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SUljMARY 

Force - test measurements have been ~ilade in the Langley 4-
by 6- 1'oot vertical tunnel to deterl~! ine the aeroclyna:::lic 
char8.cteristics 01' an ACA 0009 seln iE~pan tail surface of 
rectangular plan fOl'm equipped with flaps of various nose 
sha~)es 'and overhangs . The -flap cho::'--'Q was 30 percent of 
t he ai~foil chord . A few tests were ~~de_ to determine 
the e1'fect i veiless of a oalancine- tab on vs rious 1'lap 
arrap.gements . 

T~e test results indicated t~at the slope of the 
lift curve was affected little by t h e amount ot ovcrhang 
'and the balance nose shane but was increased b~ sealing 
the gap at the flap nose. At ze r o a~rle of attack, the 
variation of lift w~th flap deflection for t~e sealed-gap 
cO.::1dition was the same aD or s li f,htly greater than for 
the u~sealed -gap con6ition . The ch8n~c in the hinge ­
momcnt coefficient V'lith angle of attack or lith flap 
daflection generally was made :.101"'3 negative with sealing 
the [ap e The effectiveness of t~e balancing tab in 
reducine the flap hin6e-~oment coefficients yas ap proxi ­
mately the same for both the sealed plain fla:9 and the 
unsealed 35 - percent - fla:9 - chord elliptical overhang; also , 
the vari a tion 01' 111't coe1'ficient with tab de1'lection was 
about equal 1'01'" the plain 1'lap and for the 1'lap with aero ­
dynamic balance. 

In tbree - dimensional flmv , the measured values of 
the lift - curve s l ope were slightly lower and the measured 
values 01' the hinge - moment 9ara~eters were more positive 
than the value s of the parameters calculated from the 
data of previous investigat ions in two - dimensiona l flow 
by lifting - line theory , modified by the edge - velocity 
c orrection . Appli cati on of aspect - ratio corrections 
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determined from a li fting - surrace-theory solution for an 
ellip~ical wing mede the computed values of the variation 
of the hinge - moment coefficient ~ith angle of attack very 
closely approach the measur ed values . 

INl'RODUCTION 

The NACA is conductin[:; an extensive i:'l.vesticat:l.cn 
of the aerodynamic chcracteristics of control sur-faces 
in t wo - dimens ionu1 and tl1.ree - di,;lension&l flow in order 
to provide de siGn data and to detern:inE; flo.p arrang(:l'uents 
suitable for use as control suri'eces . 11 sel':ies of tests 
ba s been rJade to deter!1 ins the effect~. of ovc,rYJ.anz , nose 
shape , and gap on the ae~odynahllc charecterlRtic9 of an 
NACA 0009 a i!' foi I in h · () ·-dimensional l'J.ow; the rc suI t s 
are pre Qented in reference s I to ~ . a :-ll"!. slU,unar ized in 
reference 5. 

The :;1'e sent in Ie pt iga tion con s u:ted of te st s in 
three - dimensional fl07 of an NA CA 0009 rectangular semi ­
span tail surface . The purpose of thiE investigation was 
to ~elp establish a correlation between aerodynamic char ­
actar'Lstics in two - dimensional and three -dimensiona l f low . 
'J'hrou.~h the use of a f~urf8.ce havin~ constant airfoi 1 , 
flap , and balance chords , olly rblatively simple plan­
form corrections ere required ''lhcn c..pproximatc correc ­
tions were used. 

SYJI1BOLS 

Tt e coeffi cients and the syubols used in t1J.is pape r 
a re defined as follows: 

CL lift coefficient ( L/qS) 

CD drag coefficien (D/lS) 

Cm pit ching - moment coefficient ebout 0 . 35c axie ( M/qSc ) 

Chf flap hinge - mcment coefficient (Hr/QCf2bf) 

- - -- - ---

• 
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twice lift of semispan mode l 

twice drag of scmispan mode l 

twice pitching moment of s emispan model 

twiCE:; flap hinge moment of semispan model 

dynamic pre ssure (~pv2) 
twice area of semispan mode l 

twice flap span of semispan model 

chord of airfoil with flap and tab neutral 

root - mean- square chord of flap 

mass density of air 

velocity 

aspect ratio 

twice snan of semispan model 

chord of flap 

chord , of overhang 

angle of attack of model 

flap defle ction relative to a irfoil; positive when 
trailing edge is def10cted downward 

tab defle ction relative to flap; positive when 
trailing edge is deflected dovJl1ward 

constant used in determining jet-boundary hinge­
moment correction 

edg e - velocity correction factor (see reference 6) 
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The subscript outside the parentheees indicates tbe factor 
held conetant in deterlilinin:; the para::1eter . 

P.PPAFATU3 , MODEL , AN~ r-:::sr:::s 

The tests were made in tr_e Laneley L~ - b~T 6- foot 
ver t ical tunne l (refe~ence 7) modified GS discussed in 
reference 2 . The 2 - foot - c',rlord by 3- f'oot - 8e':1i <)a::-1 node 1 
w s ~a~e of laminated ~&ho~any and confor~ed to the 
dblens-,-ons of figure 1 and to the l"1.CA 0009 ~)1' 0filc , the 
stat i ons and ordinates of which are civen in table I . 
Since the tail surface had a tip of r e vc lution , the tilJ 
plan form was the same as the cOD~our of the ~pper and 
lower 3ill"faces of the airfoil. 'rhs fLtp chord W'1S 

30 percent of the airfoil chord at each spanwise station . 
For the complete tai l surface represented by the ' ~bmispan 
model , the aspe ct ratio was 3 and the taper ratio, 1 . 
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The plain unba l anced fJap and the flaps with overhang 
balance are shown in figure 1 . The 0 . 35cf and 
0 . 50cf overhangs were tested with blunt and elliptical 
nose shapes . (See fig . 1 and tab l e II.) '1'he elliptical 
nose wa~ a true ellipse faired tangent to the airfoil 
contrnlr at the hinge axis . The gap was fixed at 0.005c 
and for some teste was sealed with a sheet-rubber seal. 

A linked balancing tab construct(;d of brass and 
having a cap of O. OO l c was tested on the plain sealed 
flap and on the flap with 0 . 35cf elliptical overhang 
wi t h open cap . The tab had a chord of 0.20cf (fig. 1) 
and a span 50 percent of the flap semispan. 'me ratio of 
the tab deflection to the flap deflection was -1:1. 

T~e rectangular tail surface was tested as a semispan 
model by mounting it horizontally in the tunnel with the 
inboard end adjacent to the wall of the tunnel, which 
thereby acted as a reflection }lane (fig . 2J. The model 
was supported entire l y by the balance frame with a small 
clearance at the tunnel wall so that all forces and moments 
acting on the model could be measured . The flow over the 
model simulated the flow over the r~ght seMispan of a 
complete tail surface consisting of the test panel and 
its reflection mounted i~ an 8- by 6 - foot wind tunnel. 
'J'he flap hinge moments were obtained by measuring the 
amount of tViist in a long fiexible torque tube , one end 
of which VIas attached to the flap by rleans of a linkage 
arraneement and the other end of which extended outside 
the tunnel to a calibrated dial . 

The tests were made at a dynarnic pre <"sure of 15 pounds 
per square foot , which corresponds to an air velocity of 
about 76 miles per hour at standard sea - level conditions . 
The test Reynolds number fas 1 , 430,000 and the effective 
Reynolds number of the tests was apprOXimately 2 , 760 , 000. 
(~ffective Reynolds number = Test Reynolds number x Turbu­
lence factor. For the Lancley 4- by 6-foot vertical 
tunnel , the turbulence factor is 1.93 . ) 

It is estimated that the angle of attack was set 
within ±O . lo and that the flap deflection was set 
within ±0 . 2° . 

Jet - boundary correct j.ons, the oretically determined 
according to the method given in reference b, have been 
applied to the data. No corrections have been made for 
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t he e ff ect of g8p between the root section and the tunnel 
wal l or the l eal':age 8.rCUl1c1 t~8 support inc tor1ue t·tJ.~J(, . 
The o-er al l correct!ons app l iod (b: addition) to ~he 
t unne l data are as follovs: 

lJ.a = 2 . 13~.CT (in dc£,) 
•• J 

IJ.C L = - 0 . 0173 
'Ltunnel 

dOD = o 03?" 2 • ~liL 

where k is a constant clepender:t cn the CI:.o:::d of t~le 
overhang a ~ follows~ 

----,_._--

DISCUSSJ:ON 

Lift 

. Seali~g the gap at the flap nose i~creased tho slope 
of the lift curve CL ' (S ee fjrrs, :: to 12 and table III. ) a . 
With the Eap Githe~ cealed or unsealed , the balance ~ose 
sll"" pe and the arlO' l1t of overhanc a:?pear to h8. ve ne gJ.iC ib Ie 
e ffect upon -:he values of CLa ' 

A summary of the lift effectiveness r&:r:'aueters Q"" vf 
for the various flap confl[UJ.1 atj.ons is ::;ivsn in t able III . 
The lift effectiveness was greatest for t~e unsealed flaps 
with blunt-nose overhangs ; however , stall oc~urred a t 
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l ower flap defl ections on the blunt nose than on the 
elliptical nose . With gap sealed , the values of the lift 
ef.fectiveness parameter s were approximately the same for 
all flaps except for the 0.50cr elliptical-nose over­
hang , vlhich had a value somewhat smaller. At zero angle 
of attack , the change of lift with flap deflection for 
the sealed- gap condition was the same as or slightly 
greater than for the unsealed- gap condition. 

Hinge Moment 

The curves of section hinge - moment coefficient were 
shown in reference 5 to be linear over an approximate 
range of angle of attack of ±5° and for flap deflections 
up to 15 0 ; whereas the curves for t he finite - span tail 
surface (figs. 3 to 12) were , in genera l, nonlinear. 

71ap oscillations (noted on the hinge-moment­
coefficient curves by dashed lines) occurred on some 
balance arrangements as a result of buffeting due to an 
alternately stalled flow condition. The oscillations 
increased with flap deflection, overhang, and unsealing 
the gap. The elliptical -no~e f lap eave oscillations over 
a larger range of angle of attack and flap deflection 
than the blunt - nose flap. Since a flexible torque tube 
was used in measuring the flap hinge moments , the osc.il­
lations depend partly on the torque tube and partly on 
the mass balance of the flap. 3ecause of the heaviness 
of the model, the oscillations ma, be more severe in the 
wind tunnel than in flight . 

The hinge - moment parameters for the various arrange­
ments tested are given in table III. The parameter Chf 

u 
was measured at u = of = 00 and ehf ' between 

of 
of = 00 and 50 . Although measured at only one point or 
over a small range, the values of the narameters are 
useful in comparing some relative merits of the various 
balance arranger.1ent s te sted . 

Sealing the gap at the flap nose, except on the plain 
flap, made the value of Cn

fu 
move in a negative direc-

tion; sealing the gap made the value of Chr move in a 
Of 

negative directi on , except on the 0.50cf blunt overhang. 
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The O. 50c f overhan~ produced overbalance ~hrouc 
a par~ of the range of flap deflection re~nrdles8 of the 
nose stape and gap . ( See fiEs , 9 to 12 and table III . ) 
Over"Jalance occu.rred over a wid Jr range of anglG of' 
attack ar .. d fJap clef'l ection in the section clo.t& prefsntcd 
in r efcrenlJe 5 than i n the finite - span data of' tho 
pr esent i nve st iJation . 

