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KATIOrA.L aDVISORY COlAMITTE.E FOR AERONAUTICS 

ADVANCE CONFLDENTIAL REPORT 

t,VI~m-TUNNEL DA'!'A ON THE AERODYNAMIC CHARACTERISTICS 

O~ AIRPLANE COKTROL SUnFACES 

By F. icJl<"rd I. Sears 

SUHAARY 

A collection of wind - tunnel data on the lift and 
hinge - moment characteristics of various types of airplane 
control surface is p~esented. T ese data, most of which 
have been previously published, include a major part ot 
the res' Its of 'both t 7fO- alld three-dimensional-flow con­
trol- urfa ~ e tests that have been maie in t Ole 1M.A1 4- by 
o-foo';; vertical tunnel ani the 1:1-1 7- by lO-£oot hmnel. 
Data are included for control surfaces of various airfoil 
sections 'both without aerodynamic balance and with aero­
dynamic bala nce of the overhang (inset-binge), norD, in­
ternal , an~ beveled-t~ailin~-edge types. Th e control 
surface~ dealt with in this papor are mainly of the wide­
chord t ype s~itable fo~ use as elevators or rudders. A 
summary of data portaiLing to narro · -chord flaps is to 
be prenentei in another paper dealing with aileron 
c 11a rae t e r i s tic s • 

These basic data , supp emented by additional data 
not, included in t l is paper, have been uGed to determine 
curves correlating the results of many tests of the 
various types of aerodynamic balance. A very limited 
discussion of the characteristics of several ty~es of 
balanced control surf a ce is included. A me thod of apply-
in g s e ction data to compute t~e aerodynamic characteristics 
of finite control surf a ces is briefly outlined and discussed. 

INTRODUCTIOI 

The NACA has bean conducting an extensive "1ind­
tunnel investigation to determi~e the aerodynamic charac­
teristics of various types of air~lane control s~rface in 
order to supply data for design purposes. This investi­
gation has be e n conduc ted primarily with two-dimensional­
flow models in tho L~~L 4 - by 6- foot vertical tun~el. 



2 

Existing equipment ha3 recont l y baen modified in order to 
test c ontrol surfac os of finite span in throo-dimensiona l 
floyv in the Llvi~:'L 7- by 10·-foo't tunr..el" Several a.irplaDo 
tai l su rfaces' h~vc a lready boen tested as finite-sp~n 
0dels, and t he cont~ol-su~face investigation i s still in 

progress. both t 70 - a~d thrGc-d:w~n8ionQl - flow tosts being 
ru.:~ 1 e 0 

Two-dimensional-flow p~essure - distribution measur e­
men ts have been made of an NLCA OOOg airfoil with various 
sizes of pla in flaps Cl.nd. t abs (r'?ferences 1 to 3). Thes e 
~ata ha ve '0 en analyzed and param eters for determining 
the aerodyn&mic section c ha racL~~is tl cs of a thin sy~met ­

rical a i rfoil with pla ~ n~ sealed flaps of any chord ~ave 
been experimentally eatablishei (reference 4) 0 0ertain 
tneJretical relat ionships deve10ped by Glauert and Perring 
(references 5 aD~ G) fro~ lifting-line theory for a thi n 
airfoil with multipie flaps are reviewed in reference 4 a 

Force-test measuremen ts have be e~ made in two ­
diillsnsi o nal f O~ to de ter~ine th0 aerodynamic section 
c~aractertati cs of the fo l lowing control-s urface 
a rYd.ng emen t s : 

(a) NACA 0009 , NACA 0015, and DACA 56-009 airfoi ls 
with flaps having a systematic variation of 
flap n o se over ~Dg. flap nose shape , and ga p 
at the flap nose 

(0) j;-AOA 0 0 15 and lITACA 00-009 ai rfo i l with flaps of 
straight-lino cont ours 

(c) NACA 0009 a irfoil wit h flaps o f thicke ned p ro ­
file and various beveled t railing-edge s hape s 

(d ) ~ACA 0009 and NACA 0015 a ir fcii l s with f l ap s 
having various arrangements of internal 
aerodynamic b alances 

Tho r esults of mo st of those tests have boen published 
and a re pr os ented in references 7 ~o 20 e 

Fo rce tests have been made in three-d i mens io na l flo 
of a ser ~es of ho rizontal tail surface s mounted o n a typ­
ica l . pur su it fuselage o These · te sts (r efe r ences 2 1 and 22) 
prov id od a s ystomnti c variation of elevator overhang , e le­
vator nos e shap eD gap a t th e elevator nose~ and beveled 

.. 
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t rB j 1 i ng edge sand '.7cre mad 0 a-r-l.:1r go angle s of at t[1.ck 
and lar~c an~los o~ yav to sicu1~to spin con1itions. 
I' ! 0 C· 0 5 - 3 C ~1. 1 0 J!1 0 d () 1 S 0 f t 11 c 11 0 r- i Z 0 n t. a 1 t ail G 11 r f .<). ceo f 
a torpe~o-bocbcr typo airp l ane h ave boon tested as somi ­
span models. These tests (un pu~lishcd) prov id od a sys ­
tematic variation of the unshlcldod horn typos of ocro­
d./nt'.T!lic bcdanco and of olc VA.to:::.:3 -rrith D. l argo overhang 
nnd a load in g tab . A O. 45-s cnle vortical taiL of a 
p .lrsl1..it-type a irplane wC'.s m'Juntei on 3. stuD fusolago 
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for testing ';7tth and wit lout a hO'C'izontal tail o Those 
tost re sults (unpublishpd ) furnish e~t~ for a r uddar ~it h 
7arious oVDrhnng and in t or~al typos of a~rodYLamic 
b:..:.l c',n co. 

