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NATIONAL ADVISORY CQlI1HITTEE }i' OR AERONAUTICS 

TECIDITCAI, NCYl'E NO. 1339 

\HND- rruN1fEL n:fV]£f~TIG1i.'rrON OF 'l'RB; EFFEC'1.' OF' PO\\!ER PJ'ID li'JAt>S 

ON Tfu; S'l'ATIC LONGITUDINAL ,]TABILITY iIJ.\J1) COl\lTl~OL 

CJ~lL"RP.C1:EIUST'JCS OF A SINGlE ··ENGHIE: EIGll -\·:ING 

A .. YJ. investigation Has contlucted to detennine th0 ef:Cect of power 
8...'1d full··span slotted £'18.p8 on tjlC longi tucl.in2.1 staoili ty and c (mtrol 
c:laractarist ics of a s1ncle-·e1l2;:i.ne 11:1.e.;i.1 ~wing airpla."1e . The rnod0l 
cornb1na' :!. ons invesU.[;ate(l JncJ.'.lded three pOlie'C' , c0ndi tions - namely,­
prr)peller 0:('1', l)rOpe.~.le;.' vr1 ncblHJ.lng, and. pOttl81~ on .. tested ,,,:ttll 
flap neutral} single Obtt0d. l'la!). ano. dou[)le slotteo. flap , 

Tbe 1'0su1 ts of the i nv8st:t[:,at1 ' n reve ':l.1ed tl18.t deflection of the 
double slotted. fla,!? :produccd. a)Jnost tW'ice 0.8 much lift increment as 
din. tr,-e c.efJ.ec·i:,J.on of t}18 f{-in~,· e slotteel. flap. T11.e al,plicatlon of 
pouer [reatly :i.llc:t'63.sed ~Ghc lii't ~ncre~'le nts aIlCl tEtil-oi'f lift-curve 
slope;] . The; a :"1pl :1.c3:ti on of 11°","0:'::' d.ecreased the stab j.li tJ~ of t he 
D'')Qe l for all t :·.ree flap con.figurations , Elevator clefleGtion required 
to trim vras creatly inGrease d ,'llt!l incre auEl :L11. flap ciel'lectioll . 
The appl:i.cat:l.on of' J.lOHer Cl.eo:;re'sed. t..he 8Jnount of ne[.;ative elev'ator 
refluired to tl'till t~le me d.ol :['0 1' all three) fla_ cOD.fj.Gm~ations . 

Defl'3cting the 'lapEl rec:"uced tl.e ina.x1mum ... dnS loading that may be 
used "ith pmier off ,{j. t '10Ut exceeding a dnl;::tnc s~peed 'll' ;~~5 feet per 
se cond . Def'lectin;::; the flaI,l8 I"Jquire d. an increaso i n power to 
Iraintain an inciicated s :LnJ:ing spe.:..d of 25 feet pGr secone'!. at a 
gi ven ,{ine; lca(l..~.ng . 

IN'l"RO))UCTION 

'I'lle develop:a'.ei1.t ano. use of high -pmlered .ene:;ines b,ave lr.troduced 
pronounced and i mportant effects UpCl.1 the. stabili t,I 3..YJ.d control 
characteristics of ti1e airplane . PreyiOU8 llapero have sl10wn that 
the propeller [,1.3.0. smue ei'feet on t:;e ctm'acteristics even .... rhen in 
the vindl1lilling condition. 'I'}:e 0.irect e::.'fects of the propeller} 
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such as thr ust, tor que, and normal for ce, act on the airplane through 
the propelle r s1 aft . ~lh8 indirect effects, \vhich Iila;)f be larger, 
result from the interaction of the propeller slipstream "ri th the 
component parts of the airplane . \,rhen power is applj.ed, the effect 
is much greater . Some of the effects of power are shovn1 in references 1 
and 2 . Reference 1 also pr esents an an::l.lytical study of the contri­
butions of powey' to longitudinal otabili toy , 

HiGh -12.ft devices, especially flaps,also hayo a pronounce d 
infl uence on the stabillty and control characteristics of the 
airplane . Flaps are lmo"m to increase the dif.{icul ty of obtaining 
lonci tudinal trim and ste,bili t, f IJI' a ll f 11[)!t conditions and to 
increase the adverse effects of p,)wer in r:1any cases . The use of 
more ef ective higi'~ -lift flaps may be expectecl to agGravate these 
difficulties w:i, th the possibility t at "01,8 flaps may be of prirnary 
concern as regards l onei tud.ina1 stab:Lli ty and control . 

The location of the ",ings a180 :las pron01.mced effects on the 
stabili ty of the airplane . HigJ:l -"\orinf:, airplanes -cend to have more 
longi tudinal stability at meditu1l and high lift coeffi cients than 
lOW-lYing airplanes (refe r ences 3 and 4 ). 

Up to the present tiue Imovledge of the effects of pover on 
airplane sto:bilH,y i8 1nconplete and does not penJli t quanti tati ve 
predict::'ons. T.ne UteratU):e ( see 'bibliography ) contains almost 
nothing on :power effects vrith deflected flaps or with different ,.,ing 
position . The present systematic in'{estJgation of the interrela,ted 
eff ects nf power, 1'1a:)s, and wing p08i tion i·ras therefore started 
in 1941 . Longi tu :t.nal and la.teral stabili tjr and control data ,.,ere 
obtained for a nas1c model (liG. 1) ,.,i th dUfer-ent c oilli£UX'ations . 
The present pa2?er covers tho investigation of the l ClllGitudinal 
stanility and control of the model as a hiGh-wing airplane . It 
has been necessar y t o limit the analysis to qualitativG consic1.erations . 