Drag 

Al tb o1lf~h t:1.e drag coei'f:l.c ie '1.t s cannot be c.on~ idered 
ahsolute ' ~8cause of an un~nown tu~nel correction, t he 
relative value s ~ay be independe~t of t~nn81 effects . 
The ~ro.r c osfficients a3 functions of DnBIe of attack a t 
val" iou8 flap de fle c t ions are ShOW~l in fi tu.i':'o S 3 to 12 . 
rTlhe min:imu:..'l1 drag coeff::!.cient was c:-t-taincd w~~th t"18 plain 
se& l ed flap and had the val'l.e of 0.0110 . At l arge flap 
deflections for positive anGlcs of a ttack , the dr~£ coof ­
ficien~s generally inc~pased wit~ increuse in overban~ 
and were hig[1.6 r for the bl' '.nt nOS6 than for the 8:::"1:i.ptica l 
nose . 

The draG coe ff:'c i:;nt S 8.l'e plotted in f1 C"Ul"6 1:) 
aGainst tLe lirt coeffic:.entE' f'-o:: the O. 35c~ bl~mt and 
e 11ipt ica l ove r hangs , sualed ar.d unsealed , 'V'l th (t = 0° 
and o-p r anc;ing from 00 to 300 • For 'all these arran;;e -
ment.s , the drs.g coefficler.ts Here thE; sarre at f;~,all lift 
c oefficients 8.r,d flap dei·leeVL,ons, . At lar:::'8 fla~ dof l ec ­
tions , the ellJ.ptical nOS0 £~nve '·.opc lift t'~lan tl1.e b l unt 
nose w:.tb approxi:rrrate l y the saC:J,e c.r:'C'L'rit of drag . 

The ritching - moment parD.:rKto~'8 and 
(

em ) 
, IL

j 
a 

( tc b Ie ITT. ) ind.i cate tho pos it io:n of t~HJ aE.rod·,Y·l1.u,:lic center 
of tbe airfoil with respect to tho 0 . 35c po:nt . When 
the lift v,as vc.r ied by ct~ansin[" t!.le o'nc~e of o"rtack with 
t~e flap neutra l , t l~ ae --'odYYlL.l,oli c cente.i. \',as located a t 
the 0.22 c ± O. Ole ctation for t~o v8rio~G f:::"ap arrange ­
ments test.ed . The aerodynamIc .e'ltcr of l:.ft due to fl ap 
dEi :'lect ion was , located at the O. 51c ± 0 . 04 c stat ion , but 
t , .. ere was no syst3mctie variation 'Iil.th ChLl.lJ . .:es in balance 
ar:c anc:e:nent ; the poir:.t 10VE)d T'eb.r'V<iI" .'. a~l!)roxiiTID.tely 
18 percent with a decrease from infl11j.te Ei.2pCCt ratio to 
a n aspect r a t io of 3. 

---_.- _. --_ ..... -----~ 
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Tab Characteri Rti cs 

Previous investiga tions have s~own t hat the tab 
characteri~tics of a balanc~d flap are similar to those 
for [l t ab on a p lai!} flap and are general l y independent 
of flap nose shape ; h ence , only a li~lted investigation 
of tab characteristics has been made . This investigation 

00+ 
consis ted of tests of a b a lanc ing tab with __ oJ = -1 

oOf 
on the p l ain sea l ed flap ( fig . l~. ) and the unsealed 
O. 35cf elliptical ove rhang (fig . 15,. 

The value of· Chf ' which s ho1['I's the effectiveness 
at 

of the tab in reducing t :l.e flap hinge - moment coefficients , 
was approx i mat ely t he same for Dot h flaps tested; the 
value vvas -0.005 for the se a l ed p l aln f lap and - 0.004 for 
the unsealed O.35c~ overhang . As wa s expected, the use 
of the baJ.ancing tab resulted in smaller increments of 
lift when the f l ap wa s deflected . Tr.e variation of lift 
coefficie_l.t with tab def le cti on was apnroximately the 
same for bot h the pla in flap a'~ t h e O. 35cf overhang . 

The over~alanoe of the flan wIth O. 50cf overhang, 
which has been previously discussed, could be overc ome 
by the Ufl8 of a differentially operated unbalancin~ tab 
deflected in t ho same dir e ction ~s the flap. 

Compar i son wi th Da ta in (1' Jo - Di ;:'ens lonal Flow 

The lift and hinge - moment par ar'18teT'S of t he airfoil 
and flap were computed from data in two-diri"!ensional flmv 
according to th~ method of t he lift ' ug-line theory pre ­
sented in reference 5 . Edce - velocity corrections to the 
lift ing - line t heory for the effect of t he chord (refer ­
ence 6 ) were applied in the computation of CL . with the 

a 
substitution of values for E for the elliptical p lan 
form of the same aspe ct ratio, wher e E is the rat io of 
the se~iperimeter to the span . Corrections for streamline 
curvat·ur e for an elliptical plan f orm were applied to Ch fa 
(re fe rence 9 ) 0 These methods of cO:'1j)uting CL and Ch 

a fa 
are believed to be the most a ccurat e meth ods a vailable at 
the present time . 
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The lift aDd hinge - ilor,'lenG parameters , both t be 
measured v81u.es and the v ..., lues cC'-nputed from section data , 
are given in table III. The med.ium-nose overhang l"eferred 
to in r eference 5 hac.. t'1e Elaine nc..se f'hape as the elliptical­
nose overbang tested in the p~ef'ent investiGation . Tunnel 
corroctions , theo~etically determined in a manner similar 
to the ;.':le thod pre sented 1n rel'ere1'1cP, 8, 'Jere applied to 
the sectio~ hinge - moment coefrj.cients of r eference 5 
before the ~arameters were calculated. 

The c&lculated slope of tolle lift curve generally was 
slightly higher than t!:1e !11easured slope . The values of 
the sectien lift effectiveness parame ter aB

f 
for the 

plain flap and for the flap with O. 35cr overhang agreed 
re as onabl7)" well with t he finite - span values , but the 
.section values for the !lep with O. 50cf 'overhang were 
more n'Jga"tive than the finite - span values . Because the 
flap chord was a constnnt percenta~e of the airfoil chord , 
no corrections were necessary for aspect ratio. 

T:'1e computed and measured flap hinge -moment parameters 
are compared in figure 16 . Tbe va lue s of Cll and Ch 

fa fBf 
computed by use of lifting - line theory were more negative 
than the measured values . A'Iplication of additional 
aspe ct -ra ti 0 correcti ons, de ~erinil1ed froll a lifting­
surface - theory solution for an ellJ_ptical 'Ning .(reference 9) , 
made the computed v&luos of Chf more positive so as to 

a 
approach ITore ne ar ] y t e measured values of Cr.t Aspect -fa · 
ratio corrections determined by lifti'"1,,;-surface theory are 
not yet available for Ch . 

fBf 

Tests have been made in throe-dLnensiona1 flow of 
an "NACA 0009 rectangular selnJ.span tail surface equipped 
with a plain flap and with bnlanced flaps of blunt and 
elliptical nose shapes. The flap chord was 30 percent 
of the airfoil chord . The results of the present tests 
and a comparison -dth previously published results of 
tes t s of the same airfoil in two - dimensional flow indi ­
cated the following c onclusions : 
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1 . Sealing the gap at the flap nose increased the 
slope of the lift curve , but the balance ncse shape and 
the amount of overhang had little effect on the slope. 

2 . The effectiveness of the flap (oa ) was 
,0 of / CL 

gre~tG3t for the unsealed blunt - nose overhangs , but stall 
over t::10 flap ()cc11rred at lower f lap deflections on the 
blunt-nose t~an on the elliptic&l- noee fl&ps . At zero 
anGle of ::;.ttack , the variatioll of lift w5t..h flap deflec ­
tion re ,.ilnined the same or ineLIE'ased wi th sealing the gap 
at the fJap nose . 

3. Sealing the gap at the flap nose made the varia ­
t ion of t~e flap hinge - moment coefficient with anglo of 
attack or with flap deflection genarally move in a nega­
tive direction. 

4. The 50- percent - flap - chord overhang was over ­
~alanced over a part of the flap deflection range regard­
l ess of the ::1.ose shape and the g aO) at the flap nose . 

5 . YIhen the lift was varied :, y changing the ang l e 
of Ettt[lcl~ at a flap deflection of 0° , the aerodynandc 
center ~as located at approxi~atelv the 22 - perce::1.t - chord 
station for all arrangements tested . 'rhe aerodynamic 
center of lift due to flap deflection (the aspect ratio 
being 3) was located at or near t~e 51-percent - chord 
statio:1. Gnd showed slig_ t but not systematic variation 
with bn12nce chance s . 

6. At large flap deflections for Dositive angles of 
a ttac'{ , the dru.g coeffic ient s [Emerally j ncreE' sed ~'i th 
an :tncr8ase in overha""1g and -{cre hieher for the blunt 
nose thaT' for th8 elliptical nose; at large flap dcflec ­
tions , the elliptical ""108e g&ve more 11ft than the blunt 
nose W:Ltr .. ap?roxlr"lately the same a!,;,,_ount of drag. 

7. The effect i veness of the tab in reducing the flap 
hinge - r"lowent coefficients was approxi~ately the same for 
both the sealed pl&in flap and t :nG unsc2.1ed 35 - percent ­
flap - chord e llipt ical overhan -~ ; 1l1so , the var ia t ion of 
lift coefficient with tab deflectlon was approximately 
the same for both these flap arrangements . 

3. The calcul ati on of the flnite - spElrl lift and hirlCe ­
moment paraneters from dat a in two - dimensional flow 

~ - -- ----------------- -
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according to the method of lifting-line theory , modified 
by ed~e -velocity corrections, showed that the values of 
the lift-curve slope were slightly higher and the hince ­
moment parameters were ~ore ne gat ive than the value R 
measl1I'ed :l.n th:>:>ee-dimensional i'low . Application of 
aspect - ratio corrections determined fro!11 a lifting- surface ­
theory solution for an elliptical plan form made the 
computed values of the variation of the hinge - moment 
coefficient with angle of attack more positive so as to 
approach more nearly the measuT'ed values . 

Langley Femorial Aero~::l.Utical Laboratory 
National Advisory Committee" for Aeronautics 

Langle y Fie 11 , VCi . , ' 
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TABLE I 

ORDINATES FOR NACA 0009 AIRFOIL 

(All dimensions in percent chord ) 

-------- ---------------

Station 

o 
1. 2 5 
2 . 5 
5·0 
7·5 

10 
15 
20 
25 
:zo 
(_0 
50 
60 

~g 
90 
95 

100 
100 

Ordinate s 

Upper 

o 
1. 42 
1.96 
2. 67 
3. 15 
3. 51 
i.+ . Ol 
4. '50 
4.46 
4 .50 
~ . 35 
3. 97 
3.h2 
2.75 
1. 97 
1. 09 

, 60 
( . 10) 
o 

Lov/er 

o 
- 1.1.2 
-1. 96 
-2. 67 
-3. 15 
- ;5.5 1 
- 4.01 
_I, ~7. 0 

-I- • 
-L~ . :_6 
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TABLE I I 

ELLI P'l'I CAL- OVERI-Il.~m PH OF'ILE 

( All d imens i ons in p(;rccnt chord) 

I . 5.'~- I . 35 I . 83 I 
I . 97 . 85 1. 2 6 I 
I 1. 33 1. 85 1. 68 I 

1. 79 2.3 1.96 
2. 09 3. 25 ~ .1) 
2 . 30' ~- . 85 2. 30 
2 I ~ . 4) 5.£5 2 I ') . 4-,--

2 . 64 6.85 ? ·52 

2 .71 8. 85 2 . 6L~ 
10. 85 2. 70 
12 .05 c . (_ ~ 7') 