T~G purposE of t~is paper is to assemblo in ono 
report the m~in po rtion of thL eXPGri~enta l data from 
t;lL va.r:i.ou.s ph'l s es~ pr'3"io 'lsly cntioncd, of tho NACA 
wind -tunnel inve stigation of control-surface char~c­
tcristics o r:e :leta ;i.ven in this re~ort nrc t crc ­
fore , of n()cossit ~- , . 11ch conden s ed. ::!'urthsr details 
~lld dat~ for each particu lu ~ phnse of the investigation 
Day be obtained b~ refcrling to the reports already 
published o~ that particu l ur subject. (See l is~ of 
references.) T~e eection Jata presented are equally 
applic~ble to ailerons &ni to tail surraces. 

Test data on finite - span ailero~s are given in 
reference 23, but somo of the curves presented herein 
s'1.m.narizin .,. the charaeteri;::tics- -Of v.). ious types of 
aerodynamic balance i~clude data from tests of finite ­
soan aileron s ~ 

APPAR ll..J:US . W:9EIS , A:n TESTS 

rwo-Dimensio lal -~ lo~ Tests 

The s ection data p rese1 ted in this paper were 
o b t a i 11 cd fro m t est s _.2. d e i nth G LiliA - 4 - by 6 - f 0 0 t v e r -
tical tu~uel , ~uich is describ~d in reference 24a The 
test section of th is tu.nnel has been converted from the 
original opang ci~cular, 5-foot - dia~ete r jot to a closed , 
rectangular 4 - by 6-foot throat, diagram of the test 
section and the airfoi l installation for twc-dimGnsional 
flow is p~6sented i n references 1 to 3 . A three -c omponen t 
ba l dn ce system has been in stalled to allow force - test 



4 

measu r eme nts 0 f li f t7 dr ag , a nd pitch in g moments to be 
madoe Hinge moments werD obtained by measuri ng e l octri­
cally t~e twist of a short tor que r od or the s t rain of a 
s ffi=ll cant ilever beam when subje ct ed to tbe ~inge - rnom ent 

loa d. 0 

The f orc e - test models, for w~ich re sults are p resented 
for t\ o- dj mension~l-flow test~ in figur~s 1 to 106, were 
re~tangular a - f oo t -ch or d by 4-foot-span wings made of lam­
inated mah ocany. T~e flaps were prov ided ~ ith ball-bearing 
hince s in order to min i mize frictio n . Th e models, w~en 

mou~ted in t he tun~e l. complet e l y s pa nn ed t he tes t se cti on o 

With t a is ty~e of installation~ two-dimensional flow is 
approx i ma ted and section char~cteristics of the airfoil 
ani f l ap can be det e r mi nod . The mode ls we re attached to 
t~e ba l an ce frame by tor qu e t ubes that e xtended th~ough 
t~e sides Gf t ~e t un~ el . The ang le of attack was set 
from outs ide tho t ~lne l b~ rotating the tor que tubes with 
an e lectr i c drive, Flap deflections wer a se t inside the 
t U'.1.0 1 by teo plet s and' ere hold by friction clamps . 

The a irI oil profi l e , fl ~p sh~PG, and ga p at t h e 
flap noso for each parti cular control -surface arrange ­
ment a r e illustra ted at t ~ e top of the fiGure presen ting 
tae da t a fo r t ha t arrangement. Furt~e r details and d i­
me.1sions for ead a:cran~cmel t may "0e f ound i n th e original 
re po rts li ste~ as references on each figure o The ourfaces 
of a ll the airfoi l s wer e f illed and finished with either 
s~ella c or l a c que r to for m a smooth surface o 

The t TI o- d imensio~a l-flo w t ests were mad e u t n dynamic 
p re ssure of 1 5 p ounds p er square foot~ which corres p onds 
to u velocity of about 7b mil e8 per hour at standa rd sea­
level co ndi tio nDo The t est Reyno l ds number was a bout 
19 430z000~ The tu rbu lenco factor of t he L hlAL 4- by 6-foot 
ve r tica l tunnel being 1. D ~, tbe effective Reyno ld s num ber 
of tLe tests NU S t he r efore about 2.730 , 000 0 

~hr ee - ~imellsion~l - Flow Tests 

The tests of fin ite- span models , for which da t a ar e 
presented in fi gure :; 107 to 139 0 were m:<.de i n the LHAt 
7- by l O-foot t unnel whi ch is des c ribe d i n r eferenco 25. 

The h ori z ontn1 tail Burfnees s~ow~ in fioures 107 
to 122 wore of ~A CA 0009 a irfoil sectio n n nd ue re mounted 
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on ~ 1/6-sc~le model of R typ ical pursuit fuselage. The fuselage juncture~ were filleted a Tue model ha1 no wing , oropeller , or verti c a l tail and the cut-out for the wing 
t~rough the fuselage ~as fRircd in. Tho fuselage nas illounted in the conventional manner on the b a lanco fork for force - test measurements. Hinge moments \ ore measured electricull- by moan s of a calibr ted torque rod inside the fU301ag o . T~a tests were made at a dynamic pressure of 16~S7 pounds par squa r e ~oot. "hieh cor~e8ponds to a volocity ;f 80 ~ iles 90r hour a t standard soa-le vel con- , ditions. 5~sed on the average c hord of the horisontRl t ,'.1, iI, 8 0 .2 5 i 11 ell e 3, t net est R e y n old s n urn b e r ,a s 50 2 , 000 • rhe effective Reynolds number of the tests was 803,OJO, the turbulence factor of the tun nel being 1.6. 