COEFFICIENTS Al'oJD SYMBOLS 

The results of' the tests are presented in the form of standard 
NACA coefficients of forces and moments . Pitching-moment coefficients 
are given about the center -of - gcavi ty l ocation shoYm in figure 1 
(26 .7 percent lvi .A .C.). The data are ref€lrred to the sta.1)ility axes, 
whicl1 are a system of axes having t he ir origin at t lle center of 
gravi ty 8.J."J.d in which the Z -axis' is in the plane of synnnetry and 
perpendicular to tbe relative ,vind, the X-axis is in the plane of 
symmetry and perpGndic1J~a.r to t he Z-a.xJs, and the Y-8..xis is perpen­
dicular to the plane of SYLl1!letry . The posi t:i. va directions of the 
stabili ty axes, of t;_8 angular d ' spl cernell r:; oi:' the airplane and control 
surfaces, and of the hinga moments are sLmm in figJ.re 2. 
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'l'ho c oeffic),ents anc. syml.lo1s are aflflnei as fol10w's : 

lncrement j.n 2..if·~ ccef':ieIent d1.le to flap d.8 ... 'leetivn 

l ongj.tuclinf'l ··i'orce 'Joc:ffinie:1t (x/q .. 2 ) 

pi tc!!i ng-mument c()e i:'l'i :::iont. (H/ o)3c ' ) 

tail - :):ff :pitc~:.inG -!fl()meYrG coofi' iGlen~j a:bout t.he eff0ctive 
taj. l~0f:f.' neutral poh t 

!)i tel'lin ""'il(!!l:ent 
- :' C •. 

j YJl, r'i 1 r \ "",L. ;n 

'1 ' .. . + ~ .... . , (-'I l' I - ~~) e .. eYa"to r [.J.nE;e ··r.V))i'.en . C'.,0:;'1 ~CJ.en·c. L q J'j 0e 

propeller' cui v::mce - d.iD.i!'o '~er ra tlo 

horL~ontal - t.ail YOh.l!n0 G0eff'J~ient. 

E ft. 

rollir.!3 mO!!lcnt ., p01.md--j.oe t 

ym-iing .nlcment; pound -fei3t 

pitc~ j.ng n:oment about Y"a,'Cis, pou.r..d -feet 

hori~ ·.)ntal· .. tail lii't , positive upward, pounds 

3 
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pro2eller effective t~xust, po~ds 

propeller torque} p01.,md ··feet 

(
pv2\ 

free - "'tream. d 'rnamic ·.!.)ressure) 1)ountis -ner square f oot - J 
oj - • 1;' ,,2 / 

effective averae;e dynal]1j.c presoure at tail as determined 

from pi tchint, -Elon.ent data , p01mds per square foot 

wing area (9 . 41j. sq ft on moo.el) 

horizontal-tail area (1. 92 sq . t on 111odel) 

airfoil section chore.) feet 

winG mean aer od.;ynamic c~'0rd. (I,1.A .C.) (1.36 ft on mode l) 

elevator r oot-nean ··sgyare chorci ba cl;: of :l inge line 

( 0 . 26 1 ~ ft on mode l) 

,.,ing span (7.4.)8 f t on 110del) 

elevator span alone h:i.n e;e line (2 . 5L~6 ft on mouel ) 

tail len,,",'th meanured from center of [;ravi ty t o quarter ­

chord -point of horiz ontal-tail illean aerod.ynan ic chord 

air velOCity, f oe t per second 

pr opelle r diameter ( 2 . 00 ft on model) 

2,1ropeller speed, rps 

llla ss a.ensi t y of a ir, slugs per cubic foot 

ansle of attack of fuselage center line, degrees 

8l1gle or attack of tail chord line 

effGctive angle of dmmvrash at t he tail as (letermined. 

from pi tci1i ng-nome n t data, degrees 

angle 0.1. yaw, d.egrees 

anc~e of stabi lizer with res~ect t o fuselaee center line, 

pos it:lve when trailing edge is dmm, decrees 

-~~--------.----. ----.- . . ---



NACA Tn No. 1339 

control-stJ..rface deflection "Tlt!l r espect t o chord of fixed 
surface, degrees 

prope ller blade angle at 0.75 r adius (250 on model) 

5 

tail-off neutral point, percent 'ving mean aerodynamj.c chord; 
distance of tail -off neutral point behind leading edge 
of wing mean aeroctyn9.1uic chord 

neutral pOint , pel'Gent Iring n:ean aerocLynamic chord.; distance 
of neutro.J. point behino_ leading ed.ge ( center-of -gravlty 
10ca.t:Lon for neutral stabiEty in trimmed fliC.,ht) 

indicated. airseset, mi l es ger hOll.r era'! /1. 467) 

Vs sinkiT'-g speeo., i'e.Jt per secom). 

V
Si 

indicated siDlcing cpeed, feet :)€)r seconct ({ff'TS) 

cr ratio of air density at al ti tude -(,1) air density at sea 
l evel 

Subscripts: 

a aileron 

b trimmod Gonclit10ns vT:Lth center of gravit.y at the neutral 
poj.nt 

e elevator 

eff effective 

r ru(l~der 

t horizontal tail 

!<~ODEL AND API-'_A.RATUS 

T11e tests were conducted in the I.ancJ.ey 7- ' by l O-foot tu...rmel 

described 1n referonces 5 and 6. The test. Dody is ' a 3 - scale mode l 

of a fighter - type airplane (fig. 1). . The wing deGig1 characteristics 
are given in table I. No landing gear W[1.S used for t_1ese tests, 
inasmuc!"~ as the effect, of landi.ne; €.;;ears on l onf',J tuo.Jnal stability 
is lcnoi·m to be 8L!!all . 
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The i-T j.ng was fj. t t ed vTi tll a 1~0 -percent -c110r d d.onble s l otted f l ap 
covering 93 pe r cent of t he span. 'rhi s flap . ras designed f r om the 
da ta of r eference 7 . For the flap -neutr a l tests t _1e f l a:? ' ·/8.,S 

r etrac ted and the gaps I·rere fa i red to the airfoi l contouT with 
mode ling clay . For the singl e -slotted-flap tests) t he front f l ap 
was r etr acte d and fai r ed to the airfoil contour ivi th modeling clay . 
The r ear f l ap J which r epr esented the flag for a sJne:l e --slot ted -f l ap 
configurat ion , had a ?5 . 6G-percont chord and was ma i ntained at 
a se t tirg of 300 for the single - slotted -i'J.a:9 tests. For the double ­
slot ted -f l ap tests, the ree.r flar "ras set at 300 rel ati ve to the 
f r ont f l ap ,·rhj.ch i n tur n ,v-as set at 300 rolative to the I·ri ng . With 

f l aps defl e c ted there '-la..s about 1. -inch clearance between the end 
32 

of t he f l al) and tl"_e fuse l aGe . 

