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By Lang ley r.ese arch Depa:."t r.:ent 

Oompilod by Thomas A. Toll 

Sill:TIvlARY 

A s UJtllnary h as been made o f the a 7uj lable L1formati. on 
on lateral control. A eli seussi ']n is :;~o V2n of the cri tori ons 
u :3ed. In l atcrDl - control specificationJ, ()f the factors 
illvolved in obtaining satisfactory latere.l cor.trol , and 
of the metb.l)r<.S 81.11,'"Iloyer1 in rnc..ki:i1 °; l atr-)1'el - c.)ntrol investi ­
Gatioas In f light and ol n 'ovind tunne ls. 'Ihe availnbl<:l data 
on convent ional flap - tj'Pe a~o l eI'ol1s havi r~g o,'artous t-YgeS 
of aero~yna:r1i c IJfllanc~ Hre p r esente d O:' n a j'oI'r ' GOl:.vell.ient 
for use in desi G'1 . The char act '3rl st :io c s of spcilel' devices 
ancio booster rlE-cho.ni sms &re disc·.lsf.:od . ~.'he ('t feco~s of 
]lach number , b oundary l2.y-e:r' , 2.n' clJ.sc()l'ti on (1f' tl1.e wine; 
or of the lateral - cont rol sy8te~ are considered insofar 
as t.h0 r...va:i..lab l e ~.nfornatil)n permi t s . I.n "xa.rmj l e is 
includec.~ to illu"yLrate tr ... e U8e of tbe 0..68i,;n dE,ta . The 
limita:!:i0ns of tho a vail ab l e infoor'metion 3.nd cO.:'l.G of 
the lateral-c ont :r'ol problems tJ: a t r eina.l.n t o be s0 1 7e d 
a:..'f' incH cated . 

The l ateral - control resoarch that }J2d beE-l1 conducted 
by the NACA prior to 1937 , and t .1.a ': r.'as c' um.mY'iz0d in 
reference 1 , was concerne d primari ly with the design of 
lr.teY'al - cont:col devices having sufficient eJo'i'e cti veness 
to enable the pi lo t of 8.n ai J:'P 1 al10 to }::ee p the w~o ngs 
level at all n or mal fli£;ht s ':)e eds. In oTde!' to °mee t thnt 
cor:.~i t :l n l1 l a:rge r ollins-moment COl.';) ffi c o~ ~':ll1ts F,1'e requi red 
on~y at speeds approaching the stall; cons equently~ the 
provision of a dequate rolling performance is principally 
a problem 0f the s iz e Gf the devi c e ~ the aerodynamic 
bala nce being of only s e condary impcrtance e v en for 
moderately large a i rplanes . 
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3et1,ve~n 1937 and 1941 a study was rr. ade of the 
lateral - co:1trol cbaracteri3tic':l of a large number of 
COYrl8at and noncomtat airplanes . The resul-ss of that 
study y re~orted in reference 2 , lndic~ted that ~he ,~o­
vlsion of Interal control that t· suffici3nt only to 
keep i-.;he ,VlllgS level is inadequate , and t~1at a certain 
rlinL-nm star~dard of rol1in~ :r: ,er-=~orma:1ce is c:esir c..b l'3 
for a~y ty:;:>e of a:!.rl'lane , eiTen at tL.:;.h spe<;rJ.s . SubsequGnt 
experience has indicated t~18.t conbat airplanes rna:T be 
requ' .L'cd to per.:.~()ri.'r rapid rollin~ -."r .. aneuvers near !:laxlmum 
s pee1 . The prob 2_em o~ rrovj_C' J-11.3 C1.erocl~rna;nlc b alrmc3 for 
llghc contrcl fo~ces at hi6h spe~(s ~horefore ha3 ~ecome 
at least as :rr:portcu'"lt aG G~le problem of provldin::; adequate 
,3ffectivene s.s of i 'ie l[:_tGra~_ - cr:)ll-'-rcl 0evice . 

In oreer to n~9t ~~e rG~~iroMents for lic~t control 
forces t::'e G_esi?;ner has th') cho' ce of relying ,~.1tirely 

ei ther on aerod.v:'1Cl.iTiic bc:la:1cc o~" on so :1e -- -' or','l of 1'00 ~cer 

r.1e c~a'1is:rl, or of comb L"ling a b 00.'3 ter ne cha::-1::'1TIl of 10\'1 

car aci t~/ wi th a SI:1all c.uno::tn'~~ cf '1e.rod:~lI.L'-'-'TIi~ Dal::mce . In 
any case, che con~crol ~'orce s cf ':::i0h t3r air-·'lane s of 
8.VerH~:;e size ;ray h8ve to b.-; rect"ec)-C, ')Y [troo .mts COl"Te ­
s~orJ.din::.': tr) as much as j5 :)E:rC6~t of the uO"ibal'J.ncec 
aileron hinje m~n~nts (reference 3) . So~a of the con­
si(erations relating to the rrovlsion of lt~ht control 
fOl-'ce S J as we] 1 [13 to other lateral - c ::m-srol pro~ lC:D1S, 
are discussed in _efaronce 4. 

T~je PXi.'DOSe of the prase-TIt pa::'8r :1 s to S1.::.m:Y.8.rize 
rather cOIT!1'"Jlr-:tel:1 the availR.li le lntor""1ation on lateral 
contr~l, to poi~t o~t the liMitations of the available 
infon~ aUon und to indic.ate some of the problems t.bat 
remain ~,o be sol vorl . :;0 neON invdst:i.gatlons -{Jere 
attemD~ed in preparing the present raper , althou:h so~e 
of tlJr'3 (lata and 8.l1cLlyses have. not rrGvlous17 tee -:1 
pu'::' lish-'d . 

Th~ symools used in ;,re sen tIns t;~le re s-:J.~ t~ i.L"'e 
drL':"ner in t~le anpendix. Fi -:1.:<.:::e8 'i.;llat ~; i V;:'l data :or use 
in cesign are listed in taolo I . 

\ ____ ~f'I\------.,_ 
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I - C R I T E R I O N SUS E DIN L ATE R A L 

CON T R 0 L S PEe I FIe A T I 0 IT S 

I~ order to ao;ly the results o~ theoretical and 
e .'·:1'"):") 1"'2..1 ".~n tal ::::tud.ie 'J t o ':;11e d8 sign of sa tis f ac tor7 1a tero2l ­
con~rcl rtevices, the requi r~nonts for satisfa~tory late~al 
con~rol ~ust be specifie~ exact l y . Lateral - cont r ol 
sD ~cifi cation3 have been limited to the unstalled fli;ht 
r8'lU~ 1"'9C2.u8e the ch&ractcristlcs 'c ~l'1d abov~ the stall 
usua~.ly are very erratic . The Jateral behavior in stalled 
f l 1sht usual l y is inc l uded i~ ncnsideratlons o~ stalling 
characcerl~tics. 

~h~ ~irst co~prehens:ve sot of lateral - contr ol 
sp("\c::.fi~atJ.ons~ which re~:eese:mt the rresent ~LC;, recom­
meiY.;::..tio!1s, 'Nas publuche r1 in :.',-~:.'er,:mce 5. The presr.::nt 
latqral - contral sp~cifications cf tho Air Tech!1ica l 
Ser'rice Cor";-Ila!1d , Army l,i1" FoY'c,~.s, (-r>cferellce 0) ai.1d of 
t~e Blireau of Aeronauti~s , rav~ Da1qr~ment, (reference 7) 
are :i den tica l wi th each other . In t 1e f Jl1ov.' ':'n;.:; p:lragrarils 
the 3jgni~icance of the vario~D criterions used in 
sp.3 cifylnt:; laterb.1 - 0ontrol chdr3.ctel~:i.si'ics is -'l.iscussed . 

RO:::"L ING PEHFORl.:A1JC:E 

CritorionJ that havv been :ro~osed for sD9cifyln6 
the 1',,111_11['.' rerformalJ.ce 0"" an c.~::"q:: l ane have been based 
on ~e tine required to attain d given anole of bank , 
-::;11e m<.LX:i.mUI!1 r oll in;; veloci ty , '~hc lateral rlOv8ment of 
J-he. ~c- ,...,t"'r of """'es-'u"'e "',/e ",r1 '-h'" 'J~r1r' ti'" 1---"'ll'x UJ. v ~ ..... VJ.· ~:" JJ. vol I""" U L, LI.l._'--l L.,...:.v Y)_ c' - _ ~J J.J..V 

an;le pb/2V . no2ch of t;~I.ese criterions 1.3 sU.Jject to 
cert~.Lrl Lmitatlons . The resu:V~s of L.lle inves~.igation 
cescr:.bed in reff; r ence 2 arld sr)~.18 andlytlcal s tuC::ies 
ha va :;';ldi Co2 ted, however , +':'hat the cri terion ~ascd 
on :)"c/2V is t: e most convcnl:mt Hl'1d can -~!e 'o.SCd to 
spec:::':L"'y satisf- ctorily t;1-].e rolLI.ng porforll1[lnC,3 . Tl1e 
valu8 cif this criterlon is j.nde]endent of altitude 
for ~iven a':'lcron deflcct:i..ons a--lrl is ~Ed.erendent of 
air'olane size for geoFletrically s,imilar a:rp l unes . 

3f'cauGc t:1e manv'..lI,-e r ~Lns q"lal~ ti '3::; of :::'ichter aL"' ­
planes are determined by the maxImum ra.te o!' roll or by 
the tJ.me requirec to reach a ;i'161:. an..;le of bank, the 
va l ues of pb/2V req-'.:tired of ~::uch a:5.rrlal1es may be 
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cO:::.sidera'.Jl-y hi?;her thar.. ele values of p'.J/2V considered 
suffic:u'mt for t1'ans:::)Qrt o:..~ tra':'ne r airplane s. '2:'he 
r'lar..snvo rab:'.lity of a f2.grlter ai.r: .... lane near m2~d·'11u..m sDeed 
is of ccurse very importa~t, b ut because o~ con31~era­
tions of ~le air~lana structurs ~nd of the contro l 
forc..,s the 'ialu~ s of pb/2V r <"~q l_:ir'3 d &.t h~.gh sl}t:ed s 
C.sL"lOt LJe as large as the values cf nt/2V re :ruired at 
.:ioc:er::-ce s~Jeeds . 

i.<'or a ~ '.i yen value of pb/2V, the l ' C) II LIlE ve loci ty p 
ar.m r8 ' che s zero ,t S t:1e air s pee..:! d!,prod .Les zoro a nd r:lay 
b~co~e very l a rge a t 7s r y hlCh airspee0s . For ~utoglros 
01:' fo!' ('the i." low - spe'3d E:.i r 0rr. :~·t an a J.d:'. t ionG.1 req UireT:1e nt 
na:r specif:-r that rJ mi.n~?Il1;.m v2.111.'3 0: l~:le p.Cl)c.11.ct pb be 
obta i n 86 . For airr1~lcs caputl~ of v~ r y ~igh spoeds , 
t :'le '(!la .::.r:i.rn um required ro] 11~D re r .Corrna:1C G rf:ay be c.1et8 r ­
':lined b:, t~lG l~.aximll1i1 va2.ue o£' Vle rol..l:i.n[; ve loc i ty p 
tilat I:::; e.esl rcd ~Jy th.3 pi l ot . 

A speci f l c at::"on 0:' the 0.51<3)"01". 8fJ~ec-ciw-jlles.3 requlred 
[')1' maintai'ling lateral tr Im In "l l f l i t):: t conditions may 
be 6·Js::.I'a;:; ltJ ln or airplanes cr'a t ! tl-t():lt l')~:; sU:.l.~ecte<2 to 
e:dre'Ylc asy-metrical powe r conc'lc5.ons or' I',: ::-- ai r :olo.nes 
hdV1ug h i Zh Dositive affect1~e dlledral, wh5.c~ may 
exist at h igh li :J coe~!1cL0nts ~hpn a larse amount of 
s\J0.ep'.JFtcl{ is emplo;'ed . 

Te3ts of n um0 rcus a! r plufles have lnGicated ~hat for 
a 11 1'1 l_ ht I")onc. i tions ebe aercc1yi1ar.:ic .;:'orc·.;) 3 s~:.ould be 
1 2r~e 3ncug~ , co~' [rej with tLe B~atic frictlo~ ~ rce , 
t o : etu:cn t~1.e cO ~1t l~()l aJs ick or the> contY.'ol 'Nlv:e 1 a n::jr oxi ­
%J. t e 1 y to neutral \. hen it i.'3 1'1''3130. and 'C;}~3 t t he forces 
at hiSh sreeds s houl d n ot be . 0 1arbeth~t ~~e pilot is 
una~ le co atta i n the specifi3 r: val'Je 0: pb/2V . ~he 
type of f orco variation ~ ithin thene l LJit s is relatively 
unlmpol' 'C;;U-lt, 1 u t che force shop l d never ~j6 cre ase \:;0 the 
v alue of tl18 static fri ct ~on exce:it n eul' t h) ! antral 
cont rol setting . I t is desil'able , ~ . Q',vevc:::' , ·cl:G.t the 
force s :1.ol~ ld c ontim.l.e to increase smoot:lly wi th l?1c1'easing 
de."lectlon . B'ron conslc.cra-c1 ::111s of -the strur;'c1::.ral inte 3 -
ri i.: v of' lrLe cti.l·p l ane it is :-"3~..;j_r a :·',ls t':u.t en'} concr o l 
C9:lection at high s pae d be 1i~i t3~ ~y control fo rces 
to va1~~s wi tlin t~e st~uctural dss i s n li~i tation s . 
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STICZ 03. \:J.FEEL THA~V=;L 

In order to provide sMall control fo r ces , ~he stick 
or w}wE' l travel 8hould be as la:r'~;e as ;:,os32.:-' 1 e so t~at 
a :',_._.,h 'l1e0hD.ni0al a1vnntase is obtai'1.8(' . The 3t .. ck Ol~ 

wheel t r av8 l usuall y :s r0s tricted howe ve ~ fo r ease of 
operation or because of space ~irnitqt~ons ; that is , the 
lateral oisplace'''len t of a control stick i s lL~li ted by 
iLterl.~erenGe IVith the pilot's l eg i' r e edo,n or b-r tLe 
cocl-cpi t iVy! th , and the n:otion of a whe e I - type -:;on trol 
i s 1 ~mi ted to -:::he arc thro-.J.;~r~ villich '.:; he 'r'~1.ee l can bo 
turner<, conforta') l :r w:l. th O:'1C hand . La r ge inc r ease s {(lac,e 
in the B.n S' l l a r trevel cf ":l ~on:~rol wi,lee l to ;::- rovicJ? 
Ii ,."li~ control forces Lave bE;en loun::l '.rery ' .. mc.esira'0le . 

<1-(lVe rse ya~, sho ,. Ie:. be COliS ·i.!.~, E' r ,':! d j n the re'-1l1.ire;ne~;. ts 
t'o r Literg,1 con'i.; rol 'o ec8u38 the el:Ctn~es in "'eadin,g Ll~)_ t 

acco:ToEu"!.y tl'.e u sc of 8..113 "ems i,:ny be anr:oying to th3 
]15.. lot , be c P,use t he ,~i r e c t l onal stab 11i ty- J'.lrin; s te a1y 
7aw3d f li3ht ~ay be ~e c:.u c 3d when tt9 ad verRe ya~ is 
exces :Jive , be ca'J.se yaw re c~uce3 trle r0;_li.:1g veloe i tie3 
nnlesd the ruj,der is skillfully cC'orcUnate c: '.';i th aileron 
mC've:'-:1" pts , nnd. be caus e the rudder force3 required to 
CCU.:1tpract n~ ve rse y aw may be excessive . Some flight 
j nve,']"t:'Lgat:Lons ane. the a.YJ.al Jsis of r e ference G have 
:Lndicated :;hn t , , ~'o r h~.ghly r.laneuve rQ"u le g,il"'p1a~1es . cr i t i cal 
-vercieal - tail 10a(;.s :1d.~:- ,(, Gsulc i'l'om rol ls ou t 0:' accel ­
~ratej tur ns o r )ul l - o~ts ~nless hiJ~ side Jli p ang les 
are --)l'p.'Y'8ri"t:.ed . 

AS j.n ;1 ca ted by the analysis pre slO-:n te'~. in l~ E.:fe r ­

'?nce 9 i;he iniuceo .J.l':'~:e rse a:i leron ~ mwing- mom"l nt c oe f ­
fi C i"l'l t :, S c~:"rA c tly :;>roportional to the Li..ft cocfficien t . 
The critical condition for investigat lng a_ l e ron ya~, 
there '"r r e , :l.s ne<1r ti"l8 stallin..; s:;::eer ~. . ?.eql;.iI'0ments fo r 
l ateral control usua l1;y sp'3ci f:r t.he J"1'lximum an~; le of 
sidesli~ rCBulting from the use Of~~R l ate ral - control 
(eV1CG that may be t o lerated . 

1m lag in time be tween the deflec tton of a control 
and the resul tins air"01ane moti on is objectionable to 

.. 
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the pilot. Lag !aay >:) canserous, be ''' ause :L t may cau.se 
~he ?1 lot to overcontro l the air~lane . S~9cificat:ons 
~e81~~ed to elLJl~at~ lateral- ~ontrol CeviGe s ·wi th 
oc j 2) c :~ionab Ie l ag chur L.c tc r 18 tics lim! t the inte rval 
bet·vV-=)on thE; tim0 when t he l a tera l - con ero l d s\rioe reache s 
f u ll dei'l-eet io.cl ("·nel the time whe n maxiplum rolling accel-
8rat:Lon i3 attained . '11h8 pe r missible l ag s (J",lle t ir~l.e s 10 
g1 ven 2. S oS. :'lillC tiol1 I):i" tl:.'3 ~peed and tr~e s I. z.e o .~ th~ 
..... irplane . 

Altho l.gh the pro·ble.:! I)': c,)l1i~pc:l -free sta:.Jil:' ty ~c S 

Dr ese-lteG. l:i.ttlo c3tf::':Lculty in t'"e de8:' 011 of ai l erons in 
the past , 8'11;1e ter~d3n0Y toward l.11stal)i:!..lt;T !laS b ee n 
e x hiblted b:T a few recent al l eron c,e~n.Gns . The ':)J' ob l em 
i s of g r ea t e st sIgni ficance for larJe a1 rpl unes or fo r 
hi~h- cpeed ai rp lane s ~ or which t~e ailerons may ~ e 
eSGsntially free €ve~ thouSh ~le pi lo t has not relpased 
the control . :fequl r·e mE.:l:. ts :CO Y' r;(mtrol - f r AC sta:)ili ty 
spe c ify that when the (;ont r ol is 2:'eleascd afte r a sudd.e n 
def' l action , the ai l ,3r ons must l"ct1J::n tc th2_' r tr '~m posi ­
tt ons and. any osc :} 11 a ticns 1''1DS t e he a vi 1 y dam eel . 

II - F A C ~ 0 R S I J VOL V E DIN T R E 

L A ~ ERA L - CON T • 0 L P RO ~ L ~ li 

C onc'3 ~)t of La teral i'~~lileuve rab ili ty 

I II the pre !3en t paner the te rm "18.te r al maileuverab ilit yt 
is conside r ed t o j.nvolve til0se charac~erlstics of an ~l r­
plane in flifht that a f f e ct the p~ lot ' s abiljty to 
proouce a rolling velocity . ThtG concept of l ate r'al 
maneuverability ~here fore inc l u':les thG ro lllns momen t as 
affe0 i~ec3. :)y the rlgi:l:l. ty o~' the 'Jl'in,g - ai. lo :c on S Jr .lctur e 
and b y ad verse yaw , the damping and i n e rtia affects of 
the wing and of 0 t:.he r parts of t~e air p lane, and l~he 
contro l forces thut '.:1u.:;t "Je exe r tec-: by a pilot j.n orde r 
to produce a ro l llng man euver . 



I • 

/I 

NACA TN No. 1245 

Holix angle .- Fot' t he condition of a pure steady 
ro '_1 3..·~)out cr_e l ongi tudinal vfind axi s, the wing - t ip 
helb: <.~n £~ le is ,:ji ven satisfRctori1~T .fo r conventional 
airplines ~y the equation 

7 

(1 ) 
2V 

LD which C1 is the total roillng-mrn~ent coeffi~ient 

and C1 p i3 the damp::'n.~; coel'ficien t of the ail~plane 

wing. EquatIon (1) n0gle cts the ca:a::') lng of ot,her parts 
of the a:Lr~lane . Val'..l.p,s of C1-o,' as c.e t ernlE,3clby 

l ''&'t' I' ' 'J..., .p , 1"· - , . ~~ lng - lDG ~L~e ory ~or Wl~gS lavlng rouna ~lPS, are 
g ... ven in rG ... ~erence 9 ' . Values of Cz,p with the ,Tones 

edge - velocity correction a,rl1ed are presented in refer­
ence 10 . A U.ftLl€, - surface - theory co.cr,~ction to Cz,-. 

~J 

was obtaine1 in ~he Investi~Rtion reporLed in refe r-
ence 11 . Values of C1 from refe r ence 11 are ~resented 

'p -
in fl ,:;ul'G 1 . Ti:!.~ se v8.1ues are lower thf.l.n t;1-1e original 
v alues f;::' ven in 'o"l e fer:=:mce 9 by anounts ranGing .-P.rom 
13 ~ercent for wings of aspect ratio 6 to 2 percent for 
'Nin,ss of aspe ct ratio 16 . Va lues of C1

D 
:':'0 1' sqnare -

tlDped winss of aspect ratio 6 are a~o~t 6 percent 
hi::be:,:" than the values fo r round- t:lp~'\ed wini:js given in 
fi:,ure 1 . Figure 1 has te en prepare d ln such a manner 
chat values of C1 can be o'!:, tained d:i.rec ely t:..S !'unc tions 

p 
o f' tano r r9.'cio and of Geomet;ric aspect ratio provided 
c, is equal to 0 . 1 . Variations in c, , vJhethe r they va. Va 
are caused hy changes in airfoil shape or ~y chan ge s 
in },lach :r:.umber in 1'be subcri tical speed ran~;e , influ.ence 
the ei.'fe ctive aspect ratio (sGe reference 12 ) as well 
as the ve.lue of CL !'or a t~·ven eff8ct,lve aspe<Jt ratl0, 

p 
and these vdriations CaIl be accounted fo r by Hpplying 
the a~r)ropri ate value of c' co the dlJsci;ssa and the va 
ordina~e of !'igure 1. 

I f valuGs of Cz, required for estimating pb/2V 

are not availab l A from test data , values of 0L as 
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~erived from lifting - line theory may be 0~tain0d from 
r e!'erences 1 and 9. A convenient me chod for esti ­
r.1D.t:Lnz, pb/2V that avoids the separate ("Jete r-n ination 
of 8L and CL is presented i~ reference 13 . In 
refe::->ence 13 a helix - angle parameter y 

( eq"D.l to 114. 6 Ct0~\ is 6i ven as a function of 'che \ LpJ 
spanwise locat:i.on of tbe lnboaro and ou t board ai leron 
ti~s . For constent - percentage - c~o~d ailerons , the 
parameter y ':s es.3en t ially il1:~:ep8nc.ent of the aspect 
ratio and the taper ratto of ~he alr11ane wing . For 
convenient ae: lication of tbe units used in the present 

pap0r, a cl:art of t.r~e pSlr1J.r1e ter'. y I ( eqUal to ll~ . 6) 
is nress::l~;ed:J..s fi ; ure 2 . The valu '·~s of CLp involved 

in ;)oth y 
Fo:, a rig.i.e: 
or .'l spring-

and yl &re the values giwm in reference 9 . 
un:y-s:v/ed W lng not equi pp~d v" i th d. l ::..nked tab 
tab 

Db -- - ~ 
~a 

y I D.O 
[:,0 a 

(2 ) 
2V 

whGre 
ri gl-l-G 

66a is ~~e ~otal 
and left ailarons . 

defle·~tion (in degree s) or the 

The helix angle pb/2V is , o.:~ course, affected b/ 
a n :tr.lber of factors, the most imoortant of w~1ich usually 
are ·~::i116 f lexibi lity, adverse yaw , ' nd r3ef'le;;tion of 
l inked tabs or sprinc tabs . In prellrr..inary c~es::Lgn , those 
effects sOi'net~nes may be estimated and expres3ed as 
simple rel~uction factors to 06 applied to the value 
of pb/2V g i ven by equaU.on (2) . An empirical equation 
for une in preliminary design Gl~.e re .f'ore m2..y '.:>e written as 

pb = y I /:;a '$'; (1 1 - '-"u a - - .rT 
2V 66 

wheT'e the factors kT ' k[3 ' kr ' i..md k t are the 

re cluctions in· pb/2V (ex:ress od as frac~ions of the 
value of pb/2V given by equation (2)) reslllting from 
wLng tvvist , sIdeslip , yawing ve l ocity, and tab def ec tion, 
respectively. The factors kT ' kp , a...'1d kr are 
discussed su':)sequently in this section of t':.e present 
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paper and the factor k t is discuSS9d in ehe section 
II Ai..:3!'ons Having Linke d Ta0s , P8.rt IV . rr :1oil.?:h nre ­
l iri'i.1ary es 'c5.mations of airplane ro Lling pei:'for"1Ol1c e 
son-.et ime s a r e made by assuming that 

1 

9 

Tb.e substi tutio.:1 of this va ue in equ'3.tion ( :; ) has~iven 
G at:i.sfa.c t,:> r y re 311,l ts no ar the s talJ.in:; s pe8c. and at about 
0. 8 0 C' t.;he nay lJ'l'llml lave l - fLt c t .t speed for 1U8.ny dirplane s . 
At ::,ntAr{:'edOate speeds val'.l.es of pb /2V obtajDe d i n 
this mann9r usuall y are conservat i ve . 

Cont r o l force .- ']::'e control for~e ,-'.u rin[; a steady 
rollin[:; maneuver i s related to t" l.e a i l eron hinSJ - i';1ome nt 
coeffici,c,nts a nd Lo ehe s eom.etr "! of ~.he ai l f'r on systam 
b~t the equation 

F' - 1 qb '0 2laVh (0,0 a\ 
r a a - a \ c8 / up . up 

.. ~ l1 E' re Ch and Ch &:"'8 the hi.l1Ge - mOl"1ent coe ffi -
aup a~own 

ci cn tn of the aile ron th& t is de~16cte~ ur~ar~ 8.n( of 

::: a(;~~n th::d is (~~~\ected :::n:::d:e:::::::: v:::~~ tage, 
\08-) up \ 08/ clown 

of tl:.e upgolnG and cf the downsoin r; aile ron .• res;()Gcti ve l~T '. 
In terms of s lopes , for a ile rons de fl e c ted equally up 
and d01vn 

F -

wh:~ re (c.a,)p account s f or t.he effec t of the rolling 
ve loci ty on" the hine;e - ::lOmen't coeffi cien ts and 
00 a 
~e is thA rate of chnnge in d e f l e ction of 2 Single 

( 5 ) 

aileron with change in def l ect ion of t)9 control (stick 
or 'vhee 1) . :;:e l:;hods for e s t h"a tins ( 6(1) n al'e ;~i ven in 

.. oJ '-' 

refere~1c8 s 10 and 11. The metre. od of reference 11 ,;Je r mit s 
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the of fec ts of as·')ect ratio to ~)e . nc cou:.1ted for Y'0 r e 
accl..E'atel~;.' . A chart for 8fJtil'kl.ti n c; (6 a)) , b -<sed on the 

r:1G thoc1 
fDctcr 

of reference i1 , 2S ) resen ted in fi ~ure ). 
Bl of f·i:ul.~e 3 is equal tJ the factor 

2 
given in referel c e 11 . 

The C:IY8.nt i ty O f e qu " .1. 1 ]""' (5 \ v. U .• 'J .. L I 

as t: ' 8 res ·)01:.S0 fac-':.or 

usu8l1-;:,T is ass"t-u1'"Ied .!on 8.n81"Ytl~e.l ' .. u :('~ :: tJ be eqru.i. l to - 0 . 2 
for ai l er·Jr.s of aV3l~o.se s5.L:.e . ~i.~:be 'eoJ.li?1g velocity 
ten(~c. to i.'edu~e U'l0 .:li leron IT1.nr;e iilQj.;:.snt:3 ,·,he:'1 ·~;he 
re 3 )01128 i'ac tor is 1e 8 S t~18.n 1. r:~ ( .. ) 03:1 ti va val1J.c 
of C''''a/C' ' ~) and t ho roll:~n2, veJ.ocity t311C. 8 to inc):,8 :::s6 - -..1,0 I v 

thG ai 132"on hinge _ .~ O!i:.e n t.'l ~"hel1 the r0fl JO~1.se f .o1.c-r.;or ~. s 
Cr(p,ter thaD 1.0 (necc.ttve. V8.1ue c f Ch~/Ch6) ' 
Ai. ::' e::.~ons frequently hr..ve b een (~. esi .:..;ned :1. i:1 snch a manner 
that the ro 1 1~ng velocity de creases the aile~on hinge 
moments in order t'J I 1 i n i..nize t 1e :J: lO unt of ae:coc1ynEli"llic 
balance required for 5i ven control forc e s . rI1his adv2.n ­
t .Jge canno t be rea1i zed :i.n Yna11Y designs , hmvevel' , be c ause 
c onsiderations associate~ wtth the ai le ron floet i ng 
tendenc y in ·Jul.l - outs an 0. at h i Gh an&le3 of si desl ip may 
re qu i re that tL.e values of Cha b e mai n t ainer). us near 
zero as possible . 

A re1.8.tion ~:otween the hins e- mnr;!ent :) c.l.r ~1.:ne · Jer:') for 
C0118tant values of F'/q can be obt; o.:i. r'.ec~. l .f the va lue 
of (L~a)p fo :c~ a gi ven aileron deflocti.on is aS8Ull10d to 
be inc:i..e·)011c.e:1t of ;.'u.h n1.,l.Jnber . From equilt:!.on (5 ) the 
re l.a U. on t 8 

Crl.a = CO a 

2baC'a2 ""6e 

- r (6 ) 

For a siva n 'dns- aileron arran3en~~~, therefor. , linos 
re?reser;.t i n,-~ const8.:0.t values of i"/Cl I!.':lY o e '-:. :"8.\01:11 8Yl 

a ch:::':i:t U1 wInch Ol1a is 1) lottecl 8. .~;2.ins ·i: 01" ':l'he _.l.O 
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1 tne repre santinG the c ondi ti on of zero sti c~: force is 
;;:1. \ren by the s:i.. mp le I'elati on 

6.6 a 
2 (6.a ); Ch6 

Equ9.ttons (Ld to ( 7 ) a r e strictly aD:·liCF.l.ble 0~11y 
to tllO s te ady- roll cordi t:1 on . An analysis of ~:d.13:::,on 
control - force charucteris~ics cturin6 initiatioll and 
r0 versal of fD. £..1 l '31'on roll, :maC\.e b:r- I:oI',!;an L'':ld };eti:mai te 
in Great Bri tUin, shows thE't for Cl:tlel'O n .3 havint; )0[1i ti ve 
values of tr.'3 ratio Cha/Ch6 e;:ceec1ing 2 . 0 , ob.1cct5.oD.[l~)ly 

:hi~:h stic": forces :nay 'J9 requirec":. for a :;"8:;:;id centrol 
novel}.ent f'ven tLough the control f')l'ces -1]:'0 :=;9.·t;~sfactory 
during a ste(J.d·~T roll. Pen' r.ll)S'G ailerons , L.01."l8V0J:', tl.e 
r 8.tJ. o 8'1a/Ch:3 is consicle:.'Roly lo'ver than 2 . () , 2.nd the 
forces requ.ired for l'8.'):i.rl con 'c j-:,o l 1'1J.Ove:1JI':mt8 ar8 Dot 
li'-::cly to ;) resent a serious '?!'()b lem. 

Lu~lnG a rolling maneuver , t~e forcGs r0Julti~~ 
fr:J j~l &..ileron c.0f1ection 8.nc1 f:;:'Ol" V\11. 11( chu.: ) 5. n:~ may 'c"'ist 
a Y.! .. n[, and t;.1.e~1efore reduce t~1.e 5.i lvI' on effe ,; i~5 V8:JeG S 

in }Jl'oportJon to the torque ')l'oC:uced . BeC.?,U,3e the 
9.3I' \)cl'~"'n2.'·aJ..c fo:eces incrense 'f'.LtL. t::1.0 c!Yl1,:,·ni.c pr0S~JUre , 
the 10ss in ?i lE:rO~l effecti vel1C,~~ also :l.1-;,cre 28cs Vl't th 
the c~.JnaJl:.c '9recHlUl'e . The e.il<3T'on 82':' fectJ.\ian3~H! ")e c omes 
ZG1"0 , therefore, aG some ai rs)e ed - c 8.11<:::0. t':1.(;l l 'e'11))"88.1 
s)eec~ . At S ;?80(~S in excess 0:[' the pcver86'.1 s:')oed , the 
ai:r')lane :;:olls in ~l direction o~} ,) o s:i.te to that ;·;hich. 
v.'oulcl)G (.Jbtai ned for the f5 9.me ai lG~'ol1 de.flee t" .. (,\ilS at 
10'1.'1 speeds . 

The effects of v15.n3 'CvTi st on 1 ,:lter9.1 lflDl'1\:;'"J,vera-
bi Ii ty :,nay be of' conslc.e:-:-;:;.b l e :i.l: )orte.nc'3 even at s ')8Gds 
f8.r ~/e10w ~'he pcversal s)eed . In an an8.1ysis presented 
in reference J-'--1 .. the ro lllng ,)G!'l'orl!F3.l'lCe of a p-L: .. 7C-I-RE air ­
plane Faa corr8cte~ for the effects of advers0 yew , us 
measured 5.n fligb.t , ::,nd for the effects of :;:;acl1 Ill..llni)er 
on 6.a/60 , as determine (~ fro 'n high- spe ed wind- tum181 
teats , in orc1er to isol ate the e.f'f0cts of 1:ri.n~ tv.ris·c. 
The results of this [-',l1s.lysis ~lre surnnariZf;(1 in £,ibure L,. t 
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At an incl.) cat~c'I. airspeed of L:J)o n iles )er hO'1r v:ing 
flexIbility is res')onsii)le for a 31- )ercent lO GS :~n tho 
aileron effectiveness of the p - l'.7c - l - nE air~;lane . The 
re '"J"3rs 0.1 J~Jeed j s at an indi c ated ai:"es')o or.::. of 0.'1. out 
5h5 ni le s ~e r hour . A 90r!eW!1.at sim.5.18I' .:1na1Y8i8 made 
by ,':orrls c.nd T''lorgan of Great Br itai n SlYHlVS that at an 
incUcated. aiX'3peed of L~oo miles per hour tb.e ai leron 
effectiveness of the 3ritish S9itfire a irp lane is 
rG~uced by a)out 65 percent , 7 r inci\211y because of 
Vn .. le; twi st . 

A number of met~~od3 have :)00;'1 o,;roposo(l for c a lcu­
lat:ns t~10 revers 0.1 spee<'\. or t;lG ef'fec t of 1i1j';.~ig twi s t 
on tbe rollins perfoI'l1"an~e at ar:.y speed (~J ee 1"e1'er -
ei."] ces 13 to 21) . 'I'.c1e 83 :10thods diffe r :,?rincirya.l1J 
in tJle dee;ree of ac(;uracy Vii t~l v.l!5. cb. the Di)8."11.''l1 se 
b.'-JJ.st is ol:,tained anc~ i'l the cTtent to which the 
inductio~ effects ~rc accounte~ ror. In sedltion , t~ese 
r.13thods (lJ.:ffer' in -t:;lJ.eir 8.cJ.a;;>t8.'uili tJ to l;he ·!..nc l uslon 
of the effects of cOTI~ re ssibility ~n t he various ae1'o ­
dynart1.i c 'J8.1'8111ete1's . Sone of °che nethor:~s (reforences 11.1" 
17 , 19 , and 21) require that ~he actu?l ~ing -torsional ­
stiffness distributlo:r.. lJe l:r:opn , '.'::cre2s L: ,'Jtl'ler 
l:1e t:l0c.s the torsional stiffn3Ss is assu:r.Gc'. to follovl 
some s1 1'1')le 1'1athe:TIaTical 12.'1 . 

Eeference 13 :coint s out that 3i[:;11i1'5. c a:'1t c~lf.fe:r'ecce s 
In tho 'corsional stiffness .::md in~he aeroc:'.yn8.nlc 
:oarC.l'lete::-'s of wJ.:'1gs for the same )roc-:.uction .:: .. ~,r?lane may 
be e:;~·,)·8C ted to resul t frOT;} dii'fe rences in fab"j cat:L on . 
B-38 __ use of theE'S '....1.l1certa,intie8 , t:_c l aree a::',(!TLmt of ti'i18 
requi red t o oot ain [l S ')luti 0_ "JY 02 e of ";l:e :',l()st exz.ct 
meth ds "robably is not just5.fj.ed : ... n t~lG uBuaJ Cf).se. 

In a r.'.8thoc~ ',)Y'o-o osed in reference 1) , tho ',nduced ­
lift effects are taken into account end the vr::.n:..: to rsiona l 
stiffness is assumec1. to vary inversely 8.S tho cube of 
the o.:L stance from t;').e "ling cente:-c' L~l:e. Charts ,=:5- ving 
values of £\ I'o1 1in ,r~- L:' oment - lo:Js )8.r o.?i:eter T nre ::)1'6 -
seJlted 1..11 reference 13 ane. equati,)l!s rre ~;:l. ven fY'O;:l "hi. ch 
t 11e v!l n c torsional sti ffness requ:~red to r~leet D. ::..,5. 'len 
st,llJ.cl.a.:c(1. "\f 1"'oJ1in8 -:-"erion;lc3,J. co T1.2.7 l.)e 1u:ic'~1'J cst:Lmated . 

The value 8 of T crt veri : n refo 1"en8e 13 are (5,e',:>eno.ent 
on the <.ns t8.'~)e r ro.ti 0 ['.nd on the sy:ulYTi SEl 10cat'1,ons of 
the inboarc', D.nc' the outi)oJ.I'd 8i leI'on t:L'Js. A :colling-

moment - los s '') aramet,er T ' (eqUal to 
'.,. )3 :r 

( "':::'7'5' T 
0 1 c. ' 

Fhere 



NACA TN No. 1245 13 

is the distance fro;'l the wing center l ine to t:1.e r:lidspan 
of the aileron) is roughly inde:r;cnd:mt of -the Incation 
of the outboard E'..i10 ron tip . V8.lu-33 of T' are siven 
in 1'"' ·~ ?~t1.re 5 . 

~he wing torsional stiffness reqvir~~ for a soaci ­
fj 8': l.-aLll3 of che hel:1.x- angle ;"'eCuct ion factor kT Play 
be co~':putecl by r,1e ans of' c.1e follovJi:l"; C;e::1eral eql~a tion : 

3 b . 

q 
(3 ) 

where me is the wing torSiO!lal sciffn8s '; at cln~r span-

• \vlse ['tatton y . Values of q/ \/--:;---J:.r~ for va.,:lous 

;:~::::: :::1:a1::: :;r (E~:~ a~:i:::::i::o(~:ve:ein 
for low Mach nurn/Jers . If eXferimental values of (6Cr~ 

iJ a ) J:'-L 
hcve l,een obtain8c. a t ·;~he Mach n~:unbe::."'s for which values 

(
>ocm \ 

of' mn arc to be comp'L:.tec1 , these values of -.- , ) may 
U \T oa 

J . c1 
be used in equ3.tion (8) provider1 th3 theor\~t ical 

r----·- -
factor \11 - 112 is d:;let:;~d fron equation (d) . \At the 
revers21 speed , the ~e:cm \ 1 - kT - kp - kr - k t ) in 

eq-;'1ation ( j) is zero, Rnd the factors kJ nnCi lCr 

usually may be assumed to ;;8 ze:>o . ?or 
of me, there:'ore , t!-'e reve rs 41 s90ed 

Y I 
b 1 · t ' ( n) f q " \ ,r;-_ l\.T2 Y S 0 vlng equa lon 0 ·or I Jl ~ 

a known vo.lue 
mdY be GDti,nated 

when 1 .... = 1 - K1, __ 1 
··' T - " 

If at Ci ~,i von ~peed V1 t~13 co:rrespr~l10.ir; helix- angle 

:!:educ c:t,n factor kTl is knOVV~l , "Gl-.:.e valv.e of kT2 
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corresponding to any othe r speed V2 may be c al culated 
a s follow s: 

1\/ ' M2)2 
kT kT 

q / v 1-

(q/VI - M~~ 2 I 

Effec ts of Contro l - System St r etch 

For ailerons havins a,proxirnatel y linear affec ­
tiveness and hine!;e - molJwnt charaGteristlcs , the nrincipal 
effect of any s~re tch ~n the control s~ste~ is SiMply a 
reduct:!.cn in the &il 3 Ton ':;1 0Vej;:i.3 11l:; , a;J.cJ. con3equ09ntly .i. n 
the rate of roll , for a gi'len coutrol ~e fIe c ti Oll . In 
most lns t ances stretch Y'e sults !n little or no change 
in t~e mechanical advantase of the system ; therefore , the 
control force for a given total ai l eron deflection rema i ns 
ulmost unc lktnge d, Control - sy-ste:J stretch :'.1a~! cause 
l arge changes ln the control t'orces Oi~ ai l ·3 rons haying 
ve ry nonline ar hin2 e -~0~ent characteristics . 

Ei' f 9cts of Ad v8!'Se Yaw 

Aclve r 3e yaw in a rol l j,ng maneUV8:i.' 1'e suI ts from the 
combined effects of an inherer~t yavdng r;lomen t of a 
r o lI J.n£; wi n G and a -ynwing [-:loment caused by operation of 
the lo.teral.. - contr01 de vice . Both these ya"ing J:1or:1ents 
nornally are ad vdr se o ver ths usua l ran[e o~ fli Ght 11ft 
coefficients , when conventional flap- ~Yre ailerons are 
used . r~Phe yawing mOJn01 ts 0:': spoile r - t'Tr,e 1a'ce ra1 -
control o.8 vlces , howeve r, nay be favor abl e over at least 
a part of the fl i~J:.t lif t - coefficient ra.nge . 'I'he yawing 
mor.-:c-m t of a roll ing win~ is c a u sed "by a.n asyr.unetrical 
distribution of the drag a::-1(1 'cy ~_ncllnation of the lift 
vectors . .lhe drag effect uS1)allv is favorable , i-)lJ.t the 
effe8t of inc lination of t o.e li:t vee. i.:;ors invarIably is 
a{verse a t pos it ive l ift co~!ficients and usual l y is of 
c onside r a'b l J Greace r magn i curJ.8 thhn i:J~G effect 0:' the 
drag . 