L .E . r ad:'us = 1. 05 L .L. radius = 1.23 I 

J 
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TABLE III 

PARAMETER VALUES FOR A 0.30c FLAP ON A RE CTANGULAR SEUISPAN TAIL SURFACE 

(6CL) 
6a 0 r (0

6
0: ), 

CL 
cb °t Gap Balance Value Value -

Of nose shape cf computed obtained 
Measured from Mea8ured from Measured 

value sect ion value section value 
data data 

(a) 

---- o Sealed Plain 0.055 0.057 -0.64- -0.58 -0.0020 
---- -1 Sealed Plain .055 -------- -.50 -------- -.0020 
---- o 0.005c Plain .054 . 055 -.60 -.60 -.0024 
0.35 o Sealed Blunt .054 .055 -.64- -.64 -.0005 

.35 o 0.005c Blunt .050 .051 -.67 -.68 .0009 

.35 o Sealed Elliptical .055 .055 - .62 -.60 -.0010 

.35 o 0.005c Elliptical .050 .052 -.58 -.55 0 

.35 -1 0.005c Elliptical .051 -------- -.46 -------- -.0010 

.50 o Sealed Blunt .054 .056 -.64- -.72 .0025 
·50 o 0.005c Blunt .050 d.048 -.65 d 

-.73 .0036 
.50 o Sealed Elliptical .054 .056 -.58 -.70 -.0003 
.50 o 0.005c Elliptical .052 d.O').1 -.59 d -.61 .0009 

C:r)O 
f 

Value Value 
computed computed 

from from 
section section 
data data 

(a) (b) 

-0.0034 -0.0016 
-------. --------
-.0034 -.0017 
-.0016 -.0003 
-.0014 -.0002 
-.0019 -.0006 
-.0017 -.00<l+ 

-------. --------
.0001 .0011 

e .0012 e .0020 I 

-.Oo<l+ .0006 
e.0003 e.0012 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

(COhf) 
Tot a to~VOf (O~t 

Value 
computed 

Measured from Measured Measured 
value section value value 

data 

(a) (c) (c) 

-0.0082 -0.0098 0.n8 -0.147 
-.0029 -------- .n8 -.125 
-.0080 -.0104 .118 -.127 
-.0028 -.0029 .126 -.170 
-.0025 -. 0029 .120 -.147 
-.0060 -.0064- .118 -.139 I 

-.0052 -.0055 .130 -.200 ! 

-.0007 -------- .127 -.182 ! 

.0064- .0023 .126 -.141 : 

.0060 e .0040 .120 -.120 I 

-.0024 -.0C43. .139 -.17
2 J 

-.0004 e_.0032 .121 -.171 

aComputed from section data with edge-velocity corrections (reference 6). 
bComputed from section data with edge-velocity corrections (reference 6) and streamline-curvature corrections (reference 9). 
cMeasured about 0.35c point. 

dComputed values represent extrapolations from test points from reference 5. 
eGap , O.OOlc. 

z 
:x> 
n 
:x> 

:x> 
:::0 
:::0 

z 
o 

L' 
~ 
>-< 
r-' 
r-' ,..., 

....., 
(J) 



I~ 
_, r_ 

O,O30112~ A- .-
bf, 15.6" 

1 
~ 
Ci 

1 
• 
"l-
t>< 

" \,) 

T 
~ 
~ 

d 

1\ 

'fIp l111C.LJn.a.u oiJ.JIB- rnJs-""",- l- _ 
B L __ 

f-- - - - - EMz.r~ .IlL (2~-O.J!fll'f_~ 1-- - - -------
r- ----------- ___ ___ 1C.tl~Q.v~f19._ 

r--- ------=----- __ __ __ _ ~eJaiD...f1gp-- -

Hinge ax is"" 

