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VACA ART Yo. L5G25

NATIONAL ADVISORY COMMITTEE PCR AsZRONAUTICS

ADVA¥CE RWSTRIATIC 3ZPORT

WIND-TUMNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS
XXIII - A 0,25-ArRFOIL-CADRD ¢LAP WITF TAB EAVING A
CHORD TWICE THe FLAP CFORD OY AN ¥ACA 0009 AIRFMOIL

By ¥. Leroy Spearmean

SUMMARY

Wind=tunrniel tests hesve been made to deterrine
the asrodynsmic saction chieracteristics of an NACA 0009
airfoll with a plain flap having a chord 29 percent of
the eirfoll chord snd s belancing tab having & chord

50 reresnt of the sirfoil echord or 200 vercent of tae
flan echord 30 linked thest the tab weould deflact at =
given rete with respect to the flepn. Thres linkage
ratios wers tegted on the model,

The tests indicetad thet the "lap snd tab could be
linked to glive hinpe-moment bslance withh flap deflection
and with snzle of ettacik ond yet have srester 1lift
effectiveness then a plain flap of similer size with a
conventional beslencing tab having & chord 20 percent
of the flap chord 1linked to plve hinze-moment balance
with flap deflection only.

INTRODUCTION

The problem of closely brlancing control surfaces
to reduce the hinpe moments, and consequently the stlek
forces, with a minimum loszs In 1lift due to the ection of
the balaneine device 1s becoming lucruoeitigly lmvortwni,
An oxtensive investigstion of conurol-surface cheracter=
1stics 18 being conducted at the Lan<ley Lsborctory of
the Natlonsl Advisory Committue for Acronnuties in an
sttompt to solve this problem. A brisf summery of the
charscteristics of some of the brluncing-teb srrangements
investigeted to dste is presentsd in the following
paragranhs.
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It is sugpested in referencs 1 that a control surface
overbalanced by s lrrg: overhazng with a teb :leflecting in
the s2eme direcction as the flap might produce hish 1lift at
amall deflections. This errongement wes tested In the
Longley 7= by 1C-foot t'mnsl on a linite-span teil (refepr-
ence 2) snd the results Indicsted thet sstisiactory
contral-surfrcoe churacteristics conld be obtslned over
onnly a smell flep-deflection rsnze. Tne flap deflection
was limited LY ths eir-flow seperalion when the overhsng
protruded into the sir streem.

Previous tests (reference 3) heve shown that smelle
chord ploin fleps st high flup defluctions can produce
as much 1lift &s largs-cherd bulanced flrps a% normal
deflections. Tne high deflasctions of the smalle-cihord
flaps zeve oxeesslve hinee momonts for lrras rirnlemnes,
however, end ¢ smfll-chord flsp combincd with o balencing
davice thet wovld not nietrulde Into the wir stream or
limit flep deflections thararcre sppeszred to be a peossible
solution of this nroblam,

An malveis presanted in raference 2 Indicetsd thet
hince-moment nhaelence with flap deflection rs well ss Wil
anrle of attrulr couldd be obtrined by linking two flerps to
onerrite in onneslte dilrsetlons with the chor! of the
lsrper £lsd twics the chord of the smaller flsp., With
this arrmgelient the smellepr flap would produce the 11t
end the lerger flep, linked to move only slishtly, would
sorve &8 o belancing tsb and trim.ing surface &nd wvould
not protruds into the #ir strewum =8 would su overhang
balanca., The calculeticns indicated thet thiz fl-p
arrangerent, linkued to vive cocrpleie belence, would have
groesten lift offectiveness then a wlsin flen of simllar
s8ize with a ccnventionsl balsncing tab Loving 2 chord
20 parcent of the flrnp cherd, (3ece tavle I.) Airother
adventere of this tyne of flap eriingoment iz that the
welght ol the forwsrd Clep might be utilized ws a mesg
balsnce for the syctem, end thus ths ased for add:tions
concentrsted weishts might be eliminsted.

The parpoze of the rrasont investirztion is to
determins tnn cherscterirtics of a plain flen with s tab
having & chord twice the fl-n chord thrcugh ¢ wlde range
of flor deflection snd tngle of attack and thus to provide
a chack on the ansalysis of caference 2.
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COEFFICIENTS AND SYMROLS
The coefficients and symbols used sre defined as
follows:

it
¢; airfeil section 1ift coefficient \33)

/ \
/

he b
[ flep section hinge-noment coelficiont
he 3 c £ 1 ;:;?)