Adverse :Taw tends to re ta.rd d~e _~orwD.rd "'no vement of 
che UI)soinS viing . WIlen the rudder is not used t o counter ­
act the yawing )!'l oment , los s i n pb /2V resul ts from the 
sideslip angle - fo r wing s with nositive 9ffective 
dihedral - and from the yavnng velocity - for winzs at 
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posi tive 11ft c oeff icient s . T~e cor re s'Jona.ing he lU~-
8n~; lG recLlCtion factors k[3 and kr l).sual J. -y· c annot be 
estimated a ccurately - particulurly at low s0geds - in 
:.:. ':;rel:i.:minary closi [Sn . Fli!:;ht tests. of present - clay 8.5.r ­
~)l,:mes indicate , ho',~'ever , that when c onventional flsp - tyoe 
aileJ.~ons are used , the vallle I)f tbe sum 1~1) + {r usuplly 

is ~etwe3n 0.2 an~ 0 . 3 at landinc speeds . If a. t a l lft 
coeffibient CLI , t llli co~resDon~ing value ~0 + kr)l 

is ·':nor.'l1 , the v[',lue (k ~ + }Cr )2 at [my other lift coef-

f'icient 0T n1:1.y be i:'oughly esti:r:lS\.tecl. fron the 
.w

2 
rela.tion 

(10) 

l).'h9 effects on l"01lL1S veloci ty of .adverse y&lNing 
Eloment may be decl'ensed '::Jy J.ncre sin:.:; the ·, ., ec.r'-'<-1or coc ~~ 
stability or by de c reasing the dihedral . 

"e8thercoc~ stalJility .- I!odlfications that inc rease 
the weatne:;,'c ock sta:J5.1ity , such 2.S inc ren8~:l1C the 
verM.cRI- Llil o.:ce.:. , not O:-lJ.y ,')ernit 3l~et:~tel" rates of roll 
to be obt?.J.:;."!ed 'out also cmJ.se the ':~n.:;le of ba'.1\: for 
const':'t.l'lt atleron deflection to be 2:101'e ne :::.rJ.j ' 3. li l!e ~lr 
function of time (reference 22) . 3ecause an lncrease 
:in vertical- tail ore!). ma1'~es pos sib le the :)erfOl"'-:1.{l':lce ..,:,f 
C. 6;i ven banking maneuver with (~e cre3.sed ':':11eron cieflec ­
tion , the control forces require: for Jebe i,12rl(;;UVer' are 
(I,ecrea,::ed v{hen t~e vertical- tail 8r'e:1 is incre''1.sed . 

The advantaGes of increasinc the vertical- tai l area 
diminish as the vertical - tail area 18 inC~e QEeJ . In 
convention :"'.l airplane c.e81[,;n8 , howcve]' , tlle ve1't1ccI_ l teil 
is seld.om of suc].":I. size thJ.t a further ~i.ncrG2.se in ve:l,tical ­
tail area 'iJould not ,.:;1ve ,)enei'i~i8l recults . Tests made 
in the Lans ley free - fli.::::ht tl'nn01 l.n(~2 catel:hs.t a v ::t lue 
of C·J.'" at l east as ~~i ' 11. as 0 .Oen5 usuallY J S 1.1GCGs ."1ary 

."~ - ' " ' 

for satls f act ory flyinG qlw.litics . 

The effect on lateral ~mneuvern~i lit y of changi ng 
the tldl lenGth vlhile maint2.i ninG the same v'ee.thercock 
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s tary~ li ty, t~J.ereb y in~ reas ing the da.:.lptng in yaw , is 
shown in :i.'E.'fe rence 23 to be ne g ltgi"b le . 

Dj hedral . - '1'he reGUC tion in lateral maneuvc ra"bi li ty 
be caus-e of adverse yaw varies almos t linearly 'iii i th the 
effeJtive dihedral . Poor weathercoc:<:: stability, 'Nhe n 
combined with 11iSh positive e ffoct.ive dihedral , I'esults 
in a 1ar38 opposing action to any rolling rnotlon . This 
combination ma:r al so cause predominance of the lateral 
oscillation, which is undesi ra~)le becm.1s (j of' the result ­
ant erra tic response to the aJ L)}_icat :i'. on of control and 
t:t:e lJossi~) le discomfort to occuI'ants of the airplane . 

Because the banking motion is o~posed by the effect 
of r ..... Y.edral , increases in c.ihedral cause increases in 
the control forces necessary to .1)er.form a Given maneuver. 
In cenaral, the effectiv3 diheJral should be no larJe r 
than is necessary for meeting other critorions. 

Effects of Aspect Ratio 

Althou[h increases in as pect ratio , whJ le maintajning 
the sarne aileron- chord ratio calc and. t:le same aileron-

b a 
spall. ratio '0/2 ' :'Y18.y result .in slight increases 

in pb/2V the rollin£; vel oci ty p wi 11 probably 
decrease wi th increases in aspect rat10 be cause of the 
Increased wing span "equiro6 for an airplane of a g iven 
weight . 

Effects of Altitude 

Snlne of the effects of al t:t tucJ.e on lateral man'3U­
-Jerab5..lity, as indica ted by t .1e anal~\7s::"s reported In 
referc;;1.ce 24, are summarized in figure 7 for the condi ­
t ion of cons ta."'l. t true airspeed . If a late ral - control 
device that is capa~le of produ.cing the same maxim1.l..'i1 
rolling- mom'3nt coetficient throughout the al ti tude range 
is used, i~he time requ.ired to obtain a g iven angle of 
ba...'1.~ ls g r eater at the higher a)_titucles . In order to 
obtahl a given 8ngle of bank il1 a given time at any 
al tituce} large r rolling- moment coefficients ml).st be 
annl:ed at the hi.2:her altit1.1.d3S . In~.ese results follO'v\J 
from the fact chat the value of pb/2V aDd hencE, the 
f inal steady value of rolling veloel tv is :i.ndepondent 

) 
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of a l titude , but thG initial angul a r accG l e r ation is 
r ec.1.1ced nt hi(:;h a l ti tuc~e bec!luse of tn'3 lov.'er indicated 
airs·oeec1 . • If , Oll the other hand , the aileron G.e£'loetion 
is 15.rf!ited to that corres·,) onding ··:0 a cons·~ai.1t hin£~e 
1:~0:;1ent, a ::.;i ve n angle 01 :.I!:m:c is o· t8ined in s:"'orter 
perioes 0f time at the higher altitudes , tec~use g reater 
Qileron ~~flections can be o~tained ct the red~ced indi ­
cated ni!'speed end hence the n.nal valle ·) f .1':)11in3 
veloei ty l.S higl:er . 

I<'Ol" c.ir:')l~nes havi113 pos:i.ti ve valueD of C):'0/ Ch6 , 

the rc.tl o of the control forc e reclu5.red to star't ' 
rolling lilcmeuver tf) the control force requj.recl. to 
m':,intain t:t.e :'18.r:.eU7or has oeon S~Oi"r;:l ~)y ~.:01"3:).n fl.nc~ 

·lethv;ai to to 've l'i~.:her c.. t the lliShr-;!, altl.tudes. 

:0ffects f)f Radii of Gyr ation .In( Wi ng Loa6i r~g 

jlol1 JJ12,.l ysis of the effects on lateral ;:~a.:-:ei.1.Ver8.bility 
of v8.riCltions :! 11 the rallus of Gyration In T'olJ. is 
re".)orted:n reference 2L~ . The ai1alysis ·,!res,3ated ~. n 
refe l~en':;0 2.L!. was malle fo~~ cems tLl1t \· i113 102.cl ~.nc; i ncre ase s 
in r,:~clii· of e;yration therefore corresp:or'. t.o il.'.CI'e8.8eS 
in ;·oments of inert i a . For 3. Ci ven rol l2.n[. - :'.1::>nK>.nt 
coefficient , J.:;he tirr,e rOQuired ~·o oVc::.in C\ c:L,er. o.~1~;1e of 
ban>.: .Ls :J.ncre..::.sed considere ;} l ::- ; ~1.0n the r~'.(l '18 c.f .. ..J~rJti on 
in rell is i n creased fron 0 . 08b to 0 .1 6~ (see fig . U). 
Th3 ~Jercent 2. ncreasG in t he t>'18 required to f)1~taJ.n D-

[;1. ven '2'tn;~;le of ;:.an'c is ::::reacer for 9horJc ban~dn~ ':.! 8.rlGuvers 
t~lan for Ion,::; l>e.n'.d _n G maneuver::;; because the y·(;.\o i us of 
gyration in rol l a~fec t s on l y the accelerGtion ;erio~ 
at the stey't of a i~laneuver . A<loitional d12 1ysis -r,re ­
sented in refe re nco 2~, s~-,cJ';.'s ~.:~.\.c.t , :J.n Orc.eI' ·:;0 obtain 
a 1'.5 0 bank in 1/ 2 secone, \'!iti.1. a ty)ic31 f'::',_.:h"·~8r a·ir:jJ.2,i1e , 
the T0115_ng- mor:!e nt coefficient rrrus·c -"'")0 .!.ncreG<Jec'~ )y 
ap~roxim~tely 20 ~ercant clleTI the r~dius of '7ro tian in 
roll is ~ncreased f rem O.Oeb to 0 . 1Sb . 

Il1.CreaSes in the r:"l(~. i l1S ii' ,.·YI\ .... tio!1 :i:1 .:~· o~l have bee n 
shoYTl1 ., y ~~or3D.n B.nd :.?6thw2.i to to - OJ.use m::::... l l incre(:1.~:,;s 
in tbe cor:it~::-' ol forces :requi:c'eC'. fo:::, :('0.~id }jlover:lents of 
ailerons .~avinc; ,) ositive vc:lu8s of Cha./Cbo ' 

Th9 influence on 8.ay b:-,:n;::in::; !".1C::1eu--er of Gl:.an;~es in 
the r::dius of cyr:-tion 111 yaw is ~1cgli8itle . 
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\;'jl!e"l t;he raQlUS of gyration in I'oll :'us held cOclstant , 
lnc:;.~e ases :1.n tll.C moment 0:" inertia 5_n roll caused by 
increases in wing loading result in effects sim~. lar to ' 
those o"btnlned by increasir:,; the rad!.us of gyration whi le 
J~; a :Lnti:.tininc the sam8 v!ing loading . 

A t~!.. (..) oretical analysis of 'i:;h.e sta~il · 1. t7 of an air ­
plane v\'ith a ilerons free i.s r0port3d in reference 25 . 
The ·'tability bounda:ries were f'ol'nd to be primari l y a 
funct2.on of the ""in:::>:e - momcmt D!lrc.:'net e rs Ch ar~d C'n~ ' 

~ " ~ a ·0 

The resul cs of the analYuis inrl:'Lcased that, in gene:t.~al, 
aIleron- free stability is not 11 serious ~rob 19~ for a 
mass - balanced aileron system, Nhich usually Is p rovided 
in order to prevent flutter . ( ?or ailerons ~hat tend to 
float i'dth the re l ative wInd negative Cha) ':1I.e only 

pos s io l s tYre of ins tabil:t ty iSh d.l vergence or an 
uns table varia t :l on of con 'i:;rol fo r ce '.'ll th derle ~ t 10n , 
The live r gence (or zero control force) boundary is 
defiJ:18d by equation (7) . :;:;'01" '.ciJ srons th t t end to 
float agalns t the re . a ti ve wind ( P03 i ti ve Ch

a
) , any 

poss i ble ai. ler on- free osci.1J.atlOlls are hBc-tvil v (~a.m'ped I n 
a maRR - balanced systeM and are of no practical concern 
unless the value of Ch

B 
also is ) 0sitive . A!leron 

osci-:.lat iol1s have bee n ooserved in f15. c;nt when raass ­
balan.ceo systems emplo:-ing ui13rons that are overbalance d 
for 8Ir18.11 c; eflec'~ions and that have high ~;ositiv8 values 
of ell are u3e d . Unbal anced l:1aS s behind ehe hinge line 

- CL 
has an un.7'avorable effect on th,,,: c8!:l.-oln,; ano. tends to 
shift the boundary for oscillatory instability into the 
negatIve r ange of Ch

6
• Ai l'2rons requirinG close aero-

dyna"1ic balance ther efore Rho'lf.. be mass I'l a l .s.ncoo. . The 
pres~nce of friction in no c ase c aUS 0 S und~.pe d oscIlla­
tions if t;~e ailerons are o ~-,l1erw:L se stab l e . 

FLUTTE::1 

The flutte r theory , ror two - c1J'n,3 11sio:"1.al atr- flow 
concl itlons , of wJ.ngs equ i l'Dec1 with convent:.onal unbalanc ed 
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f lap - t"Y"l)e ai l erons is )resenteo. 5.11 l""eference 2 6. In 
reference 27 the e f fec t s of the various 9~rrmeters 
Livo1'Jed in the flutter ") rob lem are i n vest:1.GD.tecl 
fly-S te r 1.at·1. c ~. l}y and. compari sons iJeb'.'een the tl1eo:{'y (~ncl 
e; ";er:;_rlel1G ol results a re w?c.e . :'.efe r ence 27 al so ShOHS 

thL'.t three -cl. i l1"e21S2..0nal effects us ualJ:~- are sLall. 
ECluati:Jns for a three - dime nsional solution of the flutter 
pl~0;J1el'il 8,l'e "') re sented. i n r eferer:.ce 2 8 . 

':::'he ai r - load '0arar eters :'.n t h e f l ut t er Br.l'L1 atlons a re 
c1.iffel""cnt f or bo11 8.nCe(\ G,ilerons then for unb::t l ? nccd 
a1.161"on[; . ,S olut5.on'3 for the 9.:;. r - loo.d. ;)f:.r a.:':'.let.ers are 
obta.inoc1. in r efer81-:CGS 29 B.nd j0 f or <.:.ilo7'0118 :1o.ving 
e}:)osed-ove:chai.1S ba. l ances o.1'1c1 .~ ll refer'encos 29 to 31 
for ai l @rons ho.v~ng t ~bs . ~igorous soluti0DS for t~e 
ai r -loc.d pcu'ameters of ai l erons havin::: se c'.led lnternal 
b21ffilces have ~J t b e en ottained , ~ut Q ~etbDd of estt ­
"I"tin ·\..Lbo"p. "or~ ··e+- ·~ "'s l'S '·",-r ·· ee'ted '_i n I' ef·r.>'.l.""e·11 e 21 J.!c- ~._ Q .VV....,I _..A ..... _ . • ..... '-...11. UI."."'t,)u l...l .. 'oJ J • 

The inf lue nce of the )rogerties of variou s structural 
mEl.te:;:"ial s and of tJ.-le ) lan f orm anc~. the thi.cl.::ness r)f wings 
~n flutter characteri stics is inves t~c&ted in r efer-
ence )2 . 

'J.'!'leoreti cal flutter an.alyses of '.':'L ng - aj.leron 8yste~1:'s 
have DeGn conc3rned pr:i.mar:l.ly ),1:1. th tT)eS of flutter t_lat 
involve tlle cou'1lin.::.; of 8i 'cher t '.'0 or thr ee of the 
follorli.nJ "lOtiens : vi:Lnf'; f10zure, \'·1 n ::.; -corsion , and 
aileron c1e:lection . r1'he Yli nd- tunnel J:::;ests l"" oported i n 
l'oferonc e )3 show t hat freeclom of 8. v!in€:, to oscillE'.te i n 
a cho:;,'c1."Jise ~l l !J.ne may pe r mit an ac.~e..i tienal t~Jj;Je of f lutter . 
Another ')08si I:J le degree of freecbm is J.nt :coC.uc ec1 when a 
8;)r5. 110 tab is used in conjunction 1pith E'en aileron. 

Any s ')ecific t "Y;)e of f lutter C'),11 '09 el:il:linated fa::,,,,· 
a [,i ven s ~) eeci. r ).11[;e (-with tIle 9 0 tisi~)le exc e'ltion of t::'le 
transor..i c r an£8) by s everal (:.i ffe ren:c c CJmbine.ti 0n8 of 
the va:ei.ous ',':ing and. o.i le r.)n ")8.r8.1'1 0 t ersL.1volveo. in tlle 
flutter equat i ons . ~ l~mination of all the ~Qsi c 
ts""'qes of a:":. l eron f l utter usually ce11 be ::lccol·1.) li3hed 'oy 
the use of suit.a';) l e mass b(llo.r:~ce . '1'ho i~loSt [avoJ."nble 
COI1CLl ti ons 2.re obteinecl v!hen the cel'ltel' of e:;ra.vi ty of 
the aile ron i s sli ~~htly f O:i."·'N8.rc~ '.Jf the a::i. l eron :'1::1.;"(:;8 

axis ai10. is a t the S8."le elo vz.ti~n - in a rJ.:Lre ction normal 
to the chord - [t s the hin,::e axi s . For ai l '3i.'ons y!l th 
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".iri n g t«.bs , jot~ the ai l e r on .:mc1. the t ::lb shoul d b e 
T,L .ss o:. l rncod,Q but ,~'S Shf:''i;ITI ;yy Col lt:'. r of Great B.rl t a in 
1'1'188 balc.:10G c f a 5·) r i11(:; t9.b is f::tvc,ra:)lo o:~l:,' .:.-l1.en t'1e 
Cl· ... r.tE'.ncn bet\"e en the t 2.U 11i1"1;::;e axis ·.'..n:. the 'J&l o..nc:".1"1G 

"le 5. gh tis 1 e ss t han where no 2.~ lilD..l ly 

if) D. noc;nt"l ve c;.u:'.ntity c.nd 'is e qlla:t +-,0 the r ~,tio ')f tab 
def l e c tion to Ell~ron ~ef le~tion wjth the c0TItrol ( stick 
of <heel) f:~. :·:ed , Any :'r':l. c tion i n the a5. 1 cT'-JTI sy8terr lS 

fc1.vor2. )le l,'·:i.·C]". rei::;rrd. to fLl.tter , , 11". st~ff'': .,J.ent :!:'r:. c tion , 
W:ll.C:"1 n.:,.1." e8 'cne s'y':::tem 8s"el1b.8117T irrevers·;.'"Je , u:',Y 
·?:."'event th8 ·)['.s i c t S :")3S r:f 8.ilero:.1 :!:~ lut·;,cr . (i'he 
in~entinDG1 u~e of frictjo n to p re ent llutter ~ s no t 
c onsidered 2esir~)16 , ~0~9VGr , ~8 G3USe of its adverse 
effectc cn'cont rol fee l. inr,/ 81::1.c1: in 'clla c.l1eron o r 
tab 11n1:;:"'ge is un/D.vor-aa1e . 

III - T E 'p I IT n· n rz 0 ( ' - """"\ 1T ", ·7 t5 .A. 1 : :;) ... - '-I :- ../ '-' '.' '-' 

A P P L I r< A '1' I () ~T .\ F v ' 

' r .') E -:- T F T j~ L .~ 
_ . 

( U 1 1: S . . .I\. 1· .. ., ..::' 

I n tbi s se c tion of t h e ~resent ~a 'a~ , a Ce sc rinti on 
is 3i V8n 0 1' the m~thod3 !leiJ.1r-; used '.)-:: tL8 L8.Y1Gley 
·L'J.") oYatory :'1 tb.e ~:: CA for- 1113,1-:in:; .n.iS~lG i ri.vo~t i '::"8.tion 
of :.8. t ..... rc. l - contro l char a c te r ..".s"tics . A ~~i fC'.lsrjion :- 18 0 
is ,r: i V:3:1 of' sO;:.e of the n~st COIEmon v/:L1d- tui1ne l tOfJt' 
setu)s , of' 'ella l ir:1i tati.ons of these set:.l)S , "~ 1l1 of the 
"fl'lethods t:18.t a re ~."le~.n=- use d for ao)l'Jin~ \"'In:~. - tum:Gl data . 

~-;-"LI GHIJ.' I 'VESTI GNPJ O~.JS 

P ro c edure f or Dc t erminl n G ~0 11in5 ?erforr".anc e 

Descrj ·)tiol1Jf Ean e uve r . - 'rho rol l ii1-.:,: ·,erfo ·i11D.n ce 
of Em :.irq l ane· nsua.J.ly is deterYJ,ined (" 1J.:i:>~'.. 11.[;: a',::,ruy t [d l eron 
ro l ls :iE(e f r ')li1 l o..te r 2.11y l :.Vt;l , t:'°irrr:.':1e(~c , s t raight 
f liGht a.t c~i ffe r en t 1 n c.i. c o.tecl [,J. r speeds • PC;J8l' for 
l evel f 1.:'C;ht or(1.inari l y 3.'"' u3ec1 at s~)eed'" bel.')\"! the 
I e ve 1 - fli Cht s)eed oot ai n c.b 18 ',- 'i t~J. j"laxL:~:L1.m. cont) nuous 
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power; above thic speed rolls are made during steady 
di ving flif-j1t wi th maximum cO~1.t1.nuous power . The test 
altitude is not partlcular ly ir.11")ortant unl ess com­
pressibility effects are :.nvolvec . In a g iven series 
of tests, however , bhe al ti tude sh.o·J.ld be maintained 
al',?roximdtely constant . 

21 

At each selected speed five rolls in each direc ­
tion, with a different cont r o l deflection for each roll , 
usually are su.fficient . A greRter m:unber of contI'ol 
deflections may be :(lGcessary for ail~}Jlanes having very 
no~linear l ateral - control char~c~eristics . At h1gh 
speeds tho mnx].mu1!1 contro.l cleflection ,'":lay have to be 
resl;:"ictecl in orc:,er to enSLlre t hat tho ae:eodynamic .:'orces 
on tbe a i lerons and on other parts 0; th~ air~lane do 
not exce8d the s t r ue turnl de s i=:n 1i.':11 ts . 

Each tes t roll is made b7 moving t~3 .contr o l ( stick 
or wheel ) a"tr-uptly to somE': prr-;:~ete r!nilled defl e ction 8-Yld 
by holdi:lg th8 concrol at thae def13ction ·until the 
maxir;}Uln roll inc; va1. oc::" ty oceuI'S . Fnt:ll maximUJn rolling 
vel OC2. ty occurs, th'j ru:-J.c1c r is held 1.11 1 ts or:!.ginal trim 
posi tion . Re,::ov0r:' .from the :::naneuvr--:or is nlade by any 
met;:10r1. the pilot desires . Th8 c c:nt:..~n l Sllould be deflected 
as rapidly as 1')OS ~ib le . 'ii[}:-,e;:'. cont.rol forces perr::it , 
full de.fl(~(;t5_on can!)c paa(;n0L, j. n about 0 . 1 to -0 . 2 second . 
The clesirec! cn.ntrol del'!_'::c t 5. 0n u suall"<T can be obtained 
by me!:cDS of a vnria"o le - stop C1. Gvice attached to the stick 
or control wheel; howe Y-S T' , w·ith R~lQh an arrangement care 
must 1Je exercisec to en3'.lre that the proper control 
forces are mea.Jul'ed . 

Variables meaS tl:'e:l .- ·.rhe follo'.ving variables are 
me aSlL"ed cl1,1.-rini·.: Lne nost £;0ne:£'a1 11:11 -13 s tiz,a ti ons for 
c.et:.;r'mininG tl1e roll ins ·'Je:-·.:O.L°.lanc,e of &n &ir:plane : 

llol ling veloei ty 

Free - st.ream impact ') re3SU}:'G 0:;:' indicat ed ai r sp'se d 

~·~udc~e!, .. os:L tion 

Stick or control- whee l deflecti on 

Stick or control-whee l force 
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Ai l eron hinGe moments 

Pressure altitude 

Free - air tem?e rature 

Aileron di stortion 

~ - - - -------
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pres entat2_o n of data . - The te s t results may be 
p lotted in the form of a --time h i_s tory , as illustrated 
in figure 9 , for a roll with ailerons partl y deflected. 
The maximum helix ane le pb/2V is comp uted from the 
maxi n U1ll rolling veloci ty , the \-/in.::; s~:)an , and the true 
airspeed . The values of aileron force and d eflection 
which occur at the time of ma:cirllU::.1 roll i ng veloci ty 
should be used, sil1Jc the ste<J.dy for ce t:1at the pilot 
-Jill b e a-)le t o hold is of !rirllar y interest . -,ihen there 
is a l a r ge negati've va lue of Cha or when t'1ere is a 
sprinG- tab system wi th a weal~ ::·91'i n ...; , the maximum forc e 
and deflecti on a s 1[re 11 as t he .:'orce and deflection at 
maximw;l rollin; ve l ocl ty T.lay have to be considered. 
Plot s usually nre mnde to. show the v8_riat -i on of contro l 
force and pb/2V wi tll. tot8.l ailoron d eflecti on for each 
of the test inC.lcated ai rs ~'e e cls . lnothe r very u seful 
p lot is one in vlhich the total nileron defle c tion , the 
rollinG veloci ty c.t some standard .a lti tude , and pb/2V 
are p lotted against ind2cated ai r sDeed f or a fixe d value 
of the control fo r ce . 

--.1hen aileron hince - ·li1onent coefficients are to be 
p lotted , the tests shDul d be made with the t riN tab 
loc ked in one ~o sition ( 9refera~ ly neutral ) , because 
the vari a tion of hiniSe - mOyaent coefficient \'1i th speed 
may be s ome what obsc u r ed if the c.on·ero l force 1s 
trimmed to zero at each speed t8sted . 

Proc ec1.ure for DeteriYlj_ ning Adverse Yaw 

Description of maneuve r . - Tests f or c:.etermining 
adverse yav-l are v ade by performing a"iJru ;J t r udde r-fixed 
rolls a t low speeds . The ~l1ane uver is simileI' to that 
des c ribed for determining ro llin~ perfor mance , except 
that tl-.e ro lls must be continued be,,-ond the time at 
which ma.Yil11UIn rolling ve l oci ty OCCl-1X'S in order to reach 
the mo.yimum sideslip an g le before recovery is started . 
JecC'.use some :noc1ern airpla:1es :Ji t h ·"orre rful ai l erons 
may re quire a large chan ge in o.n:;le of banl{ ( 900 or 
more ) in order to r each the lo1a:;;::i.:~lnm sideslip anDle for 
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full ai l eron defl ection , tbe l:!~'.l1c uver m.:::.y 08 ,'odi fied 
to al lor; roll s to ')e ''"'!ade out of an in:Ltle.ll-y ~Jan::e d 

atti tude (not e;~ceodin:~ LL5° ) in lovr- acce J.erJ.tlon turDS . 
In this maneuver the ma::lmurn sir:'.ef11iLJ ,:m.[, l e. occurs at a 
s111aller absolute anel e ", f bsnl r

• "~olls E'hould be made 
in ;)oth diY'ections v!ii~~l :J::lrtl"T d8flectod 8.ilerons as 
';,Jol l as w:":';h ful l y c~eflected £;·.i10::" 1ns . 

Val'iablos '11easl;.reu.- The v8.ri':--.b I 0S meo.3urerl (~.urinG 
a mane1m---y;-fOy7" deternn:ri":'. n s ad,i:e:C',Jr~ YE)::.J inclucle ViC side ­
slip angle , l.Le normal p,c celer8.t:_,--m , an( th3 first six 
of the items listed in the ~r~vious secti~n on the dete r­
minat:ton of ro ll::Lnb gerfor':.n8.ncE; . The ei c~es l~,p anc;le 
us 12. 1 1"] 3.G measured l)y r,1e'~n ~ of D. freely swi ve 1i ng v ane 
mO'lmt30. on ~ts vertical 8,:;'13 at tho 6'.1d of a ~JO Ol11 e:;~teno.ing 
aheac'l. ''":If the aiI')~:,.l1e p~. nG . 

?resentation of datc.. .- A tili18 h~,3i~ory of the 
i m') or t ro.nt v o.ri a ':J l e-;- oat n.ined clUY'ln~; :J. ll1Qne UVlH' for detcl'­
minin~~ aileron -y0.\'I !.:' E:'..Y bc p lotted 8.S i:1ustrnted in 
fi~-:ure 10. Another u,sei\l l :?lot J,r3 one :1 n ·:{1i.ch the maxi ­
mw.; chane;e J,n sidos1i () 8.n:.; 10 Is ;,) ven af' 8. functl:)n of 
the t)t,::.. l aileron c'ef1ect1ol1, 

Ch~nces with ~)eed 

A ccmo l ete flic;ht .l.nvesti.:::.:at:: .. on c:f lat0I'al - c0ntrol 
ch8.racte 1"1 s ti cs sho'.'ld 2.ficlude ;;1"') [;.8nremerlts of' 8.11eron 
trim ch::m::.:es 'v'ritl1 sr)eed for s~rc.Li.;ht , 18.teI'8. l1-y l e vel 
f light. The ~je·,1eJ.surei.Tlents 8.l'(l :::19.te 'Jy tri r!.iY.l~.nz ·:~ll.e 
aileron cO:''1t po l fr)r c e to ' zero 2,t leve l - fll<..;ht s~)Gec1. 

y,r:' th norr:1.a l rated pO\":o1" ar:..cJ. '."Ii t.ll. t.he a~. r ·.:: lane in the 
cle'::~il conr'i"tJ.on , ane_ 'cJ18YJ. 'Jy r.leas'1:cii1G the ai l eron 
control forces and the ai1e~on ~e;lections ~9~uirod to 
tril;': in laterc'11'"T level st:r,::u" ht 1.1'iJ;l'1t at v:~l":Lous othe r 
s")eeds ,,'f ] th To.tec1 -""lower 811<. d~ tl1 )ower off . ',ecause the 
l ,"'. teral ;)os:i.tion of t~e c.dr_)J.al1. ~3 cs:-:ter ::;f ~~ Y'::.\ltJ V~2:y 
have a l&rgc effoct -::0 ::1 2.:i.l o ron !.;r:'r.l. v::.rLiltiollS , the 
l ate r al c0nter- of - c; r avj' !"J ; osi. t1.(m s:ho";).:V 1)0 oet0r-~~i ned 
8.n.-:::. 8')e ci:2i eel , e s ·~.")e c i ally i:C' i ,ar .'.:;,ol l..mr.Jr1me·;:; :c'i. c 2.1 ·wei .. Cht 
distri!J;J.tions c. re )ossible ·".'ith the ail") l r.ne beinG teotecl . 

Clor.e a~) ' ro :·;.:i.y,l.atiol!S t:) th.e ;:lane uvers that are per ­
fo)Yed (",1T:'L1C; :!:'J.i :;ht .i n ve': ti gatt 0~1S of 1[', tera1 - c antro1 
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cho.racterl stJ. c s can be o·; t ained 1-n l'ri nr~. t.unnels on l y 
w~1en c~:Tn8.r.ti. c Y'1oc~e ls are ueecl an( 8.1'e )Gr1'(1j .t ted to fly 
freely . Tho f.e;rnolo.s nm'l'l.ber::. 8.:1c1 'che :'-1."0.01 scales fo r 
such t ests are l12.'cE;ssarily vcr;:} 10M anci.. C01130Cp.1ently the 
air - f lo':; conc:1.i t,. 0:18 8..10. the s'c ructur2,1 0,Gtai l s of the 
ni I e ron s 1l1ClY be VB FS' eJ5 .. ffc rent fox' the r.:ode l t1:1..<:.i.1 for 
the £1.ir';:;1.::,. 11o:: . I n th.3 u5uRl C8.80 , DC CUro.te s 'i_mulation 
of the a::i.r - flow condl ti~ns anc~ the struc t u ral det cdls 
has see 1:1cd ~:or'e il:l;~o rt.)l! t th:J.l1 D. .:!.urat3 simul &t ioIl of 
t'1e fll :-ht :11aneuver' . Wind - turme J. ,)i 1 01"On-clevelo'Y~1e nt 
)l"O[;rD.r,;.~' t'ler-efo11 e arc CODloh:l.C t ed. .:cJ mo '3 t invari 8.bi y on 
l arge stu.ti c i'<~de 1E; for ',:bich h:i.~-,h ~·:eyno 1 r:l.s nurr..be:ns may 
be obtained . 

Ai lerons froo.uentl:; are ~.nve Gtl ,zated j_ n tv"o ­
d:Lr1ensional flow hc:c~.use SJ.ch an ::.trre.nG81!;ent, perini ts 
the use , f t~e 1~~5est ~o3si~ le ~od el 5cule for a ~1 ven 
wi nd cunne l , j8 c ,-:use varia',) le s aG ,Vi C ~ a'ccc'. "i th \":1. ns 
plan fO'2.'lTI D.I.~e 81 c.Hi. natecJ , ::-.11(. ;:I'S cfluse t',v0 - r.1.' :',lensioDc l 
mor"e I s are ullil'llt.:: r _m(} 1 0S3 co ::; tly thnYl fird.·c0 - sp8.n 
IT.cr.els. In siJite o f.' ·:.;}I.C f ,:,u::t t:.·_..:'.t 1 .::i1':;e ~-,e':!n0lds nUlJ'1bers 
can be obt!3.inec~ V!1 't;h t'·!O - 0'i·'-~ I.} ns5.onHl :'.~ ' (~'e l s , the r (3sults 
of tests of ;:nc b .1.oc:e l., o.re e.~:.tY'e~:~ely 1.;.rii."l:;-..7d in tllei 1" 
8. ) ) li c atJ. 011 to s ",:;c1 f'_c CoG ~~ 1.015 . L:i r.:i t .:.t-c.i ons 1'e 81;;.1 t from 
the inac'.oqu., .c-y of t.he 8.V8.~c 1 :1.') I e :net1}cr1 

.• 3 for' com,:mt; ine; 
f~nite - s~an charac teristlc3 from two - QilJenslonal d~tQ . 
For the i~.:)3t pa.rt , 'lhe~G mei:1"l.Ods 2.1"0 b.:1.sec.! ')n lift i n:; -
I lne theo1"-Y , in w~::ich t·lO follo·"i5.rL~ tv-o ::ssUJll.)b.ons are made : 

( 1 ) T' -18 : n ":: '·lC E··r1 ,~ o "rl" ' ~" '.. an'''' ' '" ' 'l'1'''' '' be ,., O;1 8 ·l· de red . J.~ _ \,.. ~\.. ; ........ . _~ _.Ja, ... I .. .L ;._'-v.I .. V-
l
) v ... _ _ 

to be crln El t2.nt. u l ong the ChO:C0. of r. fL"d te - s jan "r·i.!.l.r::. 

( 2 ) The '.rin, :. vJa].1:e le8.ves the lifting line in ['. 
pl.:>.Tl.ar shE;et . 

AlthouCh thes:) a8s:"11Iil)t:Lrms r e!:I1..'l.lt J. n 31!1:. ... 11 ei~rors 
in the heL.x ~.:.nQ:lcs c omJut<3d fl.·om tl:"3 J:'ef-;ults of teDts 
of -c v.'o - .ime n s:i.. onal modc l ~; , t:lle'~r r~-:;.'Ju lt in mUCl larGe r 
er1'01'3 in the a:i. l ',3I'on :1in,'~G -l"1o";e~!t chc..C'D.c t eri :Jt ic...., 
C OliT9ut .. ~ti ons bac ed on Ii ftiilC; - f.mr:C 3.013 t~le (; ry ( refer-
enJG 5iJ.) nl":o\" that tho ,1. llC'.u cod ,1ovmwash angle lilay vary 
c onslder8.~) l~' a lone; the chor'(' of a' i i.n':' to - s ': :m 'i.i n l.:." 

eSvecially at sGct""ons ne ~'J:' :.:;l:.E.; VJ:'U.1~ ti:~) . l'his vD.riation 
i n dO"Jl1"!aS~1 an~'le J:·e suI t.. " n a c}-:o:,:,6. " :'i. se load in :;'.Gc'l.i ti on 
to the load ~on3.idered by lift;in:~ - line ':;heoI·'~T. The 
n onlineari t :, of f:l.ni te - span h":'nso - :t· ... DY'lent curves , as CO'J1p a red 
I:,iith t ';o - cU.mens io;"l ,J l hln~)') -"'-orl1ont CUi-VGG , .' ro bab l y is a 
re suI t of tJ··'.e rol ll n::, u:) of the ~~·5.n0- i'/Q.ke sheet 1 e s)e ci s.lly 
at hig!l n.!l31 es of attac': 9,ncl a t l a ree ·;;.:;.18 1"on defl ections. 
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E:{ua ti ons based on lifti.!.,; - li'1o t _'3ory :J.re £;1 ven 
in r-oferer:ce 35 for comDuting fl~ite - span h inbe - moment. 
parameters of ful l- span cor t1"o1 s'J.rfaces from two ­
dimensional data . Tb~s~ equat~ons May be ex,ressed as 
f o llows: 

25 

= (11 ) 

CLa) 
q a, 

FoY.' t1:-1e eval1).ation of' eq1.1:.it5.ons (11) and (12) the 
value of the ratio CL IC 7 ~an oe ass',i.med to 

a "a 

(12) 

A L equal (sec reference 30) . Th3 eff3cts of the 
A + 2.5 

aC1:;ua1 snarl- l oud c3 Lstributions of a wl.n~: and of a 
partial - spa~ aile rOil BrA accaunt9d fo r more accurately 
in tte following equ&tlons , 0hich were fIrst presented 
in ref·3rEmce 37: 

1 j Ch cL 
C 2d 

( Cha) LL 
CL ~ 

1 ~T - .......1l-- -.-
b a 2 a c7 C L 

a '0/2 
C "a 

b/2 a 

1 
r (1 ~T 

(Ch) 
- I J ch5ca 2d ' / -

o LL b a_ c 2 I b 2 
b/2 a L 

+/Cha 
6a /1 C eCL \ 

C 2d Y 1 M ~~ a 
3 
-- ) a 

1;,/2 __ C C a 
.:;, 

where tb.e ints{';ra bi ons are CBx'ried OV0r the snan of the 

aile :."'cn . TY.e sp'n- load 'Jarai"'1BL.ers 
cL 1 

and 
GCL 

CT csa 
.J 
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(a in r adians) may be , btain8c1 from refeY" ences 33 and 9 , 
1'0 S')GC ti ve 1y . EquQ ti 011.0 (l ~j ) 2.nd (JJ-r. ) probab1·y .:;1 -ve t:18 
ji10f, t accurate val U8 S fo:.." t3-:!o fin5. te - s J] n hj.n~e - r:'.:)ment 
jc.J"ar"eto:i.'s that Yll'lY be O:)t8'.lled )J y,et::1oc1s based on 
l~ .. :rt~n~s. - line theory; hOWC V81" , be c ~':1.8e of the oasi c 
l~ .. :mi t a ti ons ·) f the the0!'y , ·';~:'.c ref::'nements of these 
eCluations Q') not , a t the ) re ser. t ~::;i:rle , ~leem ·;:;0 ~)e wo rth 
wI1l1e :Lor ;J re1irc.::'n r:: ry cJ.oslgn YlOr·c . lor r.lost I'Jh1J-

- .' ( 1 ~'1 ) a~!..1eron a rrangenents , v<... lues '~bt8.ined l'rom 3cfll8.c1.')ns _ 
ano. (lL:. ) a re ver-s close i'o V ~.11;;'e.u o~Jta;_:n8d from the 
sii.rr91ified r e l 8.tior.s e~';::)::'e:8sec'. ~:y eqU8.t4..0~1 s (11 ) nne'. (12) . 

The effe cts of t'::& cl'or'd~';i s o vp.:~'iat:l.on ::' n tho down-
8.i.1.r~le ::)11 tl-;'6 :lin,:..e - nomer:. t ~')'2:.' alleter C'l .I.-a are wash 

eV2.1uated fo:e a f B'·,i ES"Joclfic c O.ses :i.n 
l ifting- surfae e - theory correction lor 
obt:=dned i n the foi.'l': of ~'.~'. i nerei':()~1t 

,0 Fe. re:tlce 37 . A 
t:l~. n airfoils is 
/6Ch \ , w})ich 
I, _. 0- IT C' 

.... ./ .• _J:......) 

c a n be 8/!J~1.e:::l tv t~18 ij'.:,.1'..1.e of Clla obtaL'Jed f r o:l'1 lifting ·· 

l i ne t heory. 71:,.e '.186 "'f the J.ift:ng - su:r'.l·J. c e - ·i:,heory 
corre cti on ::.3 S~.l.o· ; ln iT .. rcte~cep.c e ')7 to r;i ve val '_18 s 
of . Gha th:::,t 0.1'18 .' n:oocl a:iree:':'12Ll. t y.l. til the c]':)eri:t11e ntal 
S 109e s - for ·~-}'.re0 ;·c.co.e 1 t! - 1~J.e 8.E!u:r't.:3c ove ~.: s'il.J.ll rJ.:.lt:;e s of 
a:i.1{~le :)f 2.ttac lr • S':~n. c e t!-_G )u )li'J .:ltio:'J. 0f r eference 37 
simi l ar sat=Lsf'2.CC.O.:·Y C'10C:··~s ~12ve ~J80D. o';)'c<:,ined for 
sO·.;e1"a1 ot:.'l6j.' ?"106.'31s . Ch[,r'T~8 irou HJ-..:Lch 9J·'H'0.:xiY('.8.te 

( 6Cbo: ') m8:~1 ~:) e o,J'Gf'.inoc1 for a l mo:=:t any 
\ ')L:' 

v !:.L lue8 of' 

fi ~li te - s:;::.z.'.l1 JOrJ.trol ~urfac e \ve.re ·ire~:?arcd from data 
gi 7en :>'11 rei\n:>ence 11 L'.:.:C~ ~ire ·:iresent& d in f:'<'u.re 11 . 

The factor 32 ( Gi ven as F / (cf/C"}2 i:..1 refe~('el1ce 11) 
I , ! 

in fir.::ure 11 (e;'e;.1 f'ts for' its v h.e on t;l1e mO'·lent about 
t'l.e hll1 .. ~ e ~lX·l s of t ·:!G 1 o c.'" c- .u~'Gd by the e1:iorcYJi 8e 
vari aTion of ·::.be ·}owrl' .. '8.s 'il [,n:;1-::: 8.n·:' fo r e~.· ;) os ed- overhal1g 
bala.nc es i s o. func tic .. n of tJ'.8 c~:OJ.'(~. of tll.e contro l 
surface ~:mcl. 'J:;:' tbe C1181"(2 of "~hc ~.J ' l e.nee . The :C2.ct or B2 

for se alec1. 1.2Tl:;ernal /:8.hm.cG S (1.e··.'8;1('.3 on t J1.e C0!1l] leten8 88 
of the se8.1 a.s 'r!all_.s on l:l-10 ChOl"C--!.8 of ·; he c ')ntro l 
surface anc~ oi' t,· ,) 'j21aDce . rPhe v-. l ue of 1)2 for 
i~tenD.lly b2.l:.:mced e ontr'o l su:,.::'ac es :laviil,=: chords up 
to 1'0 ne'l"cC",J- o-f' ·l'-1-,e ,·,,':1 . C'(1'"'-'U" "' ·' ·n "8 """' "'-"O-'l"rl"!tACl f'~o'W1 . ';' _ vJ._L ..L. '....... • __ ..... .) '-J .l ... \..,,-,_.1>. U Cl',I._.L .. _ wl __ • oJ . ..1. l U. 

fi :; re 11 by " SSUIil1n c Lie I ntern8 1 -~)"- lance c l1'Jrd to be 
equi va1e :'1i::: to ['.bout oi ~.L't - t6nth8 ;.1:(' the same ex·)osed-
overha l g - rJp l ance c::c : 'r.1. . '1'11.0 value of G, f or a 

''la 
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fini te - s1)8.l1 mode l therefore 1"!lC':y be expressed as 

Y~here ( C \ 
ha)LL 

i s obtained from equation (11 ) 

27 

or 

equation (13 ) and is obtained from figu re 11 . 