~he ~orizo~tGl ta:l surfaces sho~n in figures 123 to 
l~C were tented ~s senispa_ ~odels by mounting one-hRlf 
t~e tail surface verticnlly in the tunLel ~ith the inboard end ~djocant to ~he floo r of t~e tu~~el, Nhich thereby :i.cted as a reflectio:n p l ane o rile rr:odel -,7R3 sup'p orted entirely by the b~lnncc fra~e uith n small clear~nce nt the tunnel floor so that a l l tae forces and mODents acting on the model could be ~e~s'rei . ~he i10ry a ' er the illode l sLulated t:co f1071 over the SOi ispan of a ('o~plcte i.1ori ­zontal tail consIsting of the test pa~el joined to its 
rcflecti~n ani Dounted in a 1 0 - by 14-foot tunnel o 

Provisions , ere Dado for changing tho angle of attack of the model nnl tho ele~ator deflo tion ryhile the tunnel 
~ns in operation . ~he elevator hin,c mo]ents ryCre meas ­
~red by mc~ns of an elect ic~l strain gage mou~ted ~ithin the Gode1. A dyn2mic pr essure of 1 0 0 37 pounds por sq'are foot uas Dainta~ned for all tes s, ryhich corresponds to an ai r vclocti~ of 80 ~ ile s por hour at std~dard sea-level 
co~ditions and to a test Reynolds nucber of 1,920,000 based on the model ~ean c ho rd of 2 0 63 feet. 

The airfoil section of the h orizontal t~il surf~ces of figures 1 23 to 130 were rodified sym~etrical NACA sec ­tions about 11-percent c ~ ori tnic a t the root and about 7 - perc e nt c : ord t ~1ick D.t the tip , The airfoil contour back of the hin e axis , a s a otraight line. 

The vertical tail 3urfaces sho~n in figlres ~31 to 13 9 were Dounted o~ a stub fuse l age o All arra~geDents 
ryere tested ~ith R dU2~Y horizontal tail sur!ace except 
t~at of figure 1 33 , which was tested ~ithout the horizonta l 
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t , i} surface. T~le vertic a l surf a ce was derived from NA CA 
5G - series ~ irfoil profiles c odilied by ext en~ ing the tip 
sections and shorten in g the root sect io ns to give an a ir ­
foi l section about 10,5- percent chord thick a t the root 
and a bout 9.G- percen t chord thick nea r the tip . The a ir­
foil contour ba c k of the h i nge axis was a straight line o 

T~e hor:zontal t ai l surfaca h a d a flat-plate rathe r t han 
n~ a ir f oil contour and had n convent ional plan form ~ ith 

about 2: 1 t ap er r at io Bnd circular tips. The r udde r ~as 

slotted to clear the h orizonta l t o ilo The gap at the no se 
of t he rudder, when unsealed , uns 0.1 13 inch and nas con ­
s~ant along the span. The cut-outs for the hinge a r ms 
wore unsealed for all tests e x ce pt f o r the sca l ed internal 
ba l an ce (fig. 138) . 

The aerodynarJ ic c lw, r a cteri stics presented in figures 
l ~ l to 139 a re t h ose for the vertical tail al one p lus 
inte ,-ferel1 ccs , the co· tribution of the stub fuse l e.ge and 
hor i zol:ta l tai l he,v i ng been de ducted c A dyna mic pre ssure 
of 1 6 0 07 pounds per square f oot wa s maintained for these 
tests~ hich co rresp on d s to an air vel ocity of 80 miles 
per hour at s t andard sen-l eve l conditions and to a test 
Reyno l ds nuc ber of 1,510,000 based on the code l mean 
ch or d of Ze 06 feetb 

SY MB OLS 

The symbo l s used i n t hi s paper are : 

0L airfoi l lift coefficiBrt (L/qS) 

c1 ai r foi l s ect ion lift coefficient (t/qc = dL/qcdb ) 

nirfoi l se cti o~ li ft coefficient at a = B = ° 
h i nge - moDen t co efficien t of control surfn ce (H/qcf

2 b f ) 

e levot or hineo - momen t co officien t (figs . 107 to 122 
only) (H/CiEoSo ) 

flap se c tion hinge - mooent coef fi cie nt 

(h/qc f
2 = dH/qc f

2 d b ) 

flap section h i nge - Doment coefficient 
(h/qc 2 = dH/qc 2 db) 
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P 

D .l.R 

p :-essure co effi ciel:t (:9 - P2.) 
q 

reDulta~t prossure coefficient 
[ PI - P - l Oi,rer upper J 

L 

'f, 

3: 

11 

:9 

1; 
0 

q 

S 

S.r.. 

C 

Cf 

c.:tirfoil lift 

airfoil section lift (dL) 

flap hinge Docen t 

flnp SBction ~ in ~ e mo-ent (dTI) 

static :9resslre ~t point on airfoi l surfa ce 

::ltc-tic p ress \ .. rc i1 f ree a ir strean 

dYla~i p ressure of free air strec-c 

'\'Tine area 

fle_p aroa 

chord of nirfoi l secti on 

chord of fln~ measured at any nirfoil Rcct~on frou 
hinGo axis to traili~g ed g e of airfoil 

C
f 

root-uean-square chord of ~lap 

cb chord of oVGrhan~ (ba la_ci~ ~ surface) 

a anglo of attack of finite -s :9an wing 

ao ansle of attack fo r infin ite aspect ratio 

$ ang l e of .au 

B control - surface deflection 

Of deflection of flap ~ith res pect to airfoil 

0t deflection of tab with res :gect to flap 

b span of surfaco 

Y sfa~wise dinension of ~ing 

7 

x chord~ise location of vent ceasured from airfoil nose 
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A asp ct r a tio 

t t~i ckne~ s of control s urfa ce n t h i ng e 

R test Reyn olds number 

ivl i1j ~'. C 1.'1 n liD b e r 

~ r at io of tip c ~ ord to r o ot ch ord 

CrJo. == (OL ) == (~CL) 
ex. 0 do. 5 

c 1. Ct - (c t ) = 
(dC t '\ 

a 6 \aO:-) 
o 8 

0.0 == (0.0 ) == (Q~) 
c

t 
06 c 

1 

011. == (Ch
a 

) = 
( oCh 1- ) a Cl " 00. 0 

.... (Cho ) = (dOh) 
-'ho 

.-
'"'30 

Ci. o a 

'"' 
ch = ( c 'l ) = (~ch'\ 

a ... ex. 
0 00.0 ) 0 

Cho - (c!15 ) = (~:h) 
a \0 0 .::x. 