AN

2
\gey2
¢n section hinge-moment coefficient of flap gnd teb

ch, tah secticn hlnge-monent coeificient

AT
corbination (q lqi

epe/
where
L 2irfoil sectinn 11ft

hp flan section hinge moment about point et distance 4a
from tebt hinie axis {(fiz. 1)

teb secticn hinge morment esbout tab hineps exis

section hirgzo mcrent of if'lar ond tab combhinstion
about point st llstance d from tab hinge axis
(fig. 1)

chord of ussle airfell

flen chord (0.25c)

teb chord (0.5Ce)

dynamic nressurs

angle of attack for sirfoil of inflnite aspset ratio
flap deflection with respect to teb

tab deflactlon with respect to line from teb hinge
1line to pivot point of flap
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8¢, tad deflection with respect to sirfoil when O&p =
d distence from hings lins of tzh to hinge lins of flap

ar distence from hinge line of tab to plvot point of
Ll&ap

e (),

dcz\
\dﬁfll ao
d(Lr

WET

c /dch
hﬁ. - ‘\Hao 6f

deyy
cht_) = 71'5? oo

Tho gubseripts ocutside the parentheses represent the
factors held counstout dwring the messurement of the
parameters.

APPARATUS AND PROCEDURE
Modsl

The 2-foot-chord by L-fgnt-spen model (flg. 1) wes
tested in the Lenrlsy - by 6-foot verticel tunnel
deseribed in reterence L erd wess mode of leminnted
mahogeny to the NACA COD9 profiles The mcdel wss squipoed
with a 0.25¢ flfp and a 0.50¢ or 2.00cy teb. For the
gap~oren tests the sans hetwoen the 2irfuil snd the tabd
and hetween the tsb end the flun wovre 0.005c. The flap
and teb wore deflescted In c¢poosite directions in a manner
gimiler to tint for conventlonal baluneclny tabs by msmns
of the linkapge system shovn schemstiecslly in fipurs 1.
The model was go arrzngoed tnat the nosition of the [lsp
pivot point could be moved upward, which In effsct
deflected Lhe tab upwerd 59, 10°, or 150 (messured in
esch cese whon 6&f = 09) for trimming. The rangs of flap
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deflection avallsble was not affected by chengihg the
position of the flap pivot point,

The flep deflsgction for any given tsb deflectlion
can be obtained gnalytlcally for esch linkaze. If 4
and d' nre as indlecetoed In fipgure 1,

_ zin Oy
tan &p T —————————t— (1)

-9 & cos 6t
gt

and the ratio of tab deflection to flap deflection is

57 ; (2)

Rerai'dlzss of linkare systerm uzed, the hinge

moment of the 1'les end gnb combinagion wiil be uncuanged
[+

provided thke velue of 55% remsins unchanped. In order
to test ditfevent rates of teb deflaction, the dlstsnce dt
was veriad. Tab deflection =ad the retin of tab deflection
to flap defllection, as celeulsted by equations (1) end (2),
ars plotizd amainst flap delflsction for three linkasoss in
fizure 2,

Test Conaltions and Equirment

The tests were made at e dyneamic pressure of 13 pounds
per squaere foot, which corresnwonds tc a velocity of
Tl miles wver hour under stendard eonditlons. The efl.'ective
Reynolds number for maximau 1ift conffielents [or thess
tests wes eprroximately 2,57 x 109, (Effective Neynolds
number = test Reynolds nuwabsr x turbulence fector. The
turbulenes factor for ths Ienzlay L~ by G6-foot vertiecal
tunnecl is 1.93%.)

The airfoil modal when momnted in the tunnel com-
pletely sponnod the test sectlon, With this type of
inst=llsilion, two-dimensionsl flow is approximsted and
section characterlatics of the nmodel cen ba determined.
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Teaks were msede of the confipurstions indicated In
table IXI, The deflsction rates ars given for zero flep
deflection. Messurements were nadse of the 11lfL, drag,
pltching woment, and flap hingse mowsnt but, since the
present investipetion 15 conecerned msinly with lift end
hingo~roment chasracteristies, only values cf 1ift and hinge
moment arc presentad.

Corrcctions

M experimertslly deverminea turnnel correction was
evplied to the 1Ift. The rnels of atlteck and hings
moments were corvected for thr effset of stresmiine
curvature induced by th3s turnsl walle in sccorldance with
a theoretical annlysis similer Lo thst prorented in
refarencs 5 for {Inite-3»zn models.