During the pr eliminary stasos .of the investiBation i t be came 
apparent t hat a con'Tenti onal ;',orizontal tail surface would be 
inadequate to provide longi tU.o.i:lal trim ,.;hen the o.ouble slotted 
f l ap was u sed . is a result, t,le hor i zon tal tail s hovm in fi(:sures 1 
and 3 was desiGned for t .he present tests . (See talJles I anet II .) 
The presen t horiz ontal taJ.l has an :' nverted Cl ark Y alrfoi l se c t i on 
and i s e quipped v i t.l1 a fixed leao.inc -edge slot . The s l o t had a 
constant chor d but ITas located to allprox:imate the best slot shape 
given in ,reference 8 . For tile flap -noutral and_ s i ngle--sl otted -f lap 
stabilizer and eleva tor te sts) the s l ot "las filled in and fai r ed to 
the con-coux' of the tal l . The slot Has l eft open for one stabi l i ze r 
setting dur ing singlE) -slottecl-flap tests for comparative purposes . 
The tail slot "Ta" l eft open for the double -slotted -f l ap tests , 

Tests I'18re Lade to determine the charact eri stics of the 
horizontal tai l for v.se in the cletermination of the angle of down ­
lv-ash and the dynail1ic-pr essure r atio at the tail. For tl e se tests 
t he tail uni t was mounted i n the Langley 7- by 10 -foot t UIlt'le l as 
shovm in fig-etre 4 . 

-----1 

The 2 -foot -dia.meter, t:b.ree -bl ade, right -hand metal pr opelle r 
was se t f or a b l acle angl3 of 250 at 0 . 75 radius for a l l tests . The 
dimen s i onal characteristics of t l"e propeller ar e given in fi guxe 5 . 
The pm.,er for the model propeller 1-Ta8 obtained. from a 56 -horsepowe r 
water -cool ed induc t 10n IIlotor TtlO1mted In the f1.1oe l a&,e nose . The 
propelle r speeel (rpl.l) vTaS measured by means of an electric tachomete r 
accurate to within 0 ,2 percent , 

El evator hinbe rlloments 1-rere measured bJ' means of an electric 
strain rage mouIlted in t~1e stabj.lizer , 

---_._------
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~STS A}TD RESULTS 

Te st Conditions 

The tests iver e rr..ade in the Langley '( - b~- 10 -f oot turmel 
(reference 5 ) at d::rn a.I1 :i.c pressures of 12 .53 pounds per square foot 
for plJiver-on tests i,i tli tta ci.8u'ble slotted flap ano. 16 .3'( p01..U1aS 
per square foot for all other t usts . Ttese aymul1ic pressuros 
corres.;!ond t o a ir, :s>eads of' abelr;;; 70 t1llcl. 20 nil es l)er hour. T:'1e 
corl'es:)ondin8 test ne~rnol(1.s numbers we re 875,000 and 1, 000 ,000 , 
based on the wing mean 8.8rodyn311lic chord of 1 . 36 feet. Be cause 
of t he tUl~bulence factor of 1. S for t he t1..Ull1cl, effecti V B Reynolds 
numbers (for max::im1..Ull lift coof l ici tmto) ,vere about 1, J.~OO , 000 and 
1,600,000 . 

Corractions 

All pmver "on dB.te. ha-ve been corrected. for tar es caused. by the 
model support stTllt . Io power -oi'£' tares i;-eJ~8 obt.ained. because they 
have been f01JJ1d to be l"e l ati ve l j' small a.nd. err atic on similar models 
vi t h flaps de:i:'le cte(l j thus, omiS ::lion of -ebe ]?mver -off tares is not 
bel:Levsd to chanc:e th~ rem'.l t ,3 ver y much . 'l'l'e test r esults f or 
the isolated. horiz ontal tail were corrected for tares 6btained by 
testj.ng the tail asoo bl y Hi th t j'le horizontal tail r ei!10ved. Jet ­
b')uncLar~: correct :tOl1B t ll.at i nclud.e the effect of s1iIlstream have been 
applied. t o t i,e a" e:1e s of at.tack , the 10nGJtudi nal··force coeffiCient, 
and the tail-on pitctinf:, -moment coeffic i ents . The corre cticns 
"rere computed f:;'~ OIrt r eference 9 an i'011c1ws : 

&:1, = c; ~1 30 Sc 
:.; I · iV- T C .LJ 

6CX = -0, QCI 2 
Wc .J 

/ °T oj :>C 
( . S U ill 

I\Cm = -57 · 3 - --- CL ~, 
I/CJ..')CJ. C di

t 

where 

jet·:bouno.ary correcti on factor at wing ( 0 .1125 ) 

7 
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total ·;et-ooundp.try correcti011 at ta:t.l (varies between 
0 .20 and 0 .21) 

mode 1 "linG area (9 .1~4 sq ft) 

tunnel cross -sectional aree. (69 .59 sq ft) 

rate of change in pi tching-i.loment coefficient per d.egree 
cJmne;e in stabilL:'dr se tting as deter ined in t e sts 

ratio of f.i.'e ctj.ye dynar.lic pre ssure over tile hor izontal 
t8.iJ t o free -stream dl~laml c ::;>re 8sure 

All corrections were ac.c..1..ed GO t be teGt data. 

Te st rrOCed1.l"Ce 

Propeller calil, rati ons ,,[ere :!l1.ac..Le uy me8.sl'rinG the l onG,i tudinal­
force coef:'ic icnt f or a ranGe o:t' p:;~oPG 1JJ:lr speecl3 'I'-lith the model at 
7.ero angle of e.t t" ' .. ck , flap neutral} and tail removed. . Tile effec ti ve 
thrus t coe:c':['j.cj.ent ri'e I I'm..., then d:-.l t 3rI:D.ned i'rJY;1 the r e lat:Lon 

'rr I = -c CL .l p:cOIJeller operat1nc 
Cv 

"'prope 11er r emoved 

T!'].e noto!' tor que ,-raG also n easUl~ed f r om which :91"opolle r efficiency 
we.s com~mtcd . T1::e result:J of the prcpoll er callbration are Shd"Tn 

in f i gu.:re :). 

The rartation of the effective thrust c r)efficj.ent T r 
C "li th 

tIle lift coefficient Cr u8ed f a!' tl' e tests is lSi ven :i.n fi gure 7 · 
.;..; 

A straight -lino varj. C'.tion vTaS used .Jc causc it is a close ap3H'oximation 
t o the variation for atrp12.ne s "dth conotant -spoed p1"o3)611ero 
operating a t constant pow-er. Prel:i.m:i.nary r un s 'vere mac.e by settinG 
t he propeller speed to obtaln a giver.. value of' Tc ' and then 
varying t:18 anele of attact 0, l).llt:il the value of Cu Gorrespondine; 
to the set -II'alu8 of 'l'C I indicated j.n fi f,ure (7) was read on t:1e 

scale . The re8ult 'I·rere t hen cross-plotted to obtain a C1.U~ve 01' 
propeller speed a gainst anGle of att.ack . All oubsequent pover-on 
te s t s with the sane f lay? settins vere also made at t he angles of 
attack corresponding t o t he afor ementioned prope ller speads . 