(eha ) have yet 
\ ,LL 

No systenatic corrections to 

been obtaineo. for ailerons , 'but the nvai18.ble data 
incl.:'! cate that puch correct }. ,)11S m8.~r be a:3 large as the 
c o:::rections to ( Cha)L:S' To sinJ.OJ.e. s01ution has jot 

been founc;!.. for the "I'oblem of the )lonline,l.ri ty of the 
bin[~c -:'lOl"1Emt curvos of L_nite - s -)an models . 

Bec2.use of the i nJ.c~eCJ.uac:y of tbe :!)I'Gsent thco:ry for 
'ayol5.cation to the COy.1.'utG.t.ion of f:.:..n:J.. te - sDan hi.nz;e ­
-I')JOr1m:.t coeffic:l.ent"" correc tions fop the effect8 of 
finite 8--)C11. ucnw.lly J_:;_~e IL")t a:j-'Jlic0. whe:.l st5.d~ i'oT'ces 
arc estircated fr01:-1 bIO-(}.:'lfle:1s i . . )l1a l dE ta; COTl3cquen;':;ly 
such CO:.T'lUt c.-::;J..Jns r enerally <'l1'e con~'idered -C.O ~JC: of 
v ':. h_c 'll1}"Y fOJ" cr)i.TI1!ar:~nG the effects o f )'.'.o'-'lficc.tiol1s 
to a given aileron . 

In tDe es tinatior of stic~ forces n~ r2tes of ro ll 
tllo t \"0 - (11r'e1181 on:. l lift ~ ncJ. l':t:1_nGo - Joc-nIent data :may be 
)J.otted e] t her a8 ,1:1 nst c.ilc:t.'ol1 (~_efJ.ect:i.on op ."-[s8.:~nst 
angle of attac': . r~he 1'l:-.l1S 11ft coefficient of the aiI' ­
...,12.11e Y1U[;t be ~o;'inuted for the fl.,-'''ht S lced l~or ,-:blch 
st:2.cl~ - force co"':-outo.tJ_ on~l aro to b8 mo. e . F'roLl thi s 
v8.1ue')f v:l n :; li.ft coefficient 'che sect.toll. 11ft coeff i ­
cient aD(~. tho corre,s)o.1!~in~; soct:l.on angle of attael: , 
c_t t.~lG mids ·),m 0.1 the o.i1eI'on , C ::'.:1 be estim.2.ted from 
the th00l"etiG£:.1 s·)8.n - loc~.cl ,-~iftj:i :;ution foX' the cO~1d.i ­

ti on):; ZE)j:O 2'olli n .:::; velocl t:; . 

The 9.J.r)ls_ne contpol force is com;utcd fI'or'l L·he 
section h:i...n~e -mlmGnt eoe·"fic·L.cnts at s)ec .Lfiot'l. cef'lec -
tions ')f 'Lb·? l.l)[oin_l fElt-; '~o"n_:o:Ln~, [;·dleroi,1s . The v~\lues 
of ;';11e h:Ln.';.J - mOf:18nt coolfici()n-t~s sh01.~Ic1 :)8 t c.~:en at the 
an~~le 'J:L attacl: i'or zero rollinc. veloei ty cOJ'reete::l by 
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an incr ement ( 6 a )p ( from fig. 3 ) to ac c ount for the 

effect of the rolling velocity. The control force is 
computed from the equation 

The helix angle pb/2V may be esti:rr:ated for the 
.rigid unyawed wing from the equation 

where the value of y t for tlle parti cular wing- aileron 
arrangement is obt.ained from fig1.u'e -2. The value of 6 a 
is obtained from the two-di111ensi r)nc.l lift dat a and is 
the charge in ang le of attac~c that r esult s in a change 
in section lift coefficient equal to the chan ge caused 
by the total aileron deflection for whi.ch the st i ck 
force is estimated. 

Finite - Span Mode ls 

For equal te :=J t Reyno l ds mr:illr-rs , results obtained 
from test s of fin5. te - span models c:.re c onside red to be 
l"1.uch P.lore reliarJle than results obtained from tests of 
tv o- dime nsiona l models . In order to obtain high Reynolds 
nt.mlbers in tests uf fln5.te-span mode ls , aileron invest i ­
gntions frequently are made en "'!1ode ls that represent only 
the outer panels of airpl8.ne wings . A model of this type 
usually is 111Ow1ted jn such G. manne-;r th ...... t one wall of the 
wind tunnel may serve as a ref l ection plane at the root 
section of the mode l. '1'he 1110de l scal ,;) for a gi ven wind 
tunnel, therefore , Tr!ay be 1"!10re th'l l1 t vi ce at:' l a r ge as 
the sc a le for a complete model. 'rhe 18.1'[;8 model scale 
available allows accurate s i mulati.on of most of the 
structural details of t.he ain,lane wing pane l. A dis ­
advantage of tests of part i al -sp an models re sults from 
the fact tha t l arge co:.' rec ti on s (especially to the 
rollinc-molncnt coeffi cients) l'ilUSt be 8.pplied in order 
to make the wind - tunnel data appli c2.ble t o fre e - air 
c ondi ti ons • 
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Wind - tunne l te sts have '0ee n 41a.de of f u ll- scale outer 
wing p anels of actua l airplane conntructi on. For wind 
tunnels that are not lar(;e enougb to accornmodate complete 
full - scale airplru1es , te~ts of this ty?e 9 r esent the 
onlJ~ :Joi)s ibill.ty fo r a 1!Jind - tmll1el model to sir..: n I 8.te 
a~cur8.te ly an air"91ane '.vi ne )ru1el while tmcle r aerodynamic 
108(. The re8ults of such t e~ts are very useful . 

Data obtained fro~ ~i leron investiuations on 
i~ a:rti 0.1 - 8):n 1?"in~ Y10cle Is usually are c.nalyzed by 
es·Gim2tin,s the air'l IE,ne s1.:ic1;: forces and he l ix anc;les 
in ste".d~~ rolls . ·.'he n ~i leron invest1 c;a.tions are con­
ducted or com;.) l ete ai1"·,l~~r~G !."L cte l s , the static latera1-
SCD.b111. t ·y ·?3.T'ametel'fl a;-:; well as the al l s 1"on cho.rac ­
ter:i stl cs may 1:: e cleteFtlined . Sucll d.2.-tn some t:l.mes are 
anal y zed byes tir;1...:tti n ~s th0 0.1 I'.~} l ane rol11 n :.:; and. y 8\,;1. ng 
veIocl ties as fu.nct':'on..:. of t ime 2.fter Jella 8ilero118 have 
boen defJ.ectec'. . Geod a3r8eTI13nt wi th the 8.c tual rollinG 
and yawinG veloc"ties , us mc unur 8d in lliCht , have been 
ojtainoct when the com~u~Qtlon methods of reference 39 
have beGl1. USGd . 

A '· lethod for estim::ti.,ln~l a lx-"JJ.c'.ne helix an .... :10s and 
stic'· forces from 1."in-:l - tunnel o.uta on tests of static 
mncle 13 :L s '~i ven 1n refer'once 11 . 'l'hi s me thad may be 
a)·'ll ed YlJ'.) S i~ c Ol1.v "': 111en J::;1-y v'hen the J ncrements of 
roJ. lin[~ -·moment c oei fi cients caused by ai l eroD c~ef lec t i on 
3.11(:' the a1 lej~' on h111,:,8 - 1110r. ent coel'fi ci ents are 9 10t t ed 
uj'.inst anc;le of attacl~ . Squations ( 1 ) and (L:. ) are 
useo .. Ln the com9utE' .. ti ,)ns . J:i'or a 01 ')Gn ind.ic fJ. ted airslJe ecl~ 
v D. lues of 0 7 and 0h for the Lqn'oi nc; and the down-

II a 
gains ailerons are t.:l'~en at 811s1es of attac~( corresponding 
to the i ndi.catod airs ·, e0ds but c o1"r ectG cl by a n amount (lla)p 
(from fiC; o 3 ) to nccount for the rollinG velocity. 
;je cause tho value of (6o. )p d3 '·)oncls on the to t nl rolling.,. 

moment cooff:1 c ient , vTh5. ch , j n turn , depends to some 
f> xtent on the Cll1c;J.e of at ta~. :':: of tr'.e part s of the ·wi ng 
over which the alJ.erf)n!:' extG].ld , values of (lla)p are 

determined r:10s t o.c cur.J.tcly as 8. r e8ult of a se r ies of 
succe 8 8i ve a:;,)I'ox'.Ti! ati ons . In ·i;~J.e usual c D.se two 
a~p~oxinations are suffi c ient. 
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I V - C H A RAe T E R 1 ST I C S 0 F L AT E R A L -

CON T R 0 L D E V I CE S 

CONllBNTI, ONA 1 PLAP- 'I~:PE AI LERONS 

iJ.1be most c orD1"iOTI later81 - c ontrol de vice of ') r esent ­
day eli M l ane s "'L s thr; c onventi 01:1 0. 1 flap - t ype ai l e ron . The 
pO')ulari ty of thi.s devic .s results )d.ncip:J.lly from its 
sl:n·) licity ,. from the .fect that the re8)On.38 to ai l eron 
c efle c ti on is almo st. ~r~s t :J.ntc.ne (Jus , and. 1)Cc8.use the 
rollin:::; "10m.8nts a.nd t_1C hin:_,8 .Ii!( ments usual l y are 
c..]7)I'oximJ.tc;l"y l i.nea.r f"un ci.:;1.ons of t~J.e 8ileron def l ec ­
t i on . Di~acl.vrlrrt"ge3 re::l1l.1t 1'ron the unfClvora~) le yawi ng 
moments , from the ;?1 t chi.nc; 1'110"'[11'311 ts that tend to twis t 
t he wi n['; tl1. a manner tbo. t reduc; o s· t he rate of roll , f rom 
t he diffJ.cnlties involved j.n 'qruvidinc the :~~roper amo unt 
of 8.eroo_~rnal~li c I)"lo.nce , and from the necessi t y f or 
l imi tin~ t~he S~)t::.n3 of conventi onal hi Sh- l i ft flap s . 

'1'11e characte r istics of fla.:) - t-:rae ailorons have been 
s t udiec1 extensi v0 Jy wi th the ooject of obt8.ini n .:s d.esign s 
that I'equire minimum 8..li1ounts of [,eroC::,:,~nam.Lc b a l p.nc e i n 
order to obtain ' iven rates ~f roll with c i ven contro l 
forces . Ana l -y 'l i s )res6nted in refe:L'ence 1 indtc8tes 
thac, :i.n thts r08;)e~t , 8.:1.le1"on8 hai/ll1C 1 0:1~~ S)Q!W and 
ne.rrow chords have dl1 advo.nta3e over ai l erons having 
short s)an~ and wide cho~ds . An adrtitional advontage 
i s obtained if the ailerons are ~esisned in such a 
manner t:1rlt the ai l eron ()hords increase , rather th ~ln 
decrense , as the outboard ti9 is B)~roached ( see refe r ­
enc e L!.O ) . 

In oi."oer to a ll ow the greatest .)os s i b l e spD.n of 
the Jlj =.:h- lif't device , short wide - chord aile r ons a r e 
c'.eslT'8;) l e . FliL,ht tests ( refereTlce ! ~ l ) of ai l erons 
hav ln::; chords e TI.'J.a l to L~0 ')erc61;.t of t1l0 \'!:"~n2 chord 

V inCl.icatGd 'Ghat these ailc:I'ons 1aore uns2:ti sfClctory bec o.use , 
clUl"L10 sic.es l il) , l ar.se conh"'ol forces hael to be ap~ll e d 
in order to ') rev6nt the fOl'W9.1'cl. v'i..1.r::: from i ich~~;:J. ng tn ll 
and thus ove r cor.lin',3 the (.l::1.hedro.l efC'ec t . Thi s charac ­
teristic is associated wjth a t~ndency for the ai l erons 
t o .flo at ,'d.-eh the vi5.neJ and therofore :1 s a l l eviat ed by 
the use of a :x1.1 o:1cint; d0vice that r educeo t l:1s f l oE.1.tine; 
tendency . 
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A common arr:.mce1J1ent for reduc ing ai leron control 
force has invo lved the combinD.tion of a strong up floating 
tenCl.ency wi th a cUfferent:l..al aileron linl{age that permi t s 
greater up - aileron deflections than G.orm- ai leron d.eflec ­
t], ons . Fixed ta0s , defle c ted 0.0V'JlWILrd , 80i11e time s are 
used tn order to increase the upfloatil1g tenr.en cy . 
ArrangementB of this kind are discussed in detai l in 
reference 1. A c1.i sadvantage of such arl'an::-;em.ents results 
from the :2act that the u)floC'.tin g tendency u3ucllly is 
greatest at the lowest G;,Jcec1.:J <'1.11(1. , con3ec~uently , the 
greatest effect on the control i'orces occurs at the lowest 
speeds . A design that [:;1 ves 8. cce ·~)table control forces at 
hleh speeds theY'ei'ore may Sl ve overbo.lance at low speeds . 

A menns for decreasing t'le voriati on of control 
force with speed is ind:tcated l.y an arrangement involving 
the cO~'!1bination of a. c1ownfloating tendency wi th a 
differential linkaGe t~~t ~ermits ~reGter down- ~i l eron 
def le~tl on8 than U }) - ai.leror d c fle cti ons . The practic a­
bili ty of this a:cran6ement has not yet 'oeen est<lblished , 
however , by fliGht testA . 

The perti nent results of 8. I;.umbe r of \lli nd- ttmnel 
investigations of balanced ~ile~ons wer8 colJ.ected and 
are "0u~)llshe('~ as referonce )'.2 . A socond collection 
(refe:>ence .!.:.3 ) was made of nt-nel.- tunnel data that are 
!:101'e ne E .. rly apr)l:i.cable to 8.:Lry l8,.1c - tJil control surfaces . 
'Jecause the')nlan0c s used on t:1J.l control surfaces aro 
e3sentiallyi~.!. e S~l".1e as the balances u-sed 011 8ilerons , 
tho data from bo~h collcctiol1s , a~ wel l as SOl~le data 
on ailerons and tdj.l control surfaces obtained since 
the "9ublicat lon of these colJectJ.ons , hcve been u~3ed i n 
nost of the "Jresellt analysis . ~:1ore accu.:r'ate evaluC!t:ton 
of tIle effects of such parallleters as aS2)ect r a tio and 
aileron chord is believed to have been obtained from 
the use of 'che two sets of' data th8.n waul!]. h r:,-ve been 
obtained from tIe USG 0f ai leron d2ta alon e . The 
correlations presented in th5.s section ._ f the 9rc,sent 
h)a~)er i-herefore should l)e 8::,), .. licable to t"'i1 control 
surface s as we 11 as to ~:·. i 10rons , cxce·,)t 1;,'hen 2.n InC:i ­
catien :ls gi ven that only DJ.leron dat!l hE,ve been uu3d . 

Data on contro l surfaces with boveled - trailing-
edge balanceo, sealed internal bQ l~nces , e~?os0d- overhang 
balances , and ta':)s had '0een correl.:.~.t ed ~:):i.'E;v:'.ously!. and 
the results 8. re IJ ublishec1 2.S references hLI. , )~-5 , L!.o , nnd h7, 
reSl)ecti vely . Th3 )ublishecl. corr'e l ations ho.ve been 
!\10c.ifiec. for ·)resen tat:l.on i n the Jr8s"'nt -:jet'oer 'Nhen 
Si1l1)lifications Gould be made ,)X' when additional d,qta 
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permitte d more accurate eva].'\.1.a tlons of SO~:le of the 
Geomet ric ·)arai.ne te r s. Po:;:' tho illOSt yu't, t he c o r :;.'el a ­
t ions ap J l y only to the sElal l I',J.n' es of :m[;)e of att8.c:'~ 
anc. of aJ.leron \....ef l ection over vl~.ich the charscte ris ti cs 
are linear . Est:imate s o f 8ha:L'scterisLics at large anc;l es 
of att'::.c 1.: and at larr.;e ai l oron deflec tions can be mad e 
by menns of the test data o f' reference L!2 . 

JecaUGe the characterist ics 0f sone ai l erons are 
extrelLle1y [lens1.·Ci ve 'co J"8.ch nl1}U')Cr or to any condi ti on 
t' _at affe c ts the I)oi.11lc'.a:c'y Jayer , the corre l a tioi.1G h ave 
been de r ived from c1.atr. that were obt:J-i.ned under ap)roxi­
mate ly the SClme test co 1CUtj ons . Tho data that ha ve 
bee:'1 c or:telE,t::K1 VierG o')ta." ned at low Hac h m)m~,ers and 
unrie I' conc1ition3 for \ ·,;ltiC~1 tr2.ns:l.tion from laminar to 
t.urbnlent flow could he exooc t ed to 0c cur qui t e far 
forward ') 11 the airf·)118 . The effec ts of tIacr number., 
~:e'Ynolds :1unber , surface 1'01.1.;:;;r11'1e38 , and D.1r - stremn 
turbuJ6nce G.I'f.) o.iscu3sec} ull(l6T' -:he 11'38,o.1n::.'; liEffeccs of 
i'_ir-I'101'! 2.m~. 'Nin(j - Su:rfz:'ce ConcU ·L:l.0D.S , Part IV . if Lecause 
of a scarcity of test (eta only ~ualit Ative or rough 
quantitati ve 8V ... l 1D.9.tlons ')i.' i-hes8 effects may DC made . 
'l'he :'1ethor.s ·;resf'll.ted her:dn -:.·hel'efoPG are l1nt ,~otlsldered 
to be ::.ufficiently reliablo to ;111.[1.) l e a cesJ 0ner co arrive 
at a satisfG.ctory f'in~lJ. ai l eron c.,mfi ~urat;ion Vii tho u t 
s ome d.eve 10')Illont \-"oI'~~ j. n .fli~;ht 01" on D. la1'ge - sc~le wind.­
tunne l li!oc.e l. The 111cthods 8.re useful , however , for mo.~c1ng 
preliminary cle 8i :";1 S or for ,'e c l.d.J.n3 the manner in 'thich 
existinf, aile:: 'o21~ sh011d ';.)8 lil0 li.;ied J.n order to obtai n 
o.e 8i red change s i n cl1:trac GCrj.3 ti G·S . 

In most case s the hi n::;8 - moli1C)l1t" )D.l'ameters of 
)alanc ec~. ailerons mat ~)e estimo.teCL most ci)~1venJ.ent ly 
by c Ol1siderint; the ) lain aileron ;:>11.0_ the effect ot the 
b lanc e , se~ar o.tc ly , as follo hS : 

fCLa.) 
\ balanced 

aileron 

= (Ch " . 
\ a.)plain 

ai l e ron 

= fe \ \ - I, ~ I 
" -0/ pla:l.n 

aileron 

(16 ) . 

(J. 7 ) 
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The val ue of Ch for the -;J l ain aileron l"'.ay be c alcu-
~ a. 

l2. t e(l. fro111 equation ( 15 ) 'when the two -c~.imensional 
')&r ame t er cll fo r the ')l::1.in ~J leron :i s 1·G10v'n. '].111.e . a . 
val ue of ehB for the :) l ain ai lel'on shoul d be estimated 
froYI:!. available de.te. ( uch 3.S that of r'eference ):2 ) on a 
fi ni te - 8";an Ill.odel ha v:Ln.= a~) ~Jroximately the s aT'O wi n g 
~l1?n form , l'eLtt1 ve aileron span , c.ileron chord , and 
traib.n,s - ec'::'CE: a:.lgle S.U the "'rol!OS8C~ arre.D...:,ement . 
Vari ati ons :Ln tro.llillg - 6d3e 2.n~lo Seei'0. ¥!lOS t import 2.nt , 
but these may be acco"nted for wi th .:1:'.::,:;'1' ac curacy by 
means of a correlation of the effects of trai l ing- edge 
angle on Ch . 

B 

Equ ations ( 16 ) aDd (17 ) are ~o ll actsuted fo r 
a~nlic~tion of the aV2i l ao l e correlations of the effects 
of a9roc:.yn'Vl~ c balanc (]s on aileron hin~e - :rnoment pal"amcters. 
The breater part ('1' t:_e data used J.n dori vhy~ the correla­
ti.ons was obt2.i n e{ fro::-( tests of finite - s)an r:or:L81s . 
Vori atl ons 51 as ·)oct r~ t i 0 nre accounteG. 1'01" by eTtl)i r1 cal 
a2')ec-i.; - l'atio c orroctio;1 fac·L.ors . The correlations 
therofore are cO .. 1side:"' ed to be i;lore re11 <'1.1:1113 \"11 m B.p )lied 
to f1ni te - s') n m06.els tln.n when p..)) l ie( to two ­
dimensional ;r.1oo.els . 

PIO.in Ai l epon8 

Tl1e term " ") laln nileron ll an usod herein J. n c l uc'l.es 
2.ny conventl.cl1al flop - t-spe n.:i.leron , re,~ a1"cness of 
contour , that, is not t)(luJ.J:yoeCl ' ','2. th any fo r m. of over­
hRn~ bal anc e , t ab ~alance , or external balance . 

:-Ilnr-~e - . !loment chaY'8.cteris t:les. - The bi n ge - mOj'1Gnt 
charactoristi s of 2.ilo1"ons have ·!.:l een foun d to be 
cri tie:'tlly ;'}e ')sno.snt on the an.eron contour near the 
tl'ai 1in~ edes . H lor0ns on o.irfoi Is \,T~. thout. c us·..,ed. 
trailinG ed~es , 3ueh as those havin~ the thickness 
eli strJ. buti on 6.ei.'lned in refe i..'enee he , usually l"8("'ui r e 
considerab ly less overhang or ta.1) ~)alance thnn ailerons 
on ai~foi l s having cusDed trailin~ ed~o s . In cancral, 
al -:J.y increase :i.n trail i.nt.: - eo.ge 8.n ,::; le , whether obtained 
b~r cl1an:;in~. the basic airf05l section OIO ")'J Ylodlfyin3 
the contour of a Ci ven airfoil section , 1118:,Y- be eX1)ect.ed 
to rec.uce the cebree of unonJ.ance of the plain aileron . 
1'21e Greatest ~)alal1c1.l1C; effe c t of c. larce tr J.i lin::.; - edse 
an .le occurs at SIil8.11 o.nc1es of attac~'~ and at s1118.1 1 
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ai l eron deflections; therefore, the hinge - moment c u rves 
of ailerons havinG l a1'8e trailin2;- edge angl es usually 
are characterized by a hi Gh de:::;ree of nonlinenri ty . 

An explanation of the balancing effect resul ting 
from the use of a lo.rge trailing- edge an.;le c an be mnde 
on the basi~ of an effective change i n a irfoil c2.mbe r . 
As an aLJ~)roximati on , the ei'fecti ve c ontour of an ai rfoi 1 
in a viscous fluid is the oi.ltonr oO'Gained by adding 
the boundary- l aye r - dis'~Jlace'-~:Gnt thic ~;;:ness at each 
airfoil surface to the geo;-aet r i c ordinates of th2.t 
surface . Chan3e3 in ~nGle of attack or in ai l eron 
defle cti on cause J. ncre ase s 5. n the boundary- lo.ye :!." ­
displacement thic{ness on tbe RurfacG of the airfoil 
vvhere the pre s sure gradi ent becor.1GS 1.]0 2:'e ad verse and c ause 
decreases 'n the bouncl.ary- 1ayer- dis·)lacen'.ent thickness 
or. the s"L'.rfE'.ce of the ai rfol 1 v.i\··w re the :.) re s sure cradient 
becom.es less adverse . 'These ch9.nces in boundary - layer­
dis',!lacement thicl-<:ncG3 caUGe chanGes .: n the effec ti ve 
c amoer of the aj.rf011 ~':'lich , in tt'.r'n , c ause reducti ons 
in the i nc l'en:ental aileron lift and hinge moment for 
.::;iven chan i:;es in an gl8 of attac]c a,"1d in c."'. ileron deflec ­
tion . Chances in camber neal" the trailinc>; eo.ge are 
mL'.ch lT1.0re im~ortant ;/i th re L2.rd to 11ince moments than 
'rith reg2.I'0. to lift , and the me.snitudes of such camber 
changes seel1 to c1e.~! end to ~~ larse extent on the trn.iling­
ed.:::;e an31e , the greate r ch -.n 0e~~ occuI'rin.3 for the large r 
trailing - edLe ang les . An 0'ge1'1 ga:) at the nose of I\n 
ai leron allows the boundar-y - l ayer air to flov,j from the 
hi :h-pressure 9..1.rfoi1 surface c:) the lOv'l- ')ressure air ­
foil surface . The effecti 'le chance J. n camber and 
consequently tne effect of the ;Jounda:ry laye r on the 
hinge moments , :;,articularly for 2.ilerons having large 
trall :i. n [;,- edge antles , therefore are greater when the 
g8.) is oilen tha.n ",hen the ~a"9 is sealed. 

"ben an ai leron is beve180. , c1.imensions other than 
the trailing- ed3e <:m:::;1e affect tbe hince - lilc-ment 
characteristics , but the prIncipal 9rfects of such 
d.imensions seem ' . 0 :)e on the I' ~n6es of R112;1e of attack 
and of aileron deflection over ~hich the increased trai l ing­
ed:::,e anc;le is most effective in challzins the bin3e - Tnoment 
slo·0e8 . A).lerons havinG bevels of large chopels 
(25 to L!O pe rcent of the aileron chord ) and large radii 
of CU1·ve. ture lJetween the IJ0ve ls and the )arts of the 
ai lerons forward of tbe bevels u 3ually are more satis ­
i'nctary thsl1 ailerons having "',)e ve ls of small chords and 
sn~ll r adiI of curvature . 
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The trai l inG-edge an~les nf varl~us true - contour 
and straight - sided airfoils have been )lotted against 
the airfoil thicknoss in fi2:ure 12 . The straight - sided 
a1rf01 113 consid.ered [.-\.Y'e th')se havIng the rop.!, Darts of 
their contours form.ad bS straigbt l ines 0.1"a'·n from the 
trailing edge tangent to tl e true airfoi l contaur . 
For all airfoils the traIling- edce anGle IE f efined 
arbitraril:,- as the al1g1e :')etwe .:m lines (11'a,'n from the 
airfoil surfaces at t~e tr2~ling edge to the airfoil 
surfaces ~t about o . g8c . 

For m~st f5.nite - span ~jlerons , the trRiltn~- edge 

anele varies alang tho aileron s~an. An effective 
trailing- edse angle for such an ai l oron can be considered 
to be the const ::mt tr0.ilill:.; - edge angle for wr.Lich the 
p£l.rameters Cha and Cho WQUl(l be the same as for the 

variable trailing-ed~o angle . Sl~h Gn effec~ive tralling-
60{jB angle yJ cnn be deterrdned p'/? roximately ~)"';l the 
follQ1vj n[; erpr0ssion 

1 l yO 

~ = --
b c 2 Yi 

8. a 

(18 ) 

I The hinGe-moment paraneterfl cha and ch6 for 

true - contour , bn).[;e( , beveled , :omd straight - sided sealed 
ailerons on various t~o -dimGnslonal models are plotted 
&gainst the traIlinG- edge angle in fie-ure 13 . Some 
ac~.di tl onal inforr.latto 1 on the models from whi c11. these 
data Wf;re obtained is given in \:;8.ble II . Aileron chord.s 
of 0.l5c , 0 . 20e , 0 . 30c , ond o . l!.oc are considered . 'rms 
corl~e latl on is "..1seful for obtainins 1'011.&::11. e s tim.J.tes of 
the values of the two ... dil11cnsiorlal hinge::'xlloment paramete rs 
of 'Dlain ailero118 )ro\-ided the aiJ.eron 81101"'0. and the 
tJ'ai l5.n~- er1Ge ringle c 1'e ~·"Tlo\"rn . rEhe hi.nce - moment 
-;:,ara: 'leters seem to in0roase al~-.~v'!t 15Jlearly as the 
treLling- edge angl e is increased fr~m GO to abo~t 30°. 
A further increase in trailirg- edge angle is not likely 
t,:, pr'oduce much 8dditional b".lance . '·:5.th:tn the li near 
l'[-~l1g0, the incremental chnnges in sect50 n hinge - rlOment 
pG.raiile t.ers .::1.'cnear to v8ry '1 th the :'.i.1cl'eni.ental change 
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i n trai ling - edGe ang l e app:::'oximate 1 y i n a ccordanc e wi t h 
the follo'PJinC rel a tions : 

6cha = 0 . 0005 6¢ 

6c116 = o. oooL;. MJ 

(19 ) 

(20 ) 

The ,e '''' fe ct o f a g2.~J on the hi n ' ~e - Y.101~e:nt parameters 
is shown in fi ~.:ure 1L for n. O.) Oc ')18.in a1. 1eron wi th 
various trailln~-edge an31es . For the airfoi l conside r e d 
( NAG1\. 0009 ) the hinGe - moment characteristics are a lJ,lOst 
unchanged by a 82~p at t he 110se Gf a 'G r ue - contour ai l eron . 
For a traili n 3 - eci..se anzl e 1£1.rg01' th:1l1 that o f the true ­
c ontour ai l e r on , the cap causes both cha and cho t o 
becol~le l eDs negative . The v a r:1. atLm \lvi th traili 2: - edce 
angle of cha is al)out 2 ' ) percent greG.ter and the 
vari [1.t i 011 \:i tll trai l'L nG, - ed~ 'e i'.nc.:le ,)f c h~ is about 
50 'Derc ~nt iSreate r yrhen the GaO) is O . 005coi~LEl.n when the 
cap i C' se2.1ecL 'l'he il.9< nl tuc~e of the effec t of ca') may 
vary considerRbJ:y em (.iff8 rCi1t a::"y'foi l s , !Jut the trends 
in.diccted in f'i.Gure 11.,. ar :.:; ty):! .. c ::. l o.f m.ost of the ai r ­
foils that bave bee n -:i.nvesti.:::; ~:~ted . The ,;r eate 31.o effect 
of the gap usualJ.y is at s~a1l cn~le8 of attac~ and at 
s ~31 1 al le~on fefle c tions . The hln~e -TI0lrent curve s 
there fore nay:Je eXTJectod to or; HOO r e nonlinear 1':i th the 
gap o:,en th8n w1.th the : . .?p 1::3a1e(1 . . 

LxtrA.:;olation of the curVP,3 of fi...;ure l~. through 
small tr8.1 lin2; - edee anGl e s i nd:!.cate s that o>el'Lns the 
gap may ma'.re cha and Cho r,10re l1ego.ti ve . Thi s 
effect has been obs8l'ved (l j1 airfoi l :; wi tll cus,!s , but 
the e ffe ,t 'folay be cOll.sider2,bly c r eat e r' than that l ndi ­
c a te d by figure lL!. , eE)ccially for thicl{ ai rfo5..ls ~ f the 
maximum thicl-(ness is . elati vely faI' back. 

The effects of chanr;J.n .::; t!'.e trailins- edGe 8.n81es 
of n.ve fl n i te - sr.?an model s ( 88e t o.~)le IT ) 8.re c:iven in 
fi ::.;ure 15 . The incremental chances:1. n Cha and Gho 

are plotted a (7ai n8 t the Droduc t of an e..8"oect - ratio 
corJ'ecti on f'a~tor a nd the increnenta1 chanco in trai1ing-

A 
edge angle A + 2 6¢. The finite - s1an d~tQ a r e in fair 

. ! 
I 
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a~reement with curves havins the slopes obtained in the 
corre l ation of two - dimensional data (equations (19 ) 
and (20) ). The equations of the correlation curves for 
finite - span models are as follo~G: 

(21 ) 

6Ch = o.oooh -~ 6rl 
·0 ' A+ 2 y-' 

(22 ) 

The as)ect - ratio correction factor --
A + 2 

as usee. 

herein is strictly an en~irical f~ctor and was chosen 
sim:; ly for can veni ence nnd bec'l.usE) its use brinc;s the 
availab le (lu.ta on the 5.ncI'enontal bin(;e - mOiuc;nt slopes 
into fall' 8.f.;ree-r.:lGnt , reGardless ~ f the as)3ct r z'. t:i.o of 
the model. This fDctOT clso has "been f ound a::FUcable 
tn the effects of 11ain- ovJrhans and internal balances 
on both Cha and ChO " 

Lift ,~laracteri. st :lcs . - MocHflcations that af?ect 
the h1 nge - LlomeiiT.--r)·"2.r [;G;e te1':-: of pl<":..in a i 1e rons genr.n·ally 
have 80me 5.nfluence on the lift ·)arameters . The effect 
of the trD.:LliIl.:; - eclge ;> nc1G on tho lif·i:; - curve slope, 
reletive to the lift - curve sloi)(3 obta5.necl 'oy extrapo l ating 
to zero trailin~- edge an: l e , is Given in fieure 16. The 
effect of a ,:.:ay _'180 . :~8 eX)Y'6ssed 5 n a ratio for 11 in 
f1. gure 17. Al tho 11 ',;h the effect of the ga) was eJr,Jec ted 
to be [,;reatest for t~1.e most; for lClro. lJositions of the gap , 
no systematlc va!'i['.tion cO"\.l.11l be detected wi thin the 
renge rf aileron chords investisated . 

A cor!'e lat:L on of 1-,he available G.8.ta on 8.1 1eron 
effecti V'3ness is lublished as reference SL!., which S110'dS 
that, by the use of the section t.·3.1eron effectiveness 
facGo}"' , the ':lile~on rolb. nr~ - mouC:l~.-i~ coefflcients Yflay be 
c0m)1xi:;e c~ wi. th ;;ufficisnt a ccura.cJ b~T the methods of 
liftinc- line theory. An ana lysis of the effects of 
n1-101'on ' 1odifi.c.c1.tiol1s on t he rollinc.; - Y,lOment coeff'ie:i.3nts 
there f ore reducas to nn ana lysis of the effe cts of these 
J..o ~.lf4 cf'.tions on ~he se·ction ailoron effsc ': ]. veneSR f~ctor . 

Some of t h0 f Dired correlatinn curves of refer­
ence 9~ are re ) r")Q.ucec:. in ft :..:ure Ie. Curve s are gi ven 
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f o r l ar .:..;e £1.n('l. small aileron c.efle c tions and fo r senl e d 
f:tnd o")en ga))s . The data used in oi)tn5.ni n t; these curves 
are for low :;:ach numbers and for a str.al1 ro.n~e of 
trai l in.:..; - edc;e an.::.;le , the averc~L.e t:rallins- ed3e an81 e 
beinG :lbou-c 10° . Data also are ~i ven 5. n refel"enc e 5Ll· 
Oil. the vario..tion of the eff"ective:1ess factors 1'lith 
tl> ai lin~., - ed~ e Jn2:1e as .=.e terr.:in0d froi~l tes t s of several 
airfoi l s . T~~ese rl.<:"ta ~.re re)Jotted. in f2.gure 19 8.S 

ratlos of tho efrocti V,3ness f 9ctor at -ehe var :L ous 
tral. lin~ -ed~)e allGles to tbe effec ':~i Ve:i1eSS factor at 0. 

t:::,ai l lly:;- ed:..;e o.nGle of 10° . '1."1e ef fe cti veness factor 
of an ,",-ileron v:i th 8 . .:;i T:Em cl1.oril am'. trai l in.:::, - ed8e angle 
may be esti;l1ated by multj ',! l y-lng the v .::.lne obtainec1. fron 
ficure 18 by the a~;ropriate ratio obtained from 
f~·Lure 19 . 

)?itchin:; ·- nlC'YI'lOnt Ch?1'8.ctcri3~~i..cc . - An analysis of 
the pi tchi n ' ;- nLment charc.cte :C'3.s-cics - in teJ:'ms ,)f the 

. - \ 

the ·, ar :o.me t er (ejcrr/2Jo.)CL - of :) l <'.in ailerons having 

" ' " . t ,. f c:s A varlOUS cnol"'l.t.S lS '.)l'Gsen "ee. J.n re ': 6renC0 ) . .0 corre -
l ation of the effects of tr2.il:in::; - ecl.:::;e t1()c~ific o.tions on 

plt chin'::; - Fo!"'1ent ·,;;'1 :i.'2me ter t?C1Y';douJ cz, is ~~:tve n in 

re:te 1"e n c e 5 f) . . The G.rame t e j.'[l (iJ c"1;d a \ c 
'\ .1. ) 1 and 

Tbi s relE'ctlonsh:l.! , U;':3 )i tch.in:.::;- no'·lent C.ats. of refer ­
ences 55 a::1d ::;6 , 3nd v '::l lues 0:1:' tho ." al~2!.ieter 60./66 

the 

ob t aine(. fron fi [~ures 12 and 19 have been used to . 
construct curves ~3.. vin:::; v.:lIne e of ':-lle .1"'ranetcr (ocn/ oa)C l 

faT various ~i leron-chord ratios and for var;ous trailin s ­
ed3 8 ang l es ( fiC ' 20 ). Value.:.; o f t: he ·,)8.rametor ~iJC1./da) C l 

are di re ct l y ') rop ortion:~ l to V~' l ues o f the v:in;~ torsi onal 
stif:i:'ne s s requJ red for a Ci ven red··.lc ti I)n in p'J/ 2V 
resultins fro~ wi u j t~ist . (Soe equation (8 ).) Fig-
ure 20 inl~:l. c C'.te s that reclucti ons :. n the requi red wins 
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to r sion J. l s t iffne s s my b e obto,j. n ed by j.nc1"easl n 3 the 
ai l eron - chord r atio calc or by 111.c reasi11.3 the trailing­
odee 3.n c;le ¢. 

A c orr e l e.t1on of the effects of trai l ln2; - ec."~ge 
modifi c ations on the airfoi l aerOdyn)~m~c - cent e r l ocati on , 
inG.ic2..teci by t he ~ .. nl.r amete r (2l cm/2lc z, {) ' is [1 ven i n 

, a 
reference 56 . The tra:: I1n(','- e(.1 -·'e ::.11.": l e and tll.e o.i1"fo1. 1 , '-' '-' 

thic 1GlGSS .'.t 0 . 9c were useo. as '!Jarali~eteyS in 0otaininc; 
that corre l o.tiol!. , the reS\;lt3 of ph'lcll a~C'e sum~:Il.arized 

in f1;:::\.11"e 2 1. In cenoral, ~'Jhen the trai li n :::: - ede:e an~~le 
is increased , tho £',irfoi l aerod~{na!llic center n a ves 
forward . 

F l ic;ht tests .- Tho effec t s of ai l eron conto u r 
modific2.t::;")l1S were inve3ti,::..ated in f l i.::.;ht clu:ein,: an 
a11eron deve lo)ment ):roGrali1 t o r the xp _· 51 air j l e.l1P . The 
ori.:.,::.nal n:1.1e:cons for thi s 8.:.. r '.)l8.116 ,{Jore sufficiently 
ei'fecti ve ')e r Ul'li t defJection , but bec a use of 8:-,18.1 1 
aileron trave l (6a ::: ±10 0j the r"8.xir.rum c ffecti ve -

max , 
ne ss at Ie vo I - fl~. O:lt ::Jl)eeds v:rHS fai rly low . The a11eron s 
were vo r y sat i sf~ctory, bo~ever , at divin: sneads 
because \'Ii th t:le 1.1i [';11 mechanical a.c~V,-'.nt8.se of this air ­
)L:,ne aL',os'i:. f1.l11 aileron c.eflectiC'l1 v;a~ 'L)os siiJle Ij:ith­
out excessive stic~ forces . 

The :.)U!'·'Jo se of the d.eveJ.o)ment )rogralU wa.s to obtain 
an oi Ie ron (~.es i:;n that \,·;ou l cJ '::')e rmi t the use o f an 
increased def l ection range , particularly at the leve l­
flight speeds , wlthout increns1n~ the sti c k fo rc~s , I n 
order to r educe the ai 1 e1'on hine:e D.oments 2"t tl"le hi 8he r 
deflecttol1s , the ai l eron profi l e vr.:.s thic!·:ened and 
be veled at the trai I i ne; ed:e to ,). ve an a verar;e tra.i liUC­
edc;e aJ.'lC1e of 250 , ' (See fi Co 22 .) Fli e;ht tests of this 
r.i1Gron wel'e mado wit;l tho oJ.1eron 1in':o.Gs altered to 
2~ive maJ:imuEl aileron deflections of ±,-::oo with the origi n a l 
ma:;:irrluI,l stick tra ve l. The niler01!. nose ga) '.'J8.S un sealed 
for these tests . 

A com')arison of the resul ts of fliCht t o sts of the 
orig5_nnl and the liloc5.ifiecl 1.i1erons is s11::)\!111 in fi Gur e 22 . 
iiotl1 sets of ailo1'ons VIere equJ.~ )Ocl wi th bc1.lano:nns tabs . 
At in"l.icated air:'Jeeds less than )00 miles ~ er l:.our the 
h o lix Qn{; l e pb/2V obtainable w':_ th a 50- 'qound .'1t5.ck 
force '."J8..S xJ) ro]~imately d nubled !Y.)T chctn~~in:; from t h e 
orictnal to the noclified ailerons . POI' a 50- pound stick 
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force the def' l e c ti ons of the moctifi ed ai lerons that 
were obtainable \'/ere 8onsideraoly reduced at oi v5.nc 
Sf)eec1.s , I)Ut becau85 t he o.efJect-:'011S still were greater 
thEn ilOo , the helix ang l e '!as alw'ays hi 3 ... '1e1' thm the 
helix E1nsle obtai r18:')le 1/'i th the (,ri sinal ailero _18. 