The tunnel-wall correctlions wsre epplied in the
following mennaps

Gp = Gep + (0.210;T - 0.156c1Tp)
ey = (0.965 - |o.oo7cle) Sl

c c + C.1052F ¢
h h’I‘ ’ lp

where

uoT

clT neesured 1lift coufficient

meazurea an;;le of attack

Clm

Img megasared 1ifL coelficient cauzad by f%ep daflection

(mersured erblitrarlly st Gop = =i
chT meagured hinps-moment ecoefliclent

and ¥ 1s & conatent that i3 a Junctlilon of each linkage
arrentement and 3¢ 7iver In the fellnwing tebles

65{',/65[‘ F

-C.0323
~a 009)}
L0056
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DISCUSSION AND RESULTS
Theory

The following snslysis wes origlnally presented in
reference 2 hut isc repessated here, in slightly different
form, for clarity.

In selzcting the ontimum size of belancing surfaco
to use in connection with » flecy, the 1ift as well as the
hinge imoments of thie balrrneinr surfece and the flap must
be considercd., It is shown in rafercnce 2 that the
greatast 110L effuctivencss i cbtoinad from e J.2%¢ flap
with a 0.50¢ tsb. Refurence 2 indicctes also thei, with
this zrrsneoment, the ninia-momzut vrrameters could ke
matec alingst zuro.

The folloving peneprsl rel:ztione can be zhown te hold
for uny tvwo flaps hingsd in scries whera the subseripts &
end f e&are used for the forward snd resrwsed {laps,

aspectivelys

dao bao édn eat

s B - PP S 4 (3)
d6p bbf eét aé_f_‘
dey, _ dchy N 2chy (FE\Z O ()

dag Cap dag cﬁ} &g

d8r A&7 \er, 06y \O5¢ 0Bp 08¢
38
The solution for 333 fron equction (5) that results
dch r

in EEE = 0 ylelds two rrots., This resuit indicatas that

there sra two velues of rotio of t=h deflection to flen

(5)

dep 6ch£-+/3£ 2 364 /deny 38t N 6chj>+ odchr 85¢

o€y oty

c
deflsction which will give 35% = 0. On2 reoot gives =
&

regative value of ¢g, which cerrisponds to the srrange=
ment tested; thc other root glvee a positive ag, which
indicates that the lit't comes rcie the forwred Clsp snd
the oalsnce from the re:zr ['lap s8 is the cacse with a
conventinonsl balancing tab. (7or the srranzement tested,
the normal tab snd flep positlons are reversad.)
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The results obteinod with equations (3) and (}) =are
presentod In rigure 3 for varlous vslues of the teb-to=-
Tlap linkege ratio. The hinge-momant dota es presented
in refarence 2 were not corracted for the eoffect of
stranrline curveture rzsulting froa the jet boundaries.
Thls strcamline-curveture cosrechtior wes epplied to thw
deta of reference 2, hgwevsr, for the computed curves in

wy
fipure 3. Ths ratlo 3%? wag veried from C to -0.25 in
ord«r to compute the serodynailc charscteristics presented

in fipure 3. On tho roadel tesbed, ths ratio 6gf = -0.10,

~0.15, and -0.40 were ussd to e&nsure that the rsetleo at
which ep, aad Chg become zZ.ro could be found.

Test Resultbs

Iift.= The lift cherscteristics ars presented In
figures § to 7 for 0.0C5c geps mnd fipures € to 11 for
sealzd gens. The 1lii't vorsmetsrs srs glven in tatle IIT
end are vlotteld ereinst linkeze retio in fipurs 12. The
rarameters were mesiurad at ey = 0 sinee cdeflecting the

ab for trinminc shifted the ewrves so thai the linear
rangs of cosfflclents occiured ut a highoer sacie of atteck.

For all tsh trim reasiticns the rate of chsnge of
1ift ecefflcien: w»ith flen Jdellection epy Incressed es
the linkege retic dscreased. As would be sxpoeted, the
glops of the 11f% curve ej, r2arined almoat unchenied
end consequently tha lift effectlvenese of the firp ap
inersased wc the linkage rnotlo decrs:zsed. The flrp was
fulrly effective ur to dellections of ctout 200 snd the
effectivennss 2t larz:r defloetions wes lmprovsd es the
linkaze retic docrersad. 3ecliam the gavs increassad oy,
c1gs Aand ag.