P == (P ) = (dP \ 
a a () "d(i)8 

Po = (Po) = (elP' 
a 00 / a 

Ct r ate of change of se cti on li f t coefficie n t with 
0. 3 angl o of :1 tt £1. cl-:: of en tire f init e-s pan vl ing 

c 1S r ate of change of sec t i O"l'l lift coef ficien t \7i th 
3 deflecti on of ontir e flap on finite-s pa n 17ing 



span -load distribution factors defined by 
e qua t ion ( 12 ) 

SUJscripts : 

f flap 

t tab 

e elevator 

I' rudder 

b ba la.nce ( 0 v e r ha n b ) 

s contro l stick 

SUDscri p ts outside t~e parentheses around the partial 
derivatives indi c a te the variables held constant when 
t l.". e derivatiil8s are ta~en . The term lI£lapll is used as 
a genera l expression for a ~ y mova~le control surfac e 
such as a rudder, elevator , aileron, or tab. The term 
Ii con t I' 0 1 s tic · II i sus e i a. sag en e I' ale xp I' e s s ion for the 
p ilotts contro l-s ~rface-act'ating device whether it be a 
stick , a rheal, 0_ pedals . 

PRESE~~ATIOil OF DATA 

9 

summary of information for convenience in locating 
the data is presented in t ables I to III . 

Lift and f l ap hinge - moment characteristi cs are pre ­
s ented as functions of ang l e of attack (or angle of yaw ) 
at various flap deflections for the control-surface ar­
r angements prev i ous ly dis cus sed (figs. 1 to 139) > Inso­
far as has been p ractica l, the same symbols for each flap 
deflection and the same scal e s have been used on ea ch 
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figurer I n some cases, howe o r, it has been necessary to 
h a lve the scale of ordi ates or abscissa s in order to be 
ab1 0 to include all tne dat u . 

Figuros 140 to 1 42 pertain to plain flaps with s ca led 
gap s on the RACA U0 09 airfoil . Figure 140 shows tho chord­
wiso di8tri~ution of tho r~s u lta nt pressuro-coeffici e nt 
pa r amote rs P ani 2 -_ . Those distributions -;vere exner i-

Ra K6 . 
men tally detormin ed in the two - dimensional-fl o w pressure ­
distribution invest i gations r eported in r eferences 1 to 3. 
The hingo -moment param 0 ters cha ani ch6 nnd the lift-

effo ctiveness paramete rs a6 measured f ro m the same series 

of te~tR a~e p lot wod in figures 141 and 1 42 as funct ion s 
of the ratio of flap cho rd to airfoil chord. A few point s 
from ~ oro r ecent for c e tests hav e also been plotted on 
t h oso curves. 

Figures 143 to 14 6 p ertain t o the overhang (inset­
hinge) type of aerodynam ic balance. The hinge - moment a nd 
lift parameters plotted as functions of overhang were meas ­
ured from some of the data presented in figures 1 to 139. 
The slop es wera measured at zero flap deflecti on and hen ce 
the values are v u 1id on l y at the se points un l ess the curves 
are linear. The ori inal data , theref ore, rather than th~ 

easu_ed s lopes , should be used lor design - purposesj the 
curves of figures 14 3 to 146 ar e mer oly indicative of the 
r elative merits of various arran g ements of aerodynamic 
ba l ances. 

Figures 147 and 1 48 pertain to the characteristics 
of t n bs on plain flaps with s ealed gaps . Figure 147 
presents the para meter Chf D, S a func tion of tab size 

Ot 
for various sizes of f l aps . These data were obtai ned by 
inte grating the pressur e - dis tri bution diagrams (fig. 140) 
about the Rppr opri a to axes . The curves of f i gure 148 sh ow 
t he computed chara ct e ri stics of various si zes of balancing 
tabs on a 0 0 300 and a 0 . 50c plain flap. 

Figure 1 49 , deri ve d from unpubli shed data , presents 
pressure-distribut i on characteristics typica l of beveled­
trailing-edge contr 0 1 surfaces o Fi gure 150, based on the 
cor r e l ation presented in reference 26 , summarizes avail ­
able data fr om references 11, 16, 27, and 28 and unpUb ­
lished data on t~e hing e moments of fl aps with beveled 
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trailing edges . The increments of and caused 

by the bevels are plotted as functions of the included 
augle at the trailing edre of the airfoil. 

Figures 151 and 152, taken from reference 29, sum­
marize available experimental data from references 30, 
31, and 32 and unpubl i shed data on the characteristics 
of f laps with interna l aerodynamic balance. Value s of 
6C~ a~d 6Cb are plotted as a function of parameters 

_let ··0 
definilg the ge om et ric dimensions of the balancing plate 
and of the flap to be balanced. 