1 I 

h-Q/93 biz ~I. 'd.~6 I:/l. L aZ90 /:12 .. I 

~B 
;J::';P of ~revo/tdio/} 

For radii of 
tip, see olr;/intdes 

Section 8-8 In table I 

~~~?~j 
, $heet-rub/xir seal aOOlc qaf' 

,sectIon A-A or O.()()S(;gal' 

cf =Q30c .. ~ 

Cf = O,30c • I 

nose 

Cf& o.30c .. I 

NA1N1NAl AOVlsotIy 
CUMMIT1Et fOR AERONAUTICI 

See tabh of ordinates 
for elliptical nose 

,7:H"-'n-a-e-a-r r-s 

cf = O.3Oc __ -.. \ 

nose 

Fiqure j, - Oeto//s of 017 A!!/CA 0009 redanqLl/crr semispcrn tail sur/,qce. 
Aspect rcrtlo = 3, 

z 
;t> 
(") 

;t> 

;t> 
:::0 
:::0 

z 
o 

L' 
~ 
~ 

f-' 
f-' 
H) 

':z:J 
,", ' 

oq 

f-' 



~~.'-'-__ ~-r-

"\:.11~ 
t::: <-,) 
"_ I ~ 

~t~ 
I 

-------1--- ~ lIT __ +_IW. 

J 
!!,'I ________ JI 

0( 3'1~ 

I~-- -rf~ 

rt. of balance 
""'f-- s yst em JJr 

Rectanqular 
,-test section ~ 

t::: 

QI~ 
~ \.j 
"- I . Q.) 

~t~ 

---- '11 ----

~ ~, ~ 
NATIO NAL ADVISORY 

COMMITIEE f OR AERONAUTICS 

figure Z .-5emispan model mouniec( in the Langley 1-by 6-foot 
veri leal tunnel. 

z 
:x:­
C) 

:x:-
:x:­
::0 
::0 

z 
o 

L' 
~ 
t-< 

....... 

....... 
I-f) 

'xj 
t-- . 
aq 

t'V 



NACA ARR No. L4Illf Fig. 3a 

1.4 

/.2 

/.0 

.8 

(j .6 

"' ....... . 4 ~ 
~ ..... 
\J 

~ Go;; .2 
~ 
c::, 
\.) 

0 
"i-. , 
....... 
-....J :-2 

-;4 

-.6 

-;8 

-/.O 

-1.2. 

Of 
/' ~ deq) 

)f,l ~ 
t4]) 

~~ 2' Ti? 
o 0 'ff/ 9'/ V ...... • 
65 ~ 

o /0 V2 5/ ~ / '''' t r> 15 /; ~ V / VS k V20 
~ (/ V' / / ' \ 025 ./ 

<l30 v: ~ V J' J V ~ 
I' 

~ v+ / v / / 
Jf / 

~ V / V /l V 
/ 

/ )' / /V /' t! 
~. ;/ / ? / / 

V V / V / 
V' V 

/' V ;I 
s> / £ V / 

~ / / /' J' / 
~ '/ ~ v y! ~/ / 

~ / / / lY / ~ 

0-~ /~ / / / ;f 

W / w' V V 
<1- / 

rt' v / / 
/ 

V ~ 'V 
G / 

\, V8 / V 
'\ / V 
~ 

r V 
~ V 

COMr~ ~ pR AEl ONAUT I:S 

-20 -/6 -12 -8 -4 0 4 8 /2 /6 
Angle of a /laclr, a, de g 

Tigure 3. - Aerodynamic charac ferisiics of t:1 

reclangl.llar semispan fail 5IJrface. ?ICl/n f/~p; 
o 

sea/~d 9C1jJ; Ot= 0; o.30c rlajJ; A=3. 



NACA ARR No. L4Illf 

~ "~ 
';Jf / 

V 

I(dt$ I.-P V 1\ 

~ rJ ~ V f\ 
./" LY ~ V ../ 

fif'\ j." 

-'" 
lA' 

./ 
l;Y 

d rrf ./ v: ~ \ 
~ V V 5" ~ ~ 

G .,if' 
V ~ 

../ 
l.J'T 

../ 
V ~ ~ ~ ../' 

,.... 

V V V V V ~ l?" ~30 ./ 

"\ ~ r /V ~/ / ~ '/ 
Q 

V V / 
~ LY V ~ ~ V 7 IA " 

vv ....J; v v ~ v / /' ./ 10 

.26 

.2 

.2 

~ 

~ v ~ I~ 
;2 ../' ~ I~ ... 

=V 
v ~ f4 I Jil:- I 

t:~~ ~ ~ ..... 6" / II / -<'>-11 ... ~~ 7'1 ~ If I 
.W 

tv / / / 6 (deq) ~c / / / .I 

o 0 / / / / / ~ 

6 A 5 
A 0/0 J / I / / j .I 

\ If> 15 / ?~~ / 1 , \-1 2.0 / / / / I l' <>Z5 
\ <l30 / , / / 7 / I 

2 
~ I / / / / ?n } 

.14 

0 ~ 1I / II e / ~ 
\ / V / / II / 

I q \ 1\ 1../ I fl / f7 / 
~'I\ 1\ \ V / ~5 II t II 

/ 

~ M.\ .... Ii( V V I V / 
1\ 1\ \ V- I II II / 

" '\ \ I¥ / / I}O 1/ l} 1\ 
I~ I~ ~ Iv lP 

/ ,/ l!' / '" "0' -r:>.. r 

12 ~ ~ ~ P:< f'v' ~ 1/ V 1/ 
r-.... I'-. ).c "" ~ ~ ~O ~ 

.0 
" n, I,un, "" ~UT" ioMMI EE f( AIR o 

-20 -/6 -/2 -8 -4- 0 4 d 12 /6 

3 C f 
.l1nqlt; of etHetelr -' rx, deg 

figure .- on In!J!!d. 

Fig. 3b 

.08 



NACA ARR No. L4Illf 

20 

./6 

.12 

.08 

.,. 
"'+-. 

~:04 
...... 
. ~ 
!t 7~ 
~ 

~ 
'- -:/Z 
~ 
\J 
~ 
~ -:/6 
I 
q) 

~720 
~ 

Q.. 
~-:-24 
~ 

-:28 

-:32 

-:36 

~ 

~~ 

\ 
"-

\ 
IS 

~ ~ 

I~ 
'-.. 

"- \ 
~ 

" <) 

~ 

~~ 

""" ~ 
--e...... , 

....... ~ 

~ 
'iii.. 
~ ~ 

'~ ~ H!... 

-........,. 
~ 

~ 

~ . 

\~ 
"~ 
~ 

I"" t--p... 
~ 

t¥ 
Cleg) 

o 0 
A 5 
o 10 
D> 15 
'0/ ZO 
<>Z~ 
<:) 30 

I'---
..... ~ 

~ 

---
~ ......... -,..., 

-....... 

" '*'-

I~ 
~ 

r-..., 

~ 
I'-...... 

f'<" 

-20 -/6 -12 -8 -4-

NA 
C)MMIT 

8~ 
~ kl... (dep) , 

f..f} 

~ ~ ~ 
~ 
~ 

-Q..... 
' :;, 
~ 

~ r---... 
~ 10 

----....... "'-~ .. 
~ 
~ 

~/S 
""-" 

""-

"" ~ ~ ... ~ ~ 
-<ilL -t-... 

[Zp, 
~ 

~ f-... ~ .., 
p" 

o 4- 8 
Angle af atfack, ex, deg 

Figure 3.- Cancll.lded. 

Fig. 3c 

aNAL AaYIs( ~Y 
EE Fa 

~ 

"' '-.,.. 
'" \ 

"" \ 
»t 

"" ~ 

"'" ~ """~ 
~ 
~ 

~ 
~ 

,..... 
-.;;::::: f-i-., 

0" ~ <> 
~ 

:<:r ~ ~ 
12 /6 



NACA ARR No. L4Illf Fig. 4a 

1."1 

/.2-

/.0 

.8 

-.J .6 \.) 

... 
....... 

11-~ 

.~ 
() 

" 2-~ 
~ 
<::. 
\) 

0 
~ 
~ ..... 

" 72-

-A-

-:6 

-;8 

-1.0 \V 
NAI URAL IVYI"" 

C IMMIn EE FOF AERO AUll<:l 

-20 -/6 -/2 -8 -f o 4 () /2 /6 

Anq Ie of affaclr, ex, deq 
Figure 1.- Aerod'ynamic characferisflcs of d 

recfanqular sem /s pan fall sl.Irft:1ce. Pla/ n riel/,; 

QOO5"c gClp; t5't = 0 5 0.30 c r/ap; A = 3. 



'I 

NACA ARR No. L4Illf Fig. 4b 

Of ~ ~ 

(deq).,./ 
[,?' 

~ .--

f){j 

xr 0 
/ 

V 1\ 
V AI' 

5 
.--/ ~ (:)-

/" ;:V /0 j.;Iif 
~ P\ i· 

V V 
v- v V ~~ ./ ./' 115 " 

V to V Lv' V V ~ \ IlQ 
."-.) I/'" /" / 

f$ 
/'" 
~ ~ ~ I~ 

/ ./ r---...... 

V V ...... V vcr l»' V ~ ~O f I"i 
.2t ./ 

~ Y V V v 
~ l-7 ~ ~ ~ / 

~ ~ ~ /'" 
~.,..---

./' V ~ V ~ () 
I, / 

II 
I" .2 .....-: 

des 
..tY"" ~ ~ V ~ f rtl / 

~r= 

~ ~ V / ~ ~l / / Ii> .22 
~ ~ ~ l.rA ~ ~ / ~ 1-""'" ....., 
r\ ~ ~ ~ I f .20 

<:> ~ / / !/ f 

.ItJ 
I, of I II / / 
,aeq) II Zf II r ~ 

o 0 ~ f / !J / f. 
./6 8. 5 

I II 1 .. o /0 I I 

\ 1\ P> /5 / 1} / !/ / .14- VI 2.0 / 

\ ~ 025 / V II 'i / 7 -r 
\ \ <:J 30 / I v I ? / 1/ 

,/2-
1\ \ V I II I 7 

~ / II II '7 / 17 
.10 

~ 
<3 I II 1/ I / / ~ 

...... 
u 

\\ 1\ 5Y 
V V II P If I \.Cl Iq J . ,~ 

~ ~ .,\ V [pi / I V / 17 

\. '\ 1\ V / .1 
Ip V 7 06 

~ 1\ ), ~ /v II V I ~ 
~ 1\ 

~ '\ -v \ /" 
~ I II ~ V IA 1'-. 

~ ~ ~ k-.f [\a / 1.1 ~V ;/ 

.02 ~ ~ "" ---k V V VlJ 
~ ~ ~ 

----
~ l.--» 

-.!r 
NATDNAL ~Yls( rt 

0 
c ~tAiTih· FO AERO ~unc 

-20 -/6 -/2. -8 -4 0 4 8 12 /6 . 

4. CAna.!.e ofd Cllfacl1, a, deg 
r/gure 1·- on'1'lnLle . 



NACA ARR No. L4Illf Fi g. 4 

.20 
~ 

Of 
(deq) 

t-- o 0 
./6 8. 5 

o 10 
t> /5 

,/2 VI 20 
OZ5 

\. <:J 30 

" ~ATlON L AD ISORY 
I;t COM ITTEE fOR A RONA ICS 

.08 

" "'" '" ~~ ~ 
'-f 

~ ---~ (de g) 

.04 

"I'-- --~ r-tl. 
~ ---&. ---r-- /!r--. 

............ ...., 
['-e... r--- r'-- '-..,. "~ 

o(;L 

1\ ~ r--r-... ':J 
~ ~ f",.", ", ....... 

~ "'" \ 
.'" ~ 

1, ~ ~ 
""-

f'Kl ~ I'--
. \ ~ 

'" 
~ "'" ~ . 1\ 

,\11 " '" ~ \ 
\ '" "'- ~ ""'ir1 

k 

\ ~ ~ "'" ~ "'q,tl 

\t\0 "~ l~~ 

1\ f<\., "" ~ " r----.... 

\ ~. ~ 
......,.. 
~ 

~ ~ '" i'--. 
. «l "'-. "~ ~o.. " '-<a.. '-..., 

"-
i'--....... 
~ ! '- ~ 

"" ~ 
.... 

'"" 
-;JZ 

I~ ~ 
G5...~ t 

"" ~ I 
N ~ 
~ 

-40 "4..... V} 

ivV ~ V 
....... 

~ 

-20 -16 -If; -8 -4 o a 12 /6 

11 ng/e o.f aHac k, C(, deg 
F/qure 1. - Concluded. 



NACA ARR No. L4Illf Fig. 5a 

fA-

/.?-
~ o. 

;'0 

.8 

"-
'i-.. 
~ 
q,; ~ 

...... 
\,) 

it .Z, 
Q.) 
c 
~ 

o 

-.6 

-.8 

-/.0 

A
V rI V / 
IY 1 / / 

d Is" / 

\;t 
-2f) -16 -/2 -6 -4 o 4 8 

ling Ie of a !fac k) CA-) deq 
12 /6 

Figure S.- Aerodynamic chqracferls tics of a 

recfanqu/ar semispan fail stlrf'ace. f7c:rp wifh 
o 

0.35 cr blunf oVerhCln:h seale d gap; at = OJ 

o.30c flap; A= 3. 



NACA ARR No. L4Illf 

/' H 