Tho ,,~se of' a stra:i. ght·'line variati on of Tc ' 'Ivi t h CL implie s 

that t he propeller effic iency is proportional to the speedj for this 

_ J 
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case the value of 11 leI, wa· taken aG 0.93 . Al thoush tllj 8 assumption 

requires pr01Jel1er efficiti~cies that. ,vould never bo r eacI:!e d at lml 
lift coei'i'1cients on a n actual a:!.r~lane J the error in Tc I j.s small 
'because the values of Tc l are anall . The value of Tc l for the 
tests Ivith the propell er "iindmilling'l{8.s about -0 .005. The e.pproximate 
amount of engi.ne horsepower j:'ep~cesented for various model scales and 
"Tine; loadings is ej,ven in fi€:;ure 8 . 

Because of 8-11 en'or in part of the inv8ctigation cf tl e double ­
slotted-flap c ')nfi@n~a tion) some of the de. ta arc omi tt.ed . The data 
presented 1::erein are com},losecl of both stabilizer and e l evator tests 
plotted in t he S81~e fi Gure . Neutral points we:;,~e determined from 
these data wl'1.e r e possible J but ';;ho stabi1j.t y parameters were not 
obtf'.inable . 

Me t IlOQ of Analy s i 8 

for 

Neutral point s . - A neutral point is a center ··of "ig:ravity location 
' ---dC£f -_._ -

,\fhi cll is ~~ero and the 8.irplane 5,s triLillled. For the pOiver-on 

clCm case, 
d.CJ..} 

dCL 
is eval ( ted ",it 1 the appropriate var:i.ation of T I 

C 

ivith CL' The neutra.l points w'e re determined, by the method of 

tangents developed in referenc88 10 8.J.'l.d. 11 . The use of this method 
prov'j.des the locations of neutr[~l points bu'c docs not SllOvJ' quali tatively 
the indi vj,dual aeroclyn81-aic factor s ( l ongi tudina l -stabili ty parElJiJ.e ters) 
8,ffect:i.ng the l ocations. When the neutr al point :LS behind the center 
of cra':i ty t~le airplane is statically ate.ble. The s ymbol np is 
used. t o refer either to the neutral point or t o its clistance fl'om 
. 1 1 d' d -"1 . II. • II II 't1e ea lnG e Ge. 1.1rase8 SUC .. 1 as lnCreaGe In np ) nl) moves 
rearvrard, II ana. lIincrease in stal)ility" have the salHe si@lif i cance 
in the discussion . 

The fo l l owj.ne; equation., although laborious f or the solution of 
neutra l points J ohm,s the relative SiQ.li ficance of t lle s0veral 
aerodynamic :t'actors. The del"i vati on of' t his 6QuatJ.on is founi j.n 
the appencUx of refe r GEce 12 . Tbe neutre.l :points 'l-T61"E) c omputed. 
by the method of tangents of r e:(erence 10 ancl chec~ce d. by t he present 
eqUa ti on iVtich is accu.rate ,,,i t l1in ±2 percent. 
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horizontal - taj.l volume ooefficien'G for the center of 
gravi ty at t ile neutx'al po:Lnt 

isolate d -tail lift ·-r,urve slo~)e 

effective d.ynal'rlic -pl"eSS1.1re ratio 

trim l ift -curve slo-pe of complete airpl ane (for derivation 
aee ap:pendix of x'efe rence - 12 ) 

:povror parame ter 

l)i tcb.ing-moment coef'fi c1ent about the effective tail"off 
aerudynallic ,enter no 

rate 01 chanE,'O 81' dOimi-lash ancle wi t}l angle of attack 

CIrt trim lift coefficient of complete airplane 

Dynamic -pressure ratio . - For t he method of determining the 

effective dynamic"pr essure ratio qt / q and the effective clowmrash 

angl e at the tail E) see t he appencUx f reference 12 , Those 
values a:ce obtained from t he contribution oi' the tail t o the 1Ji tching 
mOlllent and are not necessarj,l~" those the.t would be c'b taincd traiT! 
flow su,:"veys , 
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Pr esenta:ti ?n of Results 

A short outline of t he fi€;l.U'es showing the test restl.l ts is 
as fol10v1S : 

11 

Figure 

stabilizer tests . . 
Isolated-tail tests 
Neutral points : 

9 to 11 

Effect of fla~s . 
Effect of pow'er . 
Increments due to pmveX' 

Stabili ty parameters : 
Effect of flaps . 
Effect of pavler . 
Increments due t o pavrer 

12 

13 
14 
15 

16 
17 
18 

Elevator tests . . . 19 and 20 
Tuft studies (double slotted flE'.p onl y) 
Landing characteristics . . . . . . 
Power required t o maintain an indicated sinl:ing syeed 

of 25 feet per second at O. 85CLw.ax . . . . . . 

DISCUSSION 

Lift Characteristics 

Because the tests ",ere not carriect througll maximum lift, a 
comparison of tile maximum lift coefficient of t he mode l vTi th the 
rnaximuln lift coefficient from section data was not possj.ble . 

21 
22 

23 

Effec t of fla~ . - The double - slotte.d -flap configuration pr oduced 
almost twice as lUuch lift - coefficient increment as the sinGle -slotted­
flap confie;tu~ation Iv:i.thout power . (See table III . ) The increments 
for both c onflgurations "lere increased by pOl·rer J but t he double ­
slotted -:-flap configl.lTati cin produced the greater i ncrease . The 
greater increments in lift due t o the doul)le s l otte<.l fla1) are 

,caused by .greater thrust coefficients at the l: ighe:r lift coefficients. 
'The results are in general accord with theory. 

Effect of pm-rer . - Application of power r.esul ted in substantial 
increases in tail-off l ift -curve slopes and tail-off lift coefficients 
for all f l ap configurations ( table III) . TIle largest increases were 
obtained. rOI" the double.-slotted-~fJ_ap c onfigurat:i. on . The i ncre s es in 
l ift coeffi cient are caused by the increased velocity over the part 
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of the wine; in the s l ipstream.. The inc reases in lift-curve slope 
are caused partly by the grovth of thi.s increased velocity ",1th 
angle of attack according to the thrt18t.-c oe:ffi cient variation 
Tc I '" o .16ICL. Thi s action of the p:copelle:c slipstream. upon the 

lift-curve slope and lift·~ oefficient increment is cha rac teris tic 
of airplanes em:Dlo~Ting tractor-p'rOl)eller arranGements . (See 
bibJ.ioeraphy . ) The flap provides greate ·' incl'ements of lif t 
durinG pmver--on operation if imm.ersed in t he s U:pstream . Values of 
ehe t:dm-lift increment 0 f' the compl ete airplane Ilre lower than 
te.i I-off Ij ft inc rements of table III because of tho large down 
load.s re <lui red by the tail. 