Figures 153 and 154, adapted from reference 33, 
pertain to the horn type of aerodynamic balance. Incr~­

ments of eha and Ch8 from the data of figures 123 to 

13 6 , supp l omented by other test data from references 34 
to 39, are plotted in f i gure 154 as a function of tho 
square root of the ratio of horn area times mean horn 
c~ord to control area times mean control chord. 

DISCUSSION 

l£!l.!lel __ corrGctions to section data.- The section 
data presented havo beon partly corrected for tunnel ef- r 

fects. A. Gxporinontally determined correction has been 
app lied only to lift. Recent theoretical analysis of the 
corrections for tho streamline curvature calsed by tho 
tun n el walls ind icates that the experimental correction 
ap~lied to C1 is in reasonable agreement with the cal-- va 
culated ·ralue o The calculated correction to was 

less than that actually app lied, which fact indicates 
that the values of a8 presented may be about 5 percent 

too small. 

The tunnel correction that should be applied to 
hinge moments is dependent on the chord of the flap and 
the size and type of aerodynam~c balance employed o rhe 
correctio may be e*~ressed as 

= 0 . 6 

c1 (C/g)2 
ex. 

(C~/C)2 
I 

F 
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The term c /g is the ratio 6f the chord of the model to 

the tunnel gap . Th is r atio was 1/2 fo r the pressure-dis ­

tribution te s t r esults shown in figures 140 to 142 , and 

va s l/~ fo~ a ll other se ct ion ddta presented . The factor 

F is dep e nde n t on t he size and type of aerodynRmi c bal ­

an ce a nd has be 9 n evaluated for onl y the overhang type 

of balan ce o Va l Os of F fo r p lain fla ps of v a rious 

cu ords and f or a 0 030c fla p ~ it h v a riou s amounts o f over­

~ung have been obtained from re fe~en ce 40 and are p re-

. sented in fi~ure 155 ~ The i n crement s of slope to b e 

add ed to the section s lopes p r esent ed in t h is pape r in 

o rde r t o cor re ct them to free - air va lue s are: 

These tunn el corre c tions , which de crease i n magnitude 

with i ncreasin g f l ap ove r ha n g , te~d to make t he hing e­

moment slopos ~ or c p os itive. The c orrec ti ons for bev oled­

tra ilin g - cd~o f l ap s a r C ai.ilp r to but s omewhat s ~a ller 

t . an t h ose for p l ain f l aps and tho cor re ctions for flaps 

with i ~tc r nal ba l BD ce are si ~i la r t o t h ose with overhan g . 

Pl[l.in fl u ps . - The lift characteristics of plain 

f l aps on the various airf oils tested are nearly i nd ependont 

of the a irfoil s hap e , but the flap h i nge moments vary 

markedly with a ir f oil thickness. p lai n flap on t h o NACA 

0015 airfoi l gav e value s of .c hB tha t we re ab out tuo-thirds 

fl.:! 1 valu. es of c ' .no: t 1).11 t we r e [1, b 011 ton e - t 11 i r d 0 f the cor-

re sp ond. i ng values f or D. simi l LL r flap on the NACA 000 9 

airfoil (cf. figs . 5 D.nd 5 9) . Thes e results indicate that 

t here must b e qu ite a diffe r ence in the d istribution of 

p ressure over th e re g io n n ea r the traili ng ede e of the 

t uo a irfoils. Pa rt of t ~ is differe n ce mD.y be a ttributed 

to th e greate r inc lude d a ng l e a t the tru iling edg e of the 

t hi cker t;), ir f o il . 

Recer.t un Dub lished test s I:1D. de by th e NACA and tests 

by t h e British- (reference 4 1) indicate that the turbulence 

i~ t h e l1 ir stroam, the bounda ry-laye r t h ickness, an d the 

locat ion of th8 trans itio n re gion have considerable effect 

upon slopes of bo t h the lift I1nd h inge - QoI:1ent curves . The 

s lopes of t h e se curves decrel1s od prog res s i v ely a s the tran-
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sition region w~s fixed nearer and nearer the leading edge 
oy means of smnll wires e The reduction in the slopes of 
c1 nud ch wu s groater for thicker airfoils than for 

a a 
thinner airfoils, Tho data presented in this paper, 
h~ving heen obtained in turbulent wind tunnC1S, should 
tl1er8fure be wore applicable to tail surface~f which nrc 
gonerally located in a region of fairly turbulent air 
flow, than to ailerons. which aro usually ryell away from 
the slipstrea~ n~d fuselago wako. 

Tho chordwise distribution of the rate of change of 
rosultal t pressuro coefficient with aO s le of attack P

R a 
and with flap deflection (fig. 140) should not be 

expected to apply to nirfoils other th,q,n the NACA 0009, 
for which the data were obtained. Bocauso of separation 
phe~omena tho vari a tion of PH wit h ~ has the slope 

p] o~ly bet-een the li8its a = ±100 a nd the va riation 
-a 

of FE ryith 0 hns tho slope only T"'d.thin 

Ey grapnical integration of pressure-distribution data 
(references 1 to 3) the v~ri ~ tion of c~, c h ' and a~ 

~-a 0 u 

7ith flap chord TIas obtained for plain soaled flaps on tho 
NACA 0009 airfoil (figs. 141 n rd 14 2) 0 These ;(igures~ 
derived from tho sa e pressure-distribution data as fig­
ures 1 and 2 of reforence 4, have plotted on them the 
experi~entally detorcined paraceter values thnt define 
t~e curves o These d~ta i dicate t~at, bot~een the limits 
specified, tho paracoters vary in the following manner 
~ith ratio of flap chord to airfoil chord: 

eh ex: (cf/c)l<oo lor o < Cf Ic < 0.8 
a 

cho 0:: (cf/c)0037 for 0.2 < Of Ic < 0 0 5 

o. 59 

a o c.r~ (cf/c) for 0 . 09 < cf/c < OG£ 

Increasin b tae gap at t h e flap nose adversely af­
fected the lift effectiveness of plain flapso 