16 fl V V 

(d~g v 
V f\ ft 

5> 
l.-U V- B' H 

v ~. 
V' l.-a ). 

v V' v v v L-w\ (. 
. ./ ..15" 

V V / 
p-IO V- A ~ r\~ 

t· 

/. 
V'" ~ vY ~/: l0 ~ 1\ 

[\' 
./' ./ 

.zro ~ 
V ~ 1/ L>-v 

I~ ~ l' 

..... 
I~ r.. 0 

.1-0-" 
V V 

~ 
.V ./ V ~ ~ / / 

~ ~ ./ ~ .. /~' .~ ~ Of 
II 

'17, ~ 

l-Y ."J~ .,/ ~ i:?' II del'})! I / / 
...cr-" 

.24 

..,.. ~ w.- ~~ .. ~ 1/ / I I 
w .;;V ~ 30 ~U II / 

.22-

.v- iW .~ 1/ I . I II r 
.A 6r I ~ 1/ II I Ii ..--- 'V 

(deq) 
1/ 2, I> 

o 0 / -; / II j 
A 5 II ~ II r o /0 I 
f> /5 1/ / ~O / Ii 

~ V 20 
/ / II I 1\ 025 

. \ <l 30 rJ If II' I 1 ? 

.20 

.18 

.16 

.14 

\ V / / /1-
I! I II 

~i\ ./ 
V"" } II I II I 

I~ rr--.a V I j / I / 
\ \ II j 1/ 7 j 

q \ ~ / / / / I 
f\ \ L II " I V 

~\ \ Ivv / ! / II / 
z\~ ~ \ V V p ) ~ ~ / 

r\ \ \ \, V / V } V ,., 

f\;-~ ~ . \. / 1/ V / 
~ ~ '" ~ V V / 

r'-" -g..~. J.l. K . ./ V V 
.oz 

""" 
AERO' UTICS C "Min UOR a 

-20 -/6 -/2 -6 -4- 0 4 <5 12 /6 

Anq/e of affack, IX, deq 
Figure 5. - Coni in ue-C!. 

Fig. 5b 

.D8 

" -l-... 

o ' 'lJ ..... 
\.I 

-;04 ~ 
QJ 
~ 

'-> 

-.08 '1-... , 
QJ 

~ 
-.IZ 0 

~ 
I 

~ 

-;/6 "~ 

" (J 

~ 
"-

:W Q... 

. . 



NACA ARR No. L4Illf Fig. 5c 

.20 
6f 

(deg) 

0 0 
.16 5 5 

o /0 
D> 15 

~ 
'V 20 
Ozs 

.12 

.00 ~ 
<l 30 

'9 I'Y.:. 
NA ONAl 

~, ~OI'lS( Y 
C Millin EE Fal 

~ 
--........ 
~ Of. 

'\~ "-..... '-r--Z 
~ I-l>---

--- -0. 
~ 

deg) 
~ '-j''--t>-r-s--~ ---r--". -..:r-

r-a~ t-<:, ---" fA. ~ !?-, v ~ ~ r--o.. t--- ~ 1'--5 ~ h;,-... 

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

~/r = ~ 

~ ~ "" 
" 1: ~ ~ 

P-. ~ ~ q " "-
\ f'..-

~ ~ f----'" 

~ 1\ ~ 
"-

[\. 
'V 

"" ~ ~ 20 

~ "" ~kl ~ 
"1 

~ "'" ~ ~ 

"'- <tr--.... ~ 

-:ZB 
~ I'---- IV'Z:>~ 
~ 

-........... '," 

-30 
<ir-............. 

-20 -/6 -12. -8 -4 o 4 8 
Angle of ctffaclr) 0:, deg 

Figure 5.- Conc/qded. 

~ '-...,. 

<5"" 

"" '\ , 
~ 

c:: 

~ \ 

"" ~ 
v 

~ il 
v 

'\ 
~ 

~ 
~ ~'v 

v 

""" V' 

~ 

~ 
/2 /6 



NACA ARR No. L4Illf Fig. 6a 

/.4-
6r 

deq) 

/.~ 
o a Ari ~ I A5 v ~ 0/0 7' 4" 

1.0 
1> /5 of / V' V' v 20 

,./ 

deg/ ~ /"' V 025 / 

.8 
<j 30 7~ A 

/ )" ) A 
/ 

'V V / ./' / r:/ 

.6 
-' 

(..) 

I~ / ~ Il ./ / 
6 

~ 
k::: w f IX' V 

~"' 4-
~ 
q) 

" 

~ .2, " 

~ 

~ V / / .t / 
t:'J 
~ !7' / ~ / L 

JJ ~ v / V / Lg / 

£ ~£AI / / V -[ / / 
Q) 
~ 0 (J 

~ -:2-...... 
........ 

/ / / ~V v ~ /' 

/, ~ V /1\' V /' 
~ ./ 

At/' ~ ~ V p 
I!" / 

~ ~ V / / v 
~ / / 

-.4- Y '" :/ / 
P' /' / 

~ V Y / / .L 

-:6 
~ s/ / 

V / 
V v 1/ • " 

-:8 
\j / / 

;I 
~. fin ... I '1\V1~ IRY 

OMMI II Fe 1AER( IWJTK~ 
-/.O 

-20 -/6 -/Z -8 -4 o 8 /2.. /6 
Angle of affqc k:J a', deg 

Figure 6. - Aerodynamic chdrctcferis fic5 of- a 

recfangular sem ispctn fal/ su rface. tla/, with 
o 

0.35 cf blunf overhang; 0.005 c gap; Ot ~ 0; 
a.30e flap; A = 3 . 

~ 



NACA ARR No . L4I l lf 

• -<!) 

Or j ~5 II / II 
.181--\-=-*. --+---+-----i(d e q) I ~ / I t ~ 

o a / /~ / II I 
./6 f--------W__+_--I----I Do 5 / V I I o 10 21J I-----+t-+-+--t 

~/ A ~ ~ ~ ~~ / j I I II 
"\ 1\ 1\ <> 25 .y I If' ~ j 

"i-. . \ <J 30 /V I / / II I 
.~./ G'~H-I '141. Ia-. 4~-+-,.------+.r/-A--t--+-~/ f--t-+/--f+----h/l----f---/v------i----:/H---t~. ~--;;;-i . 

. ~ "~ / II j }S / / I 
~.I0 I~ \ \ ~ J / I v / I 

~.03 1\ ~ 1\ V / / ! II ) 
. 1\ \ / ,; II / .I / / 

\h 1\ \ \ \). / P/' / V I 
~. 06b1--+-+-'-~G:t-I\ -tt-1 \ ---+--")rl/--70t--+-/+/:f-t--f--cj i'-+--++{ -t-j'-f-/--w----+--+--t--l 

OA ~~~V(\ V / V J/ 
.4-~~-~~~~~. ~~~~~K~+/4.~~4-h/~1/~~-r~ 

'~~~ ~k / Vd / .0 ,....-:1" --+-+-+-+--+=~"",--,.....pc;'ZO).:=-f .. :.....:::=.a.t::n:!'I=. ~rf-. ~-. +~;:oL. tv::oO'+-+--+--t--t-+-+-i 

~-4-+-+-t--+-4--t-+~~~-+-4-+-+~A~'UA'~ A.~u~n~m",~~ 
CpMMIT EE Fa AERO Aunc 

o~~~~~~~~~~~~~~~~~~~ 

-20 -16 -12 - 8 -4 o 4 8 
An.q/e If aflack, tt, de g 

r i9ure 6 .- ConfVinue . 

12 / 6 

Fi g . 6b 



I 

1 

NACA ARR No. L4Illf Fig. 6c 

.20 Of 
(deq) 

./6 o 0 
8. 5 
o /0 
1> /5 

,/2 

1 
'1 ZO 
025 

~ <J 30 
.00 

.~ 
NATIO AL A VISOR 

CON ,.,Im FOR RONA HlCS 

~ ~ ~ ~ (if 
.~ 

--<: 
.............. 

--.s: r-- (deg) I-a --....... [--..Q.. 
.~ 

~ :-a-~ "'. "0........ O~ !~ "- ::--h,. 
~ ~ "'---~ 

I~ ~ ..-..: ~ -- -- "I:t-
..... 
~ 

~ ""- r-- Ii. A -.... 

""b """ "" ~ "" '"'i V . Ii> "Q 

'" "\ '<., /0 \ <'I l\- i'.,. 

\ \ "\ "\ 
\::.. I~ ~ 

~ 

\ "i'.,. 
"'-

"" 
~ 

1\ ~ 

\ \ ~ 

"'" 
15 
~ 

~E1 

\ 1\ ~ -....-.... 
~ 

\ 120 ... 
~ 

~ 

"" i\ 
,. 
r\ 

'" 
\ v 
<.'\. 

"" '\ 
q..,. 

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

t'-

----- --.:a..... ~ -z~ --0.... 
'" -....-.... 

.v-o-
I'---., 

<1) 30 

'" ~ f<Y 
-:36 

-20 -/6 -IZ -8 -4- o 4 12 /6 

Jl nglc of Clficrc/r) ex) deg 
Figure 6.- COllc/ude d . 



NACA ARR No . L4Illf Fig . 7a 

14 

L2-

/.0 

.8 

.6 

6~ ~ 
~deCl) 12 ~ 

Cf 1h? ~ ~ (deqJ LM / F 

~ / 

o 0 .~ ~l/ V \ /}:, 5 
o 10 ~ V/ ) V / 1 
r;y /5 ~ !'/ Jl ~y )' 
v 20 l4 / 

v V- /v 025 / 

<J 30 ~ Y /~ 1/ ~ r 

4-
~....., 

~ / 
V / v 

/ 

~ ~ / 
v Jf / :/ 

""-" .z ~ 
qj 

~ ~ v V / V / 

V 7' r/ V / 
13 V / ...... 

\) 

0 " 

~ 
\l 
() 
~ '72.-

~ 
" 

-.....J -.4-

K. ~ / / ~ / 
s 1/ 

~ 'Y / j!!V ;/ / / ./ 

/' '/ / V 1/ 9' 
V ./ .... '" 

""~ / V / / / 
V v V Jf' V if 

V / / / 
/ 

-:6 
.Y ,.....£ V ;. 

/ 

A V V 

-:8 
~ V 

\ V 
-/.O 1['% 

fjATIOI ~l A[ r::; tncs COM ITT£[ FOR A 

-20 -/6 -/Z -8 -4 o 4 £3 /Z /~ 

/1nqle ofClffack~tX) deg 
Figure 7.-Aerodynamic characferisflcs of a 

recfanqular semispCln led I stlrface. Flap wifh 

O.3Scf c/I!pticaloverhongj sealed qap; 6t =O; 
0.30 c flap; A== 3. 

l 



NACA ARR No. L4Illf Fig. 7b 

6f 
..-<j 

(deq; V ~ 
.()fj 

~ 0 V v 

/ 1---5 
I.P 

0-4 l'Y' 

/ 
:;Y 

./ 
V /i/O 

~ . 

~ / // V ~ 
,/ 

"'\. 
./:. . 

/' 

/ 
~ 

/ / V ./" 
-I}. 
?f ? ~ \ 

E /' 
I.-fo' ./ f4' 

,/ 
V 

./ V /: ~~ /'.A .~ 

./ 
/» ~ ~ ~ ~ ~ pu ~ 

k V ./ 
v 

/ 
,/' 

~ 
V V ~ ~ I 

6 <'> 

\~ .-- ..M / V' ~ ~ / ./ /'" ./ / 
.2. 

~ . \ ,./ 
...P /' ~ ~tr" 

d:~) I 
/ I L1. 

~ 
V V 

v ~ / 
b / 

.2 

2 
,-~ ~ 

v ~ ~ / / / 
r 

1'7 
~ '7" 

V V-- / ! / It- 31 
<iT -v 

V V Of / / II / p 
iot-> deq) 

~ / I II j ..Ii 

.20 

o 0 i 1., ~ / j 
11 

~ 6. 5 
o /0 / l II r / ". 

.It 

<a 
t:> /5 

/ Vo I II / I 6 
'" VI 20 I / / if / . Cii 025 / 

\ <il 30 I V ZIJ / / II 

./, 

~ V 1 Ii II ! ! I 
\ /' V II I / 'Z 

l\ L / / / 1 / L \ 
\ \ V" / V r / I / 0 / 

\ / i/. i Ir' I 9' P ~ 

\\ \ / / - II / / / / 

\ \ \ v / 
V" / II 'i / 

\ .::x v 1\ " / ~ I I 
f\ " 1\ .--> / / / / 1\ / I 
.~\ \ ~ \ / 

f't / / /~ / A 
~ 

~ lE. ~ V r'b / ,£ / ;I J 
.0 

~ ~ ~ K / / / ( 
Z, - L 

1""- .nl<:l ,...f'" ~ ~. 
<!5: ? "' "U"~I ~u.,. un . 

~ -"'" :DMMI TEEF R AER NAUTI :s 
.0 

-m -/6 -/Z -8 -4 0 4 8 /2. 16 
An qle of allClc k.l tx) deg 

fi1/.;re 7. - Confin~ed . 



NACA ARR No. ' L4Illf 

./6 

,/2-

, -DB 
~ 
\) 

~ -:/2 
~ 
I 

U -;/6 
~ 
~ 

~ -:20 

'~ 

'" ~ I'----- 0-......, 

