A, 1is the ratio
of rensur.d forccd froquoney to nutursl froquaoney for the ailoron
sycten ol thv w0dsl nd rfre 1a tho rolio of dmping constwt to
criticel A-ping conutont for tho alleron tysbem of tho modcl.

Tho dat~ of figure 3 chow thet tho ahrupt riso in hingo.-noneat-
couffici o variation occury “n the aimo speed runge 3 the

CCHYIDETTIAL
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changss in forco characteristics of the wing alonse {roference 3).
Dynamic hings-uoment~coofficlont variations for any particular
alleron with no saredynsmic balance, similar to tho aileron teatsd,
cun be determined from tho statlc data of figure 3 if the naturs
frequency and damping characteriatics of that aileron are known.
Tho hinge-moment changes prosentad here are for a single nlleron;
for two ailerons as on an actual alrplans, where one alluron may
olither oppose or agmravate the effects of tho other alleron, the
net hinge-moment changses dus to both allsrons may be expected Lo
be difforent from the results for a singlc ailcron.

CONCLUSTONS

From on investigation of the hings-momunt fiuctuations of
0.20~chord plaln ellerons on = high-aspsct-ratlo wing in the
Lungley 8-foot high-spood tunnel, the following stntuments can
bo mude: ’ -

1. At suporeritical Mach numbers, Treguencies of the order -
of magnitude of 50 to 100 cyclea por second wore obaorvad for the
hingz~moment fluctuations of tho uiloron of thv model.,

2, TFor a 204,5-foot-spnn nirplzno, full-acale hinge-moment-
Tluctuation froquencios (basad on the modol frequencics) are
indicated to be of the same ordor of rugnitnde as the wing
natural froquoncies for an sirplanc of tals slze,

Lungley Mamorisl foronsuticul Loboratery

Nutionnl Advisory Cormittoc for Aoronautica
Langleoy Fiold, Va.

CONF TDENTIAL
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Figure 2.- Comparison of frequences of alleron hinge-
moment fluctustions of model and wake fluctuations

behind wing inboard stations of model. a = 0°.
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TION RI00 B (13 19 4T) !
Luoma, Arvo A, DIVISION: Aerodynamice

Liccini, Luke L, |SECTION: Control Surfncos A3
CROSS REFERENCES: Allercns - Jmée mn2 {03208

AUTHOR(S) i -
AMER. TITLE: An investigatiom of the hinge-moment fluctuatioms of 0,20-chord plain ailercms
FORGN. rrrl!m a high-aspect-ratio wing in the Langley 8-foot high-speed tunnel

ORIGINATING AGENCY: National Advisory Cammittee for Aeransutice, Washington, D, C
TIANSMTION

COUNTR AGE tcwa.?j U SCLASS. | DATE lmsss HLUS. FEATURES

U.5. Eng Confd'l an 3 drwge

Photographic records of hinge moment fluctuatians were made by means of an oscillograph
connected to an electrical strain gage, At supercritical Mach numbers, frequencies of the
order of magnitude of 50 to 100 cycles per second were observed for the hinge-moment
fluctuations of the aileron of the model. For a 10%.5 foot span airplane, full scale

hinge-moment-fluctuation frequencies are indicated to be of the ssme order of magnitude as
the wing natural frequenciles.

NOTE: Requeats for coples of this report must be addressed to: N.A.C.A.,
Washington, D, C.

1.2, HQ., AIR MATERIEL COMMAND w ] WRIGHT FIELD, OHIO, USAAF
WE-0-21 MAR &7 13M
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