Effect of l'ling f osition.- A c omparison of the model tested as 
a low:::"w'ine; a irPl ane·' r eference 12) and the mod.el tested as a h18h­
wing airplane (presont paper) shoved tha t the Mc;h--wing model 
pl'odl:cecl slightly higher lift.r-ouj.'ve slopes . The 1J..ft increments 
caused by power and flaps J hmlever wore about t he srune fo r both 
mod81s. 

ElevatOJ:,-·F:i.xed Stabili t~,· 

Effect of flap::; .- A study of the neutral --point curves in 
figure s 13 (a-)and.-l](b ) indicates an increase in stability \.,Hh 
an inc::cease in lif t coefficient for all f lap confiGU.r ations investi­
gated. This i nc r ease is noted in most high-I"ing airplane data and 
is largely due to the rearvrard. movement of no wi t h lift coefficient. 
(See figs . 16( a) and l6(b) . ) 

A comparjson of the data fo~ the flap-neutral and single-slotted­
flap configurations chowed a iOl"'\>rard movement of t.he neutral point 
over the lift--coefficient range. This fO :i:vard movement may b e 
l argely attributed to t he fo rward s hift of . 10 and. also the increase 

in ( dCL/da)b ' (See fi cs . 16(a) and.16(b) . ) The effect of the 

double slotte(l. flap compared to the single slotted i:'lap showed 
very 11 ttle change tn ne1..'.tral-point loc ation at the lift coef ficients 
fo r both flap confiCjurations . 

The larS8 forwaj.~d shift of no :ts presumed to be compensated 

I d<l /9.\) by an inCl"eaSe in ( ._t_. • 
\ dCL b 

Wi th the a.ppJ.ica.tion of pmvor the 

neutral point s hm.,ed the t endency to move forward with increasing 
lift coeffic ient for the t hree flap c onfiguY'a tions investigated. 
(See fig . 15 . ) This inC I'ease in ~ may 111so be t r aced to the 
increase in no ' (See fiC. l6(c) . ) A comparison of ' the flap­
neutral and the single-Blott ed--flap conngl1rations s howed a l oss in 
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stabi1i ty at the Sf'.JJle lift eoefficj.e!lt . T 16 comparispn of the single­
slotted--flap and double - slotted-flc p coni' iGurat:l.onG, hovTever, showed 
an increase in stability at the LLft coefficients , The 10s8 in 
stabili t;r ca used b~r lihe sinedo slotted i" l !.'l.p' ;na;r be traced to the 

. ., (dC /)' . / d [d ( qt/CJ.~l lncrense OJ: 'L dex. b ana t~le decrea se ,)f bnth Clt q an - deL -Jb 
(See fjg . 16 (c) . ) The j.ncrease in stability :-:,eslJ~tin5 from the 
donble slotted flaIl is inc ')!llpletel y expla:i.ned l)ecause of the lac_r of 
data, but an insg0ction of "J tai l -of:i.~ pi t C:ling-moment curve of 
fiGure ll ( 0) s lCGeot8 that T-'O i s larGely responsible. 

EL'ect of :Q2!l~ ' - 'rhe ere "test stal)il ity (mos t rearward np )., 
in agreement ,.,i t ll references J. ami 2. i-Ta3 .obta ined ~'li t h t~le propeller 
off . (See fj.G' l) ~ .) .A.ddt M on of t he wind.milling propell er f or a.ll 
three flaIl coni'i gu:cat i ons reduceo. t J'e stabil .ity· appreciably . 
Application or' pOl·reI' brOUGht a great.er reductj.on. By far .. t '18 e;reatest 
reduction occurred at ~i [~~ lij,'t coefficients with t~le clouDle slotted 
flap deflected . 

With the :prope11e r ,,,indmill:Lng and f lap neutral (fig , 14), 
t he loss in ste.bHi t y at l ow lift coefficient.a is traced to the 
slight.ly forlvard shift Qf' no and. at hiB-her Eft coeffiCients, to 
the large increase of 0. E/da. ,d t h increasing lift coefficient . 
(See fi g . 17(a) . ) T]''3 fon-rard. Sl'i:L t of' no caused by adding t he 
propeller' 18 explalned l)y t,~le fact t:ra '~ a pi tclled propeller IJroc.1uces 
a normal lorce s:5.milal' t ·) a nnlall fixeo. horizontal a irfoil. The 
l oss in stabEi t;;: resultins f r om the application of power 1s primarily 
caused. by the larce inerease of' d. E/ da. and (dCL / cla. )b ) both of WlllC _l 

more than of fse ts t he increaS0 in <ltlcI e.nd r~ ( qt/<l n 
L dCI, Jb 

The effects of ~0m'Ter en the stn el e - slotted"fl aIl confiGuration 
are s i mj.lar to t hose on the flap -neutral confiGuration but are 
larger. (Gee fi e . 14 . .) .I.n increa:3e in no is mor e than offset by 
increases in (dCL / da.h and. d .. .:!do,. (S00 fiG . 17 (b ) .) 

The over-all oi'fect of pOl-ler, !'clativo t o the pr c,pe ller -off 
case , on t he double ·-slotted-flap c nfisuration is desta.biliz-ing as 
for the singl e -slotted -flap configlJ.Ta tion but is much larger. 
(See fit,;. ].4 . ) The f O:C-vl8.Tcl lln - shift r eaches about 20 percent mean 
aerodynamic chord at 111[.:;1 lift'" cceffic ients . (Gee f ig . 15 .) De. ta 
for the prope l10r '-'rlind1l~lling case .as .well ~as for several of the 

, (~E' qt f d (qt / q) , , 
stabJ.li t y par ameters ~o,' q' and L dCL lnves t.l gated , ... i th 
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propeller off and pm.,er on are unavailable . The ste.bili ty parameters 
no and ( dCL! da.) b ' hm.,evel~, SD!)W an increase 'vi th power as did 

the sinGle-·slott~d.-·flap configuration but this inc:cease is much 
larger than it is fOl~ the dcuble-Dlotted- flap configuration. 