Ov_~_rhE_Q.g_~~od:-ynami c ba lanc e. - In gen eral, 
three shapes o} flap nose overhang have been investigate~ -
namely, the blunt, the medium, ani the sharp shapes.-
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althoufh some tests have been made with modific&tions to 
t.hese Dasi c shapes Q ':::he dCl. ta (:t'igs o 14-4 and 146) indicate 
tLat on all airfoi ls tested, for a given amount of over ­
hang . g reate s t balance is secured ith a blunt-nose s : ape 
and 9~ogressively less balance is obtained as the noso 
s.ape bscooes sharper. Regardless of nose shape , flaps 
7i tn large overhan g s TIere not so closely balanced at 
small defloctions as at moderate deflections up to the 
c1.ef l ecti on at which the flap nose unported. . When the flap 
nose 1..1np ort ed , l a rge increu£os in hingo mo~ent and large 
losses in lift resulted wit~ all nosa shapes. ~t negative 
angles of a ttac~ and positive flap deflections (tho attit~de 
at w:._ich t:2 e pilot must hold the elevator ub.e:n landing or 
t h e rudder when causing si d.esli?), overhang types of ae ro ­
dyna~ic balanc e s arc most clos ely balanced and the lift 
eff ectiveness of the control is maintained to 5° or 10 0 

icyoni the unporting angle of tho control. At zero or 
p ositive angles of attack with positive flap deflection 
(position of rulder to over come yaw due to asymmetrical 
po~er conditions) control surfaces with l arge overhangs 
cannot be relied on to maintain lift ef fectiven e ss beyond 
tae un~ orting a~~le . Further deflection causes air -flow 
se~a ration over the flap. Tnis separation of flow g ives 
a large increa s e in hinge moment and no increase (often 
e ven a decrease) in l:fto At positive angles of attack 
f~r ~bove t~e ai r foi l stall? fl aps with overhangs tended 
to floa t ~t reater nege tive deflections than did p lain 
1..1nba l cnced flaps (fi su 107 to 116) but generally ;equired 
less force to ho l d z e ro or p ositive deflections under this 
c ondition . 

The lift effectiveness of flaps £enerally increased 
sli ghtly "ith increases in the size of the flap nose 
o v e r 11.'1 n g ( fi g s 0 14 3 and 14 5) , b 1..1 1; the 1 i f t e f fee t i v en e s s 
of a flap uith overhang "as still primar il y determined 
():- the rntio of t- e c hord of movnble surfacEl behind the 
hinge to the tot a l a irfoil _herd . Unsealin . the g p n t 
t~c flap nose genera lly im provei the lift effectiveness 
of a flap \7ith overhan f'; ; 'Choreas, it decronsod the li f t 
effectiveness of c_ pL.in fle p . 

~ e dium f l ap nose shapes generally gave more satis­
factory characterIstics for a cOltrol surface than did 
eit- e r the lJlunt or sharp nose shapes Q The blunt shape 
g2v e ~ ore balance bu t produced greate r lo sses in lift 
. ~ n d -0" 1 a 1: c i.... g mom e n t ,/1: e nth e f 1.'1. pun? 0 r ted 0 T 11. e d rag 
o f a flap ~~th sharp nose shRpe uns excessive. 
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It uns pointed out in reference 8 th~t a f1Bp 7ith 
nn overhang sufficiently l~rge to ~ive ove r bala nce might 
be used ill conjunction with a leading tab to correct the 
ove~ba1an c ed condition of the flap and to increase the 
lift effectiveness of the control . This arrangement has 
been tested on a f i nite - span model (figs. 127 to 1 30 ). 
The data indicate t~nt s ~ tiBf~ctory contro l -surf~ce cha r ­
actarjstics c~n be obtained in this wannera Such an ar­
r~n~ement offers the possibi l ity of utilizing the large 
ove~hang as a mass balan c e for the control so that motal ­
c overed control nurfa c es m~y be uti l ized even ~ith a 
saving in u~i~ht over c onvent i onal fabric-covered sur­
faces '<iitl c onventicm.l mass balance o This SA.me idea of 
lea1ing tab h~s been carried ono stop further by applying 
it to an all -~ovabl~ tail surfGce (~efer8nce 42). By use 
of a leading tab o r a flap ~it~ ~n all - movable tail sur ­
face, the free - floati~g tendency of the tail surface can 
bG controlled in much tho same canne~ BS that for the tai l 
surfaces of figures 127 to 130 . The analysis and flight 
tests reportod in referonce 42 indicate tbis type of all ­
wov~ble tail to to ~n aorodynamically uesirablo control­
surface arrangement. 

Contr o l surfaces ~ith lar~e ovo~hangs, especially 
those uith relatively blunt nose shapes, may be unsatis ­
fact o ~y at hign speeds because of excessive p~e~suro 
peaks ove r the ~osa oi the balance o Referonca 13, ~hich 
reports the results of tests of ailerons with various 
sizes n~d shapes of ovefha_g, presents some data on the 
magnitude of t~e peak pressures measured over the nose 
of ailerons havin~ the overhang type of aerodynamic 
balance o 

Ta b .§. • - T~! era t e s of c ha n g e 0 f f 1 a r h i n g e - ill 0 men t 
coefficie:. t '.7ith tab deflection p lotted i~ figure 147 as 
a function of the r atio of tab chord to flap chord were 
obtained from the pressure - distribution curves presented 
in fi gure 14C . The data , therefore, p ertain to plain 
sealed flaps and tabs on the NACA C009 airfoilQ The 
value of c~ for a 0.30c plain flap with a 0.20ef 

~"f 8 .. 
v 

tab vms found iron; force - test ~easure L, ents to be -0. 0 10 
on b o th the HAC ' CO 9 and the TACA 0015 t:tirfoils and to 
be - 0 0 013 on the NACA 66 - 0 1) 9 a i rfoi l ( refe r ences 7, 12, 
and 19) . These values a r e some~hat smalle r than those 
given by the curves of f i gure 147. which indicates that 
the abso l ute ma gnitude o f t he pa r ameters presented i n 
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fi ~ure 14 7 cay b e s ooe~ha t high. The relative magni tudes 
of t ~ e pa r a80 t c rs of t ~ is figur6 aId hence t he variation 
with tab size are believed reliable. 