Durin.:; the course of the investiGation, ai l erons 
havinG trailinG- e(l~e ansles c f 32° also v:e re investi ­
Gated . Those aileronJ were ove:L'bc~lal1ced for 8:110.11 

deflectian3 , but for larg0 deflections , the oticL forces 
V!E"'i'e about the SRme cl S the ::.1t .. Jc l c forces for ~he 8i l e:L'ons 
",J th trailinG- edce 1u~;les of 25° , Seal ins tl e ;:l')SG 68.9 
reduced but C.d not e:1tj.rely e ll ninate the overbalance 
for smal l ~eflactions , At an indicated airspeed of 
;'20 m.i l es ")e r ilOur , a conC~~Lt':"on for ",hi.ch the ailerons 
',:ere overb:l18nc'3 cL , c.Crec - contTol osc:~ llation of the 
sEHLl ed 8.i I GX'ons W:::. S 1"8 cOI'(JeC. Y:~10n t .le cant rol s ti c1<: was 
de f1ectec. ':1.21c tllGIl r81uHsc rL A ',; 2.1:1e ~li s tor:,' , shol';n in 
f.' t,.urc 2) , :!.nC:.:l_Gntes that the .'Jl_1~I'on ')s cillatec:' ste,-,dlly 
;letween 70 ane. _1:)0 '.'I ith a. ··,erl ·){l. r)f al')out 0. 5 second . 
8i1]1.il,:',.2"' oscill':ltinns ,_:oulc. not ~)(; inci.ueed. c.-G lo'!er s)ceds . 
No as i llati ons \va T'e 0 ;: ')0 Y'i Cllcecl. under 8.ny oonci.i t:'L ons 
rr! th the ailerons t:1.J.t i1<.-_(:li __ p<::1.~:_15.n-:.: - eclc;e angles of 250 , 

~'I_nge - lilomen t cE.o.r::lc te.2."'i s t~ .~ , - The addi t1 on of em 
e.:',-"~)osGd - oveI'h':110 bo.lo.n.ce (oj.t:her )l<3in or F'1"i:3e ) to the 
nose of a ~l~in ~leron ros'l!ts in Q b~l&ncin~ e Pfect , 
because cb_an<~8 s in ::Ire c, :J\.tr3 ~O.US;")(~ :) J (;}1.8.n.:;e sin anGle of 
aVc8.c'{ Dr 3.5.1eron L.ei' lect:~ cn Clre.18r:O:ltttec1 to act on a 
'ORI' t J'~' tl.1e nC'v,'.~)le su:cfClc3 '~::'8t i:", aJ1ead of +'h8 ~1in3e 
line <'l1(1 ')6CQu.:Je adc:d ti ,n0.1 l' J 11!lcin' -)1'e83'12'8S are 
).:.'O(i.1.C CH::t ovor the over~·1':'.n0 o.s it )ro trudes into the air 
stre R'l1 . 

h~1.ve been made on t] l '3 ~JClsi S':'£ th:"'-'ee e!'1:::11 ri cal 

factors , eo.r;h of \rj!1.J.c'1 ).s !'elate:' to so.'.!-3 ')hysical 
·'E'(y·~ert7 of 't,he -.71 n:. - 0.-",. Ie 1"0:'1 arra;1~(H;ler~-L . An as J6Ct -

ratio correction fDctor 
A 

Ji + 2 
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as the ~ift - curve - sl o~e f a c tor u sed i n refe r ence 46 . 
A fe,eto:.' P 1 , which is T'81atcd -e.o t he overhans length , 
:~ ( af~ned ~s follows: 

A f a ctor F,") ' 1 whi,ch :i.S related to tIle nose shJ.~1e of 
<-

the I) 0-1 8,11C 0 , is in L:'3~1er2 1 tbe ·')roci,uc t of an are a - m,omont 
r 8. t~o and :1 b a sic Dc!se - sho.:,)G factc\r F2 , where 1'7'2 
is c:,efJned i) y the eXH'Gssi-:m 

::: 1 -

r----------, --
I ' (1 + c'" Ie \ 2 

\ i 1 _ { "' 1 'a 1 

\/ \1 + CtJca// 

The gsner2,1 8x')ression for t he nose - shap E' factor F2 f 

fen' -::8.011 ,')f the 78.1. 'i.ous : .OS8 tyoes considered is 31 ve n 
i:(l f l:::;u.re 21;. . The f,rY!:1001s Lio , 1'.1;] , ~ IC ' and s o forth 

that a'. '~; eer in the cU'8a- r.10ment I' O, t 2. 0S (I'i l3- 2L. ) refer to 
mornent::l al)Qut thG ailaY -Jll ~15nce 2.;~5.3 ,) f the "?rofi l e 
"l"e~s ,-" e"·")'-ser' cver'n~n" ; ,nl " ", c ""s ".1-'" ·'- '·)e'" "or'-eC"Y\o"'-'dinrr . __ ~.. . I-!.. __ ' 1..' ..1. - ,r (. ;. 0 u .:.. ..L<- .... J. ~,1 ... .J I. ... u V .L. ~ :"'..I ... J. - b 

to t2.-1e 8ui)SCl':l ) ts 0 , B, 0, ana s o forth . The bal anc e 
y.'of:L le '.:'rG;J. t s c.ef:L.1Ad as ·;:;11e t tal ~;rof~_lG area of the 
t:l..lc :ron :',h e r.;.cl. of t]:;.e }.lin~;c 

sh;:',pe fOI'r.1ed 
8 , D, anc1. 

8o:;"j. s . For ,:"ny -')alance 
~ ) :' circular rcs (no se 

G of i'i [:: . 2L!.) 
he.vi ~1~~ 
t-;T1?eS 

Cb.Etrt s 
f :':U::'fl 

8. :':1 r, ':: e 
0 , A, 

1'0 l' e.e t e ::d. ni n-:.; 
?C; 
l.- ... I 0 

'Q , F 
J.' 2 2 

and F' 2 I~~~ ve n in 

Co:."relat::'0i.1S of tllG ~ ncrel:"8ntQl e.ffe~ .. i.;p. of p l ain­
over~1.a:n~ a.."1C~ T:"lSe IJ8.!_"'r:CG :J on i:hc l1.ince -~'lor.1ent 
pur~~ters Cha and Ch6 are presented i n fi3urG 26 . 

Sorile aC.di tional infJrl::8.tiol1 re::.;ardln.z the mode l s conside red 
J. s ~i van 1n t e:J 1 8 III . 'fhe incJ.'enent ~ Cho is 8X)re 8 se d 
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as a fUll.ctioYl c,f the three factors A 
A+2' 

6C11 ' - a bei n .; ·rela'li ve ly-o ii:lC3.e ::?endent 

of tb.G 2lDs e sha'" e , i s eY..;)ressed a s a funct i on of 

only 
A 

a~J.c1 The equations of t he correla tion 
A + 2 

cu~ves are as f ollows: 

A 
= 0 . 017 A~ 

6Ch ::: O.l() 
15 A + 2 

A 

F 1 

F F' f 
1. 2 ( 2L~. ) 

~le corrc l o~~on ~f 6C11.5 f or Fri3e b ~lance s does not 

ne c e ss3.r5, ly app l y 8.t zero ,.i l eron (ieflectiol1 1:mt d oes 
:?:)p ly t o t l1.:3 l:3C9.t i ve ]:'[Ll1ze of a:Lle r~n ci.e flection where 
t~lG effec t of the balanc"! is :::;reate s t . In the pos i ti ve 
ranGe of a:1.101"on ('1.ef l e ct ion , Frise balances have a l mo st 
no effect O~1 aileI'. n hi n~e mome n ts . 

The d a t a used in the corre lation of 6Ch6 of 
fi gure 26 were obt ai ned f rom f ! nite - span aileron mode l s 
and frOi!1. two - dimensi onal models , "Jut the data used in 
the cOI' rc lation of 6Cha v!ere obtained only from t e sts 

of finite - span aileron :':1oc~e l s . . .hen comp ared on the basis 
of the same correlation f a ctors , the avai l able two­
dimensioll .:'. l data on 6Cha ':'Je re in p oor agreement wi th 
the finite -s'jan data . The a v C'.ilable data on finite -span 
t ai l control s urfaces i ndi c ate that for such surfaces 
the inc rement a l s lo")es £lCha and .6 Ch6 that are 
a ttribut ab l e to a given overhang bal a nce are about 
30 ? ercent greater than the i ncreme ntal slopes indicated 
by fi gure 2 b. 

C:larts fo r e st:':'19.t ln.:::; the requ,:.~ red eneth of ove r ­
h8.nCD foJ:' }'.;.1 8.nc83 he vine f1eve~.'8, l r c':) r esEmtati vo nose 
srL"."')e fl :::rc ';I'Gc,,"nte L:. in fi ~-"uTe 27 . For 8. ;:::;i ven design 
! I'o!)le1~:1 , the v -:.1ue of 'L,he"~r()l:uct F1F2 ! co .cres")ondi ng 
to tl>e l'oqu irec, v" l ue 'Jf t.Ch ~ must first be obtained 

o 
fron the corl'e lEl, tJ.. i) n ':) I'esE: n ted in 1'i.:ure 26 . The value 

of Cb/Ca rcquircr1. for th::. 8 volue of ~" lF2 t may then 
be est ima t ed [roi.n fisure 27 for a ny of L_e n0se sh::lpes 
cons ie.ered . The c112.rts gi ven in fj_L;urc 27 were d e ri ved 
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for allej'ons on 8.~ . rfoils havi.nc-; t}'lO thickness (l.istri ­
bution :~efi l'lecl :~n reference l<i . 'rhese charts may be 
us ee!. , l1Cl\'IeV0~', t.o obtain first o::n:"'o:;:i:'l'l''"'.tions to the 
~eCf\.1.ir8c.;' ovorhsn,:,s fo!' .~ilerons on o.irfo:l.ls having 
ot'lor t}Li. c~~ncss distri1.nJ:cions . }Pal' such ai::->toi l s, more 
r'~llable vCllues foI' the req1).ired overno.nss can be 
o~)tained ~-:)'y c ~- lculatin3 the v8.lue of tho ;:) roc~uct F1F2' 

,'::orres')o!.:oin['; to the flT'st - 8.;! ·0roximation v a lue 

of Cb/ca f~eom tl1e 8X)reS.'3j {)l1S ..,::i ven in fi Gure 24 
.f or w2 , ancL the char'ts of fi SU1"e 2 5 for P I and FZ• 

If t:1e c2.lculcled. VL-'. l LJ.e of r' IFZ ' does not agree wi th 

the rGq~ired v~luc Q~t2.ined from fi[ure 26 , a new value 

of cb/ca must be l7'~clU.WCC: f·mc. the ~)r'J c ess r0~)eatod 

u.nti 1 8 a ti sf e.c tory ae'.l"ElE.TIlent is 0 bt 8.:1. ned be twe en the 
rocpAired c~nd tbe calcul.:.~ted values of F1F'2 '. 

r' . ,. 1 ~ -'1 +- -I rr- ~.p 1 J - f ' 1 .:::...~l 'G.l ca~~.! _.80 " J.. on . - ~ne CtG.L ec Cl on r8.nc:;e o · al erons 
11':>.v-J.n(,; eX.90sec' - ov'3rh2ne; or Prise balo.nGes usually must be 
2.'cstI'icte:::l ',';i thin 11.m-Lts (1.Gfined ":;y 801:18 c:l~i tical 
I " 1 ,0 p. - "h' r t ' t (,.01 GC'Glen ua , 013 ,/011(' L :c..C.l .1.e overn'::t.DS ceases 0 

cr ' 
h8.ve 2, f;;).vor8"~le effect on Cho nne. the lift ceases to 

i ;lcroC'..'·'c b .nearlj 1d t:1. c'.eflection . In 811 an['. l ysis 
1'8 1or'i~ol~ in reference 1 ~6 , an 2ttSl110t V'0..8 made to 
cor:e.:;.l2.ts Oa

cr 
1Ni e'l the ")I'OcLuct F1F'2 I , VJbich was 

used in the correlation of ~Ch ~. Tho correlation was 
"0 

i.nf lt1.ei1ce'~:' ;:m.ch mo:"e strongly :")y the nose sh8.!!o them 
by tho overhung len~th , a~d smaller v~lues af 6 a cr 
usually were obt~ined for rearward locations of the 
wlxi:'mtl a~.~:foi l th:1..ckness thtm for forvrard locations 
of t,'1.\:3 Yili:l.Xj.!'lUm. a5.2:'foil thi.c1mess. A some\'lh~t '.Jetter 
cDr~01~t~~n of Oacr (see fi~ . 22 ) was obtained in 

r?_ t \/'Pl 
rc:forel1ce )'0 in te::'''nJs 0f the factor 4 'where L 

1 - 12 ' 
is the "":ist ':'- l1c ':) ( as a frs.ctlan of the v;in; chord ) from 
the 1l~lnj.r0\.1jl1 ,)res:::.ure p oint for t~ e basic 2.i.l"f'0~_ 1 p r essure 
0.lstl.':!. ·uut·.lon tC) t he :::tirfoil 1e :'1d5. n ,;: ed.c-e . Por the plain 
O V'""~11''11 -''' of' J."'i'·ur'A ')" +-11 P" v "1 lue'" ··1f' a~ V"[Al"'e ...... - _~_ I ..... C; . '_'- '..,1 Li. " VJ.-..I c~ I....... ac r ..-
SOYflRV;!!.Z1.t lD.1'C'81' mllTI3Pically for ne~c'lti ve deflections 
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than for ~')ositi V0 6.eflections because most of the ai rfoi l s 
conside 'l~od. nere c c'11bered . AlthouGh the test v a lue s are 
8(F%wl12,t scattered from the r'8.irecl cur'ves , the ~i ven 
re12tiol1 ~~1r)'L,-lG. ~)e suffi c iei1t ly l~e li a~ le to serve a. s a 
rou;:h ;:;uide in l)I'elL:linar~r 0.6Si;-:;11 nor:: or to T'al:e 
es ti !.~1ates of ttc C_lange in 0a tl'!.at might 'oe ex')ected 

cr 
to re8\).lt fron rr:'::'nor modi f ications to the overhc.nc;s or 
l'!os t s~1~')eS of b G. lai1ces 2. l re&c1y in use . 

Increases in the cri tic a l deflect ion may be 

cx~)e cted to re suI t fronl inc l~e C.se s in the ai l e ron - bc: l anc e 
nose radii , from o.e crec, s es in the b alance chord , and 
frov r)l~r:'ard mOV3nents ~Jf the aJ_rfoi 1 l:..inimum :.) ressure 
poi nt . Othe r me:.i.l1S fo r chan3in.::.; the cri ti cal deflection 
are a vai l aole , however . .A:,:nl'c claole i ncre9.ses in 0 90 - cr 

of ex:)osec~ - O yer~1al:6 ~JRl ances hn.ve been obt~.inec1 b"y 
eq"l.'..:1.")91.n[£ t~e ']-'1 J anca nose -.-:i t h :;. s l 8.t or a slot or b y 
bulgin: the sv~f~ces of the cont~o l ~ear the hin~e line . 
\fiith t~'1.e possible exc e")tion of 'che a(:clition of t.he slo t 
or the slat , 11.0 'JoveI' , cny ~mo~1Tl1 noc..:l:LJ.cat ir n that 
r esults in ,lIl i n crc2.s0c va. l ue of 090 reduces the cr 
aero(1:yne>.::',llc ba lance for s;~all defle c ti ons . 

:=ffecti vencss . - 'I'l e 15.ft - effect:. veness parameter 6a/ 66 
is c~1an3ej 8c:·,.eYJll<:l.t b~T e.n overh~'.n.::-~ balance cnd the 1;U,-).1i ­

tude of t .. le C_.l.O.l1')G is 0.8 e no.ent en thc S8:~! at t:le balance 
nosc . A cOJ."'rel.:'.t:'Lon of these effects :Ls 'J ven i n refer ­
ence ~6 and the faired curves of ~hat cor~e lation are 
re .j ro(;.uced j n fl ~'ure 29 . r.cb_e v c l t'..e ,f D.a/66 increases 
as the balai'1.Ce (ci.efi nec1 boy the )roduct F1F2 ') is 

inc r cased E'..nc:. t.he r'l.te of inc re'::.:J3 is c;reoat er for the 
l a..Y';-;c:n" ga'."'s , POT' the i::\eJ led- ca) conc.l ti ,)ll. the incre as e 
in 6a/60 'with incre8.s8d ai l eron bal al'lce results from 
an iller'ease in cL o' v:he x>c as , for hi::hl y balanced 

Ql' l p'"'O;I Q "'he .1ncre.., .... c 'l" 1 "a/" o- \"l'J'h inc'''e~ ''' er:l f".P p c. _ --' __ .. '- , , __ ._ __" u.,~v 1 Ll Ll ''"_ _, .L c . .., I.'. ~ __ _ 

s ize :Ls causee .. 'r<'..D2.:l.'i ly by a decrease in CLa. The 

valuGs C;i ven in fi2:UY6 2) a re 8.::;):; l icable only 'co sma.ll 
def l ecti ons , a:nd cecc:.',).se f the reduction \Tit~'l J.ncreased 
balance of the critical def l ection 6 the I,la:ximuII1 

acr ' 
l ift increment (',f a highl y balanced 2.1 1eron. usua ll:r is 
c0l1c;ic~era1Jly l ess th2.n tho 't;13.,::C.T'1U211 lift inc re~nent of 
t.t.e cOl"res~)~.mding plain aileron. 
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D~~~gn considerations.- A given v a lue of b.Ch 
' 0 

45 

u3uC'11y c an b e o1)tc.i n'3cl by many v J.riations of bal ance 
lCDc.tl1 ar.£l :'1IJ2e shape , ransing from rather short and 
l)l unt :)o l a nc'38 to 1 Dn ::/n' balances Y'ith shar~) or Y,1ed.iUlTI 
~10 f:(es . 'l'he inCre Yiler~t 6Ch :i,.s I'el e.tively incl.ependent 

a 
of nose 8h3;)0 , )nrti cularly for 8e a l eo. bal ance s . '3y 
cGl'eful select.ion of th8 overhal'13 and the n0se shape , 
theI'Gfore , l!lo.ny c01'lbinaticns of v Zl lues of Cha and eho 
can 1),,) obt ained . 

The fact that oacr v t-l'-::'ies appro:dr.latc ly 2.8 

1'.'11e1'eo.s varies as D F ' ~'l 2 ' indic ate s 

-Chs.t fOI the S2_J::1e (e;; 'ee of balanc.e a IHr 3er incre!"1.e nt 
of lift '~ro~ably c~n ~e obtaine1 froill ~n aileron having 
a lons overho.n:: ~.nc: [l m0c~erate no~e sh£.:DC:! ( ty)e B, C, 
01' D of fi:~ . ~;'. ) thr.ll1 from an~U .. cr(\n havin.::; a short 
oV8rh~nG ~~d a blunt n~sc S~~)G ( simllnr to ty~e A). 

other r;onsi rlE::r8.·c.i ons tE) ose limi tati ons on t he 
:i.'i.l08t desira")le len€t;.1 of uverhan'> A l')ng overhanc 
r equi ro~' thc.t a ~_ar3e ::),,;.rt of the fi xed strue-ture of' t he 
'!r~n-.:., i): cut 8.\'.'[lY to 81101'1 free moverr!ent of the b alance . 
The lG~C8 brefi~ s ~ n t~e &irfoi l curface tha t result 
1'1'0:11 the use of medi um or S 18.1') nose 8h2:0e 3 ha ve been 
~ound to increase::) '('he dr8.[':: . 

A 1:.0se shal)c of -cY':e C if de sicned for sliCht 
ul1dcrbal r.~nco .s.t l ow dcfl ecti ons Xrla-y ;:)_ ve overbalanc e at 
.'1C-c1_era·~cly l ?yge cle f lect.Lon s , oee-c.use the ) ea:{ negati ve 
)rCGS'lPC .JV2;1' t:~:le JrJtn .. :.C'.inc; oo.l a.nce :,-1 0ves forward and 
-LnC:L'e .. ses in ma,,;nitucL8 a s the aile1'::)11 deflection 
1-17?rOac"le3 the c:I'iti c 2.1 vCl1ue . All the ~J olntej nose 
8ho..)e8 (t

v
r '·)C8.J , b , or F) show 3. 3re 8 tly inc::.~e2.sed 

oal ll.:cin r ; effect .... ~·18n the DOS8 .H'otruc1es a1:1o ve OJ.'" belm" 
ihe a:' .. rf~ll ecmtoll.Y' , tmles fi the- oj .. r flov·} already has 
se~ ara-Led ~r l!l tho cti 1aroD :;' Gch:::tt def l ccti on. '1'h18 
con,;.:L J:;~_ on ;.v':rll1ally sh'luld be avolCied by rss tric 'ci n rs the 
availa-)le cl:~leron (ef lection. 

The ~~i se t~1e of aileron b~12nce ~as deve lop ed 
!?,S a '~ossF) le i1Gu.ns ~o}' i~1c:re2,si n[) t :nc pro.?5. 1e clrr.g Jf 
t~e u~Goin~ cl l eron, a nd therefors , for reducins the 
c..ci.ver.3G Y'·l\dng :lrnent . i'L'h.i_s property c ani.1ot be 
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re9.lizeo. '.'ith TIOst t:...ir'-,lanes , however , because almost 
no incl",:'!~u;e i 1 profile dr8.G is obtain.ed unti 1 the ai r 
flov' separate . from the protrudinz nose . A small amount 
of flexi l)i Ii l:; yin the c antrol sys tern may cause se vere 
ai 1e ron r:lla1.co 'when the o.i lero11 is near the I.:eflec tJ. on 
at i:bich 86)8.ration beGins . At h~_ C"her ci.efl·3ctions the 
2..i1e ron Nay be stable , but the hin~e mo:'-,lents usually are 
e~:ce2si va cmc the lift effecti veness is reduced . 

Ii. dj s advant abe of the Prise lJahulce results from 
its inoffecti veness for redncins l1J nze Doments at 
)ositlve ailoron ~eflections . Frise ailerons may have 
to be overbalanced for nesative deflections , therefore , 
5.n orr:81" to I'cduco the net llJ_l~ ~ ~e liloinentc of the two 
ailerons to values th::.,."l; can be hanc'l '~c1 by the )ilot. 
This cOl1c.'l.i,cion causes 'che stresses 5. n :.hc aileron 
1'Ln~caC;8 sysJecr. to ~)e Y~!uch l:.iGher thaD they 'Nould I)e for 
a oal ancG 'chat 5 s equally effectJ_ ve fo~(' ) os1 ti ve and 
nesct·t ve eeflectlons . Hig:1. stresses in a f l exibl e 
control s~8 teB nnt nly aggravate the tendency to sh~ke , 
1)ut 'na-r '"110''' nil " l"le-"o11. "-0 '-'e' II '~ i'l..,J- cheCL'i; .L O a l ar""e t 11 ~ Cl _ . • <-I.J. .. ..... ..1. L 1...1 u .. c :.l"J __ ~ l,., I.... J 

ne3atl ve deflection c1.Ul'inC c~rtain cri ticr.;.l a.!; Fl l ane 
mnneuvers , as , for e:-ar:T)le , ". rolly:hile ')ul l ing out of 
11 hl zh-s-)eed di vc . 

FIJ.~'ht tests of P:!.:'ise G.ilsl"one . • - An investiGation 
'.JaS conc.\ ,_cteO_ on the :x::?t~.n-l 8.ir") 1::. 18 -Co determine neans 
of alle-.;::':-d:lnc the ai16 :"-'o11. sha':e that occurred at 
mOCterate ne ::.; at:l. va e.eflect i oll.s . The ori.el11.al ailerons 
and a 11l-1ii,)er f lilQ ( •. ified z.i.lerons were tested . The 
various aileron profiles are shonn 1n fi ~ure 30 , 
tOf,et.'ler 1,1;1 th r. -cc:t :.:n..llation of som.e of 'i:le J.m::)Qrtant 
atler-on characte ristics . '}'11.e :"lodifications consisted 
pI'inci-oally of b 1.l10inc; the lower surface or of adding 
a slat at tbB lower surface of the b alance nOEe . Either 
of t~'1e.Je mo c.Ufications V'lO.S found. to re r'.uce tho shake , 
but t ho .)ul,::;ed ai 1eron8 , v!hen used. ~:! i th the ori£::,inal 
dlfferenti:11 linl~ace , V\!81"e nns ati sfactor,f ;)e ceuse they 
required e ~cessive control forces . The aileron with a 
nose slat at nn '3.n[ l e of 32° see~ned most satisfactory , 
bec2.use the sha~.:: e v'as 2lmost e11.t:i rely eliminated , the 
s -'~ i c '~ force s [;: t hi C;h eleEle c ti ons \:e 1"'13 reo.uced , and the 
maxi!'1un value of pb/2V Vias increased . 

An 2i l eron deve l o)mont :;JroGraL:t for the P-~_7C -l- HE ai r­
plane nas l:mc.erta1.::en not only to ree)uce the aileron sha~;::e, 

~ut also to reduce the aileron sti c t forces at lar~e 
ai loron deflecti ons . The or·i :=inal a1. 10ro11.8 (fig . 31 ) 

---l 
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for t- ·':..5_8 8ir·,-<L811,) L,1c1 VG1'Y 8'::)8.1 1 recli i of cUJ:'vature at 
th0 b~l~nce n~SG3 , ~~d a1th uSh the 3tic~ forces WGre 
VG"}'Y li,:;llt foY' Sl",lJ.J._ c:ileron deflections , f10ii se!)aration 
fro;.:, -CliO bo.l.l.lfce !:0se c ~lUsed '.'ery ':ti ~.1 ~)tic'c 1"0rc8S at 
1aI'~e nller'cm 03floctions . 1-l()cllficci~~l~;_ l ero:3 ( fl ,:> 31) 
hv'-vinc; -;_TIcrear.ed. 11:,,88 r DcJj i and ~;.ncreEu:;uc. bnl('U'.'co chor'_ls 
wer~ d~stsn0d and rore tested In fliCht . Preliminary 
t8fJt~ s11"r:ed that '~h88e ~i10..L ons -cenc_ed to OVGrbalm'lce 
'.'111('11 U, cd v.'.l tll ejlf) orl..:;inal Ilnlcage (maximum cef lecU.c'l1S 
of - 160 n l~( l~O ) ~as·ts li'~dA -ith ~ba l )-n~a~e arr"~~ro -. c ... .J.. t:_ • .J..1;:j JI l.LA .. ' V~ _ _ u_v _ _ -\.VU; _ ~J...l.LV 

~]1')nt ChC.i1[~Gd to ~~i ve lilcl.:';.inwil deflectinns of ±15° in('i -
c'1."Led';h2.t , ::: lthou,~~h the aval18b l e pb/2 T w~~s inCrG8Secl , 
the sti ck forGes '\N€l'G l:lG2.vier- than \';i th the r)J'i,::;:Lnal 
8.i1er-;ns . i~e")u)l:lc c~lffer'8 nt:tal unie , which .:::;i ves 
a hi_·1l.8Y' r.:ec;1, .. lc~l advcmtD::";G ~'or f~L1::-_11 G.6fli3cti.:Jns than 
fo!' lar,~e oefle c-cl_ .)i.1S , IT'-:.8 ~J18n i.11~!t8.11 Gc1 o Con)Gri~On8 
of tl.l.8 chf_l'I:.".vte:;, .... lst.lc..J r,)1:' t h-:"5 ,dIeToD o.r:C1:n.:::;eY;le11.t v:itb 
the Ch:1I'('.ct~~cist~e2 of the ,)r.l.:~ .. lnal t;:._ilcrons ~.ro L~lven 
in f"L~~-~n' c: 31. :~0 CqUGe 0 f Ul'3 L·. Y'e .. d:;er av:-dln;;; l e ::le flec ­
t~c!L T'J.n, .. 0 , '::;:118 111'xd.fi0d ai 1 311 o: s were more effecti ve at 
lo-~" r:-Y::ledfl t}:l<ln thl.';i orlr~j 11.0.1 ti1'3rcm[' , but at ["'n ',- ne1..1 cated 
a1 :"s:)oe,j of 40('- mile s )cr hour , P18 value ,)1 nb/2' 
obtf'.in3:)J.c '.vi th 5,) )OUnd8 ~;t~_c'~ f'():~"~( V '1. ,; ,::"Y'0o.ter for 
t.he c)ri ~:lr18, l .c~:L 1 8.i."o-;H:· . ))o crchtsinJ, 'rhe .,liJ.X1.1Y1LU11 rlefJ.ee -
tt:ms of the y.1('(H.L~_ec; ailc:.r·oIls to :t-13 . \0 CaUd (,u. t.hese 
alleJ".ms to be nero effac\.:lv., tb'l L1 the or1i..).11.J.l 0.11ero n 3 
thr ou--,l1JUt n-lO sp!,jOCI ran~';e . rTo aileron sh&}ce was 
re )O_'t0l;~ ·_"_ur in;.,:, t:;;R\";.1 .y[, L.-~e ;·-o'.:'l~fleQ 8.11s"('on8. 

~:11e :r:·\} .. ct ~:l:~.t (~~')j'}tJ_-c)1 - 3~y'8te'-' st:·""letcl:. l"J.2.y h£tve a 
lars!; 2.c'fcct ,'1:. S :: .' !- - '{"jrce C.J1H.1'2_ctcY-isti::-:s -NO.8 s~!.o In 
r.'.'.UY'_ll~(~ ·l1-:(--: ... ~·t-_,r...t (",1'. ... f .... P ,1 1 .... • .. JI1 J1' r)l' -lC on1 .. ~1-..· ...... Q~ 1~'1' th l~' r'l'llv - , - ~ ... .L ,_, - ) --. _, .. J. '-'L·-r J 4>\>\"'. , .... ~. ~-:-u- J 
balanco·i. ~;'li8e n.5.1\:::cO:·lS l:i.r~'C<.)(~ for :.12.:cinum (:ef'le c tions 
of ±2)· () . 'lhe:1i l E:,ron p j"of-l. le :-u:,,:I. :.:, cOlr.)ari S0n between 
forces mGuf;urocl fc Y' ; 1.::.0 detul.l e l~Jtic control s'ystem 
c.n()_ forces c-J]WJl.) tc r '. for aD 8SS'LU!lG'::_ ri~'id C:Tstelll 8.r'3 - re ­
senteo _~n f10-~lI'c 3~:. As 5_11 n;:;_Ej' Ji' r~ c'e ai l o ro :tl systens , 
t:10 8:1_1e::on.s teste(.t vcr) '.l verb,...:.la:.lceCl fr l' no~;ati VG deflec ­
b _()ns ,-'i1(1. were 1).l1C:!d."',lxlanced. for ,;-)os:l ti VG c'teflections, 
]8C2.1.'-S6 of contro~. - c ;,-stej:l etret ch , (l:erefore , tbe '._ osi -
t i vo r18i'lccVLoj'iS ():lnero.11y "'61"8 s:r~::Llcr an(' .. , befo re flo ~ 
se·_,[U.':1ti·Jl1 ha.d occurred , ':):1e nO",,8.ti..7o c~.ef lections 
S·3113r,:11:r '::0_-'e , .... rerltcr ~~h,':-n ~hc {~)c·:tect:Li)nE' r'1El"t v.'ould 
bo 0bt<:.li;:18C~ forl~h~ SC:l1t) .s tic~= :"0 :,-! t: C11 '·.l.th 0_ ric).ct 
e.)n·~rol syst0m. Tile [' lr i 10'.' ~Jn)::'l.:".;~h:;s from the 110 3e of 
thl.'l ,).IJ~;o~_nc aileron c.t iJ. ::':1 V0rl i_G.t' lI'Gti,)l1 re3arcUess of 
stic]- ')os:!.. ti ,"'n , 8.net a lar:_~e i.l1(~re':"lse in aileron hi n~e 
l:"ou.Gnt I'E.s1.i.lt.'3 . llhe t:)k,l z ·v8 .. ~lc·)1~ c'lef1ecti)1:l ('of the 
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t-.i'!0 c.i 18~'ons thersfc re "vas Ie S;3 for the fle~,,:i ble sys tem 
than for tl-:e r:Lgid s'ystG:11 , n('1. the l'ccJ.u ct:1.on was grent.31' 
at 11i.:11. s:'jGeds th::m at l ow S')OOcLS . C0l11)uted sti c'.c forces 
)rosol1-i:;ed in fi:::ure 33 Sl":t0W t~lP. t '::;~10 v'1riEltion of st:lc]c 
f')rce ":1 th sticl( 'C) ')si tion besofi'.es : :01'e nonlinear as the 
i' 18z i bili ty of the ~ystem :Ls :u c r eased .::mcl thc~t a Given 
~X~10unt 0:[' fle::dbility j.s n:O,"(,8 \ .. nf8,vora;Jla at, tb,e hi ::;her 
(·1\)eec.s . Stret ch haR been l'no\'!n to cr..uoe violent o ve r ­
')al~ll1ct3 of 80;"10 ai 11'; ron nys tOl,18 t ll.Q.t inl~or':?orated dif­
fe :t"' C' ~1 t:L~.l. 8.l le ron )'1oti ons . 

AJ l e:r-ons Hc.v'ln3 Sealed Intern.2,1 :::'ulances 

'l'he Llte:rll'~.l t;rpe ;)f ae .codyne:.mic balance has certain 
ad-TR:::,t3.,::,;es over ot.her ;)aIance t -y): G S , ~;al'ticul arly in 
a·).)licat'lon to ItT<.)l- SiJeecl air :) l ane;3 . Theso ac1vQnta~es 
re sult tY'or:l the f:lct that the ~if'::; , ('.Fa,-; , 8.:1d :)itching­
moment charac te r'is '::::lcs .:md the c!1orc:.wlsc ~n'essure dis ­
tr:5.Gutj, c, ns of a w.l.n~: \':i th [,~)lai!1 se c.led ci l aron are 
unaff3c-ced 1 y the 8.\~.(ib.on of .::: s e .. ::lec1 i nternal balance. 

Sealec:' internJ.l 0nl ances 1"::1' US ·3 ';'i-ch ni l e:('ons 
usuully consl~t of a 91&ta ( attached l'l ~tdly to the 
aileron nose) in 3. chamiJer that J.s vented to ~,he air 
stream in such a manner i~hat a TJTeSSUrc (Ufference 
acros:? the Dl :;;. te :~. G crente6. r ~:'i:1 G i: ) ally by ai l e ron 
deflecti.on ~"Lld to ...:, 16 , 807' -'::e :...; r G8 'J? ch::m:::;es i n t he 8.ngle 
of attae 1 . • j l' 18 x-1. ~') le seal c on 10ctt, the nose of' the 
balance ·:', 12.t.) to tllG fo:r"F~rm"('l 't-v ;;'.ll c,[ t~1e balance cha.mber . 

Se~le~ ~ntcrna1 b21 ~nce3 sr2 considered to be more 
suie,::,"',le t'.) "t::>'.l:y·t~~ cal t;>satDel1" Juflan o:.her types of 
aerod~'·n.3.nic ":J3111l1ce !J ~'Q':::'''.. se tlla ~)Q2.ancing for~G is 
obtained f'r'o:c: t he pressure (~iTf·0r F: :,!.ce bet\'Jee:l two 
ch[u:Joers :l,n \"~l:'. C~ the ;:.11' is 8~jSGll.ti:~ 11y st'.l-cic . The 
ba1a::'lci.:... r;l cnnent , th<:;refol"o , G ...tn ;)0 ('.6:" i ved fron: -c he 
ge ometry 1'1" the c":r:.' tG1 ' ') rovided the '.~r33sure cliffe::"cnc e 
is ';·i.10'\ ~'n. The c11clI'c::.cte:,':l.8t .l cs of a.ll. 8,1.1eron h.:.nrL1g 
al ~;lOs tan}' nrrange'Y'1,cnt ')i' t~1.e ~)nl8.nce . late and of the 
f10;:i:"1.... 86 :,1 can \)6 cD.lcu18.tec. , t '16 ref o l"'e, from the 
char 8.C ~er7. st i,cu 1nGa~n'..red fop one ;) 8. I' C'! cuL ... r balance 
conf:'-:.: ·l..l:rc:.~t~;.on . If ths ~"'estJ.lt aTit :) :res :') Llre coefficient i s 
CODBt£1.i1t Dl 'ne; thG e:.:\ler-on G )r.Ln , .. ~h,'3 :I.::erel"lent of hil1se ­
;110mel'!.t coeffi ci ene c<1uwed l) y JC.h f, ,).3.1anc '.3 :L S l"'e18.te d to 
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the resu1tant - ·0 ressure coefficient and. to the geometry 
of the s :rstem by tne followint ; equ2.tio:-:. : 

I··~ \ 2 -j 

1 /f cb \ (/t/2\ 2 
I· bb 

= 2"PR I '\~~ J (l + IDs ) - - I . -
<.1. 1 ca I ! b a 

1- I j 

\'Jhere cbp is th8 root - rnean - squax'e chord 01' the balance 
plate and ms is the ro.ti 0 of' the l10ment c0nt-ri but-ed 
by the flexible se~l to the Doment contributed by the 
balancG plate . 

Values of Ds have been determined analytically 
(l"eferol1ce 58 ) and checl:ed expert· entally ( :;."efer-
e11ce 59) . 'ine ex:)erimental invef:ltigatil)n included a 
nunber 0 1' a r T'an.:;e·'ilents for vhich the c~efle c tion of the 
bo.lar.ce l")lato is pes eric·ced and the 8h8.,)8 of the fle]:iole 
se c.l is cOl1str ". i.'1ec' oy bo.l ance - chanber cover ·.J l ates . 
'::;o~ ,le of ·~ :J.e eX 'Je::':l.l.10i1tally (;.eternined VLlluGS of ms fOl" 

se veral ty :lic al b c~ lo.ncc nr2:"c.n::..;er,10nts Qre pre senteel. in 
ficure :.;IJ.. I"or 8.11. arr[lnc:e ~~J.ents rep r esented by- ficure 3h , 
the saal "7a8 s tto..cllec. to t!'..8 i'ol"'V/ard wal l 0:E' the balance 
cho.mber c.t the ve rtic :l. l locati on corres ::Jondi n s to the 
intersectlon cf o.n ext nston of tlle balance ·,")late (at 
zero deflecti on ) ~ith the forward wall of the balance 
cl"l2J'(lber. '::hen the resul tout ~; r6S.'3Ure coefficient PR 
and the bal a:!.1c e ~lz,te deflection 0bp are of t:tle same 

algebl"alc S·'.,;n , v8.1ues of :ms 2.1v'la-ys should be taken 
f:i."om f i::'u:i."e 3h at ~}ositive v a lv.GS of abu ' r egardless 
of the QCGual sign of 0bu ' If , on the o ther h8.nd , PR 

J.; 

8.n~ 0bp are of opposite s1 3n , values of ms should 

be take n at neg:J.·c. i. ve Talne s ,")f 0bp ' 

The e.L'fe ct of a se 81ed 2.nte::.--'nal '0nlancG fraquent ly 
is c8.1c llc.teel 9.) ; ro.:Qll1ately fro r1 the fo lloyjj.nc; equation : 

2 
/t/2) (C 
\. a, 

(26 ) 
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V:.clere cb is the root - mean- s quare of the overhe.ng , the 

n0~)e of which :8 aS3urne d to 1)1.3 10c <J.ted mi(wa:, bet'Neen 
the t·wo l)oint R f attachment ) f th3 f l exiiJ l e seal , Ctnd P1 

is t1' e overhanE.:~ factor usec~ :L n the corrs 1 c.. ti on of data 
on ·,181n- ove:i"hang and Frise balances . ( See fiG ' 25 .) 

Connutat ions baged on t18 seal a rralGements con­
sidered. .i.n figln-e 311. inclj (jate that for sor1e arr a ngements 
v z:t lues 0:i.' bCha com9 uted frm·n equation ( 26 ) may be 

consic1B r 2.b l y in er:-:>or . '.L'he e-er or i3 small , ho·we ver , 
f or the arl'anJoi1:ent s that 8.D)ec.r t() ~- i ve the mos t 
desirable ai l ero n hinGe -mo~ent characteristi cs . Such 
arr8.ne~e:nente invo lve 2m8.11 CR)S ( } . lcb~) or l es s ) nnd 

seals t ~at a r e just ~ide enou3h to be t ancent to the 
cover ·,)12.te of t J:1e ba lanc e chamber when the ai l e ron is 
at mtTLmli.;1 rlcflectJ.:m . :;::;qUo.ti0n ( 25) is a l wa:-u r e com­
m::=mrled ffJr u sc , hovvever , l.';he~1 the e.xact seal confieura­
tion is k !10'Nll C1.nc~ v'Len the r esp.ltnnt 'Jres su.res across 
the b~l ance Dl ate have been a ccurately determined for 
the -r:crti.0ula.c" v.i n ,-; - Il:LLoI'on 8.T' I'2Tlgement that 1s bei n g 
c o n s:1. c~e I'vc .• 

In vz,ny :'_11stanCeEl the exact seo. l confi::,uration is 
not we ll tiefLned or 1he resulta nt uressur e coefficients 
Cl.re un':noVIl1 . Ap::>rJ:;~imate corj:'e l aJcions of' the effect of' 
58 :llec1 i n t.ern a 1 b:.l1 a nce s on the hi n Ge - moment paraneters ) 
Ch({, and Ch15 , therefore , are conve ni e nt . Such corre la-

t ions ( fi~ . 35 ) have been obtalned from the a vai l able 
eJ}1e~i~e~tal ~2t~ ( s~e t~b18 1V ) without takinG into con­
si~erqt10n the effec t 0f ai rfoi l p70file on the r esultant 
Ul"38SUr38 L.n:1 .:5. th the G.ssUl"rntion t.h2.t the iSeoIiletrical 
r el"'.t':on8 6x·)rc:ssed by equation ( 26 ) are sufficiently 
1'0 I t 8.01e. Those c o1"re l at:'t 011S n r e J.ntendod to supersede 
t:1.ose given i n refv :r'e nc Q ~.5 . ·The equ a tions of the feired 
co:rre l 8.tlon curves are as fo llows: 

(- \ 2 
o,lL A . ca \ 

6Cha = _ ._ 1_) F 
A + 2\C- I 1 

(27 ) 

DCh~ 0 . 09 
A I'ea 

F I 
? ~-=-u A + _ c 

(28 ) 



T~ORe cO"'I'elat ].ons are :)olievec1 t o be m st reliable 
' ....... 8:1 t~lG :rollouin~£ conell tionG ap~l"y": 

( 1 ) The bc.la:'lc:e l?lates al'e attached 1~i32-(ny to 
no ~w s of: tile 2_ilo:'."")1'18 and t:1.e vent s ar0 as cl(1se ·co 
Pill hinr.;e l i nn no -")1' 2.C [:;1. cable 

(2) '2:'r.:.GJ'o is n o l eo.kac;e a cross the seal 

(3) T~'le cover :,:~ 1 8.tes 8.re of ai l~foil contour 
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Si11 ::J .l va:pl. 8.ti ons 1 n 811i of the se :;,oncU ti ons m8.y cause 
l ~rce ch0n~e3 i n Lhe effect of an internQl balance . 