Effect of wing position.- A comparison of the longitudinal 
stab:(lit~/ of the low-wing model ( reference 12) with that of the 
hlgh. ~wing model 8hovTed that for medium and htgh lift coefficients 
the high-wine; model vlaS mOl'e stable for a ll power and flap conditions. 
For l ow lift vceff'ic:1_snts the low -wing nodel vTas more stable . This 
fact is n characteri3tlc diffe:cence between l~v-wing and high-wing 
airplanes. 

The high--vling posi tj.on with f lap neutral exhibited a greater 
destabilizing. e:;:'fect of pover than the 10w-v1ing position. For the 
single--slotted-flap conf:i.cui'ation the lOi"-HinB position showed better 
stabili ty characteristics with power at 1011 lift coefficients but 
poorel' stability characteristice with power at high lift coefficients. 

Elevator--Free St{J.'b.ili't;J 

The effects of flap deflection and pover on the elevator- free 
stabili ty .. in general, are 81milar to the e:ffec t~3 on elevator-
fixed stability . The results show that, in all cases ( figs . 13 and 14), 
the elevator-froe Yleutral point is slightly fOlvard of the elevator­
fixed neutral point (tetw'een 1 and 6 percent M.1I. . C.) and indicates 
a tendency of the free elevator to float with the relatIve airstream 
at tbe tai l. 

Longitudinal · Control and Trim 

Effect of f J.aps .- A study of the elevator test rf3sults for the 
propelle-r-off cO:J.dit"ion ( figc. 19(a ), 20( a), and 11(a)) indicates 
that the neutral- ·flap conclition will req1J.ire an elevator deflection 
of about -200 to trim the model at the Il1:-1.Ximv.m lift coefficient for 
the center of gravity at "hich the model wa.o tested. ( 26 .7 percent 
~l.A.C.). '1'he single- slotted- flap condj.t1on at the same stabilizer 
setting wonld l'equire a much cr'eater l1ogattvo elevator d.eflectj_on 
for trim at the maximu.m. lift coefficient because the negative tail 
load re'luired f Ol' tr1m is :increased as a result of the inc rease in 
tail-off pitching moment due to flaps . The amovnt of negative 
elevator requi red ·fO!.' i;r~.m "as reduced for the teats to a rea.sonable 
va,lne of _110 by a djusting the stabilize:;: setting dO"IlVrard. 8.30

• 

Deflection .of the double s l otted flap causes a lax'ge .Ting...,. 
diving moment and an incre,ased dOloffiwash at the tftil. The resultant 
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d01mward increment i n tail l oad j.e j.nsvi'fi cien t t o offset this 
diving mOlilent . An e l eva tor defl ection of about -21+°, ther efore, will 
be r equir et9. to trim t he model at the maximw.u I H t coefficient. This 
defl ecti01\ is close t o the usual l:i.mi t of nec,a t i va elevator t r eve1. 
If t he incidence setting of _.1. 3° '-Tera maintained , therefore, the 
elevator control i-lOuld. proba'bl y be insuffi cient should t he cente r 
of gavi t :r be shifted. forvlard or sb.oulo. the ' mode l be i n pr oximity 
of the fl'0vnd . A negative increase in t ai l i ncidence t ln'ouGh the 
use of an adJust.able stabilizer would im:9rove this condl tion . Forward 
center -cf -cravity tr'avel) hO.Teve r, would stD.l be seriousl y limi ted 
because the horj.zontal t a il j.s on the verGe of sta l l ing even .T1 th 
tl'le tail slot open . 

A compari s on of e leva t or to s t r e Rt1..1 ts 'vi th -oropeller of f 
(figs . 19 (a), '::.0 (a ) , arret 1l(a ) ) Dl1d vl:i.th :propell~r ~vindrililling 
(figs. 19(b), 20 (b ) ) and. ll (b )) S11m-iS smal l and. negligibl e differ­
ence s in the elevator deflectiom~ required for trim . The most 
not:Lceabl e dEference occurs with the double -slotted -flap confi[,l.1ra ­
tion; .Tith the 11r ol.)81ler 1;Tincl.mi ll:l.nG l ess DB Gat.lve elevator is 
requlred 1'or tr:.i.111 than "lith t.he :propeller off . This ,difference is 
due both to the propeller~fin effect and to the corresponding 
increaooddmm.rash at tl:e tail . 

A study OJ. t~le e l ovator test resul ts for the povle r-on condition 
(fi c s . 19 (c), 20 (c)) andll ( c) ) r evea l s a similarity witt the povTer ­
off condit ion discusseo. pr evi ous l y. The negative e l evator defle ctions 
re<luireo. to t r im f or the flap -neutral ancl single -slotted. -fJ.ap 
confi[,ura tions vTeT8 somewhat l e 88 wi th po.,er on but J vli th t he 
double slotted f lap deflec ted ) t:'l.e e l evator deflection required to 
tr im \Vas sli@i.tJ_y ~.:TGater . A neGa tj.ve incr0ase in tail incide nce 
througr. t l:.e use of an adjustabl e stabil ize r .Tould i mpr ove thi s 
condition . 

Effec t of 'r)OI<rer. - The test r esults for the flap -neutral and 
singl e -slottecl -f lap confi l).J.Tation 8 inclicatecl smaller ne gative 
elevator o.eflections f or trim \'Ti t h power on t ha..1l. -.;it;} propelle r off . 
In the case of the neu.tral f lap) tile pow'er ef'fec t s increase tlle 
cl..ynam:L c -pressure r atio and. slie..htly :increase the downvlash . (See 
fig. 17 (a) .) Ine.smucll as a slif;ht d.ovn1ward tail l oad. i s re<luired 
f or tl· im. , the increase in dynaraic pressUl'e and in dovffi,msh act t o 
r educe the nebative elevator r equired for tr :i.m . In the case of the 
single"slotted -f lap configuration) fi [,l.u·e 20 shOl-78 t;lat mor e dovm 
l oad on t he tai_ io required t o trim wi t J:: pOI'Ter . 'J'11e increased 
dOlv.mrash and dynamic -pre SS1.:.re r atio at. the t a il) however > tend to 
reduce t he negative el evator r e'lu:ire d for tr:im. 

The appHcat l on of po.re r to t .i.le model for the dou.ble -slotted­
flap confi G'Il.ra tion resulted in a sharp Jncr ease in tail-off pi tching 
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moment (fig. ll( c) ) and.,consegy.entl;)5 creater ne gative tail loads 
are regyired. to triln . Unless an adjustable stabilizer -were provided., 
the mode l "muld have insu:;:ficient e levator t o Y.Jaintain cont r ol up 
t o the maximum lift coeffJcienc . Tl"e proxirllity of t~1e ground '{Q1.,ud 
aggravate the situation and a more neBative stabilizer or .elevator 
would be re(J.u1red. . 