The da ta of fi gure 14 7 in di cate that ~ t ab of wh~ch 
t he ch ord is about 50 percent of the flap cho rd causes 
t ha Grea t est chango in flap hinge mODent po r unit tab 
defloctiono A tab of this siz o should therefore be Dost 
ef lect i vo as a tri ~~i ng t ab o 

ihe opti Duo size of balancing tab ~ust be det erm ined 
fr au co~siderations of li ft and tab hing e Domen t as well 
as of fl ap h in g e ~o2en t . ~hen i t is desired to estimate 
t h e character~stics of a flap and tab li nk ed to deflect 
a t a f i v e 11 rat e " i t 11. re s p e c t toe a c h ot 11 G r , i tis c 0 11 V en­
ient to refe r t h e r a te of defl e ctio of each and t he over ­
a ll cha r a cteri st ic s of t ie syst eo to a conuon basis such 
as the cortrol sti c ~ . T~us, if c~ is the hinge - moment 

s 
co eff icient or the con trol stick and Us is t he lift 

s 
effectiveness of t he control surface p er unit stick de ­
fl e c t ioD p the follo, in g relations can be sho7n to ho l d 
for a seri a ll y hinged f l ap and tab sys teQ: 

( 2 ) 

(3 ) 

Th e rat es of b£ l ancing t a b deflection to oake 
c~ = 0 and t he correspondin g values of cH an d a~ 
-8 V s Os sa 

hav e bee n cO Lputod f r oD the da t a of fi gur es 1 4 1 and 147 
by use of eq~lc:>, tions (1) to (3 ). The r esults of t ~lG coo pu ­
t a tio ns a re presentod i n fi gur e 14 8 for a 0 030 c and a 0 . 5 0c 
flap " Tho solutioi1 of equation (1) yie l d s t ",yO roots} the 
first of vl ic h is plotted as a solid line in figure 148 and 
c orres pond s t o the c on v ent io na l ba l an ci ng t a b. It can be 
se en t hat, for either siz e flap, the optiDu~ s i ze of bal ­
an ci ng tab i s a bout a 0 . 20 c f t ab o For co~plete c Ho 
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balance, the l ift e ffe c tiveness of the resultin~ co~bina ­
tioD is ~bout two - t~irds that of the flap withJut tab. 

The reci pto ca l s of t~e second roots of equation (1 ) 
Rre plotted as dashed c u~ves in f i gure 148. I n this case 
the l i f t is obtaine~ f r OD the t nb an~ the balan c ing ie 
acc ')iJp l ished by the flap th r ough the link,tge systSr:l. It 
ca~ be see n that, as uig~t b e e xp ected , a 0 . 50cf tab is 
the optiDuC s i ze of bnlancing tab for this type of nr­
ran eo~e nt . For a given ~Goun t of covBble contro l slriace 
t he l i ft eff ect ive ness of the 0.50cf tab cocbination is 
sliGhtly less t ~a n that of the c onventio~a1 balancing tab 
D.rro.:1€::et ent but c-g: D.S ':rell as e

H 
is co!.spletely ba1 -

- C(. ~8 

ance ,i . 'r}18 cal culations ir.di cate ~ therei')re, tlw.t a 0.50c 
ani ~ 0025c flap can te linKel to ~ ive c o~plete c~ and 

.:lee. 

c3 ~ balB~ce , t~e s~aller flap servilg as the e1ev~tor and 
!) 

t ~1 GIn q; e r f 11. 0: ,-:1 i C '! ill 0 V e son 1 y s 1 i g n t 1 y , s e r 'e i n g E'. S a 
bnlcncin ~ ~~d trim ~i~~ surf a c e , the trimming control being 
7 ? :9 ere e 1 t n s e f fee tie o. s I'!." ad jus i; a b 1 est a b iIi z e r • Th i s 
arr~~gement is TIort~y of further investigation because of 
ito ~erodynnmic eha ncteri~tics ana becalse mass balnnce 
of t~e system can probably be obtni~ed ~it~out ~ddition ' 

of conce~troted wei~~ts . 

Rev.3:l_'. ed - t ":'f".. j. l i n e. - e d <:;:e t YE'?-9 L!l£.E.o dyn fl!!U.~oE!. la!l.£.£. ­
~~Bn a be7010d trailing 3 ~e is added to a flnp of thickened 
.9 of ile, thE; lift , p · tc !:l inp'; - T.Oor."lent , :.nd hi:1gc - 11loment ch.:.:tr ­
a~teristics of the airfoil are m~ rkodly ch~nged from those 
\7i,!;h (1. flHP 0: ~. irfoil cO~lt01.lr . 1'. c slope of the lift curv e 
Ct ond the lift effoctiveness as ~re decre~sod . The 

a 
~erodyn~mic centers t: t ho lift ua to nngle of ~tt::.ck Bnd 
of the lift duo to fl~p deflection arB both moved for7ard . 
The ra t es of 11;:tl.t?e of Lil1gEl - :nowcnt coofficient both with 
an~lc of uttack c- eni ~it~ fl~p deflection ch~ arc 