Defleciing the tedb for trlarming hod no effect on cj,,
Clgy Or ad, but the 1Ift curvss became inerescingly
nonlineusr in the nepcative 1ift renge 25 ths tadb wes
deflscted more negatively. This ellect 1s the result of
air=-flow sevaratior that is proosatly caused by the tresk
In the sairfoll econtcur ab tha C.50c¢ si=zilcon, whisii results
from defleciing the tav. The same eflfecet on the lift
curves csn be ssen rs the csuler incroeses lor eirfoils
having wmaximum camber at the 0,50c polnt (reference 6).

Moving thc tab trim position negstlvely shifted the
111't curves so thst grosler nipetive 1iTt, which is
dasired for a horizontal tall near tlhe grecund, could be
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obtained in the lmding sttitude, This method of trimming
13 ahout 795 percent as affective as en adjustable stobi-
lizzr., With the tab deflected aporoximately -10Y or more
the elnvstor control throvgh the deflection range tcsted
is insuafficient for cbt=lning zern 11ift for the horizoatal
tail, unless che surfac: is at 8 positive eazle of attack
(a5 when nzer the ground). 7This oflect would bhe impertant
in Lhe cese of & wave-of!l condition, szirnce the tsh trim
positlion would probably be changed by a feirly slow
mochanical method snd the vpilot miht not have edequato
elavrtor control,

Ths characterlstlies for a 0,20cp conventional
baleneing tab wers computcd from squotisne (3), (L),
end (5) nand src comprrad with the chorscteristics predicted
for the E.Och balencing tab in table I. As predictcd
by the anslysis, ax rfor the 2.0086 balsneing tab is
sbout 25 nercunt gréstes Lhan tor tho G.<i0ce conventional
balmeinz teb lln%ed to rivs hinie-uoweut brlarce with
flan duflection oaly.

Einze 'nmarts.- Hin je-momoent chorscleristics nes
vresentad In firures L to 7 for 0,0i%¢ gaps and floures 3
to 11 for zesled gaeps. A list of hirnpge-moment nsraneters
is piven 1in table IIT and the veristion of hinge-momant
prrarmeters with linikace ratlo wn in figure 12 for
each tab trim deflecticn with the :-iss omen snd scaled.
The variation of hinge-morent coefilcient with 1ift coef=-
ficient lfor various sngleg of attaec!r ot twe tab trim
settings and two ratics of tab deflaetlion to flop
deflection with the U.00%¢ geps end the sculsd jseos is
shom in fipsuce 12.

The hinge«moment curves dirffzr from the uuuul hiupe~
mciment curve in thet ¢ becumes siore neerly wero (and
in sone ceses aven poeic?vp) with tha rlen deflected than
with the flep neutral. The valnes of ey tended to
bscome more neiative as thu linksze retio &6t/66fp
aporonchad 2oro.  Neerly complabe balsnes wes ecnerally
obtained =2t s ratlo of teb deflection to {'lsp duflsction
of =0,15, which is 1n sgreement witi the anrclysis prusented
in referonce 2 rnd with the vaesults rhovmn hsrein in
figurs 3,

The decrense in Chy &8 the linkapre rabtlo epproaches

zero iz to be expected bacesuse the azcunt of balancing
moment contributed to the [lsp by the tab 1s reduced s
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the pivot point (fired relstive to meln airfoil) of the
flup moves forwerd., For esach linkage ratlo the hinge
moment caussd by flsp Jdeflection becomes more negstive
ronidly nt daflections of about 109 for the 0.005¢ gans
and pbout 150 for the sealsd rpeps, This effeet 18
penbsbly caused by rlr-Tlow 3everation over the flep, a8
has bzen rensrslly observed or otner eirfoils having
hichly bslsnced fleps. I'or & linkage ratlo of ~0.15 with
the tab trimand at Z2vo, the hinre moments are vory
closely bzlrneced Tfor deflections up to about 0% or 15°
throughout the engle~of~stiseck ranre.