~ b\ :\ 
\ ' 1\ ~ I'-----
\ \ --

~ --e.... 

\~ ;:::...... 
\~ "- ~ ~. 
\ ~ 

'~ 

" \ 
" ~ 

1\" '" \ 

\ 

~ I'----- ......, 
............., 
~ ~ 

r-~ - --n-.. ~ 

-----a. r--
-........ 

'-...e --~ "' r-..... 
V'--

'-..., 

~ 
"-........ 
~ 

........ 
~ 

.~ "" >..." 
"'r--

.............. 
"<s ..... 

........... --
r---r/ap-osc// aNon rC/nqe 

-:32 

Fig. 7c 

.. 
6f ~ 

(deg) 
~ 

o 0 ---
8. 5 
[] /0 i--
r:> /5 ~ 
v 20 

,Or 025 
~ 

<1 30 I Q e9,1 ~ 

-0' ~ ...... 
f6-- r-...... 

~ -.... 5 
~ ~ 

......... "'-c. 
~ 

............... ~ \ 0 "' \ ~ I'u ~ 
"""'- !'it """'-I'a- 1 

/5'-..,. 

"'" 
~ 

V-
b-... "'" ~ 

'pO '" "- .J> 

"" 
... 

"'" ~ ~ 
......... ....... 

(!lZ !-
~ "'\l' 

~ 
. ..... 
~-- ____ <'1. 

A 
........ -<;: 

-.a" 0 
~ ......... 

"" '- ..... 
~ 

AIIU" AUV piUKJ 

COM~ ITIEr OR AE ONAU CS 

-20 -/6 -/2, -8 -4 o 4 12 /6 

Angle of alfac;) tX, deq 
Figur~ 7. - Conclu ded. 



NACA ARR No. L4Illf Fig. 8a 

1.4 

1.2-

1.0 

.CJ 

d .6 

"' " ~ 4- ~//Vl/ Vl/ 
\) ..... 
(.) ..... 
~ .2..-
\) 
Cl 
0 

0 
....... , 

..... 
-...J -:2-

-4 

~-A--7-1- t:;/ / / / 
V ):; Y V /, 

V j(f Vv 
-.6 

·V / ;{' / 

-;CJ 

-1.0 NAT NAt OY1S~ Y 
C(iMMITT~ FOR AERm UTICS 

-20 -16 -12 -8 -4- o 4 f5 IZ It; 

11 ng Ie of a Ifacn J XJ deg 
Flgur~ 8.- Aerodynamic characferisflcs of a 

reel-angular semispctn tal/ surFace. f'lap with 
0:35' cf elli pt/cdl overhang; 0.005 c qap j 6t = 0

0
; 

O.30c flap) A= 3. 



NACA ARR No. L4Illf 

.24-

.22 

.20 

./8 

./6 

~ .I! 
'-.l 

,"' .12 
~ 
\l) 

.~ ./0 

~ 
~ .08 
\.) 

~.06 
~ 
"-
~ .04-

.02. 

o 

\' 
../ 

w---v ' 
~ V V 

b-~ v t"'" 
~ ./ 

,v ~ ...c V 
~ \\ ./ ~ / 

tt I-- ' 

~ v 
/ 

<a\ V v l/' 
"~ ~ v ~ 

Cf 
(deq) 

o 0 
6 5 

~ o /0 

\ f> /5 , \7 20 
025 

~ <'l 30 

\ 
. .l 1\ \ 

1\ , ~ II 
\\ 1\ \ I 
1\\ \ A\ 

1\ 1 ~ K \. ) 
~I\ \ \ 

V 1\ 
~ ~ k ,'\ 

"«il 
~ ~ ~ 

"'V' 

~ 

,/ 
1-0" V 

L--if 
./ V 

~ l/" v 

1.,/ va / 
v 

~ v 
./ ........ 

/ / 
/ 

Y 
./ ~ 

./" 
/ 

:/ 

v 

/ 
/ 

/ 
II 

/ 
V / 

I v / 
/ 

If I --; } 

II 
"ill I 

~v / 
V" tx' V 
~ . r.> ~ -< u 

1 l.-A v 
Of ./ 

(dec)) ./ V ____ v 

"'- vO /'" V .J:l 

Y 
IP' 5 V ff 

17 " 

V ...fl V V r;-~ 
./ 

~ P--Iq ~ V V r\ ./ 

~ Dr v v ~ 
L.-¥ 

V Liq/ ~ 1-- ' 

/if 
V )'Y' ~ [.../'\ 

V --:'3.0/ \ 
~ V b> ~ II> 

1
1°f I ! 

I{deg, / [7 7 
I~~ II / 7 
II / / 

I f II / r 
l i r 'rt 

/ / IT / 
~:') II / / I 

/ / :1 / !, 

I 11 / / 0 

/ ! r? j 7 

26 II I I I 
I I / 

t Ii 7 -:< 

t IY 7 
,! II 7 17 

/ / 1/ I 
II l I )' 

J6 / II 
l/ jl 

v 1/ 
/:5 In/ 

~cv V 
nA finAl f"UVI>C 

AUnG: C MMIT ~ FO AERO 

-20 -/6 -/2 -8 -+ 0 4 8 12 /6 

8 .
_ C An.q/e of affack) (X, deg 

Fit] tJ reo n f I i7 fA ed. 

Fig. 8b 

O{J 

.04- ~ 
... , 

0 ~ 
'U ..... 
,0 
~ 

-;04- , 
u 
<:) 
0 

:06 -;..., 
I::. 

~ 
~/2 c 

~ 
I 

-:-/6 ~ ...... 
~ 

~ 
-:20 ti:: 



NACA ARR No. L4Illf 

./6 

.12 

.04 

""'­
s:::: 
~ -:/6 
<:) 

~:-20 
q) 

~ 
~~24 

~ 
~-:28 
~ 

:3Z 

~36 

-:40 

61' 
(deq) 

o 0 
6 5 
o /0 

t~ r> /5 

I \ 
, 'V 20 

015 , 
1>-... <l 30 <1 h. r--... 

~ "-to. ............. 
---0. ........ r-- . 

~\' 
--.... :---. "-. t>.--. 

~ ~ ----t-s- r---- ., -u.. ---\ '"" v '~ ~ -~ ro-. 
~ 'r-- "'t 

~ , , 
.~ " \ ~ '" \ "" ~ 

\ ~ . ~ 
'- . 

\ r"_ 4> 
\ ........ 

\ 
4 , 
'~ 

i',-
............ <il 

."-a 

-- --Fla{J-oscil/crlioTJ range 

2,0 -/6 -/2 -B -4 o 

Fig. Be 

NAT PNAL DYISO Y 
C MMITI ~ FO AERO ~UTICS 

, Of , 
\deg/ 

.-0, 

-0- --0-r--.. 
~ 5 - -1'0" 

......... 
~ "q 

f410 .~ 
~ \ t-..... 

'" ~ ~ ~ 
\. ~ \ 

~/Ii '" "'" h 

" "e 
'- \ ........ 

... ~ )- -, 
... ;--.. 
~ ...... --.. 

~5_ v r---. .., 
.~ \ 

\ ~ 
\ 

\ 

¢ 

'--
~30 ___ 

r'- _ 
L--<t 

\ 

\ 
~ 

4 8 12. /6 
Angle of aftack J £X) deq 

Fiqure 8. - Concluded. 



NACA ARR No. L4Illf Fig. 9a 

1.2 

/.0 

.(3 

d .6 
~~I/ V 

.... '" 
t: 1- /~t:/ / V 

" ....... 
0 2 ..... 

<-t.. 
~ 

QJ 

0 () 
(.) 

~ -:2 ....... 
-..J 

-.4 

-.6 

-13 
~ V 

-/.0 NATlljNAL JlYI:xJt 
CO.,MlnI FOR ~ON ~llCS 

-20 -16 -/2.. -8 -4 o 4- 8 . /2 16 
A nqle of allac k ~ a, deg 

Figure 9. - lierodynamlc c/J"rac fer/sfles of a 
rectangular semispan tail surface. r/dfJ witl1 

o.SOcf blunt overhang; sea/eel gap; c:ft=oj 
O.30c flap j A=3. 



NACA ARR No. L4Illf Fig' . 9b 

-20 -/ {; -/2 -8 -4 0 4 8 /Z /6 

9 C ;\ nfq, / e 0df a if a c k ~ fX, d t: g rl q u re . - 0 n In LJ e . 



NACA ARR No. L4Illf Fig. 9c 

Or 
24 ~~~~~~~0eq)~~~+-+-+-+-4-4-4-~~ 

20 

./6 

~24 

o 0 
t---t--+-+--t---+---+--l651--~~+-+--+--+--+-_+_---+-~_I 

f----R---+--+--+---+---+-----l 0 10 I--~~+-+--+--+--+-_+_---+--!-_I 
1\ [) /5 

f----H--+--+--+---+---+-----l "i1 20 1--+-+--+--+---+--+--+--+---+----1--1 
\ (.') /1) 

~ t-- ~ \'" '\ 

'~r- r-.- ~ ,AI' 

\ F--
~ \ I--- -

\ \ I~ 

'\ 

~ II 

\ \ 
\ 

\ ~, 
'Vr---

"'-Q.... 

-20 -15 -12 -d -4 

\ a. 

\ 

I" \ 

"-

1"---" 
r-. "---~f\. 
"'-". ~~ ~ 

(I 

\ 
~'5. 
~ 

~ ~ ~ 
~ ~. 

~ 

"\ 
!r.. 

" , 
.......... J 

NA ilONAl [JIlVIS JRY 
IoMMI E£ f( I AERi ~TJ( 

'" ~ 

o 4 8 /Z /6 

A ng Ie of allac It, a, deq 
Figure 9.- Concluded. 



I • 

NACA ARR No. L4Illf Fig. lOa 

1.2 
Of 

(d~q) 
~~Iw 

/.0 
o 0 / " 8. 5 
o 10 /V~ ~ / ~ 

.8 
[> 15 

~ d ~ / ) 
\l 2.0 

b ~ P" / / 025 
-..J 

.6 ~ 
./. k--/ 17 / /' 

V ;y oj' 
~ / / 

'" ....... It t:: 
t> 

" 

~ .2-..... 
'1-.. 
'i-... 
0 0 c 
~ 

;Z ...... 
'-t.... 

1/ ( 'f Vi ~ / / 1/" / / d :>'91 l# r;/ V /' £' / / 

~O/ V / / / 
/) ~o/ V IP l/ / 

~ ~ 5 VO ;I'i! Vf 
/t /) 

)0 ~ .) '/ 
I~ ? ) ;/ 

]I f'<' / ,~ / / ...... 

-....J -.4- Y; / I;( va / 
p- I/ /' 

~ V / V'" ~ 

-.6 
c" V / / / 

IbY ;f. 
/ ,/ 

-:8 ~ V 
/ 

/ 
/ 

-/.O "AI IUnAL ,AU"'" "' ( MMIT E£ Fa AERO AUTIC 

-20 -/6 -/Z -8 -4- 0 8 IJ!.. /6 

An q Ie of C1 ftcrck , ex, d(!g 
F/9ure 10. - Aerodyna mic charac ferlsfics of a 

recfCll7gulClr s(:",ispqn fail stJrfQc(:. Flap wifh 
o 

0.50 Cr hlul7 f 0 verhCln 9; 0.005 C 'lap; 0t; 0; 
0.30 c fIClP; A=3. 



NACA ARR No. L4Illf 

"­
'\... 

.26 

.21-

.22 

.20 

.18 

./6 

$;: .., .12 
" 

u ., 
!t ./0 
tl 
o 
\) .a9 

~ 
~ 
l... .06 
~ 

.02. 

o 

~ 

(i 
\ 

~ 

..... 

1'\ 

"I 

1\ 

~ 

-~ 

~ v 

~ V 

V 
1\ 
1\ i'" 
~ ~ 

\ 
\ 

1\ 
v .\ 
\ 
~ 

1\ 1\ 
.\ \ 

1\"" ~ 
\ ~ \ 

'" 

V 
fa-- v 

.../' 

..K' 
V 

/ "" 
'"' 

/ 
l.-JY 

V-'" /vv 
./ lP' 
/ 

v 

6f 
~deq) 

o 0 
805 
o 10 
[:> 15 
VI 20 
025 

lA" 

1\ 
\ 

1\ 
1\ \ 

tz:!\ \ 
~ '\ 

b. 
'll> 1'--" ~" 

...c; lY' 

V V 
v 

l/ 
v 

./ 
V 

fY 
V 

V l.-vI v 

/ 
y 

~ 

./lJv' .A 
V 

. ./ V 

~V 
1/ 

/ 
/ 

J 

/ 

1 

./ W V 

"'" 
V 

........-K ......-a V 
.~ 

~ . ---c> 
~ 

". 

~ 
V 

c5 
(de (~) V· ........., l---~ 

0 1--.0' 
V ~ 1\ 0V 

9' f!Y ./5 I----'" I.---~ \ .rr" 

V 1./'1 v 
~~ ./ j( ./ 

V 
1,,--. 

V ./ ~ ./ 

~ ~/~.A ./ ~ L-.o ~ 

V v ;!)~ V 
V ~~ / 

V"'" V 7 7 / 

1 II I,. 
7 / / 

Of '/ ilv / 
(der~ / r7 

~ 

~5 / I / 
I l V 