}\11 indi~ation of the :)l'obc~b le effec tn of changes in 
tlln C~1.o"""c:.\"\lise loc ation of t~w b S.la!lce - chs.r.lber vents 
(1'.o'Le::'c·rj],l1sC_ fro:;,. da.ta uf ro:L'el'encA3 1.!-3 nnd h5) is Give n 
:~n .ti;~l ::.e 3(, fOl~ "J.n a·1_1E'l'on r)J. 18- :ge re snt chord . r.~oving 
t'18 vcn~f' 1'01'V'8.1'0. cf the hln[,:e 1 i.11e CI3.USOS p,-, to 

HQ 

ir'creas.:; Ou:lc1 F11
0 

to de creafJe . l:or internal balances 

oi' the i,~T")e e onc:Ld8 ro::' in tho corl'O l ati ons , the vari ation 
0:::' tho rcsultc_n-c '')I'e~,sure .J C1 'OSS the balance p laco wi tll 
rl.cflact:lo!1 u f' tvol .L7' is ?J)out t\-;o - th:'.rc:"s the vari ation of 
tllO .~) C ~:.t): 1")3 Sill t :~_rl t --") r e;J 81.,1..J~e ::. t t :.10 11-~11.~~e \vl tl1. de fIe c t ion. 

rrhe 0 l'lO.l'8C'c.P,:C.l.G tics o:L' i ntern,::. ll-,Y' balanced ai lerons 
ll::-ve Je8n fnunJ to be vcr"";/, Dcnslti'\"Te to t lle alinenent 
of t2 1E" COV8~C' ~:la'ces ,jus t :[\)J.~vJarc1 of c~1e vents . The 
ei'fo.)ts of' :.1< S<J_lll e j:'ent as deten-nine d in a few tests , 
8.'" s'1.uv'n -:.} i'i_'L"..re '37 (Cat c:.c frO~!l peference 45 ). When 
sm;;_ll all·'.:C0l1 ci3fl e cti on~~ am .. '.. SY'1J.ll change s in angl e I)f 
Qttack are ~onslrtered, bendlng the cove r p l a t es slightly 
Ol"l_t no:ou['. l l:- decrer'8os t ~le effect of the bal snce on Cha 

['.nd jl1c.l'eas(~s the effect of the b nlanc e on Cho . Bend.ing 

the coyer )18.-l:3s ant 'Usually decreases t he deflec ti on 
l'an::> i\)11 ",!11ic:1 th:, bJ.J. anco has an effect on the hinge ­
moment. s 1 0')8 ~i , ;,) :;"obab ly be c ause of the e arb_ e!' 8e~ar ati. on 
0/ the f l o"! . Fo r larGe ::d lercn c.efle ctions the control 
forces ma', be IJ.r;;e1' wl:en the over ')latefl are bent out 
th2.n '}hel1 ~ .. he co ver ) l ates a r e of true contour. 

'I'l>.e loss 1 n lJal::tncing effect C J. sed "uy l ea.:age 
qcross the Ga.lance ) l c te is siCn5fi c ,mt because of the 
c~lff:l.culti es 5_nvo lv,~d. in ~.nst o. llinc completely sealed 
intCl"'Ec,J. bale.ne es , JC'cCluE;e come '~leal1S u..., 'E'.lly must bo 
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;?T"ovideCl. f.. I' dre,inins water from the upDer balanc e 
chamber , and 'Je c8.use C'f the cOl1val1icnce of Jna1ciE£: small 
adjust~~~ents to the anount of c.:.ero,:l.ynamic bal ance by 
va:r~T5. ngcl~e 3.TIlOllnt ()r leG.l.:ege . 

Lea~afe across the ~n1 2nce )late of an internally 
balanced ai l e·':()l1 D.fl'c:-cts the ai l e:c"0 .. 1 hinL.e lYJ.oments IJY 
1"00 lcin~ the ~ressure difference across the balance 
plote and by alter'ing t~1e f l ow cOl1dl tions oelnnd the 
ba.lanc e - chambeJ~ vents . In an anal-,}si S :Jresented in 
refe:c"ence h5 , 8. cor:'el.J.tion of 'i.:Lo.d- tLln:l.e l data on the 
ef~'ects of lea':8.8e '.'If/,S obtainec-;' by ex) re8sin:-::; the 
increme:-rtal effect of the ii1ternal balance on eha as a 

function of ·!Jbe rat:to of leal ~ area to ve nt area ( see 
f-", ~, 7 -' ) Fo-r -'-1,)4" CO-,"-"el "'--\ 0 -:1 ,-l .... e "'e1~-l- "rA:) -i, s c1e·"'·', ne d - -t,:; . )0 0 __ u _.£. _u I _ ___ Uou_ ! V.J. V ... j.u o . ..J~ _ l.. _ .1_ 

as the mJ.nimu::l 8rea be tv/een ~me bal::u1ce - Ch8TIlbe r cover 
plate ~).nC'~ t~1e 11o-:3e of the 2.i1eron . Tills cc r relation 
neGlects ~' .. !Y e:,':'i'ect of le2'~2·ce on the floYI COYle1 i ti ons 
ber<_l1d '~he vents . For :cost t:':'tle - contou1" ailerons this 
effect is scall ~mc1 tbe co1"1"elati)11 -Cllat VIHS obtained by 
ne31ectin.::; tllis e:L:'.'Gct has ;)·3cn founc-;' to s.p;,: l y satis ­
factorily in :-;Of)t i l1stances . 

The effect of Jea~.:a~';o on t~'e flor:- ondi tions 
behind the bal~.nc0 - ch5mber vent s jI1G:Y ·be i.l1T00rtfmt for 
tl~i e 1;: C',l:T,~ed ['-:). ri'oi Is ha VL1G ~hel::.' jjl8.XlnUl:i tili clmes.3 
l o~ated far ~ac~ . ~ata obtalned froB tests of such a n 
a5_rfo.L l :t.n two - C_imensional floY1 ( reference 52 ) are c om­
p~re~ in fieure 3J with the ~ata used to obtain the 
ori !;i n3.1 co~C'rel8.t·l_ 011 . .l'or t:le model of referenc e 52 
l ea',:age C0uses the flow to separate E'.t the aileron hinge 
am). t~le:'.~e'hy cause s ;?, J.:J.rc,e cho.nGe :'_ n ·L.!.lG exte rnal ·,)1'e8 -
sure c.istl'ibution. (See 1'13 . 39 .) The change in ·'I 1'es ­
SUl.'e c'istI'il)ut:i.o:::-1 not on:LY C2.uses 8.n :Lncrea:3e i n the 
o.Gro(I:Yl1..:.n::Lc moment over the part of the ai l eron behi nd 
the hin::;e but , becceuse of the :r.'e6_uction in t~le external 
~n'e ssures in ·: ... 11e vicin.:t ty of the ba12nce - ch1'lmber vents , 
also causes a 10.1"38 reduc ti on in the prossure d i fference 
across the bal&l1cG plate . P OI' the TIodel of reference 52 , 
t~le vB.lue of Ch6 for the 8.5. 1e1'o:1 1,"ith 0 . 7 5ca overhang 

8.l1l'. VJi th a ratio of le£:.l~ 0-('e8, to 
mo!'e n'3gati ve than tb.e value of 
sealed aileron , 

a:ee a ')1' 1. 0 is 
for the p l ain 

Flow 'ChTOU~)l tl!.o balance - Cb.o.l;l~)er vents , 1,'1h i ch 
results from le2~:a_('e across the balc.ilcA plate , maJ be 
e.x;GcteC:, to alte:r' the ~Jounc~8_ : ",;- - Ll'~rer conch tions in such a 

----------------------------~) 
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r.lan.YJ.or that the 1)0 1 0.11cinc; effect :-f 3. 1ar[;e tra:!. l i 11g -

0c~z:e ;>.n[~le i::; ~.nGreanod ( see fiC o Ii !. ) . T:le effect of 

IG8.ka.~~e on the .dD.Be mC nlent s of 8...11 inter'na.lly balanced 

~)j l~ron 'L~hE)"Y>cfoI-3 c·:"n be cx)ectecl to ~)e .'3;'13.1161"' \':1:en 

·cl.e tI'; ilins- c(\~0 011,:.10 i lZY'Ce than Yihen l:he trui l i n L­

(K~.~e c.1.rl~'.:le :.!.s ~' m:J. l1. V~hGll the le .::: : ::o.~e does not cause 

UfO flO"1 to 8C Jar8.to ''l.t ~·rlO ().~18r·on l"1il1c.;f , the effect 

ot le2kaS0 on thD hjn~c ~oJ ~nts ~f an int~ rnally balanced 

C:.lilor)n 11.avlnz D lar~d tr':3.].11n - 0d2:e anele mo.y be l ess 

tl1an ~:11e effect indiCJtcd ~ y t.he cOTt'o18tion c urve 

(::i 0 . 33 ). 

~rhc a va} 1 ab 10 
reduction in 60ha 

dRta have tn~~cat0d 3hat the pe rcent 
1'83 'ltin:; frof'1 l eal:a[~e is about the 

AllcrO'lG HU.v-L l1 :~: Lin\ .eC: Tabs 

~\ tc.i") t}.-~ ...... t :" 1:1.n' :ed .j n s1.lch ,--. '~l<.:nner th8t the tab 

C:A ~"'lecti on 0.e ',emi s -:- r.~ 1 on the a i!. c:(' 0 11 def l ection is 

co".-·r,:·o:lly c2.11ec. 0. lilll~e(1. tar-; , Su(~h 3. tab lS 8. very con­

Y8Eio':1t c·.e~"i e in thc~t. it e~, 1 b e co~!bined wi tL any of 

tl~ aileron ba l ances that alre~dy have been ~iscus sed 

dnd b3C~US3 the balancJnc or u~)al~nclnG effect can be 

.:::.ltel'cd ::."eacllly by ehan; ;iD:; tLc L'::'.tlo 01' tal") ceflection 

to ailG~on def l ection . 

A unique characte ri sti c of a l:i.n',:ed tal) is that a 

IG.r,~:e cl-:'cJr.i.,,)e I n Chb can be j;)roducec~ wi t ho u t c ausi ng 

an;/ t.Y· reelahle c ~18.n;_e j n eha; a small e?fc ct on C~ 
Lea 

in:·"('oCl.ucec"L b~/ t he te') Ii n'~a~e usually lll:::~y be 

All1n ~ t :,~ny de;.) J. relL 'il vI ').e s of 011. and 0h 
- a 6 

neg l ected . 
Cem there -

fo~.-·e bA (1)ta:Jnod ':Jy comi):1..n:in::; thr~ linl;;:cd t ab v.-ith one 

of '( he ·)thoI' 't)al ,:nw ". n ,::; c.eviccs . 

. :)~Cct~lSG c. 1') .~l2.n8111~ l iI·i.\:e("~ t.:~l) d.ef l e c ts i n a c1.irec ­

t:i..o~1 op~ .. ()site to L1C,t of Ule ':'.ileron to \':'11ich it is 

attc;.cl"le(! , 8. j:'0el.1·!. ti ('11 {)c(~ur' ;3 :'.n the 118 t Ii ft re suI ti ng 

fro]" aileron cLellect:ion. An ano.1 Yf:':!.s of a l~uge o.mo unt 

of!)l"'ef"!s1J.Y'e - L~.:~str:'Lbut.~.on dat2< on J.n i~ACA ooog a.ir foi l 

(l'efE::':-'0ilCC L!.) ) i.1dicP.tes that the most effi cie nt tra.iling­

E'd3C 1'.::l.J.Cl.'1cinC b~b ::. s one havin:; 3. C]-lOro. between ;~ O per­

cent and 25~)ercont ')[ the [ .. iloron ch'JI'd , ~)ec3.use s1..1..ch 

a. t ~!.I) )1' o('-'..1eo s the 10 ~tS t c11.2.n;::;6 in Ii ft fo r a gi ven 
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change in 2.110ron hi nc;e :til. r,lent . On the otho r _land , a 
l in:;:ed tQ.1.> L:'.sed to 8.uc,ment tho lift of .],11 a1 1e.20n 
(leo.e'in:; cr 1m~)D-18.nci n:' Gab ) should ~C) :ro \J.uce the 82:'0 ate s t 
cl':l211Ge in lift for ;';" . ..:1 ven Cll.~mL.e :Ln 21.1e1'on h).n5e 
moment . A tab of th:l.s t-Y'Je :Ls raost efficiGnt v!hen the 
ta~ cho~d is equal to a~out 50 )er.ent of the aileron 
cho]:'o. . 

Th~~ inrluonc'?·.f a 1in':6o. ta.b on n1 10r0l1 eff3c-ci veness 
can ;e c2.1culated b".7 con~:1_clerJ.n:... tIle to:o to 0C 0. 8:118.11 
El:'i.lel:on ~n(l "uy U:3-<.ne; tJ:2.e r>0·C~1.0CS for c a lculntin.::., o.i le1'o11 
eftect:l. veness t~;<l.t 81ro!1d:y r.l. ::~ ve 1Jeel1 eXI)18.inec. . '£he 
ch2nc.:e in aileron effecti veness c.J.n be e),.:' re88ed in a 
fO:.'I:l convenJ."llt for ::'0;'16 8.l1 rtl:' s6 S "oy l~leanE: of' t he hclix­
ant.~10 ruh'.cV.on fD-ctor l:t , ':11'"12,11 c ::m be c;lven wi. th 

suf'ficient 2.ccu.rac-\;' for ·')Y'eL,.n:i.n9.r··" d,csi:,n ;JY the 
ec1uation 

bt (~)tab dOt 
let = - b a /6?- ') dO a 

\60/o.ileron 

In the usual caf'e , a teb linked f or balancing should be 
.~) lac ed at the s;)an\l!i 30 10c a t i on corre s?onding to tbe 
r,1aximum ai leron chord in order t o produce the most 
balance for a 3i~en chan~e in ai l eron effectiveness . 

The effe ct of linked tabs on the hinge moments of 
aile rons is ex:~res3e d in the pl"esent analysiS as a 
function of the def l e c tion r.::ttio dOt/dOa and of 

four factors that are defille d as f ollo \ls ,: 

-1 

" 
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(3 2 ) 

The fc.ctol" F3 accounts for the effects of the span Cl.D.a. 

the s ·)~nwi se loc ation of the tab. TJle factor F'L~ 

t1.ccounts for the effects of the tab chord and the 
oj leron chord. The factor F'5 a cc ounts for the effect 

of the trai.l:LnG'·edce angle:$ and the factor F6 accounts 

for the effect 0f the tab on the pressure difference 
neros:'] an aileron overhang balnl1.ce (e1 thor exposed or 
internal) , The 5_n clusion of the factor F6 in the tab 

c 01"1"0 :U·, t i on mc-~~::e s unne ce s s nry an adj u s tme n tin the 
incre~~nt 6011.6 resulting from an aileron overhang 

talo.nce for tho effect of the; tab on the pressures 
ac r:)s S the ovo I'bm1b balance . 

POI' winGs having linear taper , constant - per'centae;e ­
chord ai le1'0118 8.ncJ. tabs , [mci tabs bec;inni ng at the 
inboard 8110.S of the 2.ilorons , the ratio ca'/ea 
involveC in the factor 

sufficient accuracy for 
the 1'8 1 a·c· 5_ on 

F can be ev~luated with 3 
most design worl.;: ~)y means 

I C ! 
a = 1.0 + o.hil 

' \ 

of 

where /\ is tho '(,lin::; t~:r.Jer ratio . The factOJ.'s F3, 
F~.,. and F5 can ·oe evah:w.tecl. conveniently from the 

ChO.l"'tf.l Ci ven i:o. fi,:~ur· e L!.o . An ins)ectlon of the 
factoI' F'6 reveals that the terrn 

'" )'J I ( ':;:", /,) '-
U I L 

... '\'---c's t . --' 
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is similar to the ex~)ression for the overh::m s factor F l 
u. ed j n the correlations of e];:l)osed- overhans D.nd sealed 
internal balances , vr'l.th the exce~')tio ns that the varIous 
chord a nd thicl{ness eleme~1t .... are the TOO-C - l71.ean- squares 
of values T,leaSUrec. over the ta'o s"Jan rather than over 
the aileron s)an , and the overhang- span r Cttio bb/ba 
is omitted . Tins term in the factor F6 can be 

evaluated. , therefore , fro'11 the chart c;i ven for Fl in 

figure 25 . 

The corre lati on of the effect ;)f linlced tabs on the 
aileron hinge - mome nt ~ar al!1e ter Ch6 is given i n fig -

ure l ~. l (data from r eference L!.7) . SOi.ne information 
rego..rdinz the r,100.e13 consi dered in the corrclati on is 
.=:;i ven in ta'ole V. The equation of the correlation 
curve is 

Thi s equation may be used to estimate the incremental 
chance in Ch of an aileron resulting from a given 

6 
linked tab or to 
that are c 8.pa'ole 

of an a1 le ron. 

estimate the confic;urat ions of tab s 
of ~) roducing a gi ven chanGe in C

h6 

'llhe effect of a tab on aileron binge r.lOments usually 
decreases 8 li:;htl~ \'Then a gap is 01)8:led a t the nose of 
the ai l~ron . This effect i s illustrated in fiGure L).2 
for B. mode l i n t1.!!0 - G.imen8ional flo v. 

'The eff e ct of a U~.~ at the nose of a tab may be 
very lo.r -3e , althou.::.;h the avai l ab l e data on this effect 
8.1"'e too inconsi s tent to p8I'1l1i t any re I i able c orre ldti on. 
For some ai le rons , s~ch a gap has resulted in a reduction 
of the tab balancinc effect by as much as 50 perc ent o 
In any design the tab ga) should be sealed or at least 
made as small as possible . 

J 
~------~--------------------------------------------------------------------------.----~ 
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C:oYi1:':,)ari son of Var:L 0'18 Bal flnci.ng De vi ces 

Hi ng~~~~_'?1·~~~_!-(:Jl"\.::'G2:5~~~.' - The correla ti ons 
thE.t l~ave be 8n prdSG1't0rl ma.~:· lJe used '\,',0 ill J.str- a te the 
re12tl v e effects of tho VEtr5.0U8 ;):::- lc.ncj llg devj ces on 
the 11inge - mome nt rn.r':. J}OL(;:r",3 011. end 01"" 'l'he - ~ a '~6 . 
v a:r:i at:;.ons 1n t hese J)':l.:r'n':ne-c(;1"' s th2t mj.[;ht .Je expected 
tr aCI)Olcpany t .bc iV~;.(]lticn )1' ecwh ,'1' t~1.e balances to 
b. 0 >25c lJ l D.:'Ln. 8:11e1'0)'1 011 &.n USSW11eC1. fi.~hter- nir;) l 2.ne vilng 
(fig . 1!-3) are ShO lf:: l :t n 1' i:,; l.!'O l:L~. . By means of methods , 

1,",hic.h a lI' eads' have beAn c"le serib ed" tbe values of Cha 

and Ch~ of tho +r'ul3"'c(Jr to'x[' ~) l R.3.n aileron ~u'e esti-
o 

mated -Co be - 0 . 001t.: and - 0 . 0065 , rcspecti ve l y . 

A line of zern s ti ck force ( see equat io n (7)) 
is J.nc1icate:i i n figur-e l:_~. for c.n nlleron extenc'iing 

frmJ 0 .5 5~ t o O . 97~ . COll3tant value~ of Fs/~ 
over t l1.e r ange s o f an,zles of attJ.C~~ R'-1.(l of 
o.eflec1.:;:1.on3 fer w:i.1ich~he ';Ja.rQITleJcers Cha 

are appli c ab le may be reprBsented. by 11nes 
pa'''alle 1 t o 'che l i ne of zero s ti c k force . 

ai l e ron 
alld 0h6 
dravrn 
Beca~se of 

tbe positivCl s l ope of the l ino 0.1. zero sti ck foreo, t~e 
inc.2ement 6 Ch ~ required for E g:L vel1 r ec.uct ion i n st-i.c !~ 

' 0 
fOl';:,e is 12.rcest for bL ..... lances that p:;,"'oduce the ~re8.test 
c haJ.·le;e 1 n Cha f or c. gi ven hanec i n Ch6 • In the 

order 0.: incr9 s.sing .sffeet E1 on Cha for a C; i ven effe ct 

on Chc' the varlous balances may in gen e ral be listed 

as follows : balancin~ tab, sealed i nternal balance, 
plain- ovo~hr n[ balanc a , ond ~alDnoe obtained by 
increusi n .:::; t'le tr:?i. l lnc; - odge ~U13le . 

'llhe compar'isons :::;iven in fi2;ure L~.L~. were obtained 
f~om the c orrc lati on~ that wercl d erived from low Mach 
nur!lber data. The results gi V8!1 are not neces sarily 
a)1')11c8.b1e] therefore , at l1i ~h :Mach numbers . 

The c01r':.n. n a t lons of t·wo or ')ossi lily three typeE', of 
balo.l:c'3 may ~)e de~:l:lrable i n order to obtain specifi ed 
val ue s of the a1loron hinge - liiument pararl1e ters or i n 
ordei to avoid the dlfric~ltleq that are encountered 
almost invariably 1'.'hen a lar~~e amount of one ty~)e of 
bala~lc :; is used. The el'fect3 of such cor:lb i nations o n 
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the £1.i leI'01' 'hi nge - nlOment parametc rs may be III us trated 
by me2.11S of fiGure r~!. , Because rllOo.\~r8.te clla.ng0s in 
tr_ilin:~-ec1.£:e anele hr.ve only a s1':alJ. influence on the 
:i.i1cI' 8i:.ental effects of exposed-overhanr; Ol' 2e :., le0. internal 
bc.l ai1ccs 3 t~~'" cu:;:'ves le1):r'e~entl ne t';1cse baJ cl n';es may 
ori~inate fl'0~11 [l.ny Joint on 'eho curve re)resent~.ng 
va:t':;.01.'.s trz:rl.li nc~-e dr;o c.~131e 8 . 'l'he C UI'V·';3 rcpre senti ng 
the !J2.1a;lc1:1S tab ~nay oris} Late froll1 a'!ly ')oir:t on the 
cur 'iS re 1rese lt~n0 vario'.ls tI'ai~5::-1g· · ed=e [{ngle3 , or on 
tho curve:3 repre~en::;ir:2: varj OU8 oV3rhang bE-l.lances 
(ex)osed or internal) , ~ut the ~_ ncrr:n.lent 6Cha attrib -
utabJ.e to 8. [i'Ten Ij. lll~ec1 t2b is altered o·~- v8.riations 
in the traili n3- edge :::ng2.e or in t:1e aileron overhang . 

Because 0:' t l'lG c1e:j'i.r8bi.lity of obta1.ning increaE:ed 
rolling "'oments lor civ"1 n 8.i181' on dol'18cti.cns, con·· 
side ration f'rc. que n':: ly hJ.s bean [';i ven to a CO;'l~)~. n:..,ti on 
involvint:; aver'" w1,'e - ci:101'd S8aJe.J ~ilte!'n[\l l)a::'[~':~e and 
an unbala11cinr,- (lAarli r:: ''') "' ''b C'U('Yl pn ;:'Y>-J."a-l )·01'''·· ·1;-c... fj -' '-"--"'0 U (..... 0 I....J v_ __ 0-_ .l . . _L..J _ _ \J , 

a1thou[~h p::.'o~)ably sc.tis.factoI'Y for commercial airpJanes , 
has been cons5dGT'cd 1.m(lesirablA for mi1:l.tary 8.11"91o.11es 
bec8.use 0f th8 ~""osf', lbility of the t2b be:1.n[; shot mlay , 
thu.'J leavinG the ai J o rons ovo::,"balanced . 

~~fGct of an{;le. of rig . - Jm analysis reported in 
1" fer8nce 6~. '.'lac m~de to ceterr,:ine the effects on the 
stic~- foI'ce characteristics of changes in tho angle of 
~G of beve18d ailerons , of ai.lero~s having Prise balances , 
anc, of ::1.i leI'ons having sealed internal balances . The 
results of the analysis are surmnarized in flc;ure L~.5. 
The sticl..:", force c:'l8.X'2.ctoristics of the ailerol1s having 
Pl."ise balances v.rCl"e found to be vor"'u~ s e nsitive to the 
a:::1[';le O£ rib' wheJ:eas the stick- force characteristics 
of alldrons havins beveled trniling edees or seal ed 
inter~1al bal::mces seel'!1ed. to 1)0 .reluti vely insensiti ve 
to the angle of ri£; o In genenOll , whon there is no 
differential in tho l1.n1:ace systo--' , only ailerons havi n g 
d.ecidedly nonlino 8.1" hinGe - moment curve s , )8.1'ti cularly 
at aileron deflection3 neClr 0 0 , may be expected to be 
sensitive to chances in rigging . 

::tolling Derforr.~c.nce , - D2.ta l1.ave been collected 
on the l'olling- i)erforl:anc e charCl.cteristics of a n umber 
of fiGhter ai 1')10.: es of itrnerican and foreign :manufacture . 
Pe rtinent detai Is of Lhe win:..~ - aJ 1eron arrangeme n ts of 
t hese ail"T)lanes a2:'e 2;i 'jen in table VI. All the balancing 
devices that have been discussed are re:presented . 

) 
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CO!rI'J8.r i sons are made on tl1.e bGsis of the h e l lx 
8.ngle pb/2V and the ~co ll 1rlr) veloci ties ob t a inable 
D.t 10 , 000 f ee t alti tude with 8. 50- pom1c.1 st i ck force 
(fics. 46 and L!.7)o An accurate ratins of the balallced 
ai l erons is not ·)088i ;)le f ro:n the dato. presented . The 
only c oncluG:' on to be d.rawn perhaps is that Good ~)er­
forr.lance C8.n be ob t a ined from ai l e1'ono having any of 
the various balances , ~rovi~ed s ufficient c are is 
e.xercisec. i n t h e deslsn Gnd d evelopment . The wlde 
vo. :d . ations in t ho ·)erformance of 2.ir_) lo.nes having Prise 
rdle rons may be an i -ldi cati on of the well - lmo\,!rl fact 
that fi'l'is e aileron s o.re extre·n-:ely sel1siti ve to each 
of n larGe number of design '7flraElete r s , 

Appli c ntion td Arrangements I n volving Full-Span Flaps 

Sevel .... a l methods for incorporating conve ntione.l 
:l'l ap - t-:rpe 0.3_leron8 :5:n arrangemcnts tha t involve full ­
Gpan lift flaps h r. ve be en )ro.908ed . In s 01:1e of the 
more ·LJ rom.isinc arr angements, in1.G late r a l - cont r ol sys te m 
io lUnde up of a cOlilbinat ion of cOi.1ventional ailerons 
r.rl th a sp o:L lel' ... t"y.!.)e l a t eral-cont:rol device . On ly the 
characteristi cs · of the convention a l ai l e r on s are con­
sio.ered a t thi s time . 1111e ch2.racteI'i s tl c s of sp oiler~ 
t}"'l}G devi ce s are disc us sed in the sect ion of the p:;:>esr:mt 
paper entit le d iiSpoiler DeVices , Part I V.II 

F l ap - t raIlIng- edge 8.i l erons . - In s orne full-span­
flal) o:rranseII"ents , "conventlonal ailerons are instal led 
:tn the rear " arts of the l ift fl aps ( referenc es 65 
to 69 ). F or such ~r1' anvements , conventional aileron 
bal ancinc devices C 8.11 be us ed , a l though the aile ron 
chord lll~y" have to be limited to about 10 ]ercent of the 
yrJ.nc~ chol'cL In orde r to obtain 3. reasonable amount 
of l ateral control, the 0.11eron s ·~,Jan mus t be long , 
8.1thouC:h only a small i ncrease :i..n l ateral control is 
obtained by extending the ai l erons inboar d of stations 
from cJ.le plane of sJT!1HetFJ . 

The rolling-, y awing- , and hi nge - moment charac­
tcr~ sti cs of 3. ~} lc.i n aileron at the trai linG edge of a 
slotted f l o.p (re ferenc e 67) are )I r e sented in fi(?; uI'e L!Bo 
F:1len tlle f l ap is 1'e tracted the a1 1e ron charac teri s ti c s 
present 110 lU1us ual ) ro1J l ems . ":i11en the flap is deflected, 
the aileron n!.:lintains :mo st o f its effecti veness for 
nc o;at~_ -lie deflections but is i'elo.ti vely ine ffe cti ve for 
pot11tive deflections . 11hes8 characteristi cs are such 
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that in order to obtai n the best r ollins performance a 
differentiE'.l "ileron motion should be used ii!hen the 
f l ap is deflected 'out n c.) -[; neces sarily v'~~o:r.. tho fIa:) is 
retrac ted. The use of the differenti 0.1 v< t;h :n.c,-os 
deflected m2.y cause some ai l erons to 1)0 overbalanced , 
hO".lever , 11: the ailerons are desiGnee, i'o:.':' c lose aero ­
dynani c balance when the f l a:.)s are retI'i:lcted . 

The Y8.vd nc; char£~('.te r :. stic G of an 8.ir:~)lo.ne havi n g 
a 1 8,teI'al ~ cont :t" 01 d.evice consistin::s (T~ ly of flap - trailing­
edGe o.ile::'ons i"'1.a:-I be ex)ected to be very unfavorab l e 
whcn the lift f1a')s aI'e deflected , because the adverse 
inducec. aileron 'Yo.wing- !TIor.1ent coefficient varie s di:i.'e ctly 
vd th the lift c()efficient , £lnd bec8.1.1.se the vari a tions 
in p rofile draG c au3ed by aileron deflection als o con­
tribute a~l ctc'lverse y8y;5.n,3 TI1o:ner:t . 

Consleerations of over - all characteristics indi ­
c ate that rIlle:"). full - s':)o.n f la-,)s o.re ful ·~.3· deflee.ted , 
l atero. l control shoul(;, ;)e obtained f:' om some devi ce 
othor tb,an c onvention::? l ailerons a t the trailing edge s 
of the flo.~)s , 

I?ro.opec. ai l eroYls., - Ailerons outboard of ',:->art ial ­
Si)an f l a})s so:::netir;~es e.re tlrooned o.nd o~) erated differ­
en'~ia lly ,··hen the :Claps are dei'lectec1, . In other 
EcI'l"'angenents a 8in2;le flap or the ref.r flap of a doub le­
s l ot t 3d- flE',p c ornblnati on J. s used to .) rovide lateral 
control 2S we l l as lift. The lateral- control charac ­
te:c:'.stics for all of these arI'anseme n ts are ve ry similar 
to the luteral - con tro l characte ristics for flap trailing­
edc.::;e o.ilej"'on8; that is , '."hen the ailerons are c,rooped 
the ai l e ron effe c tiveness for positive deflections is 
l ow nnd the adverse :,'J,winG mor;1ents for ei ther po~ i ti ve 
or ner,'at:l ve deflect.1.e'ns are JuSh. The ".iro' l em of 
proviclin:?; c.erOcl}11amic balance for lateral con trol ~'!hile 
maintainJ.n,s o.n efflcient h i gh- lift device , may be more 
difficult for c.roopcd ailerons than fo r f l ap - trailing­
edge ai le:;"'on3 . 

Ailel'ons i"ii -e11 retI'2,ct[~jJlc f l aps . - A number of 
invcsti;;atiol"w have been :'llade of conventional f l ap - type 
2.ilerons ~.n COl1ik) inat:i.on ".;t th lift fL::.ps that 1i1<ly be 
retr~ctod ahea( of the ailerons . I n an ear l y ada0tati on 
of thi s arran,ser:1ent the flap me; ved re 8.r\,!ard. a3 it was 
deflec-ceo. , but 118 ga:;; \ftra s left bet Je eD the flaj) nose 
and the lowor surface of the V!inS . The lower surface 

l 

j 
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of the aileron , therefore , ,,~Tas cOliI:. lete l y ~bielded by 
the deflected flay . In 3:')i te ')f th.1.s sh2elding effect , 
fli· .SIlt tests ( reference 70) indlcated tl-;.at the ailerons 
v;ere ne.al"ly as effecti ve vlith f'la ') s c'l.eflect"'d 8.8 wi th 
fla)s ret:C>8.cted , and the ym'.ring characteristics at a 
8i ven lift coerfi ci c nt were les s 1.U1fa verable vii th the 
f18'98 deflected than y!:!. th the flaps retracted . 

--:ind.- tunnel tests l.nci.ico.te th",cc S01'\'].e :!..m')I'o vement 
in the cho.r8.cterlstics of 2i leron vJi th retractable 
fla'9s C2.n be obt c:~ined if a Gap is left ')etween the nose 
of the deflected flap and the 10\'Ie r surface of the 
"dn3. An 2..rrangeli1ent of thj.s kind mc::, "1 c on si st e .l th0r of 
an aD )1'0:i.ll'wt01y ful1 - s:ja:1 , nC:l>:'l"O'I.'i - cllcI'd a1le1"on in 
combination V!itll 8. sin~~ le full - span flap (reference 71 ) 
or of a ~arti al - sDan aileron il combination with full -
span c1u ,!ie)~ fl s.l.)s- (references 72 8.n0. 73 ). AJ.thou~h the 
aileron efr'ecti ve ness inay be sonev/hat less v:hen the flap 
is .at some intermedic.te position than v-.'hon the fla'} is 
retracted , the ai leron effect! veness cen be o ven h1she r 
v:hen the fl ap is fully defle.ctee} than 1."!hen t.he flap is 
retr8.ctecJ. . Thls fact is denol1stro.tec[ by the data (fi C. h9 ) 
obt ai ned from the tests l"e") o:t' tec.1 in refere nce 71 . The 
indicated flap posi~ions corr a R00nd ~p~ roxhlately to 
posi ti ons on the fla~) )ot·ll. s e l ected in referonce 71. 
r,nen the flap is fully deflected , only small )os i ti ve 
~i18ron deflections ure effective in i ncre asi n~ the 
roll:1n.: !',1onen-c , I::' L;rl~ 11e .3ati ve derle cti ons as larGe 
as -300 are effect ive . A differential aileron ~otion 
shoul0. be used , t11e:"8fore, to o·;)to.in EClXimnTll rolling 
J:'l10ment . A tendency towarci. overoe-l 8.nce of the diffe::c ­
enti ally operated aileron is inc:.ica'ced lJy the larGe 
negat::1. ve :Cloati110 angle when the flD.;! is ful l y deflected .. 
Data gi ven in referellce 71 i nr-"..l c2.te , h o,/ve ver , that this 
te~1dency is reduGed b s' 1ncreasi11C; the chord of the 
sealed internal hal~nce . 

AlthOUGh JC!.1e ya;:d.nc~-moment characteristics of 
flap-typ e o.i leron.s used "!:.th retr8.cta'ble 1'la')s Generally 
are not f e-vorab le , at a siven vin 7 lift coefficient the 
yawinG rJOments usually are less unfavoraiJle wi th flaps 
c:l.eflected than wi th flaps retracted . 

Effocts of Air - Flo\'! ..:.nc~_ ijlnG- Surf ace ConcUti0118 

ThC7 )}"ecec1ing 0.i scus si on h2.8 been concerned 
primari ly 1;'i th the characteri sti cs of o.i leron8 l.mder 
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cert ain verJ restricted conr1itL .. '!J.s; that is , the Hach 
mua/)8I'ViaS low , tl'anslticn rJHS ClssLJ .. med to ') ccur far 
forward on the airfoil , and the ai l erons were of ::mffi ­
c:.ent l y :'ic:1..cl construct:i_ )n t') p :i."event any a1)precio.b l e 
distortion by the c:: .. erodynaTIli.. c forces . In the present 
section the effects 0f cl..ev.l.atiol1s from tl e previous l y 
assumed cO~ldi tions are disclJ.sf'ed a nd 301'.1e :: .. llformation 
is }rovided fro~n Vlhich rougl"l quanti taci ve estimate s of 
these effects !.Jla.y be .• lade . The ap)licabi l i tJ of the 
informati on is li111i teo.. by the fae t that the 8.vai l ab l e 
data a:..~e not sufficient to ")e rmit an accurate deter ­
mination of the :..~c l ati ve :l..m:)ortt..o."lce of the vo.r·ious 
factors c once rned . 

_o"L'..Yl.c .. a:>;[ - laycr ef.tActS .- Lar :-:;e vo.I'iat:i.0ns in ai l eron 
chal"acteri S:ci cs r,myres-L-;'l t from c~lan0e s i n the thi cl{ne sse s 
of t 1e IJounc1ar"y layers n.t the surfacet. of an 2.ileron . At 
I OYI ~!ach nwnbe rs he t~.ickl18 s s of a ooundary laY'3 r c.e]ends 
l arsely on the ~hordwise 10 atio.l of tIm re ~ion of 
transition from l8.min8.r to turoulent flow . I'or a ~~i ven 
a:1. rfo11 the 1.102 t :t.mp o-rGHr!t ~9.ct ors th,:.d~ C0 vern the 
transiticn locatiol a~e the airfoil surface condition , 

. the Reyno J..clo 11UJ11;)el' , :1nd the :::.ir - stream turoulence . 
The r e l a t i ve i rnort8.11CG of e:'l.c11 of ·~h8se factors is 
not eo.siJ..y este1'"!lished , but eX2)erienCe indicate3 that 
for alr-1Os t any J.i rfoi 1 , tr8..118i ti on ne ar c~he l e 8.ding edGe 
mny be brouc;ht ai)out ~yy the \,lj .. r:g }."'OU.:)1l1GSS that Nay 
resul t 1'1"0:11 CO).1v'3ntion, .. 1 8ir"7) I ~.ne fabI'ic8tion methods 
01' by a Reynolds 111:1.1"O])er wi thJ.n the f l i::;ht r3.n~e of some 
airp l anes . The turIJul '3 r1ce tl12t e:dsts h1 some wind 
t unne Is is sl.lffi c ient to in;luce trZ'ns"; .. ti on ne c<r the 
l eadinG edge for most airfoils . 

In 8. recent "Lm·,. u.~.)li shed theoreti cal s tUCLY , value S 

of the se c b. on hinGe - mcn.len.t parameters cha o..nd Ch IS 

in "I.'iscous flow 1'i,'ere COYiTJ)uted for o.i l or0ns hc~ ving sma ll 
t rai 1 i..n[; - ed3e an~les . The method u8 ed was l)ased on the 
conce·)t that c~J..ffel'ences in "~he thi cknesses of boundary 
l aJers at the up~er and.. lower ail~foil suyfaces effec ­
tlve l y a l t '):!" the calilbel~ of the:, a\rfoi 1. Co:r~Tputat10ns of 
the pa:.:' aJ i1ete r ch

6 
\'1e 1'e made for ·~he conc~i ti ons of 

fixed tr ~.'.nsi'-ion at the leDc.:tnC ,:;d2;e 8.nd at O. 5c , and 
c omr) utat5. f )ns af the nal'anetel" ch v:ere made for the .. - a 
c onc..1 ti 011 of .I:'i zed transi ti on at the l::;adi 115 edse . 
(See fiG . 50 .) Conditions of fixed transiti111 l oc a t ion 
muy- not re~:re8ent accuratel-y- the boundar'y - l8..yer candi tions 
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that 111."'e most likely to be e_1countered in fli ght , because 
for mt')st 8.:1.rp 18ne v·;in[;s ch"n,ses in the transi t ion loca­
tions on the upper and lower 7'1n2: surfaces c an be 
expected. to result from chan:;8s :2.n ,:mGle of 8.ttacl{ or in 
a1leron def lect ion. The r esults presented in figure 50 
therefore are considered to be of use principally for 
illust :r'8.tint; the ")o s 811)le ll18.gnituc .... e of the effects of 
the bo unda-ry 18.yer r ather than for ')roviclin~; In.llnerical 
values of the hlnGe - moment :!arameters for use in design. 

iNi nc.- tunne l investiGatlons of 2,1leron characteristic s 
frequently :include tests of 8. l1~,)(J.el with smooth airfoi l 
.surfaces nnc"l vli th rou,-,h . .l1ess st:':"'~.~}s or 1'lire8 near the 
2.il"'foi l le 8.(:tinf~ eCl.~e . The fact that the effe cts of 
rou,:::hness ,strips :-~ t the Ei:rfoi l l88.clin .' ed.:;e may be 
e:-::.)ec ted to 'Je :.:;re 2.ter ':;~'len the t:re.J.linc:;- eo..,:e angle is 
large tLo.n YThen the trai ling- ec.:.c.e o.n31e is small is 
illustrated 1n f:l. ~'ure 51. In t}1e:3e tests t.he addition 
of rou~hne9s stri~s at the leadi~c ed3e resulted in 
positive Ll.cren'ent8 of c116 of 'J . 0005 and 0 . 0025 for 
trailinc; - ec.:::;e an :~;les of 60 and 33 0 , res:')ecti vely . The 
1. ... ouShncss st:rip ellso causee 2. s0lns"hat; greater reuuction 
1'11 c· , .. h · ... n {-b~ t~rcl1J'i'1 - - e" ' e ' n (: le i"<:)O l'1-J"lr'e th"n -::'nen La ,~v .. .1V_'V u ..I- ~ .-,-l~ ~ ~~ (. ... ~.,.\ :vC·~_l..·b --- . 

the tra.ilin::::;- ed.c:;G ol1:;l e i;1j8.S small. The availab le data 
are insufficient to sho~ t he effec~s of trailing- edge 
anGle on the chances in cha and cl a caused by the 

adci.J.tion of t~e Gj:,ansition st~~ i) , hut these effects are 
exrectcl1. to i e somev:hat similar to the effects on cho 
and cl o' 

The tl"'::tl1s1 tion 10c["ti0n on the u~)"~)er surf ace of 8. 

smooth 101:.'- cJ.ra[: ai rfol 1 usu f:1..Ll.y :'~ove s for-.'!a.rd very 
r2:.::>iClly as the 8.n,~~le of attac1- , cor~'espol1din0 'co the 
u;oper lir!li t of tho 10w- dl"lU::' r2i:1 .:::3 , is e:cceeded . A 
similar effect usually occurs on the 1 01':er surface as 
t~e an31e of attcct is de cre ased SlOB the lower limit 
of the lo-vv- drae range . C1..11~VeS of Cha p lot ted agains t a 
ma"J be charac te rized by G.D. i rre .::.;ulal' 3ha"ge , therefore , 
as indi c ated :.n fiellre 52 . The shapes of those curves 
ai'e such that a large sudden chanGe in the float i ng 
tendenc:: of an aileron mG.Y 03 eX1)ected at tl1.e li~nits of 
the 10w- dra:3 ran.ge . This effe ct is most notic3able 
for low- draG airfoils havin3 larg8 t raili n 3 - edse nn~les . 
The i r T'e ; 'ulari ties in the cu.l'ves of Cll. nlotted ar:ainst a. 

~ a - -
do not occur fhB n conditions are such that extens:ive 
lamint:'.~"' flO'.;" is ·D:reventeo. (f1 S . 52 ). 
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At a gi ven ang le of attack e.:;~tenf)i ve l aminar f l ow 
may occur over a wide ran;::,e of con-srol - surf a ce deflec ­
t5.ons . Curves of Cha p lo tted against 0a , therefore , 

are not charactcri zed by the irre~~ulari tL .. s noted ';"n the 
curve s of Cha plottec~ against a. Bour.;hening the air-
foi l surfD.c':'! may cause the slope Cho to be les8 n egati ve 

thi"QuCh the create r pnrt of the normal deflection r8nse . 