The value of cp, bhescomes more megative ss the
linkego retlo decresses, Tnis eflfoct is the result of
the decrsasas In balencing moment sroduced on tho flap
by the tab and alzo of the decreesse in the anocunt of
flep srea ghoad o the t'ixed pivot polnt. The belancing
moments decrease as the nivot point of the flso moves
forward and the effect 15 similsr to that of decrenssing
the size of an overhanc belence,

Deflecting the teb for trimning had little sflect
on ¢hg end chg messursd at the angle ¢f zero 1lift.
A2 the tab 1s deflectsd nepativsly, hcowvever, the ninge
monients becoms more closely balenced at lilgher positive
angles of attsck. With this errancement,bLigher 1ilts at
larie angles of mttack could e oontained with less hinge
moment than could he obtsined with the teb trimmed ct
2810, Such 9 variotion is dasirasbie for lending when the
prssent systom 1s umcd as an elsv-ter, or for trimuing
the JYawirn; moment due to slipstrosn rotation wuen it 1is
usod 28 » rudder on sincleu=-zavine sipnlenes 1P the rudder
dellectlon aad mn;rle of rttac: sre of onmposlta slizn,

Sealin~® the pape (fic. 12) generelly rives =2 riovse
positive velus of Chg for initial tah trim deflectlons
of both 0° snd ~15%. The ¢lfeet or cng of senling the

gaps was not consistent, however, nince the incromant was
nspgetive for ato = 0¢ end nositive for B¢, = ~15°.

CONCLU3ICNS

Tests wore made of sn NACA 0009 airfoil with o flap
having a chord 25 percent of the 2irfoil chord (0.25c¢)
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and e tab having a chovrd 200 percent of the flap chord
(2.00ce)e The following conclusions were indicated:

1, A flen with a 2,.00cy balwncing tab could
prodvce hingae-moment balence with Loth snpgls of sttnek
anil flss deflection sud yet ha s arerter 11ft cffectivoness
ther & Tl of similer sJze equipssed with & D.20cr con=
ventionel bslencing teb liaked to ive hinge-moment
balisnce with flen dolleetlon unlye

2e Dellscting the tedb [or trimming was rbout
75 rercent ss  effectlvs #3 an edjucbable stabilizer.

3. The mest neerly comalete hulancs wss obtalned
at e rstio of teb deflietica to £lun Jellection equal
to =0e¢15, &3 h=d Deen indiceted by £ urugvicualy published
analysis,

le &&eling both gans menerslly increcsed the slowe
of the ift curve c¢3, &nd the 1lift effactlvuness of

tihe flan uq =nd sove more pozitive velues for thse rete

of chenge of hlngs-momint ¢ocfliclent with £l
dsrlection chgs

5. Witn tre teb doflscted noegsciively for trim,
hinge woments wore clossly bualrnezd zt hirh posltlve
sawles ol sttack,wihich is desirebls for the landing
condition,

Lenglsy Hemorial Azronguticasl Laborstory
Kational Advisory Commibttee for Asronautics
Lengley ifeld, Voo
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TABLE I
COMPUTED CHARACTZRISTICS OF A 0435c FLAP WITH
A 2.00ce AND A O0,20cr TAB
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TABLE III CLOA ARR

T, L55 r._.

LIFT AND HINGI-MOMINT PARAMETELS FOR A 0.25¢ PLAIN

FLAF WITH A 2.00cr TA3 OR AN NACA CO0Y AIRFOIL
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NACA ARR No. L5G25 Fig. la-c

T\Hinge axis

(a) Chord dimensions of airfoil.

(b) Position of tab when used for trimming. &=0"

Pivot point .
ﬁxga’ re:/at/vg

o_main par
& of airfa/‘/J

(c) Definition of deflection symbols.

Figure 1-Arrangement of, 2.00 ¢y tab model for
various deflection rates and tab trim
positions. NACA 0009 arfal
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Figure 2.- Characteristics of linkage tested
on the NACA 0009 airfoil witha 0.25¢
flap and a 2.00cf tab.
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Figure 3.~ Comparison of the aerodynamic char-
acteristics of the 2.00¢, lab on NACA 00089 airfoil
obtained rrom experiment and from calculations.
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Figure 4.- Continued.
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Figure 5.- Aeradynamic section characteristics of an
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Figure 6.~ Aerodynamic section characteristics of
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NACA ARR No. L5G25 Fig. 6b Conc.
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Fig. 7b NACA ARR No. L5G25
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Figure 8.- Continued .
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ABSTRACT:

An airfoil was tested which had a 25% chord flap and a 50% chord bajancing tab so
iinked that the tab deflected at given rate with respect to the flap. Tests indicated
that flap and tab couid be iinked to give hinge-moment balance with fiap defiection
and with angle of attack and yet have greater iift effectiveness than a }*ain flap of
similar size with conventional balancing tab having chord 20% of the flap chord
iinked to give hinge-moment balance with flap deflection only.
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