V ! II / 
/ z/ / / i!-

I / II / 
i / / / 

/ ! 7 7 
~ 

/ / r7 / if 
J I. I / / 

/ I II / 
I~ 

j, / 
/ / If 7 

II II 7 1/ 
I II II / 

/ J ~ 
V ~ [7 

\J1' jV I~ 
/' 

V / 1 

-0 ~ 
"" I"""L I'U"'" 

lAuTIC C MMIn £fO AERO 

-20 -/6 -/2 -8 -4- 0 4 8 12 /6 
Angle of ctffack,) tX, deg 

Figure 10.- Continuec/. 

Fig. lOb 

.08 

~ 

-:08 ~ 
Qj 

~ 
0 

-./2 .E2 
I 

~ 
-.16 

...... 
~ 

~ ..... 
-:20 Q.. 



I 

I . 

NACA ARR No. L4Illf 

.2.0 

./6 

.IZ 

~ 

~.08 ... 
;.. 

~ 
t) .rJ4. 
...... 
u 
~ 0 
~ 
~ 

, -.04-
~ 
tl 

~ :08 
~ 
I 

~ :iZ 
~ ...... 
~ 7'/6 

Q... 
~ 
l( -20 

of 
(d eqll 

~ ~ f--p 5~ Il> 't --...... 

'" ~ v ./ I--"'" \ 

I~ ~ 20 ~ \ 
..G- --cr \ 

t> -= IV I""" 

~ l!;- 5 .-~ 

"' 0,,(. > e.. 
1\ 

oj 

\ 
0-
~Ia 

~ 25 '0- - .... 
........... , 

. . 
----Flap -osci//afion range 

Fig. lOc 

Dr 
(deg) 

o 0 
8. 5 
o 10 
r;:. /5 
\'1 20 
<> LEi 

"-
"-

-"'- ~. 
\"' ~ 

1\ ~ ~ ~ """ ~ 
~ 

\ ~ ~ 

~ 
~ 

v ~ 

"'IJ "'-
\ 'lit..., ~ 

\'9' "\ \ A 

\ \,p 
\ 

I\. 

~ ~ 

1\ '" r-.. \ r--F-v-P 
~ 

~ !--[<:>-..... 
r'-A 

NAT ONAl DYISO Y 
o MMIn ~ fO AERO ",una 

-20 -/6 -12... -8 -4- 0 4- 8 It:, 16 

Angle of aHaclr, rx:, deg 
Fiqure /0.- Concluded. 



NACA ARR No. L4Illf Fig. lla 

1.2 

/.0 

Of ~ (deq) 
I~ ~ 1'7 

I-- o 0 :i ~ ~7 ~ 8. 5 
o 10 ~ ~ V V ~ 

.8 

~ .6 
" ok 
~ 
t> .4-

" 

(J 
" 

~ 2 
t> 
0 
U 

0 
...... 
~ 
.....j 72 

~ /5 
-" 
~ lY V / \ 

\l 20 If' V l7/ JV 025 A 
<J 30 .d W / [7 7 

/ 

I~ V / / V 
~ ~ / ./ V 

~ 17 
/ / [P 

Of ",/ 

~ ~ V "" V (dea) / / 

12U V ~ d / 
I¢" / / 

~ .~ /V V V / / / 

1/ r/ pV .I"l l? ;I ..<! 

l,1 rJl / tJf / i/ ... 
~ 0/ V r/ V / "I 

71- rv yt5 V V ;;I 
> V lP / / 1\ 

-:6 
\( I)U / ;V 

Iq 1/ 5 / 
/ 

:-8 
~ f---A' 

r\ 
V 

Q 
l/' 

-/.0 \ Vi 
NA ONAl ADViSI RY 

(bMMIT E[fO AERO liAunc 

-2.0 -/6' -/2 -8 -4 0 12 /6 

Anq Ie of alfac If , a, deg 

Figure //.- Aerodynamic charClcfcrisftcs of C/ 

recfanqu/ar semispan fail st)rrace. Flap wlfh 

0.50 Cf ell ; pc Ica/ overhan:/; sea /~ d gap j 6t = d; 
0.30c flap; A=3. 



NACA ARR No. L4Illf Fig. Ilb 

k" ~ 
~ 

f08 
(deg) V V 

iftlrJ V S--

V !~ 1-6 
~ 

04-
..£J V-

~. 
/"" 

V"'.JO~ ..A 0 lAS 
./ 

V V --< V A. 

.2 / 
~ V ~ v !5~ V '\ Iii> 

tJ A ...... .04 
t V / 

[:::K V V Z(f V ~ ~ 
/" .,. .Af ~ 

~~ , V ~ ft 
V V ~ rr I<-'" 

~ ?6 ,/ ~~ ,rs; V V IV' ~ V V 
~ ~ 1--",11 II 

,''''''''''' 
~ V I-""" V ;; ~ ~V ~ V / / I r 'A ..fi(' -JZ ......, V W V C/ I II / !iJ'" ...... .fi '~f 1 

\ ~ / 

V '/ II II / 
~. 

I"! k-/' V V (dc:g) -;16 ., 
\.-'~ V 0 ~ Ira J II- I ...-- ~ 

.2 

.2 
~ 

~ / ' V [.Y IJ II J II 
~c ~ 

~ ~ v 7 / 1/ / 
.2 

~f 1/4 II 1 , 
8 aeqJ 7 ~ V II / 

.I 

o 0 I ,!l / / 6 A 5 
Q 0/0 

/ j fI I I I ./ 

~ f:> /5 V V / 1/ II II 4- 'JW \ I;l 025 / 7 ~ I ! 
2 1\ <;130 ~ }. / I I I 

./ V r7 / II / I 
\ v ¢/ II / J II 

'0 / J 

~ ) V v / / Ii .h. J ~ 
j"Q' K II , / I III 1\ 

U 

~ 1\ \ Vt ./ ~ I / 
,£ \ ~ ~ ~ 'K / [l I 
~ 

'\ 1\ \ '\ '), I I / 1/ p 
I 

R \. 1\ V 1/ 
/ / V :'\. \. A 

~ '\ '\ lA' f\. V ,g ~ V V :::. ./ 
"~ ~ ~ "" ./ 

r;? 7 0/ 
2 r-o..: c:J,..,..- ...-- "" ...... ~ .0 

"'" '" 

o ~MMI EE F( (AfR( ~UT1C 

-20 -/6 -/2. -B -4 0 4- 8 12. /6 

/.'/ 
_ _ C A nf9J (; of

d 
a Hac If ~ ex) deg 

Figure on J n Lie • 



NACA ARR No. L4IIIf Fig. lIe 

.24 
6f 

(deg) 

o 0 
.20 8 5 

0/0 
f;> 15 

./6 V 20 
OZS 

P <1 30 
I¢ 

\ 
.12 

".J~ .08 \ NAT PNAL DYISO Y 
~ MMlIJ ~F!l! AfIlOl ~un~ 

it 1--~ -v -- t'-", 
'" v\ -II> 1--" " --" b-, 

\ E \~ i'---h I~. ~ / Of 
~ ~ ~. t- J'> 

\ ... I deq, 
. . 

\~ fV"--~ EI 1\ ~ -e- 0-~ \ -.. h 5 ~ \ \ ~ 

r---s ~ " r--<l tw ['--.. N 
~ \ \ p-- r-il u.... 

~ --- ~ Ie 
\ 1\ \ " r\ 1 I' 

1\ \ 
.... 

......... Il>- .~);J 

\ 1\ t\ ~ 

1\" \ I", lv, .....- or.~ 
9-

< 1'--lIL ' ,,- -~ I~ 

"'.,. ~ - - p' - ~Z5. 
~ 

~ ~ 

"-- "" ~ 
r- - - r-

--'r-----Fj,tp -oscil Clfiol rC1n~7e 
<l ' < 

"~ 1-4-~ -:-24-

-20 -16 -IZ -8 -4- o 8 IZ 16 
A nq/e of' affac k ) ex , detJ 

Figure II. - Con clude d. 



NACA ARR No. L4Illf Fig. 12a 

14-
~ 

(deqJ 
12 

1.0 

.8 

o 0 ~ 8-5 ..-7 

o /0 ~ V ~ 
I> /5 /.! 'l v, f( 
\l 20 / "\ 

025 ~ ~ ~ ~ A 
<130 

.d' ~ ~ ~ '/ / V , 
9 

.6 
~ 

... 4-......... 

~ 
~ 

.2. " 

~ 

~ k;t r;7 I"" / ~ V L 
.v V ~ / V #I V 

/ A? 
fT / V / / 

~r p ~ /' / V / / ~ 
(d~1 V ; / V / V 
v~; 

/ 

/ L / / 
:£ /' 

' ..... 
<,... 

0 <..... 
\) 
<;) 

~ 
-:2-

~ ...... 
...,J _~ 

V /' / ,; / / V L 
.f-4 / 

,. 
/ ;/ /" / 2- J ~ 

~ )' r/ / 1/ / / fi 

~ ~/ V J., :r / / / / 

/ 7 / 
,f / 

L" 
V }~ / / / 

-:6 
, / Ill" / 
\,~f t( 

V !/ 
-:8 ~ / /~ 

\/ n"" ,~ 

AERON ~ncs CI fMMITT ~ FOR 

-2.0 -/6 -12 -a -4 0 4 8 /Z /6 
Angle of affClck, cx) deg 

Flq u re 12. - Aero d yna m/c charac feristies of a 
rec fClng u I a r sem; s ,Pan tail st.lrrace. FICIp wifh 
O.SOcf elliptical overht:1nq; 0.005 c gap; cSt· Or 
0.30 c flap; A = 3. 



NACA ARR No. L4Illf 

Ii 

.22- re- 1>- ~~ -?f / / 
/ 
/ 

II 20 " __ ::JU I I / 
~ V d / r 

/ r-++-+--+-+---f( d e9 J I T!, 
./8 0 0 v I / II 

r---+-++-+-+-+---; 8 5 1---I-----+-I+-+-----h-1'--t--tf--+---+-+----f+--t-----t 

J 

o /0 I ~~ / / 
I--+-++-+--+--+--t ~ ~~ / </ / / / / 
f-----3Ht-t-+--+-+---f 0 25 II II f V I 

\ <:l 30 / / I J V p 

.16 
_h 

c:lI \ 
~'/4 

... 
"'-
~.IZ 

" 
/~ I.~O / I / 

\ / I I I II I V 

c.... c.... 
~./O 
~ 
~ 

~8 
~ 
~ 

~.06 

\ / II 1 J I / 
\ \ v / i/ / V / .£ 

"\ ' \ I ~ I / I Ii / 

\ \ >< f1 II I I? / / / 
~ ~/ 1\ j$ I I / / I 

\ 1\ \ . ) / v .( / / 

.04 

.oZ IIU", ~U."U" I 

COMM mE pR AEf NAUT CS 

-20 -/6 -/2 -8 -4 0 4- 8 /Z i/6 

C 
Itng.le of alfClc.If, ex, d~q 

Figure IZ.- onflnueC/. 

Fig. 12b' 



NACA ARR No. L4Illf 

.24 
Of 

(deq) 

o 0 
.20 8 5 

o 10 
L;> /5 

\ '720 
025 

0" \ <I 30 10 , 'f-... 
~ 

I, 

./6 

,/2 

<11\ ~'" 
AlION -. --"11 

t- ___ 
COM~ ~TTEE 

'...- -- -..... r-_~ '~ "" , 
I\, 

\ 
~ _\ \ 

:Jii,,\, "\. ~ Of I .... 
\ 

~ \. \ ~\ '-9-\ (c eql 

'fr ~ ~ "" -q£ -"'- 0 '" ,- ~ -- \ ~ \ IV ~ ::<' .. 
\ , 
~ ~, " ~ " ~~ 

"- ~.~~ --- ..... 
"" --

\ \ 

\ \ 
\ 

\ 
«]\ 

f- - - -FI ap-oscl71at,on range \, 

" 
-:-2.0 

<:i.. 

-.24- lO~ 
-20 -/6 -/2 -5 -4- o 4 8 

Anq /e of a/fac /(, a. deg 
r/qure II?, .- Concluded. 

Fig. 12c 

LAD; $ORY 
'OR 4~ ,nN4I ~"" 

-0. ----... 
'\ 

~ :--.. }" 
~ 
~ \ ~ 

.,",-
........ l\ ~ 

\\ . 

\11> 

\~ \ 

\ & 
\ 

\ 
~ 

/2. /6 



NACA ARR No. L4Il1f Fig. 13 

, 

24 

#ose shape Gap 

.20 Blunt- Sealed 0 

Blun t 0.005 c A 

~ ./6 

" 10,) 

EI lip tic a/ Sealed---0 <;> 

Elliptical o.005c ---8 4~ \ 
\ \) 

~ 
~ . ...... .IZ . ~ 
~ 
~ 
\) 
~ 
~ .08 
~ 
\'5 
"-
~ .Of-

\ ~ /1 
I 

I\i; I .j 

"f If Lv 
~ V 

-U" 

~ 

~~ 

~ 

~ N TIONAL ADYISOR 

o COMM rm fO AERONf UTICS 

-,t, o .Z .6 .8 

Lirt coef"'f'/cien t J CL 

Fig 1.1 re 13. - [) rq!l co err' i c i e n t as 
g Tunciion or lir!- coef'f/c/e/l'C Tor 
a reciangll/Clr semispCln tall stlrrctce with 