Ef fect of VTinp~ j OSitiO!l '- l\. compar1son was made of elevator 
effecti veness (dCLt dOe and dOJt/d5e) for the lO~v -lling model 
(reference 12) and for t he present higL-lving mod.el. The Iml-wing 
mode l showed the better effGctiveness ,vi t h t he flap -neutral 
configura'Lion; W'hereas t he models Sh01{ed about t lle same effe.cti veness 
wi th t he single - slotted~ -flap cOIlfj.Guration. 1'l.e com~)arison of 
the l ow-,·ring and. hitJ.1 -vTine; models could not be carried t o the double­
slotted-flap configuration because cf the incOlilpleteness of the 
higl:l -wing data, but the available data suggest t hat t he lj.igl1 -wing 
model should ha ve a slightly hiGJ,ler e levator effectiveness. 

Tuft Stu(1ies 

Figures 21(0.) and 2l (b) shm{ t r..e r esults of tuft studies on 
the wing ,vi t h t he (iouble slotted =laps extended . vii til the propeller 
windmilling (n.g . 21(0.)) the rear flap was alm.ost completely stalled 
throughout t he angle -of -attack range . The f11 0nt flap and the main 
part of t}1e "linS, however, did not s how any stall characteristic s 
until h i g.rJ.8 r anc;l es of attack 1{ere r eached . When t;18 main part of 
the wing s :tal~ted t o stall, the rear f lap unstalled . '{hen pm{er is 
applied (fig. 2l (b )) , mos t of the center . part relnains unstalled. 
throu,ghout t he angle -of -attack rfu"'lge . Ti:is effect of slipstream 
is in accord vTi t h previous experience. It is not Imovffi, however

J 

whether the r@ar' flap will st'all ",0011. on a, f'u lJ..o.so8,le a i rplane . 

The wine; tips are s11mm to s tall first . This unde sir able 
condi t ion, hOvTever, rr.ay be c onsj.derably affecte d. by the Reynolds 
number as 'vTell as by tmmel -wall effect . Computations indi cate that 
the induced. uplvash at the wing caused by the tunnel walls increased 
the effective angle of attack of t he t tp about 0 . 3C10, thus givinG 
the wing an effe cti ve .vashin. 

Landing Cl1.ar acteristics 

For the purpose of computing land.ing characteristics, t he drag 
against lift data of the present investigation (effective Reynolds 
number, 1, 600,000) ,,,ere extral)olated to an effe ctive Reynolds number 
of 8,000,000 (apprm:imately full scale ). rl'he original and. the 
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extrapolated curves of CD against CL for zero pitching moment 

are plotteo. in the l OVler :;)art of f igure ~2 . Hi t 11 t hese cu:rves are 
plotted calculated curves of CD' required to ensv.re a sinking s:peect 

of 25 fee·c per second., aeainot CL for various vring loadings . 
. Another set of curves plottecl in t he up·Qer part of fiGure 22 gives 
Vi against CL for the same "ring loadings. 

An example Vlill illustrate t~le eskmation of landing character­
istics from :t>i '::''lu~e 2r-~ : Select the desired li:tt c06fficient 
(for example, CL::: :L.O) and note the value of CD meanurod on the 

appropriate Cu.l~Ve . Next n vte t Le value of CD required em the 

curve for the desired wing l oading (f or example , 4·0 lb/ft2 ) for 
this same yalue of CT ' If CD is le f18 than C , 

.!..J !l1easure d Drequired 
the sinking speed vrill be les8 t han 2;' feet pe:c second ; and. if 
CD . is more t han CD . .' t he sinking speed ,.,rill be more 

lr.easured . reqUJ.rod . 
than 2 5 feet por s e cond.. If CD :i.s net?;at5.vG, a cUmb is 

. measured 
indicated. 

It was found t ha t a wing loao.ing of approximately 90 l)ounds per 
square foot cO'LLld l,e atta ined \·Ti t hout excee d.iug t 118 recommended 
rnrucimvn sinking s:yeed of 2 ') f e e t per se"ond (r o:::'erence 13) ,yith power 
off and. e ither fla p neutral or 3incle slotted flap deflected . (See 
fig . 22 . ) 1{i t h t~le dO"L'.ble sl() t·~ed flap deflected, a wing loading of 
approxi:nately !~O :9c'unds per squaro foc t Iilay be att atne <l vi thout 
exceedins a sinkine speed of 2:) ._oe t pe r se cond . 

'Vi t:1 t he applica t10n 0:::' pOYlor) correspond.inG to the horsepCli"er 
on figuro 3, for flap ne utral ancl single slottea. fla2? deflected, 
the airplane '-Till tend to sain altitude over most of the lift range. 
Wi t h the doubl e slotted fla~) defle cted, "rinG l oadings as high as 
200 pO"L'llds per square f oot Inay be attained l-Ti thout exceeding a 
sinkin5 speed. of 2 :;' feet per s e c ond . (See fiG. 22 . ) 

The paver required t o rnai:cltain an ind.icated 8in1':ing speed of 
25 fe e t ~er second (refe r e nce 13) at ° . lJ'::,CI.'llla.:x: (e sti:mated for 

effective Reynolds number of 8,000, 000 ) at various 'Iring l oadings is 
shovrn in fi{~u:re 23 f or three dHf erent lilodel scales (1/4, 1/ 5, 
and 1/8 scale ). This fiEl·ure , der j.ve d. fro'u the model a.ata of figure 22, 
also S~lOi'TS the vrint3 load.ings t hat 1i1a ;f be a t tained vrithout exceeding 
the rocOlJlmeno.ed sinldng speed VIi t h power of:L'. 1,{i th t~le application 
of flaps t :le pm-Ter must be j.ncreased to avoia. exceeding the reCOlll­
mended sinl(ine; Bpeed e.. t a gi yen vring load1nt: . 

- ------. . - .. -~. ~~-~-----' 
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CONCLUSIONS 

The results of t'1e l onGitudinal staoility and control invest::'gation 
of a po':"".,ered model of a single -en ' ine high -vring airplcme Iii t~l full-
span single and d0uble slotted fla:ps and a,'l elevated ~!oriz ontal tail 
are in general accord 'Vri tr. previ.ous experience ,vi tt }lowered models 
and vTit;1 gy.alitative t Leoretical consi derations . In pa:r·ticular) 
the re suI ts inc11ca te tL.a t: 

Lift chare.cteristics : 

1. Deflection of the dOLble slot ted f lap ) r o(:J.uced almost twice as 
much lift -coefficient j.ncreTrlent as did. t.he deflec'cion of the single 
slotted flap. 