. The variation of tr ;:msition loc cl-c:i.on vlith angl e of 
a·tto.clc usually is less for Si.looth conventional airfoi ls 
( 

.L. r. 1.-. ' . h tl' 1 d . . . , " d" " d' v_.OSG liaVlnc 'C e --nc:.:ness .lS 'C:C'l !)U·O.un ,eIlYle _ III 
referenc e h3 ) t~1.an for smooth l ow- (ras 2.i rfoils . rJ: e st 
re suIts j . n(~ :L Gate , as e:;~~)ec ted , that for a'~y('oxir:1.ate ly 
equal trc~il i.nc- ed ·_~e all[; l es , the effect of ao.ding 
rou::;lmG8S strips near the leaclin-:.:; edGe general l y is 
smaller fOT' the conv0ntiol1a l G' rfotls l.;ho.n for t;.l.e low­
drag airfoi l :, ~ 

Geometric ~)aramG t crs associated --'·j.t]1. ovo rhang 
balances do not seem to be of nruch si ~nifi c ~ nce ~l th 
r0 8;8.r0. to !)oUl1c~a:"'y - 1 C:lyer effects . 1:1. the usua l c ase , 
the resultant - ··;:>ressure 'jarameters PR and p,p are 

'a itO 
mor'e ')os:Ltive over t :-:e entire 8.il"' :[oi l chorCl v;Len the 
transition 10c8:c::"on 1 :3 faT bac': tho.n wll.en the transition 
location i s far forward . The i ncreased ba l ancing effe ct 
c aused by the Ir..orc '?03~_ ti ve va l ues of these "J arameters 
for Tard of the hinee l ine u3ually is smal l 2 however , when 
c or:p)8.I'ec1 wi th the unbalanci.ng ef~E)ct of the increased 
T)osi ti ve va lues oJf these ·.)ar [".meters near the ai l eron 
trai linc; ed~e . 

The effe c tivenes s of a linked tab in ch2ngil1g 
ai leron hin.r:;e r!loments usually J. s o.imini shed by con6.i ­
tions th2t tGnd to increase the bouno.J.ry - l .:1 yer thic:mes s . 
rrlw addition of X'oughness strips D.t O. 25c of one mode l 
havin.::.; a 0 . 09c tab resulted in a 25- ')C:3rcent reduction i n 
the r ate of cho.n,::';e of control - su:o:' .L acG 11.inge - moment coef ­
ficient wi th tab deflection . 

:[:l8.ch number effects . - T118 :followln2; dis c ussion 
c onc e rns !.~achnurribe :r;---effe c -c s on l y i n the rane;e of sub ... 
sonic s;)eed . 

'In :i11 0S-C wind - tunnel tests v ':. ~'i ations in l.1ach n umber 
are obtai ned si!TI?ly by val·yin::.; the tunnel s}eed . The 
inl1.icateci. f-lach nWllber effects t~1e I"'efore include changes 
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in bound8.ry- l£tyer coneli tions CJ.used by simultaneous 
cho.nces in TIeynolds llumbel" .::1.11d , for some v'ind. tunnels , 
by ch::m::;es in the turbulenc e of the air stre81il . Because 
V ~t:r-i ntions in ej. ther Reynolls n1 .. un0cr or in :·~2.ch number 

'I'li 'chin the subcri tical speec~ ranbe :may result in fOY'ward 
movements in the tr2nsition loc atlon , the true effect of 
~~ach number is difficult to is olate from most wind­
tunnel c'a-ca . ·~-~:1.en the trans:L tion J.ocat:l on is fL~0C' and 
when the Be Doles nUYl1iJer is llOlc.. c onstant , vCll~iat'';'ons 
in nach number w:i_tb-j n the subcrit.Lcal s)eed r8.n.::;e seem to 
have SlUEIl effects on tl:l.e ~)ounc~. ary - layel' thickness . 

The )ro£,iles of 3 h·.lo - dimension2l models that were 
te~lted i.n the Lan~ley e - foot hi;jJl- speed tunnel over a 
wi(.e ranee of r~ac:'l l1wTIoers al~e shown :tn fiz;uvoe 53 . The 
vari D.ti ons v,'i th ;.Iac~'l number ') f the norYtl.).l - foI'ce 
pnrGr.1.eters cn Qnd c n a re s:.1.ovm in fi.,:ul'e 5h and the .. a -0 ..J. 

Variations of the effecti veneC: 8 fector 6a/i16 , rGle.ti ve 
to the v8.lues of thiz factor" obt~lj_ned by extra'oolacing 
to ~l = 0 , are sl'l \'·:11 in fiGure 55 . IncreasinG the r.1ach 
nUl110er from. 0 to C.7 o.ecI'eases t~10 value of 6a/60 by 
12 ;!ercent for the Pl""l se 8.:1.l8ron , l'')y 35 'ge}:'cent for the 
true - contour ~) lain ai leron , .::;.nd. by 50 :Jerce'nt for the 
beveled a1leron. 'l'hesG Y'Cc.uctiO-1S in 6a/ 66 , particularly 
for tl1.e t rue -contour ;;lQ.i D oj. Ie ron ani for the IJe ve led 
aileron , prClIJabl:r are ;;roater ~ha!1 the rec' uct :i.ons t.hat 
would have ~Jecn obt:d:nec'l if the aiL~rol1 nose g8.p had been 
sec.led . Se ver'a l 1.Ul.?u~JllshGd inves'tigat::i_ons have s110wn 
thct ::111 o:lel1 nose CO.p l'l~)y C3.use larse losses in control­
surfo.ce 8:C'fec'ci veness "!5_t~1 increased. i'.Iach number. In 
the usuf:'1..l case , fu~: 2.i lerons _1.8.v:'i .. nc; el ther o~')e n C8.pS or 
se .:'. led ca'~')s , the ~('ec3_ucti on in fia/66 is qui to 8r.::..dual 
until shoc 1{ occurs 0n t~-le o..irfoil. At 3peeds in ez:cess 
of the s)cod C.t '.'!l"'i c 1:-... S_10 C1C occu':'s , the l'e chic ti on 
in 6a/66 i s more l"al)L::. , )rooao ly l)eco..use a trailinG­
ecJ..:.;e flap cannot induco )ressure chB.n.::;es 1'0r\~J[1.rd ')f a 
shoc1c wave . 

'I'he v o.rie.tl·Jl1s v:ith MJ.C!_l m.mber of the h:Lnce -
moment p a ro..:-J.eters (li2; . 5G ) of the three 8.1 1e1"ons con­
sidere~ ag~ee quali tatively pith results obt~inGd from 
other jnvestigat10ns of smooth airfoils . The test data 
aV8.ilaole indicate tl1.e.t V'hen the 'LJ.~a:'.lin~: - e(.~e ::msle is 
snall , the :"\a -('311~eters cha C.-1et ch6 usually incre ase i n 

absolute l':a.'ji.1itude 8_S tho Mo.ch number is increased . 
Vm0n the tr ~'.ilin a; - e6.0G anGle is la~:fe , the lunge - moment 
parm:1eters of smooth lovi- drag airloi l s almost invo.rietbly 
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become more n osi ti 've ".Then the Mach number is increased 
by increasL1'c': the tum1el s)eed , and the hin::;e - moment 
para:met e1" s sometimes Chtlllse II' Iil ne:3ative to :90si ti ve 
at so~ne s',)eed wi t hi n the t est r dn.ge of ~:1a c~ nu.mb o1" . 
The l a r ee' v ar i ati ons i n the hi n::e ': I110ment 'oaramete 1"3 
noted bo tv'leel 1'-:ac:11 n umbers of 0 . 15 ano. o.L!.o (fi::.; . 56 ( c )) 
;?robably cl.1.) not r8sul t 8im)l:, f':'Ql~ C 01,1~) re s si bi Ii t Y 
effects , whi ch. wou.ld iJe e ::)8 cted to be s,1iall over this 
rTach number :;''' ,clD:;e . A laI' ~:"; ·':'8.I't of the indJ. c ated 
effects ·[li2..y be 0 0.1. .... 38C. 1.;J va:;:>i.e,ti011s i n tr 2..ns:l.tion loc a ­
t ion res '"l l t5ilG from incr8as0cl Re:;no l cl.c. num~Je 1" as the air ­
s peed is increased . TIe fQct that a ~iven change in the 
t:;'''ai l in8- 8d.3e a11.::;18 of 8. S~'100th I t'lw- clrac; aLefoi 1 may 
~;>::,," o c3,'...lC e nuc:l sre8.te r eff e cts on l:he hinse - moment 
par ameters at hi ';;h Facl:l num V3 r 8 (1).8.n 8.t l ow Mach 
numbers is inc'.i c ated in f1 .::.;u1"e 57 . 

',:'I11en ::.m ex,) os ed - ove rhan~~ b9.18.nce (e1 the r F1"i. se or 
Dlrdn ) is usee , the center of p re ss ure of U.18 aileron 
l oad re sult ~.rl2: from cilcron def l ection. usuo. lly lTI0 VeS 
forvIard 8.S t.e cr5.tic:J.l Hach number is ap) r o ached . 
The para~~ter C11. " t he re fore te~ds to become 1888 " , 0 

ne gati ve e This '3 ffect may cause tl:e 3.~. l e ron to be come 
ove rbal nnc ecl near the c l"itic::-.. l ~"-ach lTt1.m~)er , e ve n though 
the tr a5. l:~n,-~ - eo.~e an~le is small . Adverse compres[; i ­
bility effects ?robably wi J.l be encountered at a lower 
LTach number w:i. th ai l e":'on 8 b..wine 81110.11 nose radi i than 
with ailerons h av:J.ns lar."~e nose l"o.dii . 

S0me Ull!?ubli shed data on an internally 'I)e,l onc e d 
aileron witb 2 snaIl tr~ilinc-ed3e an:l e h ave indicat ed 
that the effe ct of Mach numDe::." OLl ai l cH'o n lli n c;e m01;lEmts 
is snaI l until sho c k oc curs i n the vicini ty of the 
b a l anc e - ch8.!nber vents . \i,hel1 shr'lc': on either the uppe r 
o r the 10'11':61" surface is i n the vicini 'by o f the vent , 
t :1.e vari ation of ai l eron ill.nge mor.le n ts 1.<vi th e1 thor 
deflection or GnGl e of attac):: 1118.::- beCOlnfl very nonlinear . 
Interne..lly bal anc ed ailer-ons l,·3.y b e COlrle very heavy 'I1h8n 
shoc1.;: l'lO Ves to the reap cf tl:e v'3 nts ~)e c 8.use deflection 
of the Hi l ero!!. the n c an produce J.ittJ.e , if c.ny , }/l'ess ure 
diffe re n ce acros s the bal ance plate . 

Only a small ::..m0unt of data is nvai l ab 18 on the 
var:l. ati on Vii th :·:ao11 nmnbe r of the balo.nc:Ln,3 effec t of a 
t ab . The r e suI t s of tYm ul1) u1Jl i shed .l.11Ve stJ. Cati 011S 
lnll.icate , however , that fo r ai l erons having smal l 
tral l i n:-.; - eo.::;e an~les , the balancing effect .) £' a tab is 
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e s senti a lly unchanC:,ed 'tll1ti 1 shoc);: 5_ s suffi ciently 
developed to cause f10\" se ')2..rat:1.on from the !",irfoi1 
surface . 

67 

':Phe ai l eron hin[:/l - moment :r,J8.rmneters of an ass'LLmed 
fighter airplane (fiS . 1!.3) equipped with each of the 
three ailerons shown in fi,:,;u}.'e 53 were estiElated from 
the section data b y methods o.o"",cribed '~)l"ev:i.ous1y in 
the ",resent Duper. The results of tho cmTI.')utations are 
presented in· fi ,~ure 5D , on v!hich line s cf constant Fs/q 
for aileron deflections of ±5° have been drawn ( see 
equation (6 )). The computations indicate t~'lat tl1e stick 
force for' the true - contour ;)lain 0.i1e ro n would, :Lncrease 
vii ttl, Bach 21w:1'oe;> at a rate considerably in e~cess of the 
rEte of increase of the c:ynoFlic pressure , whereas a t 
Hach n'Lllnbers :=reater them aoout 0 . 2 t11.e beveled aileron 
would be overbalanced . For the ~eflection ranGe con-
Sl' (leree1 '· '1 f-'1 ' ur"" c,r) The 1';"1" "'e ai le1"'0-1 " ; 8S 1 ess . .. - - J.. _~;... ~-> _ 1....... .J U , .oJ .i. _. _ ...; _ 1 ... \;..,. _ 

sensi ti ve to fIach nWnl)el~ effects than oi thor the true ­
contour aileron O J' the beveled a :l 1eron. Addi tlonal data 
Ci ven in reference 7-~I. inc'.ic :tte , howevGr , that at large 
no g2.ti ve deflect".ons , the Prise <.1.ile1'011 TI18.J7 ~)e very 
sensi t~_ \~e to r.1aC!l nULJ.bel' ef:l~e cts :)ec8.use of the cri tical 
nature of the floy! OVGr th8 :~) rotrud:_ne; nose of the 
balance . 

Surface-coverin~ {lstortion.- Contour chances cSQsed 
b:I ael'oo.ynar:lic .L'o:;,'ces r.l2.y -ue of sufi'ic:lent i:lE,£.,ni tude to 
produce objecti onab le sti ck- force characterist i cs for 
ailerons that otherv!l.se would be sat'sfactory . The type 
and extent of cove 1'i 11:; eU storti on <'1..8 )e11(~ s on the external 

·p ressure Cl.istr i 1)utJ.on OVer )c11e surfc_c es of the aileron , 
on the pressure inside the atleron , on t~'1'3 J,nitio.l tension 
of the cove:C'in,3 l'r:"J.ter:!.D.l , on the :.modulus of e l astici ty 
of the cover<i.n~, i-:l<l.terial , o.ll.c.'_ on the metl~od of attn.cQrnent 
of the c o vering ~mtGrial . 
cnuse p0sitivB , ne~ative , 

~iffarent vent 10cQtions may 
or s t ati c internal pressures . 

An 8.nalysi s of' the efC'ec cs of surf ce - coverinG 
~istortion on s1 1cron ch::.racteristics has beon nnde by 
Br:8.nt Emd :Io loubo:'~ in Graat Britai n . 11 sOY'ley:hat 
sin11:3.1'· analyst s :i s appli od to e lev8_tol'S I n reference 75. 
T~iC3.l di3torted ai_leron c n';~ou:r' 3 for e~~tror.le inJ~crnal .. 
~ressure conCl tions are illustrateC in fieuro 59. For 
eit~er l ar:e positive or larGe neGative internal 
prescures the chan~es i n stic~ forc o caused by distortion 
resu1t chiefly fran cho.n,')3S )_ n t!1e tl"ailinc- ed,se ' anGle 
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as the airspee~ i s increased. Because such pressures 
stress the c::.)Ve ring mcteri8 1 o.n0 th..1s increase the 
ricidi ty of tho covering Il'laterio.l , the change i. n 
c amber caused uy the external-pres :mre diffe~('ential 
bet'.'Jeen the u) j;;er ano. the l ower surfaces uf the 
ailoron is reduced . 

Positive internal ~rec sures cause both surfaces of 
the <: •. i 101"on to bu1f3e . Bu1cln~ cf tllo forward part of 
the ai1e"eon see',1 S to ha.ve 11.tt1e efroct on the hinge ­
moment r)~ra:i1eters , but the j.nc::rease i n trai1inG- ede;e 
ant31e causes these parameters to become less neGative . 
'I'he sti clr force.s , therefore , En'e do creased and may 
become overcalanced if Lhe unchstorted aileron is 
desiGned to ::;1. ve stick: fOl'ces wi th5.11 U.1.e required 1imi ts . 
In t:le C8.3e of one ai1·!·;lane oquiPl)ed vri eh fabric - covered 
a11erons , the intern 8.1 .0 rc;s2ure becClme· S8 creat d.uring 
a h1gh- s)eed di ve thQ.t fabric failure result ed . 

Negati ve :tnternn1 "(H'eS SUI'0 3 cause both aileron 
'surface s~o ~)e ci.I'C\.wn 1n w:l. tIl. tb.e res1...Ll t that tbe trai 1ing­
edge gng1e is decreased . 'j:'n.e ?)ar8IrJ0ters Cha. and Oh

6 
the~cefcre becon.., more nO,3ati ve and t~1e st:Lc!{ forces may 
inc1'ea8e:';0 such an exte~1t that the :")l lot f s ability to 
roll the air)18.ne 1112."] be seriously restril;tec1 at high 
speeds . 

'I'he da·l;8. )l"'esen-ced 1.n f1t?,u!'es 521. to 56 for the true ­
contour ·) l ain ai leron and for '(:;he beveled aileron may be 
used to ilJustr~te the effect of trnilin~-edge angle on 
the stic}.c fO .C'e es of 8. fi~ht;er a11')1:::1118 (fl c . J.~.3 ) . The 
chan,::e in ntic!c forCG per cJe2~ree Ch3.11.::8 in tral1in~-od.ge 
angle fo:!." ai 1e :1."o n cl..e:f1e cti ons of ±5° is st ven a3 a f1lllC ­

tion of Mach number in fi ':ure 60 . The results indicate 
that the incremental st1c~ force caused by a 10 change 
in t1'ai 1in: - edge an~le may be of the order of magnitude 
of the maximum 3.110riab1e Gti c k force for the assUll1ed 
airplane o 

For 'J nterna1 "9ressures near ctatic .~) ressure , ch8.nges 
in sttc'.\: force c2.used by dis-cort:i.on nay ref.ml t chi efly 
from changes in ai l ero n camber . Unde)" thls condition 
the cov(,\j:->i:.1C ma·ceriE.l j.s n"t h'Cgh1y stressed by the 
i nterna l pressure; therefore , the externa1-presGure 
cl.iffe:i..1G nti al C 3.11 c~US() bot)]. surf ;:>. ces to bow in the 
same dil'e c: ti011 . The t i1e1'on surface - covGrii1.~; distor­
tion that occurred for such ~ )res sure condition during 
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flight tests of a P-Ll.OF airplane at an indicated. airspeed 
of 350 miles per hour is sho'lm tn the photographs of 
figul~e 61. 

The effe c t of a chanc;e in c 8.mbe r on the v8.ri a. ti on 
of hinc;e - moment coefficient with aileron deflection i s 
very similar to the effect produced by an unbalancing 
tab wi th a linkage rati 0 that increases pro c;re ssi vely 
wi th increasing speed. Increased s tick: forces again 
result anc1 the increases for this condi tion may be of 
gre ate r magni tude than for the concli tJ. on of negati ve 
internal pressure; furthermore, the chan::;es in the hinGe ... 
moment parameters are greatest for small ailel"on deflec­
tions because for small aileron deflections the surface 
covering is stressed the least and C ':"Ul deflect most 
rapidly. This condition r esult s in a nonlinear variation 
of stick force with ailer-on deflection. 

In the fore goin0 discussion careful consideration 
of distortion effects i s shown to be necessary in the 
design of <:":.ilerons for hi ;jh-speed air)lanes. As sug­
ges t ed by Bryant and Holoubolc, the problem may be 
attacl.~ed in two ways. The distortion may be allowed 
but controlled by proper venting in order to obtain 
de si rable stic:{ forces thrOUGhout the speed range, or 
the greater part of the dist:ortion may be p revented by 
using veY'"lJ close rib s i~acing or a stiff covering 
material. The second solution is far more satisfactory 
from 2.e!'odynamic conSiderations, but it has the disad­
vanta~e of increasinE the aileron weisht. Distortion 
that occurs near the trai 11112:; ed3e, hovveve r, seems to 
have much t~reater effects on aileron characteristics 
than distortion that occurs near the 11.in;e line; thus, 
the ere2ter )art of the eli stortion effects probably 
can be eliminated by stiffening only t he rear 25 percent 
of the aileron. 

SPOILE n DEvrC:8S 

So:me success has been obt8.inec~ Y~i. t h latera l-control 
devices that )roject from the \'11nC surfaces into the air 
stream. V}hen located ne 8.!' the winG leadin . .-:; ed,:e and 
when 'lrojected above the up·.~e r surfo.ce of t he \'11n[,;, these 
devices reduce the lift of the l.vinc by Slloilins the flow 
and thereby produce a rollins moment that is roughly 
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proport5.onal -Co the lift coefficient . T_l.e name spoiler 
h88 been o.pplicd to tLese d.evl_cGs. 'J'he t3f'fecti.vE)nt3'3~3 of 
~L11ilcu r~.ovice3 O:j la", ecl n88.~:' t~le vlil1:'~ trD.llin::::: edGe itl 
nors r.e2.rly incJ.ependent ,Ji' the lift coe.ffiei '~nt . The 
nar,'8 spoile r alGo is used connllonly :1.n r'Gierd -\J to 
c"cvicf.:;s located near the tr2ilin::.; ed2;c , ev:m thou~)1. the 
~('tiOll of Dueh devices is more 1i 1:e -ete :teti on of spl it 
f'lay)3 i-l"lal1 like that f tllC (~Gilj,ces to which the name 
s~')oi.lel' o2."isin,J.lly '.'\ia..., a)D:"ied . 

The s:,oi Ie l"' - tyoe l at 3 r8,1 - v0ntrol d.evl GO p. i llus tr8.ted 
in fi~jl1.1'e 62 ar3 :;.-e-:Jresent,:,.-l i v" of most of t}-'G arran~.~e ­
mentB of tllCSG clevices fo,c \;;1'1i C_1 eX)6j1jr;.3:.:ltgl 1'Cfults D.1'e 
availai"\le . Altnouch cel ... ta~.n ::lG:"!)c':yn~-'-nic (~:laracteI'lstl cs 
are c 1'i ti c2.11y dep8nc.ent on s)Gci f"i c d.etctl1s of the 
spoil'_H' arranG8"1Cl'"'t , tJome ~;t·.atel,l( nts nay ~Je Yi1.ade wi th 
re£;arc'. '0 t~le cha.."actsristies OJ. 8"~0; IeI' devtc~33 in 
general. 

}'li:::;ht test.s as r -e ll 2S ;.~,ind - t'().nnQl tests h ave 
:1 ndieated th8,t \,111en a s~)ollGr is located far for'lard on 
8. wln-::; , an ap1)reci aGIo tir,l..3 lQ~ 1 li.y 0",cnr :')·:;,tw88n 8-

:movemont of the s')oiler ~nu -::'1-:'0 8.erodyn['J')ic :t"'G3~OnSe 
1'8 sult"_LG from thdt :novGr:..3nt , ~:mc~. t~lC.t "'~11all s1;)011er 
:,JY'ojections rI!cy :n'oduce vel"); 11tcle Y' )llin'; liloment or 
eVG_1 a ro l15,nc moment iT" '" C~~j:Gc'l;ioL o~,) _I O':n te to that 
desired . A-c S )oi16rs 8.re :novGd 1"'09,rW8.T·d , the tir,1e lag 
is red.uced , ?net ::.J1~(3nezal T,lle vfieeti.venes;l for sm3-11 
snc.i18r Y,)ro,iectiol1s is :Ll':)rOVeet . In those l':"spa , ts 
spoi l s:r's 10cat8d at about (J . 7c hO.ve ·n"'ovecl s~~tJ. .::>fa··tory 
L1 fliLht , althou;:.;h the final rolJinc:; ),,1u1:10nt[ R.t high 
Do;]i ti V8 li:::'t c ooffi clent 8 are s'-'l':le','Jha t 1 '3 S s for such 
~::r;')oi 1 3r[". th,.)} for 8)oilor'8 loc c;.tGC~ fJ.r forware.'. . 

'1'h8 fac'c. t:l,nt spoiler 80ntrol is Ilbta.lnerl .'3.ll11p ly 
thl"ou;:sh E..~ decrease i.n lift of on0 :in:::; 11.8s rosultec, i n 
the cr:l.ticiflYil tint difficulty rra:y i)e eX'oer'iei,ICRd in 
rai sin::; a 'JineS that h:1c'I. d.rop ... llScl . Such c, r.:,i r.Ll cull:y c a.n 
h.l.rclly be of a !"er:1.o u s neture , hovJeve)" , bec"nsG tlle 
o.(3c re ase in lift Cal.' SGd by 8')oi l a l' cO!ltrol 1].s-u.8.11y 
results in a 111,Qvement of the 2.y.J.s of rotat ,lon 01' no mo:ce 
thG,n 20 pe:i. ... cent of tl'"),Q ,"ring St~lYtis ,,) ~tn o.woy fro~11 the 'o l ane 
of symmetry. 

T~le g r oatest 2.(vantaGE) I) i' 81)oile1" t;.E-'V)J5'J~' .-)8 Tli,aps 
resu.lts fro~n their aCc..1.-0t8bllity to arl.'al1,.Jer1('n-c..'J tllat 
i.nvol vo full - span lift fla)s . An im)oJ."tant etc. vEDta;.'e , 
GSlecially for tailless air01anes , rCAu1ts from thf fact 
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I tl.lat t:18 yay/ing '!lOr.J.ents c a lsed J':I spoi l er control may be 
favorable over a J.8or38 ·,.)e.r'c of the 8.nc;le-of-8ttack ranre. 
The pi tchinc;- modent ch:::tractori set cs of 8.flo:L leI's (fi g . b3) 
are less adverse from considerations of wing twist than 
the 1')1 tchi nc - r.10mEmt chnracteri s ti CoB of conventiont,l flap­
type a~lerons ; the rolling effectiveness usually increases 
\'Ii th lift c'oefficient; and some late:>:>al control may be 
retain8C boyond the stal.1. 

HJ l1Ced-Plu.p 8p011er3 

.An investic:uti on of a number' of conf:i..gurati ::ms of 
s l) 0\le1's of the h:'.113Gc: ;"flap tY"9G (fl[; . 62 (a)) on p lain 
1',in,:;s ;md on win~;s w:~·l.;h spli t fla~)f and slotted flaps 
is re)orte-:;' in l'efex'ence 7~) . T.J1.0U~~::1 the effec ti vene ss 
of sU.ch spoilers is El.bout the sa:!'!!e as the effect:i.venes s 
of SOMe o~~er spoilei devlces , the hinge - moment charac ­
teristics ccneI'1111y are unsatisfa ct,ory unle s s a balancing 
device is ·'rovided . Some (~ o c:;ree of ba20.nce may be 
obto.ined y;i 'ch n small ~ 18.t 8 tb.a-c proje cts into t he £l.ir 
stream below the ~in~ ~s the spoiler 1s deflected . 
(reference 80 ). 

Re tractablo - Arc S?oilers 

Ir~vestj c;at5.rms of r e tr,lct able - arc s l)oilers 
(fi C. 62 (b») are re~orted in references 65 , 70 , 77 , 
and 81. Whe n such s:ooile rc; ~,rG lo c ated sufficiently 
far rear'll1ia~ed , the 18.:,: cn.ara~tG:i."·isti cs and the effec ­
tiveness for small s~oiler ~ rojcctions generally are 
satisfactory. with fla:~s rel~racted . With s)lit flaps 
or slotted fla~s deflected , spoiler proje c tions as large 
as 0 . 02c may be j.neffe ctive 1 however , in producinG 
rollin..; n:.omont . E:::) el"'1.enCO VIi th the P .. 61 Rir-"lal1e has 
i.nc~ic 8.tecl thRt v;i th slotted f lErqs defle cted , the rollinG 
effectiveness l'e sultii.13 from 8:':1H:111 spoiler )rojections 
may be ir.nro-V'ed ei tller by o ·") onin:~ a slot just be h:l.nd 
the s~ oiler or by sealins the slot of the lift fla0 . 
Elimi~atlon of the fl~p ~ lot , 1 o~~ver , has detrime~tal 
effects on the lift an~ drag of tbc uing with fl avs 
deflected . 

Tl1e hinc;e - moment cho.racte r ist.i cs of' retractable-arc 
ST.)oi.lel's C1.n be varied Gonside r a':)ly by ch::m~i n~ the width 
of the s)oiJ.cr p l ate , ; he an~le of the upper surface of 
the s)oiler , or the d:i.stanc8 between the spoiler pivot 
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axis ano the center of curvature of the "pol.l.er p late. 
In most casGs , howeve~ , the type of variation of hinge 
Moment with spoiler projection that result s in the nos t 
deslrable stick feel c an be ot:talned only throu gh the 
use of some auxilia r y devi c e . A solution of this prob lem 
was obtained on the P- 6 l ai r pl ' ne by combining small 
c onventional ai l e rons ("guide 8.2.lerons" ), l oc ated near 
the ""''ling tips , iVith retrac tab l e - arc spoi l ers ( f i g . 64 ) . 

The whee l - f orce and roll i n g - perfor mance c harac ­
teristics of the P- 61 airplane have been measured in 
flight with both spoilers and ai l erons in ope ra tion and 
wi t~ only spoile rs in ope r a t ion . The results are shown 
in figure 65 . The characteristics we r e c onside r ed 
satisfactory when both spoilers and aile rons were used . 
For the spoilers a l one the ~hee l forces were very small , 
t ut the force variation lJi th whee l deflec cion did not 
seem ilnsatisLactory for thls airpl ane . Wind - t unnel 
t ests indicate , however , that ~ or spoi l ers that are 
t h i cker than those used on the P- Gl airp l ane , undesirab l e 
contro l-force ch ar a cteristics ma~r result from a tendency 
for the spoilers to be pull0d smll distances out of 
the wing and from large force s required to hold larg e 
s poile r projections . The l"a ini1TIm:l th i cknes s of a spoile r 
ma y be limlted '0 ',' the rigidity required. to preven t 
flexural vibrations . 

The rollin9 velocities ob t ainab le wit:."l spoilers 
alone on theP- ol al r plane generally ','iere onl y about 
one - t~ird l ess than the rolling velocities ob tainab l e 
with spo i lers and g uide ailerons . At ~mall wheel 
deflections , howe ver , the use of :::he guide ail e rons 
r esulted in g reater improvements in the l ateral-control 
characteristics , par t i cularl y at low speeds . 

The yawing charac teri stl. CS of the P- .61 ai r p l ane with 
spoilers and gui de ailel'ons are favorable at high s peeds 
and at mode rate speed s and are onl y slightly unfa vorab le 
at l and ing s peeds . ( See section ent itled "Effec t :s of 
Adverse Yaw , Part I I, II ) 

The ~naxim1)Jn speeds of airplanes "-,lay be reduced 
s omewha t by the incre ased profi Ie d rag as soc ia ted wi th 
the small spoi l e r p r ojections required t o mai ntain the 
vvlngs l evel in fli ght . 'The use of a guide aileron 
appears to offer an advantage in this re spect , e s pe cially 
when the movement of the guide aileron leads that of the 
spoiler at small control de~le ctions . 

I 

I 

I 

J 
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The simultaneous o':)eration of' s ') oilers and con­
venti anal ai 16 rons (located jus t behi nd the spoi leI's ) 
has been con3idered as a possible mean3 of decreasin8 
the ai18}'on hi nge momeilts and of providing lar ge rolling 
moments . I1ve stigations have been l!lade of several such 
aI'rangement3 , one of 1{ .. hic11 is reported in reference 77. 
Althou.Jh the yawing- and the rollinG- moment charac -
teri stJ. cs seem promi 31 n:.-i , cUffi cuI t:1. es "jI'obably would be 
encountered :Ln selectIng 8. lin1:·J.Ge that v[()u1d ~)rovicle 
desirable stick- force characteristics throughout the 
S)eecl rnnge . The rela';';lve "!.ilerol1 and s J") oiler motion s 
required for c1esirab le stick- force characteristics 
depend to a Inrge extent on the s')oi l er hinge moments 
and on the val'iat 'j on of rollin2, moment with spoiler pro ­
jection. 30th the l:inre - 2nd J'o l l"' .. YlG- moment character­
istics of s 'Joilers i.1ay be very nonlinear for some flight 
s)eeds . 'Ijinll- tunnel test s sl.l.0W that -che hinge moments 
of 2.i l erons locatec1 imJ"'1edi at0ly beh1nd spoi l e r8 may be 
stronsly influenced by the variations in f l ow conditions 
tho.t result from nonlinear s)oile:-e effectiveness . 

Slot - Lip Ailerons 

A slot - lip 3ileron consists essentially of a small 
flap hinc ed ne Hr t he front of a slot thrOUGh a wing . 
In some 2.rra:ngemG~1.ts ( flg . 62.(c ) and references 79 
and 22 ) t.he ~:! lot is fixed in the wine struc ture some 
distance forward of the high- lift device . Experience 
has inc~ico.tecl , llOHever , that from considerations of time 
la(;, "'1"o:li Ie Crag , and wine strud;ure , certain advantaGes 
are Qrovided by an aileron formed fI'om the lip just 
forward of a s lotted fla}' ( f iG. 62((1) and reference s 65 
to 67 xld 69 ). The discussion in the following paragraph 
concer'l1.S this ty~)e of slot - lip aileron . 

A s lot - 119 ai leron :t n the neutrs.l j~ osJ. ti on lie s 
close to the lift i"'la:~ v;/hen l"6-Cr G.cte0.. Only small 
posi ti va ni l eron de flec t1 ons therefore Y! ay be used , and 
the operation of the aileron for this rla) condition 
necessi'cates the us (; of a cOli1)licated lin]G?ge arranGe ­
ment OI' of a cam. Bec;"l.U3e of 'Lollis (l .f:liculty and because 
s lot-li ·) ailer0ns are l esr..: effective with f laps re tracted 
than i7i th 1'13.)8 o.eflected , a lateral-contro l systel1 
includin;:; 8. conventional f l a,! - -crailing- edc;e aileron for 
use \·d th fla)s retr9.ct3d arI a slot - lip aileron for use 
\':1 'ch f l a;)s deflec t ed is considered superi or to a s ys tem 
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that consists onl y of a slot-lip aileron . F l i ght tests 
( reference 69) indi c ate that vlith t he combined system 
good. l aterC'.l c ontrol can be obtained wl th 8.11 ai r p lane 
hs,ving f1.111-s',)an li ft fla1)s . 

Plu3- Tyue Spoiler Ailerons 

So.ne of tlle disad.vantar:res of the retra ct able - arc <..:. 

s ;:>01 1.er are overc ome wi.th \.he ~) lu.3 - type sp oiler ai l e ron 
(fiG _ 62(e ) and re f e l">ences 79 and G3 to )5 ). This 
device is d.esl s ned i n such a mnnner that a slot 'C_lroU[;h 
the "Jing j s o·.)e ned (.~. the :? lug is ;::>ro jected into the ai r 
stre8m. DD.ta fron ~'J':" nd- tu..nne l t ests ( fi~~ . 66 ) l)ave 
indi ca ted tho. t :~')l U3 - t Y:ge 8:'J 01 leI' ai lerons y:11en used 'iJi th 
slotted f l a")s are vory :) roJ::1is5.ns , 1::mt these a.i l e r ons v:he n 
used i'lith s~ li t fla~)s may 1:;,e 'ul1satisfact or'JT be cause of 
low effective ness for small ;')ro jections . 

Tb t I- • ~ ." 79 d "'-, . d" ) 
.L _e es 'us re?or·cea. In reIorences . an U) In lc a ee 

that llin.:.;e - r.10Ji1ent cha rac teristi c s of the type tha t result 
in satis f acto:i">y stick feel c o..:o. be o".Jtained . F or some 
ai r 9 1 a.nes , hOir/ever , the '/lu ,:':; !··1ay have to be qui te narrow 
or some .:',1 te 11 n""U, ve nec~ns l:la-{ ~lave to be ")rovi ded i n 
order to avoid excessive pti~~ forces . 

In order T-O SLn ' l ify tI1.e l in"!:1ge arrangement the 
,? lu8- -cy)e s~)oile r o.ile r on is d.esigned to 1101.'·/ projec ­
ti Ol'lD ei tIler a.bove O:P ".Je low til.e neutrcl l ') os i t i on. 
Proj ectio'.18 below the neutl' c. l positi.on c a n be eXi)ected 
to contribute li t t l e or no eff ecti veness . 

The ::1")011er and lift-flan arranc;er ent of the 
P-6 l ai r-)l~me (f i.:.:; . 6L:. ), \'Ihen" t ested vIi tll. s!?oi l e r 
s lot nne'. fJ.ap s l ot o)e:;:. , l_ l1cludGc1 the essential fe 8. tures 
intended for tJ.le . ."! lu.:;- tYge s~")oi l eI' aileron vrlth slot t ed 
f l ap . F l iCht tests indicated that the e f fe cti veness 
characteristics of Lus J,rran~er1Cnt are ve ry :::; oo (~ , but 
durinr; the tests 8. SG'-ere chorc1':iis6 vlbr .... t l on of the 
s";I oiler ',) lat c occurred . Sealin~ t he 8')o.1. 1 e1'" slot 
c lim.in2.ted t he vibration ~)ut peduced the effecti veness 
of the s9 0ile r , ,')Qr-ci cularl y fo:;:' smHl l sClOiler )I'O j ecti ons 
':,Then the li f t fl ap was def lected . Sati sfac"Cory effec ­
ti venes s chQracteristics for small spoi l e r p rojections 
were ol}-cained. by 8ea15_11.2· the fla) s lot . The p erf ormance 
of the P- 61 air''?l:,.ne is conside:i."eo. sat1sfac t ory wi th this 
confi3urati on , even t::lOU,_)l the effi ciencie s of both the 
s ~') oiler and. t he fl a~) l7e1'e r educ ed b,; seal i n[; the slots . 
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Ef't'e c ts of Mac~1 Num.r.'er 

Results of wlnd- tUl1.11el tests (refe rences 77 and 86) 

indicate th&t the rolling-moment coefficient, resulting 

from a given projection of a spoiler located at 0 . 75c , 

increases rapidly as the Nach n1.1r.lber ls .~.ncreased to 

about 0.72, which is appro)':imatel-:;r the .Mach number at 

which shock' would be exrected to occur on the wing . An 

ab rupt reduction in roll i ng-moment coefficient is indi­

cated as the Mach DW:'10er 1.s increased from 0 .72 to 0 .75 -

the maximum test Mach number . The effectiveness of a 

conventional flap - type ailel'on 0 . ..1 t~l~ same model also 

decreased, thougL less abruptly, over the same Mach 

number range . From considerations of effectiveness, 

therefor~ whe n shock occurs on a wing , a. spoiler located 

near t.he wing trailing edge does :aot seem to offer an 

advantage over a conventional flap- ty~e aileron. 

Unpublished high- speed wind- tunnel tests indicate 

that spoiler effectiveness at supercritical Mach nu.rnbers 

probably can be improved by locating the spoiler i'orward 

of the 0 . 75c l ocation . The forward location may also 

be advantageous from considerations o.f wing twist as is 

indicated in figure 6) . As discussed pre viously, the 

lateral control obtainable from a spoile r located far 

forward may be unsatisfactory at low speeds because 

of lag '~n v'eonons€': and ineffe etlveness for flmRll spoiler 

projections . Spoilsr contro l at high I1Iach numbers may be 

satisfKctory in these respe~ts, although a forward 

.sDoiler lYl ay pos3i[.)ly cause ouffeting . 

v - BOO S T E R M E C HAN ISM S 

The control - force reduction provided by any of the 

conventional aerodyna:nic balances that already have 

been de scribed depends on the ai l o3ron def l ection and on 

the dynamic. .:-ressure of the air stream but not on the 

force supplied b 'Y the pilot. A device that supplies a 

control - force reduction that is proportional to the force 

sup!'lied by th.e pilot , regardles S of ehe aileron deflec­

tion or of the dynamic pressul"e, corr..monly is referred to 

as a "booster mechanism . II 

The use of conv~ntional Qerod~7Uamic balances on 

large or high- speed airplanes is limited by the sensi­

tivity of the cont:!:'ol forces to small changes in the 
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hinge - moment parameters. Experi8nce has indicated that 
changes in the val'ues of Ch and . Ch of a l')",') roxi -

. a' 6' 
mately ±O. OOlO may occur because of sli~1t variations 
In the construction of d ifferent ailerons for the same 
air'plane . Changes caused by Mach numb e r effects and by 
surface - covering distortion may be considerably greater . 
Such changes cause large variations in the control - force 
characteristics of some ?Jre s ent - day airplanes . For 
future high- speed airplanes the problem of providing 
close aerodynamic b alance will be more d ifficult . In 
many cases, therefore , the use of a booster mechanism 
in conjunction with ailerons that are not closely 
balanced probably will be desi:,'ab le . The optimum 
de~ree of aerodynamic balance has not been definitely 
established , but the condi ti.on expressed by the relation 

Ch t + 2(6a)p ChaJ = - 0 . 0020 (36) 
6 [:'6 C", 

a 4-6 

probably is satisfactory for ai lero:.18 on mos t combat 
airplanes . The 'us e of a boos tel' mechani sm on some low­
speed air,9lanes JJ1.ay be desirable because the control 
forces then can be predicted quite accurately and 
therefore the requil'ed development work is reduced . 

Booster mechanisms may be classified as aero­
dynamic or mechanical . Aerodynamic boosters utilize 
power from the a5.r stream to deflect the aileron, 
whereas mechanical boosters utilize a hydraulic or an 
electric powe r supp ly containe:} wlthin the airplane . 

AERODYNA1IIC BOOSTERS 

In the mos t common type of aerod~~amic booster , a 
tab is used to deflect the aileron . Such devices have 
been called servotabs , Flettner tabs, flying tabs, 
b 00ster tabs , or spring tab 3 in pre vious papers . In 
the presen t paper a servotab is defined as the arrange ­
ment shown in figure 67(a) and an ordinary spring tab is 
defined as the arrangement shown in fi gure 67(b) . A 
servotab is equivalent to a spring tab with the spring 
omitted . A modified arrang ement that is herein called 
a ge ared spring tab is shov·.'l1 in figure 67 (c) • This 



NAC/\. TN No . 1~45 77 

device d:1.ffe r s frm'l ~m ord:lnary spring tab in that when 
the aileron is moved wi tIl the sticl\: free at zero airs 1")eed , 
the tab def l ects vvith res-oec t to the ai l eron in the same 
:rnanne r a3 a c onventi onal balancing ( or Ul1be_I ancing) tab . 

Equations for Contro l Force 

Equations for , calculatin3 the control - force chnrac ­
teristi c ~~ of control surfaces 1J:U~h s~) rin.J tabs have been 
derived 1)y Gates of Great Britain. The ch[',racteristics 
of the orcUn,:1ry s1)ring tab (ftg . 67(b) ) m~e cOl!I9 Ietely' 
defined when the constants ~[l ' 1:[2 ' Emc'l k3 are 

specified . Those. constants are defined ~y the followins 
fOrl'lUlas in v!h~ ct. oa and P are the defle c tt on and 

the contro l force of an alleron , reo ieccl velY1 ~nd Bst 
is the sprinG- tab defJ.ection : 

F = 

For the or~in2ry s)ring tab (fig - 67(b )) the 
re l at i on betwe)n tne c on t~('ol force , the a1 leron hinge 
moment , and tab hinge mOlilent when the sys tem 5_ s in 
equilibriUIi~ is [).ven by the fOrj'ilUla 

- F --

~"!i thin the r £mc:e of linear hinGe ··Elome nt chQrc.cteristics , 
Ua and lIt; ca.n be oXl"ll~esse(l ~L l1 teT'li13 of the ai l eron 
end tab hlnge - momenJc parameters , and by me8.ns of equa­
tions ( 37 ) to (39 ) the followinG ~;ene ral equation can 
be de r ived for the stic~ force resultinG from the 
deflection of one aileron : 
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In equation ( ~O) values of (6a)~A~ for any specific 

and the tab - floating para-rneters (~Cha and t_O_C_h.a_a) , , 

wing-aileron ar-.~angement can be obtai~d from figure .3 

~oa tf \OOa~ tf 

which represent the 
c0efficient against 
deflection with tab 

variations of aileron hinge-moment 
:J....>1gle of attack and against aileron 

caS 0a , Ost ~ a,oa 

'oa a tf = -;;: ° ° (OChsv . 
a' st 

COst 
a,oa 

Equation ( ~_O) is directly applicable to an aileron 
with a spring tab . For an aileron vith a servotab the 
const811 t k3 is zero. Both t:::-~e cons tan ts k2 and k3 

. ' are zero for an a~le ron wit~out a tab. 