eI 0.30c flap hctvih9 ct O . .35c.r overhang. 
ex::: 0°; A=3. 

- ~-.-~ __________ ~--J 



NACA ARR No. L4Illf Fig. 14a 

/1-

1.2 

/.0 

.8 

.6 

/~/b7 / / } V 

/I//)"V~/ 

V /~ / / 

\/ / /,$ 

-.8 

-1.0 / 
IIA 110 AL A ItISJR 

-/.2 CO:, :.11m fOR 'RONA TICS 

-2.4 -20 -16 -12 -8 - 4 o 4 (3 12 16 

lingle of aHack)lX) deq 
FlgtJre 11-.-iterodynamic characteristics of a 

rec langula r se m is pan tail surface. Plain flap j 

sealed gap; aot/oor = -/; O.30e flap; A:3. 



NACA ARR No. L4Illf 

.28 

.26 

.24 ~\ 

.22 

20 

.18 

./6 

<J .14 

'i.... 
~ .12 
o ...... 
IV 

z;:: .I 0 
'i.. 
o 
C) 

u .08 

~ 

~ .06 
~ 

.04-

.02 

o 

~ 

1\ 

I 

G 

~ 

---' 
.,.......-

'U"" 

v I&V 
.....rr' 

!b-- ...cT 

~ 
IY' 

~4r- v 
H 

a ..-;;; ~ 
~ v 

G( 

\ 
0\ 

i\ \ 
\ \ 

1\ ~ I~ p 

~\ \ '\ 
~ ~ 
~ '" .\ , \ 

r\: ~. I\,. 
~ '\ 
~ 

Of 
~jrl 
. 0 

p.-/ A)' 
/ ~f~ / v~/ J[/ 

~3~/ / 
/' 

(9 

Cf 
(deq) 

o 0 
A 5 
o /0 
[> /5 
v 20 
025 
<J 30 

/ 
R/ [,,/"I 

\ ./ 

~ ~ 
'\ 

t'\. " ~ ~ ~ i'-... 
""""1;: 

V 
.,.A" 

.6 V 
./ 

/ y ./ 

./'" ~ L 
y /1 /" 

"/ /' 
V 

/ 

/ 
/ 

V 
Y L 

/v 

V 
{Y V 

/ 
./ V , ~ / 

"" ~ 

..-c.ri 

~ 
/" 

---/f" ¥ 
/""' 

./ . b 

/ 0 /" 
£ '/ ~ QL ~ 

~ 
v / ,d 

./'" /( ~ " 
.\A . 

./ ./ ~ ~ '/f ,/' ! 
tl 

./' /' .ttf ~ 

/ ./ ~ :? /' \ 
4" ~ 

~ /' 9 
~ ./ 

./ T 

/ J 
/ ! 

/ 
IV 

I I.., 

V I 1/ r Or 
der/ / I / 

II 
p 

7P 1 J / 
· t / / / 

!P 
/ 

/ / / I / / 
/ 1 / / / / -j. ) I / / , 

/ 
/ ? / / / I ~ 

/ 2f- t / I 
/ I / / / I 

lL". / / / / (': 

/ j r;i i / 
j V / 

V / /, I f 
/ / 

V / I jo 
/ -'I / 

14 ~u 
~ -;;;rt 

", II IUNAI -ADVI~ lORY 
GMMI fTEE f R A£R NAUI S 

~ ~ R ~ ~ 0 4 8 a m 
, . /4- C Ill'Jq/e

d
of (dlack) 0:) dcg 

Ig LIre .- ont J/(ue . 

Fig. ~4b 

.08 



NACA ARR No. L4Illf Fig. 14c 

.24 6f 
(de9) 

20 . 0 0 
6 5 

( . o /0 
!> /5 . /6 
'l 20 
<) l5 
<J 30 

.12 

(. "" ~ 
~ '" l "'-~ 1""--- k 

NATIc fjALA ~SOR 
co MITTE FOR ERON UTiCS 

~ ~ "-Q.. 
'-...... r--.. ............. 

~ fe... . 
~ -..... P-

~ f-- f-e.- ~ P--o- Of ~ I-t:: I-- ---~ -0....... 

~I r---. ~ '--lil... 
.............. ~ '-...... ~eg) t--... "" 

, 
1\ ~ I'--. 8 ' 

~ ~ 
'''Q., 

.......... ~ 5 i'-.. . 

\ ~ '" 
'", 

~ i't i'--.. ~ 
\ '" '" ~ " /0 ~ ~ 

"" ~ 

~ "" "'" ~ 
, 

I"-.. 1\ \ 4-

~ \~ 

""" 
~r:--15 ~ \. 

\, "'" "" ~ ~ r---. ~ l-.... "'-
\ W 1--<. 

-..... t---. Z( 
~ 

\'l!l. f-- ~ ') ~ 

'" '" "--....... 
~ t---~I'v t---

"" ~ 7..5 0 t---.. .,.. 

N o ¢ 

r--..... 
~ j--...... ~ Iir--

'724-

-..a. f-- t-- L,., ~3>-' 

\ ~28 

-2.4 -20 -/6 -IZ ,-8 -4 o 4 8 /Z /6 

lingle of a/lack) ex: , deq 

Figllre I+: -C one lude d. 



NACA ARR No. L4Illf Fig. 15a 

/.6 Of 
(deq) 

/,4 o 0 

LZ 

/.0 

.8 

8. 5 
1 o 10 - ~ 

D> 15 
<J>' ~ l 

\-l 20 '" 
~ /1 ~ <> Z5 / '" 

«130 ~ 
.~ y L ~ ,f ~ ;/ V ~ / 

/ '/ / / 
V' V V G 

.6 
...... 
~ 

~ 11-
~ 

,# L L ~ 
V V V 

of k;7 A / 
p / V V ldegl / 

~ / / ) v V V / 
3D' V / / V V lP' / 

~ ....... 
.E!-\.) ....... 

~ 
III 0 \:) 

IJ 

/, '{.5 ./ f 9' V V 
/ 

<f'" / lO / V V /' / 

~ 
/ /' / V V l;6' / 

L '/ V / '5 j /' /' ~ / 
"i-. 

72.-'i-... 
" 

........ 

~ % ./' J 
v ,P / . 1/ «1- t'S 

V ~ .) 
v V /' / 

-4-
'" V / va V va / 

rv / 
v V' 15' V 

-.6 dl" 
V V V lO/ 
~ 

I'" V V 16 

... l3 \q, V V 
~A a\ ~d' 

I lu~AL IA= ~AUTIC ~MMI EEFO 

-20 -/6 -12 -8 -4- o 4 8 12 16 

Angle of cdfach, «, deg 
Fiqure /5.- Ae rod y nCl mic characferis lies 

recfanqular semispan fail surfoce. 

O.35cf elliptical oVr!rhanq; O.OOSc gapj 

O.30e fl«p; A=3. 

of a 

rIa? wifh 
oOt / a6.r = -I; 



NACA ARR No. L4Illf Fig. 15b 

I 
! • DB 

./ 0"'-0' /--= II 

.26 

1Cl> 

20 <l:.-Q" __ /v / / ! / 
" cf / / 11 1 

(deqJ ..J //; / ! 
1-----+--+--1-----+-----1 

o 0 I / / ~ 
./~ <{I-------+--+--l-___+_~ ~ /~ / 17 ~ ! / 

.18 

(;> 15 I / / / / 
~~-+~~v20~-1~-+~-HY-~~++~ 

\ 0 Z5 I / 1/ / f f 
~ ~ <;] 30 I 11U il / 7 
",'/2 \ \ j1 I j ~ , 7 I 

./4 

" \\ t1 / / / / II 
.~./O \ \ / I / 15 / I 1 

~ .08 ~~~\~~~. +-~~J~~/~~~~/~~d~V~~/~~ 
~ 1\ \ V V I) l / / LI 

~ ~ \ ~ ;I / II ~Q V / 
~ .06 "C\ \ P\ \/ ) V rI V I I 

~ 1J4 1_---j~-J~" !\.M!\.~"'~/t-~~· H74V_t7/+/----¥/+,I-/~I_t-L_7fI/~_t_+_+_i 
~ "'" '!\. y;T ~/ / V V 

o 

-2{) -/6 -/2 -8 -4 0 4 8 /2 /6 

'S 
Af7.Cjle of Cl/fQC/r" cx) deg 

Figare /. . - Conti nued. 



NACA ARR No. L4Illf 

.24 
6f 

(deq) 

.20 o 0 
6. 5 
o 10 
t> 15 .16 
\l 20 
OZS 
<l 30 

.IZ 

~'\ 
4, ··1\\ AllON 

COM IITTEE 

~ 
"-~ ~ ~ '0........ Of 
~ ~ ~ ~ ~ ~ A 

(deg) 

~ ~.r' -,;.: f:t: 
.. 

'" :::::.... ""-.! 1---.. "'"""l... --""': =1-~ 
\ ~"- "<..........: :=:::.e:.. 

u-........ 
~ ~ 

---..., 
r---... 

\ 0 
"-

............ "'---
:::-----.. 

/0. 
~ /5""-.. i\- - "-

' ....... ~~ ~ 
'\ ' ..... -........:: 

\ ~ 

~ 
....... 

~25--, ,-
"-. 
~ 

'-....." c-........ 
.......... 

I'-....-- - - -Flap - ose II/afion range ~ ... 
3( 

r"" 
'" 

-.24 

-20 -16 -12 -8 -4 o 8 
I1nq/e of aflack) oc, deg 

Figure 15. - Cone Iud ed. 

Fig. 15c 

l AO SORY 
fOR 

~ 
~ "t> 

~ I--... 

r-.... ~" '\ 
~ ~ ~ \ 

-.Q... <,. \ ~ 
"'" 

~ }. 

\ 
\ 

-J 

'" ~ 
/2 16 



,-------~-~- -" ----.--~-... 

NACA ARR No. L4Illf Fig. 16a 

o 

-.001-

-.008 

. ~.008 
~ 
.c: 
~ 

~ .OM 
~ 

-.001-

-.008 

-.OIZ 

- -....{. 
.:r-- - d 

;' L-- f--- - ---=- -~Iit - .,.- -
ChfrA~ - :--

/V I.:} ----'I 

.~ 
,./' ......... ...J 

~--
~.-"~ 

~ ........... 

[ -!----- ---- -l:1 ~ EII/pt iCQI noseD 
Chf6 l'l-f- -- --

Measured ~ 

---Computed from section data VII tl 
edge -velocity corrections .) 

----Computed from section dt:df% Wi~f 
edqe- velocity and streal71line-
curvature corrections ,; 

...-j~ 

~ t/-'~ h. 

~ ~ 
!Y" /-I-

~~ ---- )~ - ---' 

Chfrx 
I:J - (/ --~- ~ 0 --

~ 
.... 

/ ...-

~ /' Blunt nose 0 
;' /" /' 

Chf6f'1 
v 
v/ 

r-f 

NATIO AL ADV SORY 

CCiMMITTE FOR AE ONAUTI( :> 

o .1 .Z .3 .1- .5 
Overhan9, cb Ie,. 

(a) Sealed qap. 
Figure 16.- Variation of Flap hlnqe-mo/nent 

para me ters witlJ over)"~ng for a rect~n9t1lar 
semlspa n tail surfac e. O.30e fla.p; rl:: 3 . 

I 
~ 



(,...,-~--- -. - - - -' -. - - -

I 

f 

t 

NACA ARR No. L4Illf Fig . 16b 

o 

-.001-

-;008 

.006 
'i-.. 
~ 
~ 

.001-
"1:) 
~ 
~ 

~ 0 
~ 
~ 

-.001-

-.008 

Fiq tire 

~ if 
--:: ~ .~ 

~ ~ r ...,....'" / 
., 

F-'-
A 11---

f" 
1--- ~ 

Ch 0 - .--- V 1--- - ir l.{ I:J - ... .-J 

~ 
./'" 

~ 
__ ~~ /' Elliptical noseD 

--- f-" / n.OOlc gap rJ 

Chj6f: ...-- /' /' I 
Measured 

---Computed {'rom section dater with 
edge-velocity correctiol7S 

- -- - Computed rrt?17! section d(;(ta with 
edqe- veloc ity ctl7d stream/ine-
curvature corrections L.~ 

~«f: 
~ -- p---- ~--- -
/ 

V 
~ 

v/ 
v 

~ 
Chf& /" 

~ ~ o f .I .2 
OverhC(.ng) 

(b) O.OOS c gap. 
/6.- Concluded. 

~ 

-

~ 

./'J 
~. 

·V ~ v/) .~ 
~ -- v _ ~ .yV./'" 
_ -<.r;,f"-

~:~ 
1/ 

BIll n-t nose g 
O.OOlc gap . 

rm ONP.L P. VISORY 
~OMMln EE FOR ERONAU ~cs 

.S 