2. T' e applicatton of pOvisr greatly ma~ _if ied both the lift 
incremellts and tal1 - o:?r lift -curve slop83. 

Longitudinal staoi1ity: 

1. The application of ~oweI' c1.ecreaaed tlle stability of the model 
for all t hree fle.p cO!'li'i bure.ti ons. 

Longi tudinal control and trim: 

1. :;!;le\"ator d.e:flection reqyi:r.ed to triLl with po,.,er off vlas 
increased v1i tIc. ":'ncrease in f la) deflectlon. 

2 . The ap:plication of pO,-ler decreased t he amount of ne gative 
elevator required to tri!'l f or all three flap con:!:'i8urations . 

Landing characteristics : 

1 . Deflecting the fla:£)8 r oduced the mruci1wm ,dng loading that 
may be used vTi th power off without eJcceeding a sinktng sp-eed of 
25 feet per secund . 

2 . Deflectj.ng the flaps r eqQi.rod an :i.ncrease in power to laintain 
an indicated sinking speed 0 1' ;:~5 ?eet p 8 !, second at a g~veIl wing 
loadinf:, . 

Effect of wing posl Uon : 

1. 'l'he pre sent :1i gh -winG mode l pr06.uced slightly hi gher lift­
curve s l opes than the corres:l?0nding lovT··vTin5 model discussed in 
NACA TN No . l?39 . 
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2 . The high-wing model was more stable at medh1l1l and. high lift 
coeffic ients; whereas the lOvl-vltn3 model was more stab l e at low Uft 
coefficients . 

3. \{i th flap neutral the elevator effectiveness was better on 
the low-wing model than on the high-wing model; however , the data 
available inclicateo. that with e,n lnc rease in flap deflection the 
elevat0l' effec ti veness might bec Olle better on the hieh··-wing model. 

Langley Hemo:dal Aeronautical laboratory 
National Advisory Comrai ttee for Aeronautics 

.Langley Field, Va., April 28, 1911.7 
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TABLE I 

MODEL WING AIm TAIL -SDltFACE DATA 

~ -

I 

Wing Horizontal Vertical 
tan tail 

Area, sq ft 9 ·440 1· 920 1. 250 

3pan, ft 7 ·453 2 ·542 1. 508 

Aspect ratio 5 ·91 3 ·36 1. 81 

Taper ratio O .41.~5 0 ·1.~38 -----------. 
aDlhedral, de G 1.9 0 -----------
Root section NACA 2215 Clark Y NACA 0009 

(Inver ted ) 

Tip section NACA 2209 Clark Y NACA 0004 .5 (Inverted) 

bAngle of incid.enoe at 
r oot ) de g 1. 0 -1.. 3, 7 -1· 50 

bAngle of incidence at 
tip , de g 1.0 -1.3, 7 -1. 50 

M.A.C:) ft 1 .360 -_ ... __ .. _---- .. ----------
Root chord) ft 1. 800 1 .141 1. 272 

Theoreti cal tip chord., ft 0 . 800 0 ·500 -----------

~ihedral measured. with respect to chor d plane. 
bAngle of incid.ence measured with re spect to fuse l age center l ine . 

NATI ONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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TABLE II 

MODEl, CONTROL -SURFACE DATA 

-"--r: 
El evatar 

.t ercent span 

Area behind hinGe 
line, sq ft 

Balance area, sq f t 

Root -mean-squa:re chord 
be ind hinGG line, ft 

Dis t ance to lJ inc,B l ine 
from normEl.l center of 
gravi ty, i't 

99 · 5 

0 . 021 

0 .131 

o . ~~(,l+ 

3 · 721 

. _______ J--____ _ 

'l'ABLE III 

j .. 

I Rudder 

99 · 1 

0·506 

Mini mum 

0 · 353 

3·611 

TAIL-OF]!' 1,1FT CHA..~CTF.JUSTICS 

25 

Flap 

93 ·0 

- .... _--

- --- -

---... -

--_ ...... 

r---------------.------------------.----~------.~--------.~--------

Flap 

Neutral 

Single slotted 

Double s l otted 

Neutral 

Single slotte d 

Double slotte·i 

Neutral 

Sine;1e slotted 

Doubl e slotted 

Op3ra~ing conditi on 

1 
/ 

J 
Pr opeller off 

10
.17 

" 1.17 

l20 04 ,. 

1.00 

1. 87 

Lrops ner "ind1nilling 

j 
) . 16 

'\ 1.17 

1 2 .07 

1.01 

Pm'ler on, 
Te' = 0 .161 CL 

l_ 

J .1 5 

1 ·" 3 

12 0 46 

1. 91 

1.08 

2 ·31 

NATIONAL ADVISOIIY 
COMMITTEE FOR AERONAUTICS 

0 .076 

.083 

.086 

. 083 

. 085 

.0Bo 

.09 8 

.134 
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89.50" 

I. go DIHEDRAL / :::;)-l;;;: 7, 

1'/9' 

WING AREA, SQ IT . . . 9.44 
WING SPAN, IT . . 7.458 
WING M.A.C., IN . 18.32 
WING SECTION 

ROOT .... . NACA 2215 
TIP . . . . . . . NACA 2209 

WING INCIDENCE, DEG. . .... 1.0 

~ t
/7.80"j tI3.88'j 

)-IP LIP 

~~~ L J3L+ 
21.60·~ 

FLAP NEIJTRAL 

S.AL.O ~- ~ 
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ROOT SECTiON 
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FLAP 

61.08" TO ~ ELEVATOR 

UPPER SURFACE STRA IGHT 

NATIONAL ADVISORY 
COMMITTEE fOR AERONAUTICS SIDE ELEVATION, SHOWING LOCATION 

OF THEOR£TlCA L WING ROOT S.CTION 

Figure 1. - Three -view drawing of the ~ -scale model as a single -engine high -wing airplane. 
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Figure 2. - System of axes and control-surface hinge moments and 
deflections. Positive values of forces, moments, and angles are 
indicated by arrows. Positive values of tab hinge moments and 
deflections are in the same directions as the positive values for 
the control surfaces to which the tabs are attached. 
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Fig. 9a cone. 
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Fig. 9b cone. NACA TN No. 1339 
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