Characteristics of Sprlng- Tab Ailerons 

W1l811 a ':)plie cl to aileron control the s p rin8 tab pro ­
vIdes the a(1.~lantage of reducing the control force 8.t 
hi3h speeds ·co low values wi thout r.1a]dn~~; the cont.rol 
force unduly light at low speeds . '1'he characteristic 
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v a riation of control force VJith :-. nclicated airspeed for 
sprin.::; - t ab ai l erons is shown in fi.::;ure 60 . The control ­
fOl'ce variation VIi th indicated airspeed is much less 
than -ch-1t given by the " speed- squared il l aw . Various 
other t TtJes of contro l - force va riation wi tll inc.icated 
ai rs ;?e eo. for a 3i ve n aileron d e fle ction may be ob tained 
by aeroc1.ynami cally b a lancing or overba l anc:Lne; the tab . 
S ome of these possibi lities are illustrated in fieure 69 . 

As a r es ult of tJ.1.e 8m.nller il:..crease in control 
force wi th ai rspeed , the T'ollinz veloci ty ob t Cli n ab l e wi th 
a [:J ven cont rol fo rc e may conti:1ue to inc r ease with 
increasi n g airspeed for s,?I':i.l1s- tab ailerons , whereas 
for conventiona 2. ae roc.yn amically balanced ai l ero n s , t he 
1"'ollinc; veloci ty varies ap1?rOXilil8.tely inverse l y 8.S the 
ai1"s:;eecl 1'0]. thi n the i'ange. for wln ell the aileron defl ec -
ti on i s l imited by the cont 1'01 for ce. 

The meas ured rollin':::': - ije r formanc e chal"ac te I'J.s t ics of 
an FoF- 3 alr~)1.g.i.1e equJ. '.?ped Vii th the o1"ic;ino.l ) roduc ti on 
ai l erons anc: v.'ith s ]ri D.g - tab ailerons are cor.1par ed in 
figure 70 . At an inG.ic8.teci 8.irs~)eed of Loo miles i)er 
hour the value of ')~)12V obto.inabl e Vii th a stick force 

~ I 

of 30 pounds wo.s abo ut 70 )s rc ent ID. uher with the s ~) ring-
tab ai l erons tlll? n vlith the 01'i 0inal )roductiol1. ailerons . 
At; inr1icated ai rspeeds les8 tho.n about 280 mi l es p er 
hour , t.he sprin:;- t.o.b o.ilel"on8 Hei'e less ef:L'ective tha n 
thG ol"'il3iDU1 [.i l e rons bec2.1J.Seche amo unt. of stiCK travel 
that wo.s ei'fe ct~. ve :;' n cLeflecti113 the a.ile rons was reduced 
by t h e a111o"tmt of stic1.\: travel requi. r eci. to def lect the 
sprinc; tabs . A l c.r~e )8..l" t rd Ule loss in ai l e 1"on 
effecti veness t~lat was Gncounte:ced at 101)11 s·)eeds Yli th 
these ai le rons ) robab l y conlc. have been avoided b y 
chanGing the gearing of the ai lerons to i ncrease t he 
value of dBa7dB wi th tab 10c l;:ec1 . 

The :') r inciyal ,J.esi [;n difflculties in·croc1uced by the 
s ·) r i n c; t ao involve the prov:l.si :·n of ade':luate structural 
strength to vii thst8.nd the :J.nc rea~3ed rol l ing velocitie s 
ob talnab l e a t hiGh s:0eec.s and tJ.1e problem of avoid.ing 
f lutter. AlthouCh the ·use of s")r:'.nc Labs may a llow 
I D.1"ge aileron d ef l e ct ions at 11.i .:::;h s~)eecls , any dan ger of 
aileron overbalance because c f cOliqressibility effe cts 
or surface-cove ring 0.5.;:; tort:;. on c :'11 be reduced be c a use 
the ailerons do not _.I.8.ve to be close ly balancf.3d . 
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Th.e oretic8.1 cO.lcl.llD.tJ.OD.8 I')f sprin:s- tab fl ut ter 
have S'10Vin ·!;ho.t the a.11e ron O~1l:_i:;he tab shonl d be mass 
balanc ed about th01.J:' }li nge Ii It,;-J and that the tab 
b3.1anc3 wet,':.;.ht sl./Cluld e 01080 to the tab hingo line . 
'l'he rec{uL2ed mo.85-()a -1 anee VlEdiSht tnel'cl'ore may bE) 
rathel' large, Exn::n'~.l'i',;nt21 evidence relatin:.: to the 
mas s -1"' alam~e ([8igb i:; requi red to )reVG~lt flut te)' is 
lR~ki f1.~ ; hOVJeve1' 7 seve]'al 'H'oduc-cion ai1':)lanes 8UC-­

cesslu11y UJe sprin;- tab aU.erolls "6 tll no m8.SS bo.18.nce 
OL~ the tab . Any tend ency -cov1J.l'cl f 1lttc1' l'lay bo a;32,l"ava-ced 
by s l ncl::: in the 11.1:k<'1[.:<:: s: stem uf eith~r the Cli.10ron or 
the tub . 

Some sDr.tn:.:, ... t.:lb ai l erons j!l8.Y h~ve a tendency to 
f l oat up symmetrically , es;)eciaJ.ly in c c celorated 
:nanouvers at hir;h speed8 . Thid tendency is cUscussed 
in refe rence 87 anc: , D.S s11o-:.'n by :Iorg8.11 s :3ethwal te , lind 
Ni vi.son of Groat Ur l t ain l 1t cS.n be reduceo. by increasing 
the ne [!;nti ve value of kl/ k2 . fJ'his u)1' l o8ot5. n 8 tenclcllr.y 

genepal ly is not ferious 1vhen:.:l1e value of k l /I{2 5_s 
marc neGative than -3~O . 

S'0ecial Sprtl1(;·· Tab DeSigns 

Use of preloed. - If the s:;J p _:_ng :Ln [, s~;n'in~~ tab is 
proloaaed and -anY-Tab nOVr31i1ent '::_8 thus prevented. unt i l 
a certain control f~rco is exceedod , the control - forc e 
c ha:> 8.ctePl::;tic.s [01' forces be 10'.'1 -c. .. le -)reloo.d are the 
sO.me 8.3 t~.10se fool' ~.n 8.i 181'o11 withGut a ta~J ; a l so , at 
forces [1.:') ovo tho }l'eloac. th.: variati on of fo r c8 vr.i. th 
defJ.a ·::; t::_O~l :'i.e the sanle as that :l:'or a s,!ri11~; - tab CL:~ l e:eo11 
\':i t;1~oL:_L c,)J:·eload . At th)se s0eeds fol' \:-hich the tc.b may 
bee OYIlO 0:;)81"8.ti ve , tho vB.r:L at:i. on of co n tro l fo rc e VIi th 
aileron dellection therel'ore is l1onl i n e2r. The use of 
9roload may be desi r able tn ordej~' to obte.1n increased 
effectiveness from th~ ailerons in low- speed fl iCht . 
If' a "'w:tll alilount of frictio~1 iE: ")resent i n t:i.1.e tab 
system, an H :loun t of )relo::.ld equa'l to the friction may 
be desirable to ce nter the tab ~mcJ. the:r'ef'ore to avoid 
eIrD-t ic chan ces in the l :ltl0ral triH . 

Ge a red sprins tab .. - By' means of the gG a rcd s ') ring­
t ab arr;-ru1gel:ier;f(T~67 ( J ) ) , the control f or ce r equl r ed 
t o deflect an aileron at lo~ syeeds may be reduced if 
the tab dofloction h3.s a bcle.l1cillG action or increased 
if the tub clefle c ti on hc...s v.n uni)alancing action. At 
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very hi~:h s~~e8clG the cont!'ol - force ch2.racteristics are 
a)pro: .. ima.-ce l:y the S2,Yl,e fo:c a ~5erl'ed sqri n3 to:o a:'l.d for an 
o1."c1i1'1."'1""Y 31)1'in.::: tao . An adv:'.nt2.r"e of a Sl)rinc; t2,D GeC\.l~ed 
to load , Or' uniJalance , the 8iJ.e1'on is thRG e.t low air­
spec<.'.s thi::! a Y'l' engement 1i12.y gi ve greater ai 16:."'on effec ­
tiv0ne ss per decree ailaron deflect~on than an ai l eron 
viit~lOut a '\.;8.]) . A discussion of the use of ,3'3ared s)ring 
tabs for elevator co~trol is 3iven 1n ref - rence 88 , and 
v"ith s l i ,)lt 'il0C:.ifications the ·i~l.i.eor~/.::;ical results derived 
in thc.t report :'1my IJe 8:?:,)Jied i-a o.ileTon control. 

~et~ched t8b . - A det&ched tab , consisting of a t ab 
11~OUl1teci~"-on DOOlUS - tilat e]~tend !)[.w}r fl'om tjlP t~railing edge 
of tl1e ai leron , :rr..D·Y have certa:i.n advc.ntaeos OVGl" the 
mor'e CO!Dmon inset L-:.b . BecD-use of the 0 j "eawr moment 
21"m of the detached tfJ.b , a sl~~aJ. ler tab ,])"ea lnR.y be u2ed . 
The aCi.ve:C'se 6f'j~ect of t !.16 tao on the 8.i l :=- ron effec -
ti veness -I:;11e1'8£'Ore J.G reduced . Preli",tl. n :lry calcul ations 
indic ate that the Cetach~d tab rn~y not have to be mnR S 
balanced 1. l1 orde~.- to DY'e~,Tent -:;ab - a::"lcro:1. f l utter , a l though 
the 8.i l o:c'on :'10.y l'eq1Jire 3c::'dltlonal b2~18.ncing '7cishts in 
order to )l"'ovide nnss 'j2.1nnce about the 2.i l e 20n hinge 
l ine . Dct8ched tabs in -cbe wi n e:; wa':e !!laY I however , have 
a c-eateI' te:i.lC!.ency to buffet than i.nf:et t8.1J3 . Viin d ­
tunne l te st s of 2, C}3tacheo. tab , as v:e l l as of c.onven­
tion~l DJrinG ta~s , a r3 re;orted in referenc e 89 . 

other AeJ:oc.'J'TIamic Boosters 

very li t'cle \':~rl : has ;:;8en c.one on 2..eroc.yn':.'.mic 
boosters th~t (0 not use tabs to deflect the ailerons . 
SOli;e e~~)erimental YIOl'k , hOVleVG:o..~ , h~,s been do le on a 
va::"'iG.bla - p itch IIL1dn:i.ll that is usee. to (!:t'ive -(,he ailerons . 
This dcvic8 V'Jas fil~8t ·c:,~:l.ed ',n a 3ritish boml)er in 191 9 . 
Wino - tunne l tests of 3. ,sinilar device , c.::.. l led t,he 
VJ~lil'le:;:ol1 : 'were made recently in the Lf121..:.;ley Loboratory 
o.t"' the I·JfI.CA. S:he operati on of -Chi s (:;'.e vi ce is simi l ar 
to the o:"JcJ.'at:ion of 8. ser'votab exec:,. t ti:...at tile i)i l ot f s 
effort is used to chm.Ge the ~itch of the blades of a 
s nd.ll winc~:::li ll rat::'ler ch::tn to c.ef l ec t D. tab . A 
v:~1i~1eron has an adv:J.nt8g6 over a V':) in th'-lt the 
operati on 01' a v!~1irleron does l10t caus e 8. decrease in 
ailero1.1 eIfe cti v .ne s s . A ver--] s~18. 1l v!ind::-~i l l is 
requirec.'!. ; fc::, eXlli:T~le , a wind~.l:Lll '::;~Jat is 9 inches 
i n diameter shoul d be adequate to def l ect an 2i l eron 
an air', l ane of t!.'le nedium- 00n""oer class . Unpu blished 

on 
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results of '~rlnd-tunnel tests cho'w that the 1,vhirleron 
t s a promising means of control , but care is required 
in design to avoid uncie i.l irable control forc e s resulting 
from friction and from i nertia effects on the windmill 
blades . 

Another type of aerodyn8.mic booster that has been 
proposeC' .. consists of a piston linked to the aileron and 
operated by the dynamic pressure of the air stream. 
Disadvantages of this device result from the difficulty 
of providin~ space for the pi ston si ze required and from 
the difficulty of avoiding hiGh frlcti onal forces. 

~liECEA7~I CAL BOOS'l"'E~S 

Several hydrauli c and e lectri cal booster Sytl terns 
have been tested , but only a few hydraulic booste r s 
have proved at all successful for usc on the primary flight 
controls. No attempt is made to describe herein the l'nany 
hydraulio and electrical mechanisms that have been tried, 
but some genel'al considerations as to the requirements 
of suoh systems are disoussed . In order for the aileron­
control oharacteristics obtalned with a booster to be 
similar to those vrl th the conventional control , the 
aileron position Ahould be proportional to the stick 
positi on and the force exerted by the pilot should be 
multiplied by a constant. The maxi'.'1um. rate of movement 
of the a1.1eron should equD.l or exceed the rate that cun 
be apl}lied by the 1;ilot \~rho n convontional ae r odynamically 
ba19nced ailerons are used . This requirement im?lies 
that a large amount of instantaneous power shoul d be 
available to move the aileron for a short period of 
time. This requLremont has in the past restricted the 
use of eleotri oal booaters beca.uso of the heavy weight 
of the electri cal equ.tpment required to provide suffi cient 
power . ';li th a hyc1paulic mechanism energy may be stored 
in an accumulator to supply large amounts of power i'or 
rapid aileron movements , and the hydraulic pump need be 
only sufficiently large to supply the averae;e power 
required by the booster over a long period of time. 

'rhe desired control feel h3.8 been supp lied in some 
hydraulic booster mechanisms by a small pif";ton conneoted 
to the control sti ck, which transmi ts a part of the 
foroe a:9plied to the aileron baolc to the :Jilot . In 
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another systom a direct mechanical linkage is used 
between the contr')l stick anCL the contr01 surface . The 
m3.in disadvantages of h7Tdraulic systems that have been 
usee in the past are comp l ication, \~lnerability, and 
lack of reliability. 

In spi te of the g(:}nerally poor results that have 
been cbtained in the past with mechanical boosters , 
tlJ.ese rlevices prooably ~.dll continue to be ':Jf interest , 
especially for airplanes intended to fly at hi[;h r.1ach 
n umbers . For these c a es , aerod,ynamic boosters may be 
unsat1 sfactory and somo more posl t1 ve means of op orating 
the controls may be desirable . The use of a mechani cal 
booste r mechani sm in con11ecti on vii tb an i rreversi ble 
aj.leron linkage seems 'c':J be :1 10 ::~ic2.1 method for elimi ­
nating the ~) ossiuili ty of ai.leron s ha1{e when shock 
occurs on a wing . Ail~ron mass balance probably ~ s not 
ne ces sary in an irreversible cystem. 

VI - ST :RU C'[lUBAL AS::?ECTS 

A brief' su:mnary of the structural considerations 
related to I p.teral control seeml'3 desil~able , even though 
soree of these considerations alree.dy hQve oeen pointed 
out in various sections of the present paper. 

I NTEGP.I TY OF AIRPLAN3 

The probl em of providinG the strength necessary to 
prevent structura l failure of any of tl e alrplane com­
ponel1ts that are subjected to increased stress during a 
rolling maneuver becomes increasingly difficult as air­
ple.neG are desisned for bigber speeds . Variations in 
Mach numbe:t' may c£mse large changes in the magni tude and 
in the distribution of the aerodynamic load on wings and 
on ailerons . The investigation r ep orted in reference 74 
shows that the aerociynamic load on a Prise aileron 
incren.ses more rapidly wi th Mach number when the aileron 
is def l ected ne t;at ively than when the aileron is deflec t ed 
p osi ti velyo '1'ho large suciden changes in the aileron load 
that usually take place when shock occurs on the wing 
may result in severe ai l eron sh2.ke , which imposes high 
d;ynamic l oads on the wing , the ai l eron , the support 

- I 
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fittings , and t he control l inkage o The provision of a 
ri g:'d control linka ;:f.;e is an aid to the pilot ' s ability 
to ~ont r o l ariJ tendency toward shake . 

A recent "LUlpublished an a lysis indicates t hat the 
loads on the primary rdng s tructure are l i kely to be 
higher durlng a r'olljng pu~l - out than during a si mp l e 
pul l - out and that the cri tical loading condi tion 
probably occurs in a mane uver that combines r.igh r o lling 
veloci ty and high rolling a cc ele r ation wi th the maxim'lml 
D.ormal ac ce l e rat1. on . 

Large p osl ti ve internal aileron Dressures have 
re s ulted in complete failure of fabric-covered ailerons 
and i n f ailure of the rivets used to attach metal skin 
to £11le r on ri bs . .Loflds of t his type can be controlled 
to some extent by careful rele c tion of the vent loc a ­
tions , but tbe possibi l ity of hi gh skin stresses resulting 
from in8.c1vertent vari ati ons in the v ent locati ons should 
not be overlo o,'.~ed . 

'l'he ailo roll .hinGe - mome nt characte r istj.cs mus t be 
considered In the struc ture.l design of the various 
comp 'onents of the ailo ron li nkage system. Ailerons 
having ·hine;e - mo)1').ent cha racteristics t hat are unsymmetl'ical 
with respect t o zero ai l ero n def l e c tion may impose large 
l oad s in t he l inkage. system even though t he comp lete 
ai l eron system is clofJely l)alanced . F or the same control 
forces , therefore , the loads in the linkage system may 
be Tlmch greater for Frise a ilerons than for conventional 
a rrangement.s of beveled ailerons or of ailerons having 
p lai n -overhang ha] illlces , internal b a l ances , or tab 
balances . 

Ate .. dency towar d se vere chordwi s e fl exural vibra­
tion of retx'ac-cable - arc. s p oilers has occurred in some 
installations . Retract£.b l e - arc spoi l ers must b e made 
suffi.ciently rigid to pre vent vi brati on. 

'Vertica l - tail f a ilures have oc curred as a result 
of side slip c a us ed by adverse aile r on :i awi ng moments in 
rolling pUll- outs . Increased size of the ve rtic a l tail 
reduces the side s lip ang le which , in turn~ reduces the 
vertical- t ail load . (See reference 8. ) 
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ROLLING PERFORMANCE 

For most conventional airplane designs, any flexi­
bility of the wing or of the lateral-control system 
resul ts in a loss in rollj.ng performance, and the loss 
increases almost linearly with the dynamic pressure, 
Loss in rolling performance for given aileron deflec­
tions results from structural deformation of the wing 
and aileron, Loss in rolling performance because of 
decreased aileron deflections results from cable stretch 
or deformation of push-pull rods, bell cranks, pu~leys, 
and pulley brackets. 

Most pr'esent - day airplanes are required to meet a 
. given standard of rolling performance. The required 
rigid.ity of the various structural components involved 
should therefore be specified from considerations of 
the requ ~l.red performa,nce. The required torsional 
rigidity of the wing can be estimated conveniently by 
the use of methods discussed previously in the present 
pttper. 

CONTROL FORCES 

In the process of estimating airplane control forces, 
a definite aileron contou.r and definite aileron deflec­
tions must be assumed. Contour deformations may cause 
large variations in control forces and, consequently, 
such def ormations should be maintained at a minimum even 
though 1i ttle possibi1i ty for. structural failure exists, 
Variations in the relative deflections of t~e right and 
lef t ailerons, because of stretch in the control system, 
may result in undesirable control- force ch~racteristics, 
parti cularly "Then a differential linkage system is used, 

VII - A P P L I CAT ION 0 F E QUA T ION S 

AND DESIGN CHARTS · 

ILLUSTRATIVE EXAMPLE 

The procedure to be followed in the preliminary 
design of ailerons for specifi c a i rplanes depends to a 
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large Gxtent on other aspects of the airplane design . 
In the pres ent example 9;.'1 investigation is wade of the 
va:,io'.lS spanwise and chordwise parts of t i.l.e \'Iin,2; that 
1,]Jst )e allocated to t~.e aileron plus balance in order 
that sp6cified rates nf roll with specified stick forces 
may ~e obtained . The aileron configuration chosen in 
t hi s design consIsts of a se&led internally balanced 
aileron wi th a combination of' a spring tab and a linked 
tab. Equations and charts , which already have 'Jeen 
presented in the resent paper , are used in arriving at 
the various combinations of aileron and tab d.imensions 
that would be expected to meet certain required condi­
tions . Th'9 method used may be a1')p lied to ailerons having 
either exposed- overhanG balances or beveled trailing - edge 
balances rather than the sealed internal balances that 
are considered herein . 

The assumed airpJane has t e ge ometric constants 
and the wins plan form Indicated :tn :'igure 43. The 
as E'l)1ned pe rforn3.nce requJ.re118n ts are that a value 
of' pb /2V 0:' (\ . 09 be obta:;.ned -with a s tick force of 
30 pounds for an ai rspeed of 320 mi les per hour at sea 
level , and that '~[le w;:ng torsional stiffness should be 
such that tile loss in pb/2V resulting from wing twist 
does not exceed 20 percent at an airspeed of 400 miles 
per hour at eea level . Althou.gh these requirements 
concern only the high - speed fli?:;ht condition, aileron 
characteristics at low airspeeds as well as at high 
airspeeds s~ould be investigated in practice . 

The chord ratios s6lected for the linked tab and 
the spring tab of' each of the possible ailerons are 

c1t = 
c l 

a 

c l 
a 

0 . 25 

0 . 25 

These chord ratios were selected because they ,may be 
expec~ed to produce approximately the maximum changes 
in aileron hinge moment for gi ven changes in aileron 
effecti vene s s . 
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For an aileron 'Ni th a spr i ng tab , an. aileron 
deflection. exists above which the loss in aileron effec ­
ti rene ss r·esultin.; fr 0m increased spring- tab deflection 
is gre ter than the gaIn in aileron effectiveness 
res ' lt in~ f;L'om L'lcreasecl aile rO:l deflection . No advantage 
is obta i ned , t herefor'8, in exceed:;'ng this deflection . 
For lars e airplane s or high- speed airplanes the value 
of this defle ction corresponds ap~roxi":lately to tJ. e 
limits of the range of linear hinge -moment characteristics; 
for lnternally balanced ailerons the limits of this range 
are usually a"';.; out ±12° or ±15° . The j11ax J. mum tab defl ec ­
tions should not greatly exce ed tIle linli ts of the range 
of linear tab e f fectiveness . For the present example 
the following maxi mwn deflections of the aileron and of 
the tabs , as used for each of the ailerons investigated , 
are as surne d : 

° 
- ±12° am ax -

°Lt = !15° 
max 

° stmax = ±15° 

Co. lputations have been made of the geometric con­
stants required for_each_ of a number of ailerons when 

cb + c a ca various values of and of are asswned . The 
c c 

procedur e is illustrated in detail only for the case of 

c 

and 
c 

a = 0 . 25 
-c 

The balance chord ratio t _ere fore is 

c·o = 0 . 60 

l 
I 
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The procedure used is as follows : 

Cor pute the aileron effectiveness parameter 

(
6 a) Val1...~es of 
6.% 

- the effectiveness par~~ete~ at low 

rIacl1 numbers and at trailinG- edge angles of about 100 -

are given :n fl;ure 18 . The effect of variations in 
t railing - edGe angle is given in figure 19 . A rough 
Bsti"nate of the effect of rIach nW~lber can be made by 
meana of )..:;he d.ata of figure 55 . Ii'rOl:1 this data a value 

of the factor (i:J. a) I( 6. a) corres1)onding to the 
/:::,0/ 11/ \ 6.0 £,1=0 

trailing- edge anele of the p roposed ai l eron is obtained 
by interpolatl.nt~ between t~1e curves for the true - contour 
plain ai l -JI'on dUcJ_ the beveled aileron at the Mach number 
of the de sign con~it ion . A conservative va lue of the 

6a 
parameter probahl-y is yielded by this procedure 

6.6 
because the 

nose gap s . 

data of fiGure 55 
The reduction in 

are gi ven for small open 
~a 

wit_ increased Mach 
6.6 

m:rrnber usually is sreater vilhen che nose gap is open than 
when the-nose gap is seal ed . For the present design 
condition, ~ = 15 0 (from f i g . 12 and equation (IS)), 
M = 0 .42, and therefore 

step (2) : 

6a - O. ["J) 
£.:.0 

x 0. 98 x 0. 90 

Estimate the aileron hinge - moment parameters . The 
hinge - mol'!1(=mt para~eters of a balanced aileron may be 
expressed by equations (16) and (17), in which the 
incremental parameters attributable to the balance are 
given by equations (21) and (22) foY' a trailing - edge 
modificatJ_on, by equatiO!lS ( 23) ~:.nd (24) for an exposed 
ove ..:'htlng balance , by equa ti ons (27) &'1.0. (28 ) for a sealed 
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in teY'no.l ba1ance, and by equati on ( 35 ) for a 1 inked tab . 
The va11.1e of Cha for the p18.in aileron is given by 

eq-L1ation (Ir'.;) in wr.:.icl1 fe,) may be obtained from 
- \~ Lla LL 

equation (11) . Eq 'at::'ons :'or the hinge - moment parameters 
of 8.l1 ai1eY'on '.v i tll. a Gompletely sea18d int.<;rnal balance 
and ,v:' th a lin ked ta':> t herefore :!11ay -U8 vlri tten o.s follows : 

= 

Chs; = (C ) 
u , ho plain 

+ 0 . 09 A \ /i~a Fl + (~Ch \ 
A + 2 , c o) "{; t 

ai~eron 

where th3 inc re:Jle nt ( tiC 1.-, \ ie t~e incremen t of C'ns; 
1~6 ) L t U 

attri'outab l e to t he linked tab and (C1'1 ) o plain 

~e e st imat~d from test data . 
A 

assumed to equal 
A+2 . 5 · 

aileron 
The ratio CL /c"{; a a 

~or the as sU1:1ed airplane 

6 = 6 + 2. 5 

= 0 .706 

( fr'om fig . 13 ) 

must 

can be 
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(~ Ch ) :: 0 . 0014 x 1 . 01 a ret 
.LJ0 

:: () . 0011-!- (f:rom fi e:; . 11 ; the inb oard 
aileron tip assumed to be located 

Yi 
at I:: 0·55 . Relatively larg e 

b 2 Y 
v8.riations in ~~ have only small 

effects on . ( 6C~~)LS .) 
A G _. 

A + 2 6 + 2 

:: 0.75 

0cv
2 

:: ( 0 . 25)2 

- 0 . 0625 

- _. 
I _-

I I c a :: VO:-25 
V C 

= 0.5 

F :: 0. 338 1. (trom flg . 2) at = O . l~ 

The v a l ue of ChB for ~IC plain aileron mus t be 

estimated fro~ test data for a finite - span wing model 
having apnroximately the sa~e Z60metric characteristic s 
as the ""lng of the lJr01".)OSC c1 alr;1lane . A sui tab le mode l 
is that having the flat - sided ai l eron for whi ch data are 
presanted in fi gure D 35 of reference 42 . 'rne value of 
ChB for tha t r:tode l is about - iJ . ooL~ , tho trailing- edge 

angle is 17 .50 , and the s ea l anG. hinge line arc located 
in such a man~18r t~at the ai le ":'on .LIaS a small effective 
overh2.ng ( Fl:: 0 . 045 ) . The value of e

h6 
shouldbe 

c orrected to 0. tre. il ::.ng- e oge 811 [;J.9 of 15 0 2nd to Fl = 0 

by !:1e an s of equa ti o~ (22) and ( 28 ) . 1"01:' the propose d 
air;Jlanc , r;he :refore 
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fOh ) = - o. ooL0+ - 0 . 0007 - 0 . 0014 
\ 6 p l ain 

a.i l eron 

= - 0 . 0065 

E l'acions (41) and (42 ) now may be written as 

+ (0 . 14 x 0 . 75 x 0 . 0625 x 0 . 338) 

- 0 . 0010 

0h = - 0. 0065 + ( 0 . 09 x 0 . 75 x 0 .5 x 0 . 338 ) + Goh )' 
o \ 0 Lt 

= 0 . 0049 + ( 601'1 
I I ) 

\ "0 Lt 

Step (3) : 

Estimate the bal ance requirements of the linked 
tab ~~d of the spring tab . The value of 2(6a )p/ 6oa. in 

equation (36) may be assu~ed to equa l - 0 . 2; the refore 

The exprGssions obtained in step (2) for On and a 
for Oho now may be substituted in equation (43 ) as 

follows ~ 

(~Oh ) = - 0 . 0020 + ( 0 . 2 x 0 . 0010) - 0 . 0049 
\ 0 L t 

- - 0 . 0067 
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The linked tab therefore is unb3.1ancing . 'rhe linkage 
ratiJ, as de termine d from the maximum (eflections of the 
aileron and of the. linked tab, is 

= 1 . 25 

Por the pu:rpos'3 of' estimatlne:; the required span ratio 
of the spri.ng tab , the assumption is nade in this 
eX8Jnple t~at the spring tab mus t be capable of pro­
vidinG ai10ron hinge mome:"lts that are approxima-sely 
equal in magnitude to the hinge l.oments of the internally 
b91anced aileron with linked ta.:); thnt is , 

The choice of this increment ShOll.ld c aus e '.:;he size of 
the spring tab to be somewhat conservative . 

Estimate the required span ratios of the spring 
tab and of the l::'nked tab . For ei ther tao J value s of 
the fac tors F4' F5, cnd F6 - obtalned ~~roY:1 equa-

tions (31), (32), and (33), respectively - a1''3 

F4 = 0 . 50 

F5 - 0 . 90 

F6 = 0 · 71 

Values of the ratio cat/Ca in the exrression for the 

factor F3 (equation (30)) can. 'e 0stimated 'oy mea..'1.S of 

equation (34) provided the Inboard ends of t1'10 tabs are 
at the inboard end of the a5.1ei"on . For the pre sent 
example the assumption ,is made that the inb oard end of 
the spring tab is at the inboard end of the aileron and 
the l inked tab is just outboard of the spring tab. In 
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order to c_etennine ~he req1.:!.ire d span of the linked tab 
the combined span of tbe spri.ng tab and the 1 i.nked tab 
must first be determtned . The required values of F3 
are, frO:-(1 equation (35) , 0.23 f o r the spring t ab and 0. 99 
for u f ictitious tao havins the combine d span of the 
spr ing to_b and the linked tab .. From equa ti on (34) and 
the expression fo r F3 the required span ratios al~3 

b st = 0 . 17 
b a 

bst + b z.t 
0. 95 = 

b a 

and therefore 

bz,t 
0. 78 = b 

a 

Step ( 5 ) : 

Compu·ce the helix- angle reduction factors :cesulting 
from tab deflection . F'OI' ei t he r the linked tab or the 
s pring tab 

" 

= 0.21 

(~~)aileron 0.53 

= 0.395 ( from fig . 18 ) 

Therefore , from equation (29) , 

k l, t = - 0.78 x 0. 395 x 1 .25 

= - 0.384 

ks t = - 0. +7 x 0 . 395 ~ B) 
= 0. 084 



NACA TN No. 1245 

a..Yld t h e total reduction factor is 

Step (6) : 

k t = - 00)84 + 0 . 084 

= - O.jOO 

95 

Compute tb.e helix- &1lg1e rednction factor result ing 
frem '.ilng twist. Accor'dino to the assun:ed reqilirernents, 
the torsio~al stiffne ss of the wing should be such that 
the loss in pb/2V caused b~T wing tw~st shO'l..ld not 
exceed 20 percent for an airspead of 1.1.00 mile s pe r hO'.lr 
at sea level . For tl'J.e c8si.,IJ. c O~1(ation cf an airspeed 
of 32? mi l es per hour at sea lav~.s1).bstitution in 
equatlon (9) of values of q/y'l. - :hlC: from figure 6 give s 

step (7) : 

Estimate the helix - angle re duction fac tors resulting 
from adverse yay . At an airspeed of 1 00 ~iles per hour 
at sea level , the value of the sum kr + kf3 5. s estims.ted 
to be approximately 0 . 2 . For level f light , the 11ft 
coefficient varies inversel~l a s J::;he square of the speed, 
and therefore, for an airspeed of .:520 mi les r.e r 'hour at 
s ea level , equation (10) g~ves 

. 100.2 
1< + Kn = 0 . 2 --2 
~-r tJ 320 

= 0 . 02 

Step ( 8 ) : 

Comr.:-ute the required ai l e ron span ratio . The 
v arious helix- angle reduction factors tb.at have ".Je en 
evaluated in the preceding step s now may 00 substituted 
in equation ( 3 ). For a value of pb/2V of 0 . 09 
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\,,,, t = 0.09 

0 .47 x 24 x (1 - 0 . 12 - 0 . 02 + 0 . 30) 

= 0 . 0068 

Foran cut~oard aileron tip location of the 

in:")oarL:. aileron tlp location, as determined fror:l fig ­
b ure 2 , is 0 . 62-. The aileron span ratlo therefore is 
2 

b a = 0 · 97 - 0 . 62 
0/2 

-- 0 . 35 

Compute bhe required wing 
t:: S(i~~:\ sti::n::::_ 

ou / C1 

For 

tha present c ase , the quantity 

t ~Lon (8) 

(t::~\and 
;TlUE: t be e valuated fo_ the aileron, the l inke d 
tl'..e spr:ing tab . Value s of T I and 

~ )C1 

'I'herefore 

ma~! be obtained from figures 5 and 20 , respectively. 

aileron 

l inked 
tab 

= O .ll~. x 0 . 018 

- 0 . 00206 

= 0 . 118 x 0 . 026 

= 0 . 00307 



NACA TN No . 1 211-5 97 

= 0 . 08297 

[Lnd G!le required 1'/in g tor3 -lonal ntiffness at stat ion y 
is, froi"11 eqnation ( 8 ) 

me 
y 

1 :=----

7900 

. ( 0 . 002n6 + 0 . 00 118 - 0 . 00025) 290 
2 x tl x :J . J2 

f oot- pounds per degree 

The c01"8iona1 stiff ness frequently is specified at the 
aileron mi d.span . For che present exmnrle the aileron 

\ T _ 
midspan is at ~/ - 0.79 , and the required torsional 

b 2 
stiffness at tha t l Qcat io~ is 

step (1 0 ) : 

rno
y

- 79°0 
.~ '7c3 
\) . ! 7 

= 1 6 , 000 foot - pounds pe r degree 

Calculate the s p ring sttffness and the mechan ical 
l inka ge of the a11eron- sprirl,.£; - tab system by means of 
equations ( j7 ) and (39) . In this proc e s~ ~ v alue for the 
ratio k1/k2 must be selected . F.xp:':'8 ssions for the 
aileron hinGe moment Ha a...'1d for t he tab hinge mome nt 
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Hst must be obtained in te rms of the s pr-ing- tab deflec ­
tion 0st . For the presen t ex~aple 

e ::: 1)+ . Go 
sma.): 

6 == 12° 
l\nax 

r == 2 . 33 feet 

Fs 
30 - --
2 

::: - 15 p ounds 

c a ::: l.Lt.h feet 

b a ::: 7 .5 feet 

Cst - 0. 36 f e e t 

b st ::: 1 . 3 feet 

q ::: 262 pounds per square foot 

and it is as sumed that 

(lj4 ) 

The aile ron hinge moment is 

H = qb C 2
1
16 C (-

a a a La ho \ 

- --~- - - --------~~---------------------------------------------
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in which 

= 

or 

= - 0 . J 016 

Tr-erefore 

The spring- tab hinge moment is approximately 

oC 
hst 

where the value of is estimated by extrapol ating 
OOst 

the data of figure 13 to ~e approx~nately - O. ooGO . 
There fo re 

is,.. J_ X 
. I:; V 
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The expressions t hus obt a ined for Ha and Est, when 
subs t i tuted i n equHtion (39), gi ve 

-~_1. 9 - 2 ·79°st 
-15 = k l 

and 

-15 
o .11~,Ost 

+ Os tk3 .- - ' k 2 
(46) 

Equat ion (37 ) m9.Y be written as 

A simultane ous sol1.:tion of equations (l{,4) , (45), (46), 
and ( 1~7) yields 

Cs t :: - 9. 80 

k l :: 0· 97 

k2 :: - 0 . 323 

k3 :: 1.18 pounds per degree 

The req1.Jired value of Cs t is s mal l er than the value 
(ost :: -150 ) that v~ as assumed orj,ginally . Some margin 

in s ~')ri ng-tab defle ction should be provided , however , 
to allow for deViations from the conditions assumed ' in 
the preliminary design., 

DISCUSSI ON 

Comput at:!.o ns similar to t hose made in the section 
entitled "Illustrative Example , Part VII ," have been 

CD. + cb ca. 
made for many assumed values of -c 

and -c 

of internally balanced ailerons . The results are pres ented 



NACA TN No. 1245 101 

in fi gure 71 . The computations were made fOJ' the general 
case in "Thich consideration is given to ailerons having 
spl'ing tabs as 'Yiell as either balancing or unbala.n~ing 
linked t8.bs. For specific preliminary- design prob~_ems, 
the inves tiga t :Lon may b e l imi t ed to ailerons having 
sp:."'1ng tabs and balancing t.s.bs, or to ailerons having 
only a spring ta,b, only a l i n ked tab, or no tabs. Con ­
slderations rege,rdin8 the 'Y71ng struct.ure and the required 
span of' the lif't f'lap u sually impose limitations on the 
chordwise and the s panwise parts of the wi.ng that can 
b e allocated to the ailerons. For t he usual case, 
therefore, the numb er of aileron configurations that 
needs be investigated is much less t han the number that 
ivas considered i n order to obtain the data of figure 71. 

Tbe reGults ~ 2:'esenJ.:;ed in figure 7J. ind:l cate that 
c + ch 8. 

-for a given value of , the req1.'..irec1. aileron span 
c 

is redlced nhen tho h:tnge axis is moved toward the rear , 
that is , when the aileron chord c a is decreased and the 

balance; chord c j) is increased. The deCr8QSe :tn the 

required aileron span results from the fact that the 
favorable effe c t of the vari ati on in the confi gurati on 
of the linked tab mol"') than compensates for the unfavorable 
e."Cfect of the decrease in ai leron chord . For a Si ','en 
percentage l oss:tn pbj2V resulting from wing tvist , 
hOlvever, the required wing stiffness increases rapidly 
afl the hinge axis j s moved tovvard the rear . For un 
a:i.leron not equipped wi th a linl{ed tab, both the required 
aileron span Hnd the roquired winG stiffness <:' re :C'od'J.ced 
as the aileron chord e a is increased. 

VIII - S TAT U S 0 F L ATE R A L - cor T . 0 L 

RES E A Pc C H 

In the 9reparation of the present paper , en attempt 
has been made to discuss rather completely the problems 
a3scciated with lateral control and to present the 
available information t:"1at is believed to b'J m.ost useful 
in the aerodynamic design of lateral- control devices . 
Th3 inadequacy of the avoilable information for a~plica­
tion to some of the airplanes now conterrrplatcd. is fl,uly 
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GDyreciated . ' This section is therefore included in the 
prosent raper in order to establish tl16 nresent status 
of flame cf the ml)st i npol'tant phases of latel's.l-control 
rasearch and to indi cste somo of tlill lateral-control 
p:-eo bleills that remain to be lnve stigated. 

Rapid advances in ai r plane design have ~ncrea8ed 
t'lJ.e im·;Jortance of certaj n vaY'iablen that pre'liously have 
boen l argely neglected. These varia.bl'3'::' are [,ssoaiated 
prin:arily wi th high-spe8d effects and wi th the effects 
of the large cbal1p-;es in boumlary- layer cond:. ·(;iOn3 that 
may possibly occur on wings designed. for favor 'e,b le 
pr\3ssure gradient G over £I. 13.rge jJ al,t of tbe allOrd . 

FoIling Performance 

In e;en'3ral , the r02.11ng performance of an a:trp lane 
at low Much numb8rs and at gIven aileron d.efloctions can 
bc 'p redi cted vV) th .suffi cient accUj,.-'acy from the avai lable 
anp-lytical methods provided that a reasonably accurate 
estimate c an be mJ.de of the 'HinS torsi or:o.l rieidi t-y . 
Tieliable estimate s of the ro}.ling perfo:L'111an0e a t hi gh 
Mach numbers c an be made on1:1" when e:xperiment8.1 data on 
the aileron efi'ecti ve ness pal'8li:e t er 6. a/fJ. 6 at t~le 
appropr:l.ate l\1b.ch numbers are available. Reductions 
in 6a/6.6 that usu8.l1y result from increased. r·,~ach 
number cannot be ) redict(;d from the pre!3ent thE ory, and 
·cl-'le availab le experimental d'l.ta are insufficient fOJ:' 
accurate quant i tative eotimates of t he v£..l'i'lcion of 
6a/66 with Mach number for arbi -c:."'ary wing- Slileron 
arrangements . The G.vailable data indicate , hov'lever , 
t hat as the Mach number is increased to that at "'Jhich 
shock occurs on the wing , t he smallest reduction in 
aileron effectiveness i s obt'"'ined when the aileron nose 
gap is scaled and ':lhen the t rai l ing- edge an.;le 1 s small. 
Lar ge los ses in aileron effectiveness may 00cur for any 
alleron when t he ~J1ach nmnbe r at wh:Lch shock occurs on the 
wi ng is exc eeded . The addition. f a protrudi.ng nose 
bala.nce usually c auses the Mach number at. v/hich shock 
occurs to b e de c reased . 
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Hinge Moments 

For airplanes not equipped with booster devices the 
aileron hinge moments usually are of ~o less importance 
than the aileron effectiveness , Even though booster 
devices are used, a reasonably accurate knowledge of the 
aileron hinge-moment characteristics is necessary for 
the design of an efficient lateral-control system . 
The available methods for predict.ing hinge--moment 
characteristics are not considered to be sufficiently 
reliable for direct application to the design of ailerons 
of a full-scale airplane, 

Analytical methods of predicting hinge moments 
involve the folloving two fundamen.tal steps: 

(1) Determination of the section aileron hinge­
moment characteristics 

(2) Application of corrections to account for the 
effects of finite aspect ratio 

Section hinge -moment characteristics calculated by 
methods based on potential-flow theory are rery different 
from the measured characteristics for most airfoil sec­
tions, even vThen laminar flow CfW. be maintained over as 
much as 60 percent of the airfoi l_ chord . Methods based 
on viscous-flow theory appear to give results .that at 
low Mach numbers are close to th~ experimontal results 
for ailerons having small trailiRg-edge angles. The 
viscous-flow theory takes into accoun.t the transl.tion 
location and gives a reasonably accurate indication of 
the effects of changes in the transition location for 
airfoils having small trailing-edge angles . At the 
present time, however, the influence of the airfoil shape­
particularly the trailing-edge angle - on the aileron 
hinge-moment characteristics is no t adequately accounted 
for by the viscous-flow theory , The necessity for 
deriving aspect-ratio corrections to the hinge-moment 
parameters by methods based on lifting-surface theory, 
rather than on lifting-line theory , is pointed out in 
reference 37 . At the present time, lifting- surface­
theory aspect-ratio corrections have been obtained for 
the parameter Cha but not for the parameter ChB ' 

Reasonably accurate estimates of the hinge -moment 
characteristics of balanced ailerons, at low Mach 
numbers and under conditions for which transition can be 
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expected to occur near the ai rfoil leading edge, can be 
made by means of the test data of reference L!.2 and the 
correlations presented herein . 

The avail&ble exp81'imental data are insufficient 
to permtt any reliable estimates to be made of t119 hinge ­
mOl'Jent characteri.stics that may occur at high 1\~ach 
numbers . Be c fl-use the effects of Mach n ll.mber < ppear to 
b8 cri tically degendent on certain geometric properties 
of wings and ailerons ~ a systemat 5. c investi,satio:l is 
needed to establish the relati ve effects of the various 
geometri c pararn.e ce r e on the hinge - moment characteristics 
and to determine any confi gurations for which the Mach 
number effects are a minimmn. 

Some ImovJl edr:;e of the boundary-laye r c')ndi tions on 
the wi nE~ of an airplane jn flight is n eces sary in e rder 
that any re l iable p redi ction of aileron hinge - moment 
chars.cteristics may be made either by means of vi s cous­
flow the ory or by r10an s of wind-tmme l data . F or 
present-day production 8.i rplanes, the assum:Jti on usually 
C81l be made that the existi n g boundary- layer conditions 
corl'espond to a transi ti on loc ation ne a r the wing leading 
edoe , whether or not the wing is dosigned for favorable 
pressure gradients over a large p art of tbB chord. 
Information iB ne eded , however , on the variations in 
th.'3 boundary- layer condi tions th2.t may ·; os si·iJ Iy result 
from imorov3ments in manufacturing me t hods and in ai r­
foil de sign. 

In view of t~1e large variations in hingo - noment 
characteristics that may result from manufacturing 
irregulari ties , surface - covering di storti on , Hach number 
effects, or possible boundary-layer effects , the use 
of nonad,justabl e aerodyn arnic balances to provide 
acceptable control force s on large airplanes or on :bigh­
speed airp l anes is not considered p ract i c e.I. Satisfactory 
chaJ:'acteri stl f'S sometimes can be obtaine d by ac~justing 
the amount of leakage in· an lnternal balance r-r by 
changing the linkage of a balancing tab . The use of 
some type of boos t er mechanlsm probably wi ll be necessary , 
however, for mos t futu r e high- performance airlJ 12.nes . 
Some aerodynami c balance is desirable , nevertheless, in 
order to minimize the r equired ca~)aci ty of the booster 
mechani sm and j.n order that some lateral control can be 
obtained in case of failure of the booster mechanism . 
The sprin g t ab ha.s proved to l)e a satisfactory booster 
mechanism for many present-day airp l anes . When a spring 
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tab is app l ied to very large Rirplanes !l however , some 
ae:codynamic balance on the tab may be necessary . 
Information is needed on the most efficient methods of 
providing aerodynamic balance on tabs . A mechanical 
boo~' t81' r:lechanism , used in conjunction vdth irreVG11sibl e 
aileron r otlon , sp;ems mORt desirable for atrnlanes 
desj f;ned to fly at speeds at which shock occurs on the 
wing. 

SPOILER DEVICES 

A large amou...'1.t of Vlork h'ls been done on the develop ­
ment of sp oile:~c-tY')e lateral- control devi ces for 3mall 
low- speed airplanes . Ve ry little :infOrl!1ation :i. s avo.ilable, 
however , on the characteristlcE" of spoilers at high 
speeds . 11he h .. tgb - speed ('lata that a1'e avail8.ble indicate 
that the effectiV011css 0:' a s ':)Qiler located near the 1JIring 
trailing eo.ge , like the effectiveness of a conventional 
flap-type aileron , may be reduced considerably \I','ben 
shock occurs on tho win.:~ . Investigations should be 
made to determiEe "Vlheth(:J r improved spoi leI' 81' .:'ec ti venes s 
and satisfactory lag characteristics can J8 obtained at 
hi ,.:;h speeds by locating the spoiler at some chordwise 
location other than that established on the basis of 
low- speed data. Information also is needed on s90iler 
hinge moments at high s]eeds , on ~neans of preventj .. nb 
vibration or buffeting , . and on the offects of variations 
in airfoil contour on spoiler characteristics . 

The l")ossibi l ity of raising the critical speeds of 
vlint;;s by using large amounts of sweep is indicated by 
tbe results of a theoretical analysis presented in 
reference 90 . The theory indics.tes that at lift coef­
ficj.ent3 near zero the cri tical Mach number of a wing 
wi th sweep is approximately equal to the cri t:l cal Mach 
number of the same wj.ng wi tb.0ut sweep di vic ed by the 
cosine of the angl e of sweep . A fe~'! 1.mpublis"b.ed experi ­
ments have provided at least a quali tati ve verifi c ation 
of the theory. High angles of sweep are required if 
the value of the critical flight Mach number is to be 
raIsed appre ciably above 1.0 . f 
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Although the use of large angles of sweep may pro ­
vide definite advantages at hig~l speeds, certain impo r tant 
problems associated with low-speed lateral-control 
cha::'acteristics are indicated by the results of tests 
reDorted in reference 91. Figure 72 shovis that for a 
gl vcrL deflection in a plane perpendicular tJ the ailero n 
hint;e I-Lne , the rolling·.,mom0nt coeffi clent c aused 1Jy a 
fl ap-type aileron decreaoes rapidly \Irith inc::'eo.sed angle 
of swe ephack. The ro lling - moll1snt coefficient caused 
by 0 s::loiler locatod at 0 .7 c and projected a Given 
distance above a wing surface is affe c ted by I::lr.gle of 
sv1JA epback even more than. the rollinb- moment coefficient 
c aused by a flap - type aileron (fig . 72) . 

The indicated effect of swecn0E'..ck on the rolllng­
moment coefficients (fi g . 72) js not a direct indication 
of the effect of sweepback 0 ~1. the helix angle pb/2V 
becuuse the value of !) 'u/2 V depends on the value of 
t he dampir.g coefficient C1 as well as on the value of 

p 
the rolling- moment coe ftlci i:mt. -qesul ts obtained from 
t ests in the Langley freo - flight I:; HlDel and ill the 
LanGley stabili ty tunnel show that the value of t .. le 
dalflping co~fn.cient CL

D 
is reduced 2.S the ane:;le of 

sw~epb ack is increased . · 

A f1.illdamental characteristic of s'Nept - back wings is 
that for a given angle of sweepback the effective 
dihedral , indicated by the value of the parame ter CLw ' 
inc·'eases rapidly as the lift coefficient is increased. 
'1'11e test data o f fiGure 73 indicat~ that for a wing 
h aving an angle of sweepback of 4.5 0 a rolling - nOIr.311 t 
coeffi cient of approximately O. oL!. must be p rovided by a 
l ateral- control devi ce tn order to maintain l ateral 
trIm at an angle of Eides li p of 10 0 when the 'ling lift 
coeff'ici cnt is 0 . 6 . For the flap -type ailerons C011 -
sidered in figure 72 a tote.l ail'3ron deflection of 
about }~.Oo mus t be used in order to sl1.pp l y· the required 
va lue of the rolling - moment coeffici e nt . rEhe design of 
a device capable of providing lnterql trim and some 
l ateral maneuverability at hiGh angles of sideslip 
th'3ref ore may be very dL~'i'icul t. 

The tests that have been made of wings having large 
amo unts of sweep have baen conducted primarily for the 
p urpose of e xnloring the nature of the )I'oblems involved. 
Few , i f any , o.tterrrpts have been f.1.ade to de velop l ateral­
c ontrol devi c es specific ally for swept wings . Because 



NACA TN No . 121~5 107 

the problems associated with lateral control, particularly 
at high lif t co e fficie nts, seem to be of a rather serious 
nature , a lar,je amount of developme:1.t "'Jork is required . 
Sat'.isfac'cory solutions of these problems may r equire that 
lateral control with swept wings be ob tained by de vices 
that are conside rably different in principal from ei t her 
the conven tional flap-type ailerons or the spoiler devices 
tha. t are b-eing used on present- day airp l anes . 

LanJley ~emorial Aeronautical Laboratory 
National Advisory Coromi t'cee for Aer'onautic s 
. . Langley Field , Va ., February 1L~; 191.1-6 
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APPEl.IYDIX 

DEPINL::IONS OF SYMBOLS 

Definitions are given he re in of most of the symbols 
used in the present paper . 13~tffibols having a very restricted 
usage in the present paper are defined as they are 
introduced . Although some experimental data on contr o l 
surfaces other than ailernns are used for il l ustrative 
pur~')oses anc for the development of correlations , a ileron 
sJ~bols ~re employed in referrlni, to experimental d ata 
regard l ess of the 'eype of control surface involved . The 
various spans and the various chords that are referred to 
in the following lis t of s~"'1!lbols a~e measured pe rpendicular 
and pa rallel , l~espectively , to the plane of sYl1'LYJlet ry of 
the airplane . The various deflec t ions are measured in 
planes perpendicular to the hinge lines . 

airfoil section l ift coefficient 

additional lift coefficient at a section caused 
by an angle - of- attack change over wing 

airfo_ l section normal - force coefficient 

airfoil section pitching- momen t coefficient 

aileron section hinge - mrnJent coefficient 

wing lift coefficient 

rolling - moment coeffic ient 

yawing - moment coefficient 

hln:;e - moment coefficient of ai l eron I- Ha '\ 
\qbaCao/ 

tab hin~e -moment coefficient 
'-' - 2 

qbtCt j 
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? 

pb/2V 

P 

b 

v 

F 

q 

p 

(] 

b a 

bb 

b s 

b t 

damping co e _L~icient , t;la t is , rate of 
of rolling- man0nt coeffic~ent CL 
V'ii n g - tip he lix ang le p'o/2V 

pressure coefficient 

re s u l tGnt p~essure coefficient 
(PLower - - rUppe r ) 

C!1ang e 
with 

seal moment ratio for internally bal anced 
aileron ; r atio of balanc!ns 80men t of 
flexib l 3 seal tc bB_ l ancing mOMent of thin­
p late overhan z 

helix ang l e of rcJ.l, radians 

angular ve loc i ty in r0~_1 , r ad i a n s/se c 

span o~ win J , ft 

true airspeed , f t/sec unless otherwise noted 

indicated a.l.rspeed , mph 

control for c e (s t ick force w:J. th su;)script s , 
heel force !Jith subscript w ), I b 

dl lel~on hL1ge momen t, ft-lb 

t ab h:tns e mor-.en t, ft - lb 

spoiler hinge moment , f't - l b 

dyna.>nic pressure , Ib/sq ft ( pV2/2 ) 

mass dens ity of ai r , siugs/cu ft 

ratio of mas ~ densi ty of air at 0.1 t i tucle to 
mass d e nSi t y of air a t stacd.ard sea-level 
conditions 

s pan of ai l eron, ft 

span of balanc e , ft 

span of spoiler, ft 

span cf tab, ft 

____ ~--~--------------~~--------~------~I 
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d 

t 

a 

6 a 

66 
a 

i'"'oot-mean- s(}uare of uJlper - surface width of 
s pol l e r , f't 

distance from spoiler 11.inge axis t o lnlOpoln·c 
of uppe ~ - s urface wid th of spoile r , ft 

root- mean - square of dis tance f r om spoiler 
hinge axis to midpoint of upper - surface 
width of spoiler, ft 

airfo il s ection thickne ss at a i leron hinge 
line , f t 

r oo t-mean - square of aj.rfoi l s8c tion thicknes s 
at ai l eron h inge line over span of ai l eron, 
ft 

root-meaIl - s~uare of ail'foil section thickness 
a t ai l e ron hinge line 07e1' s pan of tab , ft 

fu'1g1e of attac k , deg unless otherwi s e indicated 

eff ective ch &l1 ';e in anGle 0:' a tt ack caused )y 
rolling ve locity, deg 

defl ection of ai l eron, deg 

total def l action of riGht and left ai l erons, 
deg 

critica l aileron deflec t ion; that is, de flec ­
ti on a t which plain- overhang or Frise 
balance is no l onge r eff e ctive in ?educing 
slope of hinge -mo~nent curve , deg 

defl e ction of tab , deg 

def l ection of lift flap , deg 

d e f le c tion of balance nlate of internally 
bal anced ailerons ( ~o sitive when attached 
aileron is deflected posit ively) , deg 

limi ting def lection of ba·lance plate ' when 
horizontal balanc e - chD~ber Gove r plates are 
used , deg 

) 
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811.g'),lar defl ec ti on of con trol ( s tick (~e fIe c ­
tton with subscript s , whe81 defl8ctlon 
'W' .. C ... 3nDscript w) , des 

angl e of sideslip , deg 

angle of yaw , deg 

trailing- edge angle at lli'1y ai leron section, 
deg 

effe ctive aileron trailins- edge angle , deg 

di stance from T) lane of synrlle try to any span­
wise station , ft 

cis t ance from DIane of s:y'!-:une try to in oard end 
of aile .:'01':' , ft 

distance from plane of symrrle try to outboard 
end of aileron, It 

d istance fron;. plane of sy;nmetry to inboard 
end of tab, ft 

di stance from pl,me o f s-yJiTI'1etry to outboard 
end of t ab , ft 

chor'duise location 0::' minimtun pressui.~v point 
fo? low- drag airfoi ls , ~oasured in a irfoil 
chord s from leac.in:; e'::i;;e 

moment arm of point \.II ap~)lication o,r control 
force; that is , control stick le~gth or 
contro l wheel radius, ft 

width of f l exib l e seal of internally balanced 
aileron, expressed as a : raction of the 
balance plat e chord cb~--; 

gap between leading edge i) ! undefl e cted balance 
p l ate 81lc1 forward VIall of balance cb,am'be r of 
internally balanced aileron , expr essed as a 
fraction of the b ala~1.ce -Dla te chord c, 

J on 

aspe ct ratio (02/S ) 
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R 

k 
3 

wing taper ratio; ratio of wing - tip chord to 
wing -root chord 

Mach nW11be r; also , wi tll subscripts 0, A, B, 
and so forth of fi:~ure 2i~_, area moment of 
exposed-overhang-balar'.ce profile abov.t hinge 
axis 

ReYLolds nu~ber ; also , with subscripts 0 , A, 
B, ID1d so forth of fj gure 24, nose radius 
of exposed- overhang b&l ance 

fac tor used in evaluat::Lng ( 6U)p 

factor ~lsed 1.n evaluating ( L\Ch ) 
\ a LS 

correlation factors 

ratio between angular defle c tion of control 
(stick or wheel) and aile:;.. ... on de:'lection 'vi th 
spri ng tab fixed 

r atio ~etween ang~lar deflectLon of control 
(s tick or \1heel) and spring- tab defle c ti on 
\d th aileron f1.:;::eo. 

ratio of control force to spring- tab deflec ­
tion when ,:d.leron is held fixed and air ­
speed is zero , ltjdeg 

helix - angle reduction factor resulting f rom 
wing twist 

helix- angle reduction factor l"'esulting from 
sideslip angle 

helix - angle re duction factor res~lt i ng from 
yawing velocity 

helix - angle reduction factor resulting from 
tab doflection 
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= 0/O C '~' 
06 

a 

:=: (~CL)' 
\ oa 6 

a 
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Cho 
~ (O~h~ 

aOa / a 

(oPR\ 
PR ~ '0Jo

a 
0: 

p ~ QPR) Ro oOa 
a 

The subscripts outsic~e the parentheses of the foregoing 
partial derivatives tndicate the factors held cons t Clnt 
c:urlnc:; mea"ur emcn t of the de 1'1 vati V,3S . 

value of Cha c oml'Juted. by means of l:i.fti~g­

line theory 

v8.l ue of compuGod by means of liftinD-

line theory 

(uCh ) liftlng - surface-t"h.30ry correction to (Ch ) 
\ a~ Wu 

6a 
66 

(
6a\ 

(0) M=O 

ai l eron effectivenes3 p arameter; effecti ve 
chans e in s ~l ction an g l e of attack }.16r unit 
chan~e in aileron deflection 

ai leron effo c ti vene s s par8..1J.e tel' for a trailing­
ede;e an ;;J.e of &:'/ JX'ox:1.m.3. ·ce l y 1 00 and for 
Mach numbers approaching zero ( values of 
fig . U3 ) 

aileron effectiveness paramete:e fo r a traj.ling­
edge angle ¢ a~d for mach numbers 
approachi!1g zero 

ai l eron effe ctiveness parameter for l.1ach 
nUIn>-'ers a!1proaching zero 
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nileron effecti veness parame t e r for a Mach 

number M (oL 5~~ \ 
helix- angle parameter \ CLp ) 
rol l ing - momen t-lo s s !)ara:::ne ter 

vling torsiona l stiffness at station y , ft - lb/deg 

r adiu s of gyration a;)Qut l ongitudinal 3.xis; 
fractioil of w~ng span 

Subscrip~s Lt and st vhen used in p lace of the 
general subscript t , for tabs , r e fer to linked ta1)s 
and to spring tab s, 1'e spe c ti ve17 . 
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TABLE I.- INDEX TO DESIGN FIGURES 

General : 

Values of damping coefficient CLp 

Values of helix -angle parameter 1" 

Values of angle-of-a ttack change in roll (~a)p 

Values of rolling- moment-loss parameter ,.' 

Variation of v~/2 with q;l~ and with altitude 

Values of lifting-surface - theory correction 0Cha)LS 

Plain ailerons: 

Trailing-edge angles of various airfoils 

Correlation of section hinge - moment parameters cha and chO 

Effect of trailing - edge angle on Cha and ChO 

Effect of trailing- edge angle on CLa 

Effec t of aileron nose gap on CLa 

Values of effectiveness parameter ~a/flO 

Values of section pitching-moment parameter (ocm/M) 

(ocm/ooJ 

cL 
Effect of trailing-edge angle on 

Oa 

Ailerons having exposed- overhang balances: 

Expressions for no se -shape factor F2' for exposed- overhang balances 

Values of factors FI and F2 

Effect of exposed- overhang balances on Cha and ChO 

Variation of cb/Ca wi th FI F2 ' for representative exposed-overhang balances 

Effect of exposed-overhang balance. on critical deflection Oac r 
Effec t of exposed- overhang balance. and gap on fla/flO 

Ailerons having sealed-internal balances: 

Values of seal - moment ratio ms 

Effect of sealed internal balances on 

Effect of vent location on PRa and 

Effect of cover-pIa te misalinement on 

Effect of leakage on ChO . . . . 
Ailerons having linked tabs : 

Values of factors F3, ~, and F5 

Effect of linked tabs on C
hO 

Spoller devi ces: 

. 

Cha and Cb
O 

PRO 

Cha and Cho 
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TABLE 111.- SUPPLEMENTARY INFOIDIATION REGARDING MODELS RAVING CONTROL SURFACES 

WITH EXPOSED-OVERHANG BALANCES 

Type of te st 

Tw o- dimens 10nal 

Two- dimensional 

Two - dimensional 

Two - di men s ional 

Two- di me ns i onal 

Two - di me nsional 

Two- di mensional 

Semispan wing 

Quarter- span wing 

Comple te mode l 

Two- dimensional 

Two -d 1me ns ional 

Semispan wing 

~uarter- span wing 

tr'hird - span wing 

Location of 
Air-flow control 

Aspe c t Taper C surface characteristics 
Basi c airfoi l se ction a ra t io ratio -

A .,.. C Yl Yo 
M R 

b/2 b/2 

Plain- overhang balances 

NACA 23012 

NAC A 66 (215) - 216 , a = 1.0 

NACA 0009 

NACA 0015 

NACA 0015 (mod i f ied) 

NACA 66- 009 

NACA 66 - 009 (modif ied ) 

{ Ro ot , NACA 23015.5 
Ti p , NACA 2300B . 25 

{Root, NACA 65 (223 )- 222, a =' 1 .0 
Ti p, NACA 65(216) - 415, a = 0.5 

Root , N-ACA 23015 
Tip, NACA 4412 

NACP. 23012 

NACA conventional ( appr Qx. 
14 pe r cent thick) 

NACA 23012 

{Root, NACA 65(223) - 222, a= 1. 0 
Tip, NACA 65 (216) -415 , a = 0. 5 

NACA 66- series 

00 ----- 0 . 20 ----- ----- 0 . 20 

(X) ----- . 20 ----- ----- . 36 

(X) ---,.- . 30 ----- ----- .10 

(X) ----- . 30 ----- ----- .10 

<Xl ----- . 30 ----- ----- .10 

<Xl ----- . 30 ----. ----- .10 

CO ----- . 26 ----- ----- .10 

} 5.6 0 . 60 .155 0 . 579 0 . 984 . 08 

}12 . 32 . 23 . 641 . 945 . 11 

7 . 2 .42 .19) 
.2Cb . 500 . 960 . 11 

Frise balances 

Cl) 

Cl) 

4 . 0 

12 . 0 

7 . 3 

----- . 20 ----- ----- 0.20 

----- . 20 ----- -----

1 . 0 . 20 0 . 63 1.0 

. 32 . 23 . 641 . 945 

.42 . 20 . 509 . 980 
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2 . B x 106 

5 .1 

1.43 

1.43 

1.43 

1.43 

1.43 

1.54 

1. 99 

. Bo 

2 . B 

1 . 91 

2 . B8 

1 . 99 

2 . 35 

Sour ce of data 

Reference 42 , model B-1 

Reference 42 , model B-II 

Reference 43
4 f1gs . 5 to 5 

Reference 43 , 
f1gs . 59 to 68 

Reference 43, 
figs . 69 to 75 

Refer ence 43, 
figs . 97 to 102 

Re1'erence 43 , 
1'igs . 103 to 106 

Re1'erence 42 , model B-III 

Re1'erence 42 , model B-IV 

Re1'erence 42 , model B-V 

Reference 42 , model A-I 

Refer ence 42, model A-III 

Re1'er ence 42, model A-VI 

Reference 42, model A-IV 

Re1'erence 42, model A-V 
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TABLE IV.- SUPPLEMENTARY INFORMATION REGARDING MODELS HAVING CONTROL SURFACES 

WITH SEALED INTERNAL BALANCES 

Aspect Tape r 
Type of t est Ba s Ic a i rfo i l section rat i o ratio 

A )" 

Two-dimensiona l NACA 0009 00 -----

Two ... dimens l onal NACA 0015 00 -----

Two- dimensional NACA 66 ( 215) - 216 , a = 1.0 00 -----

Two - dimensional NACA 65 , 3- 018 (mod ified) 00 -----
Two- dimens ional rAC A 66 (2):15 )- 2 16 , a = 0 . 6 00 -----
Two - dImensional ~AeA 66(21 5} - 21 6 , a = 0 .6 00 ---- ... 

Twa - dimens l anaI ~ACA 66(215) - 21 6 , a = 0 . 6 00 -----
Two - dimensional --_ ...... -- ............ --_ ... ----------_ ...... 00 -----
Third-.pac wing NACA 66-.e r1 •• 7 . 3 0 .42 

Semlspan wi ng {ROO t, NACA 23015 . 5 ( a ppr ox .) 
TiA NACA 23008 . 25 ( a pprox .) 5 . 6 . 60 

Complete model 
{Roo t, NACA 66(215 )-1( 1(.5 ~a=l.O 
T1p, NAC A 67( 115 )- 213 . a=0 .7 } 5 .4 . 60 

Quarter- span wing {ROO t, NAC A 65(223}-222, a=1.0 
T1p, NAC A 65(216 )-415 , a=0 . 5 )12 . 0 . 32 

Seml s pan wing {ROO t, NACA 66 , 2-118 , a=1 .0 
T1p,NAC A 66(2):15 )-116 , a=1. 0 } 6 . 2 . 33 

Quar t e r-s pan wing {Root, Cl ark YH (19 poroent thick ) 
T1p, Clark YH (12 .2 peroont thick ) } 6.2 . 49 

Semlspan wing { Roo t, NACA 23015 .5 
Ti p , NACA 23008 .25 5 . 6 . 60 

Semispan wing NAC A 23012 4 . 0 1 . 0 

Ver t lcal tai l orl NAC A 66-seri e s (modified ) 2 .4 1 .47 stub f U3elage 

Vertlcal t all on 
NACA 65 -serie . (modif i ed) 2 .17 stu\:" t U3elage -----

Serni s pan horiz<Xltal NACA 651-012 (modified) 5 . 00 . 50 ta ll 

Seml s pan wing { Root , NAC A 2416 
Ti p , NACA 4412 } 6 . 24 . 43 

.- ...J 

Locati on of 
contro l 

c a. 
surface 

c !L l 
b/2 b/2 

0 . 30 ----- -----

. 30 ----- -----

. 20 ----- -----

.182 ----- -----

.164 ----- -----

. 20 ----- -----

.172 ----- -----

. 22 ----- -----

. 20 0 . 509 0 . 980 

.155 . 579 . 984 

. 25 . 54 . 953 

. 23 . 641 · 9.45 

.1p 
.49 6 .906 .1 2 

.149 · 977 

.18 .54 . 93 

. 08 0 . 984 

.15 . 63 1. 00 

. 42 0 1. 00 

. 35 ----- ----. 

.32 . 09 .942 

. 2 0 . 430 . 966 

Air - flow 
charac t e r 1s tics 

Source of data 
M R 

0 .10 1,43 x 106 Reference 43 , f'1gs . 5 
and 58 

.10 1,43 Reference 43 , figs. 69 
and 84 

. 20 2 . 8 Re f er ence 42 , model C-VII 
and unpublished 

. 20 2 . 8 Unpubli shed 

.14 4 . 2 Ref er ence 42, model C-I 

. 33 9 . 5 Refer ence 42 , model C-IX 

. 20 9 . 6 Ref er ence 4'2, model C-V 

---- ----- ....... -- Unpublish ed 

.11 2 . 35 Refer ence 42, model C-XV 

.11 2 . 05 Refer ence 42 , model C- X 

.11 . 99 Ref er ence 42 , model C-XVJ 

.11 1.99 Refer ence 42, model C- XIV 

.11 1.9 Ref er ence 42 , model C- XI 

. 05 1.1 Ref er ence 42 , model C-XVII 

. 11 2 . 05 Refer en ce 42 , model C-XVII· 

. 05 1 .44 Ref erence 42 , mode l C-XII 

. 10 1.5 1 Referen ce 43 , figs . 131 
and 138 

. 21 3 . 3 Unpublished 

. 21 2 . 76 Unpublish ed 

. 21 3 . ,8 Unpub1uh ed .. 
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! 
S)'1'1001 

in Aspect 

r le~re 
Type of test Basic a irf oil section rati o 

A 

0 6 . 0 
0, 

I '0 
I> Compl i:' te wi ng Cl a r k Y 
C>-
Q 

-() 

~ 5 . 6 
« 

} 1 'I Third -s pan wing {RQot, NACA 66 ( 215) - 2( 13 . 716) 

"'- Ti p, NACA 66 (215 )- 2 (13 .125 ) 
A 
A 
Q {Ro.Ot, NACA 66 , 2- 118 , a=l.O } 1.2 
rf Semlspan wing Ti p, NAC A 66(2Jt15 )- 116, . =1.0 
Q. 

q 5 . 6 
~ 

} 1 '" Semlspan wing {ROOt, NACA 23On5 . , 
'V Ti p, NACA 2300 . 25 
$I 
V-

0 

} 1'3 
<:I ThIrd - span 'Ning { Roo t , NACA 2213 
Q Ti p , NACA 2205 
I> 
a Partial - span wing -------------- - - - - - - - - - - - - - ---_ ... 7.2 
0 Se.,lspan wi ng NACA 43012 7 . 6 

" Se.,lspa:l wing {Root , NACA 0015 p O. 8 

" Tip , NACA 0009 1 0 . 8 

A 3 . 0 

" Tall surface NACA 0006 ~ ". model 
<1. 1.5 
.., Semispan 3 . 9 

" hor l zon t al tall --------- ----- ---- --------------
3 · 9 

C' Semlspan tai l NAC A 16-ser ie s (mod i fi ed ) 2 . 9 
~ Horizontal t ail 3.7 
IS mounted on NACA 0009 .J, ~ fuse lags 

" 
St"m! soan --------- -- ------- ----- --------- 3 . 1 horizonta l t a i l 

0 Tail - surface model NAC A 0020 2 . 0 

--
Semi s pan NAC A 0009 3 . 0 horiZon t al tall 

• I {Root, NACA 2416 } 4 . 6 

t---" 
Partial- span wIng Ti p , NACA 4412 4 . 6 

" 
Vertical ta.11 wi th NACA 65 -se rie . (modit1ed ) 2 .17 stub fuselage 

~ 
Semispan NACA 651- 012 (mod 11'1od) 5 . 00 

horizontal tai l 

0 
Vertical tail with 

3 tub fuse lage 
NACA 0009 2 .40 

'fABLE V. - SUPPLEMENTARY INFORMATION REGARDING MODELS 

HAVIIIG CONTROL SURFACES WITH BALANCING TAllS 

Location of Location control Taper surfac p of tab Ca l ct t ' /2 ¢ ratio --
A .!!. !2.. 2- ~ e' e' cat 

(deg) 
a 

b/2 b/2 b a b a 

1. 0 0 . 700 1. 000 0 1.000 0.400 0.10D 0 · 095 13. 0 

I 1 I 
0 1.000 

1 
. 200 

.l I . 25 0 . 750 

1 . 500 1.000 
O · 500 

. 250 . 750 
'I' . 600 0 1.000 . 250 .100 

· 52 . 264 . 974 0 . 156 . 200 .190 . 160 15 . 0 

1 1 
t 

1 
,l- i t 

1 
15 . 0 
31.0 

. 900 . 300 . 150 

1 t . 200 · 300 
. 200 ·500 

. ~3 . 499 . 894 0 1.000 . 1~9 . 260 . 195 9 . 0 

-I- ~ . 8~4 t .500 .1 2 . 239 : i~~ t . 9 0 .509 .149 . 260 

. 60 . 579 . 984 0 1.000 . 155 .200 . 110 11.7 

1 1 1 
0 . 33~ 

1 1 
. 124 13 .1 

. 667 1.000 .095 10 . 2 

. 333 . 667 . 110 11. 7 
0 1.000 .102 10 · 9 
0 . 667 . 117 12 . 3 

Cl1ip - .190 .793 0 . 858 . 22 . 158 . 122 12 . 8 
t! c 

~ t 1 .858 1 .32Z .1 22 12 . 8 

~ . 433 . 17 . 127 13 . 4 
.433 . 324 . 127 13 .4 

. 60 . 143 . 925 0 . 346 . 167 . 376 . 158 14 . 5 

1. 00 .422 . 892 . 355 . 645 . 188 .25 . 130 14 . 5 

. 26 . 564 . 965 . 011 . 25~ . 121 .236 . 145 10 .4 

. 26 . 564- . 965 . 011 .49 .130 . 236 . 145 10 . 4 

. 64 0 1.000 0 .686 .385 .10 . 063 7 · 0 

! ~ t ! t . 38~ . 20 . 06~ 1 . 56 
~ 

.05 
. 564 .054 

. 58 . 04 . 953 . 150 .§42 .4~1 . 20 . 095 8 . 2 

. 58 .04 . 953 . 094 • 92 . 3 0 .35 . 095 7 . 3 

. 39 0 1. 000 . 343 . 554 . 318 . 30 .152 14.1 

. 57 0 1 . 000 .195 . 834 . 306 . 20 . 093 11 . 6 

~ ~ ~ ~ ~ ~ ~ t ,\. 

1. 00 0 . 669 0 . 586 . 310 .410 . 125 16 . 1 

1.00 0 . 300 0 1 . 00 .40 .200 .447 25 . 6 

1. 00 0 1.00 .193 . 679 .300 . 200 . 093 11 . 6 

· 50 . 167 . 95 0 0 .242 .20 . 25 . 17 19 . 0 
· 50 .167 . 950 . 242 .348 .20 . 25 .17 19 · 0 

. 557 . 238 .932 0 . 53; . 350 .~09 .120 14 . 0 

.50 . 094 . 943 0 .413 .32 .20 .131 16 . 0 

. 50 0 1.000 . 141 . 340 . 25 . 25 .10 19 . 0 
- - ~- -

F3 

1.000 
1.000 

·500 

J 
1. 000 

. 216 

t 
. 388 
. 270 
. 270 

. 950 

. 39~ 

. 37 
1.00 

. 383 

. 289 

. 333 

. 625 

. 725 

. 962 

. ~62 
• 21 
. 621 

. 345 

. 291 

. 245 

.435 

. 794 

1 
. 282 
. 962 

. 225 

. 834 

t 
. 585 

1. 00 

. 486 

. 29a .11 

. 570 

. 545 

. 253 
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Ove r hang Gaps 
bal anc e 

Control Tab Type :E.: 
sur f ace 

cal 

Unse aled Sealed None 0 . 095 

I I 
None . 095 
Fr1.S8 . 330 
None . 095 

1 t 
Se aled Seal ed In ternal . ~O5 

Unsealed 

1 
Fr lae • 00 

Sealed None . 160 

1 ! ! 
Sealed Sealed Internal . 688 

t . 56§ 
. 68 

Sealed Sealed None . 110 

1 1 1 
. 124 
. 095 
. 110 
.102 
. 117 

Uns e al ed Se a.led None .122 

1 1 t 
.122 
.127 
.127 

Unse aled Sealed Blunt nose . 4 1 
Unsealed Sealed Pri se . 330 

Sealed Se aled I nte rnal :m Sttale d Seal ed Inte rnal 
unsealed Se a l ed None . 063 

1 1 1 . 06~ 
. 05 
. 054 

Unse aled Sealed Blunt no s e . 260 
Se aled Seal ed Bl unt noae- . 500 

Sealed Sealed None . 152 

Sealed Sealed Blunt nose . 093 

t ! ~ . 35 
. 50 

Seal ed Seal ed Blunt nos e . 280 

Sealed s..aled None 0 

Se aled Sealed None . 093 

Seal ed Unse aled Inte rnal . 4 10 
Se aled Unseal ed Internal .410 

Sealed Unsealed Int.real .,25 

Seal ed Unsealed Internal .410 

Unaealed Un~_ealed Blunt nose .360 
- - -

Air- flow 
charac tar 1 s tic", 

M R 

0 .11 0 . 61 x 106 

I I 
.11 2 .4 

1 1 
. 11 1 . 9 

J J. 
.08 1.5 

1 1 
. 06 1.3 

! 1 
. 3 5 .0 
.16 2 .5 

'JR ~ :~ 
. 08 1.2 

! t 
.11 2 .0 
. 11 2.0 

. 08 2 .3 

.11 ·5 

t ~ 
.11 1.0 

. 05 1.0 

. 10 1.43 

. 21 3 .38 
.21 3 .38 

.21 3.30 

. 21 2.76 

. 40 1·9 
- - ~ 

Source of data 

Rererence 60 

Reference 42 
model E VII 

Reference 42 
model E-Vl 

Reference 42 
model E-V 

Reference 42 
mod.l F-X! 

Unpublished 
Unpublished 

Unpublished 

Refer-ence 60 

Reference 43, 
rigs . 127 to 13 0 

Reference 61 

Reference 62 

Unpublished 

Unpublished 

Reference 63 

Unpublished 

Unpub115hed 

Unpublished 

Unpublished 
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Table VI. - SUPPLEMENTARY INFORMATION REGARDING THE FIGHTER- TYPE AIRPLANES FOR WHICH 

ROLLING-PERFORMANCE CHARACTERISTICS ARE PRESENTED IN FIGURES 46 AND 47 

Airplane Wing-aileron Type or Wing span Yi ~ ca 
arrangement aileron (ft) b/2 

Focke- I~ Wulr Frise 
190 

Typhoon IP Frise 

Spitri re IP (normal Frise 
wings) 

Spitri re ID ( clipped Frise 
wings) 

F4F-3 lD Frise 

ID Frise 
F6F-3 with 

spring 
tab 

P-39D-l- IP Frise with 
balance BE tabs 

P- 47C-l- ID Fri se RE 

Japanese l~ Frise Zero 

Mustang IP Plain with 
balance XP-51 tabs 

P- 51B-l- IP Internal 
balance NA and seal 

p- 63A- l - lD Internal 
balance BE and seal 

IV Peveled 
P- 40F Frise 

and seal 

34 . 5 0.57 

41 . 58 . 595 

36.92 .495 

32 · 5 . 563 

38 .6875 

42 . 83 . 64-

34 . 55 

40 .78 . 54 

39 . 33 . 37 

37 . 03 . 61 

37 . 03 . 61 

38 . 33 .442 

37 · 5 . 544 
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b/2 c 

0.43 0.20 . 

. 35 -----

.375 .165 

.425 . 165 

. 275 . 225 

. 30 .20 

. 376 .175 

. 408 .18 

. 545 -----

. 355 . 187 

. 355 . 187 

. 525 . 15 

. 368 .20 
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NACA TN No. 1245 Fig. 3 
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Fig. 11 NACA TN No. 1245 
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NACA TN No. 1245 Fig. 12 
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Fig. 13 NACA TN No. 1245 

.012 

.008 

.004 

o 
Ch ex 

-.004 

-.008 

-.Olf 

-.016 

. 004 

o 
Ch 

'0 
-.004 

-.008 

-.012 

-.016 

t-

t-

I-

l-

I-

I-

l-

t-

t-

-
./ 

.... " ./ 
". 

....-- , 

- ". 
..... / 

-I 
I 

-

-
-
-
-

-
~ 

-

........ 
~ .... ....-
~ ...... 

/'" 
~ ...........-A /" 

......-1 ~ ~ /'" / 
~'" ;.<; 

/ 
........-Ei 

./" 
/ ,,-

,,'" ..... ./ 
./ ./ 

<2) 

v ..... 
....- , 

I I I I I I 

0 ~ 
f< V ~ ./' ~ 

~ :;.......-
v ~ ..... A ............. 

..... 
I~ 

V GJ ~ 
, .... / 

f-- ..... .....- "" ~ ..... 

calc 
015 

'" ZO v / r< ,/" 
.......- '/ .30 / 

-: 
:::::----

V 
~ 

V / [;] 

.......- 40 ~. v' V G Y d PJ ...........- ,/' 

~ ...........- / 
/ 

£' 
V 

,. '7 !r ...........-
/ .L 
/ 

:...-----

calc 
0 0 0./5 
6 '\1' )!. 20 
EI rf Q.)'l G 6 .30 

I I I I 0 4fJ 

I 
calc 
~O./5 

........ -" V po- .f0 v~ [;] 
.......- ./ ~ .30 ./ 

hi ~ V ~ ./'" 
./ ./ 

f/ .40 .... -£" ~ 
......... kj V ~/ ./'" ........ 

P ~f-"" ............. V 
' ........... . If 

............ 
,.... 

........ 

NATIONAL ADVISORY ;::: ..... COMMITTEE fOIl AER!lNAUTICS 

r:: 
-.020 o 

I I 

4 
I I I 

8 
I I I I I I I J I I I i I i I 

Trailing-edge angle~ ~J deg 
figure 13. - Correla/lon of hil7ge -moment porometers of 

p/(//11 Iwo - oImC'I7SIOl1a/ oilerons h(JYing Yor/otlJ' chord.}' 
and various Iro/llng -edge angle.}', Gaps sealed) 
M J 0.J4 or less. Symbols Idelllii/ed In loo/e 11. 

.1 1 

• 

( 



cl?cx 
or 

Cha 

.. .... , 

.004 
v/ ~ 

o 

-.004 

V V \:T 

V 8."""" 
0) 

~ r ~ 

Ch = VL V A 

ex \ 
~ 
~ !/ 0 

Y 
V / V I-' 

....... ~ V L ~ 
0 

-.008 

-.012 

,. , 
~ ........ 

/ ......... / ................ V ~ .... ........ 
V.., v'" V v 

Leh L/ ~ 1 [/ ............... f~~ Gop 
......... ./,~ 

0 Sealed ~/, 1--' ........ / 

yO' 
-~ o.OO5c 

-.D/6 

I NJ'ON1 ADVISORV 

-.020 CO,..MITTEE FOR AERONAUTICS 

o 4 B IZ 16 cO 2.4 28 32 
Tl"o/l/ng-edge angle, (J) deg 

Hqure 14. -E /'/'ect o/' qap 017 I/oria t/on of hinge- moment 
poral77e/er5 l1/i//7 lra/lIi1q- edqe anq/e. !VACA 0009 airfoil; 
two - dil?-Jel?s/onol model j cci/c) 0 .30. Rerer~nce 50. 

~ 
o 
~ 

r:J 
Z 

~ 
...... 
S;: 
CJl 

t:I:j ...... 
aq . 
...... 
~ 

.. 



Fig. 15 NACA TN No. 1245 
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NACA TN No. 1245 Fig. 53 
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Fig. 56 NACA TN No. 1245 
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(a) Aileron in up position. (b) Aileron in down position. 

Figure 61.- Photographs showing distortion of upper surface of a production 
P-40F aileron during flight at an indicated airspeed of 350 miles per 
hour. Narrow lines indicate locations of every second rib; lower edges 
of broad lines indicate centers of panels. 
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Fig. 62 

(0) Hinqed- flap spoiler. 

,(spOiler hinge aXIs 

--~~ 
'J~ 

(b) Retractable - arc spoiler. 

--? 

C J~~ 
~------------~ ~ 
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~ .... 

(c) 5/ot-/ip aileron (type A), ~~ ... 

c ~ -------------------- ,," " \ " \ " \ (d) Slot-lip o;/eron( type B). " \ 
" \ " \ '\ ff3 

C ___ +7J~ 
(e) Plug aileron. 
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Figure 62. -Jlrelches 01 Iyp/ccr/ JjJO//r>/' -lyjJe 
lo/era/ - conlrol dev/ct'J' . 
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Fig. 65 NACA TN No. 1245 
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