:la u 

i 1 C :.: ua sod po sit i vel ~T • V.l.1 () nth E; f la.Yl is de fIe c ted , the 
beve l 9.t s~r:all deflectiCll1G tends to have t!.e samEl effec t 
on hi~ge moments as n be lancin~ tab , but nt large defle c­
tio ns i ts effect is nore nearly l ike that of a trim tab . 
T~e effect of Gap at tho flap nose is critic~l , t~e param­
eter c h boi:g much morE; positive at small d f l cctions 

_A [) 

ryith en open ~ap than ~ith n sca l ed gap _ This effect 
gonera l ly causae the h i n~G -momen t charac terist ic s of a 

J 



~- --- -~~~~~-----

1 8 

fla p ~ ith beveled tra ili ng edge t o be und e si r ably non ­
lino~ r un1 c Es th o g~ p at t ~o fl a p n ose i s scal e d . 1ig ­
ures 46 to 56 and 1 1 7 to 1 22 il lustrate the li ft and 
h i n g o- momon t cha r a ct oristic s discussed . 

li'i g il TO 149 Mas do rive rl fro m unp lblishcd prcssure.~ 

distributio n section dat~ for a n N!CA 0009 a irfoil with a 
0 ~ 30 c f l np ~nvin g a 00 15c , (30 0

) bev e led tra ilin g eige, 
the s~m o control arrn ng emen t for which force -t est data 
are p resent e d i. figure 50 . The r atos of chang e of p res­
sur a coef f ici ent wit. angle of attack a ni ~it h flap de ­
flection a r e plotto1 n s functio n s of chordniso p o s ition 
for b oth t h e up pe r a nd t h e lo ~er surf a ce s of t he airfo il. 
Tho zero -lift p r essure dist rib~ tio n of a = 8 = 0° is 
a l so pre s e n te d o From these data , t h e p re ssure- d i s tribu­
ti on d i a ; r~ms f o r an ~ 16s of attack a n d flap deflections 
belo~ 10° c p u b e estima t ed f or t h is flap a r ra n5 emen t with 
sealed or op en gn po Th e pressure-distribution c urve s are 
typica l of beveled- t r~i lin g- edg e fla p s . 

A preliminn r y c o r rel~tion of h in ~ e-mom ent da ta f or 
sealed f l a p s 7it :l beve le d traili . . , ed ges h o. s been mad e in 
reference 2 6 . Fi gures 150 has · een adapted from fisure 1 
of t ~ is reforenc c o It h~s been founi that the trail i ng~ 
edg e ~ ~r le is of fundQme n t a l i mpo rta nce i n determi n in g 
the hinge -~om ent slop es of be v eled fla p s~ The result of 
cor_ela tin g t h e hinge - mom ent c ~a ra cteristics of 16 dif ­
fere n t fl ~p ar r an gements indi ca t e s tha t t he ef fect of a 
beve led trai l in g edge rua y be exp ressed by th e fol l ow i ng 
r e l a ti ons : 

I:::. h 
a 

Th e pa r a met e rs LCb a nd 6Ch " are t h e increments in 
-a · ·0 

(4) 

hin g o- momen t - coefficient sl opes ca used by c h nging the 
tra ili n ~ - edg e nn) le of a f l a p by th e nnoun t ~¢ d eg rees. 
The sl op es C_ a nd CT a r e t h ose f o r t h e wi ng with an 

.uo:. ""'0 
a irf ci l - cont our f lap . Equations (4) n nd (5) we r e obtained 
from the equations fo r t h e curv es of fi gure 150 , fa ir ed 
t h rough the exp eri melta ll y determined poin tso The hinge­
momo nt cha racteristics of a b ev e l e d - tra ilin g - cdg e flap ca n 
be pro d ict ed , prov iicd t h e h in ~ e -mom e. t s lopes of t he 

~, 
0' 
lA.' 
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si~ilar flap 7ithou t beve l are ~noryn? by addins to these 
slopes tho i n cremen t co n tributed by the beve l as co~put ed 

from equatiols (4 ) and (5 ) . Reference 26 d iscusses more 
fu lly t ho cothod of correla tion and the method of pro ­
ii cti ng tho h in g e-momen t cha racteristics of a flap ryith 
beveled trai li ng e~ges. 

I~19,.r.!l §l:l __ l:z.p e .-9.£ f! .£LQ~Y n ,:m i £...JllllQ',!l£~ . - T h cl i n t e r 11a 1 
typo of ao r odyn~m i c bal~nce , bei~ g completely enclosed 
w it~in the airfoil coveri ng , does not a f fe ct t he li ft , 
drae, or pitc aing- illow ent chara cteristics of t~e airfoil 
-Oll,t -_oes furni 3h e. !Ilc['..n s of ba lc,nc ing the c ontro l s'~rfaco . 

Sovora l types of internal balance arc discussel in refer­
en co 15. The mo st c om~ onl y us ed, althou~~ no t nocessarily 
t he mont aerodynare icnlly deBi r~ble type of internal bal ­
anco , is that l7iti.1 a 0alo.11c ',nt,; plato r i.r;idly attached to 
tho flep and ~ith the vonts located nea r the hinge axis . 
Lift a~d hin~e -Do~ont data fer intor~ul l y balanced flaps 
aro p ro sel t ed in fi~ures 57 , 53 , 76 to 96 , 138, and 139 0 

The d~ta cover the e f fects of chan~es in vent location, 
~ap or a~ount of loak at the no s e of the balanco, len ~th 

of cover platoR , nni ~linJucnt of cov e r pl~tGso A cor­
r elation of lnta from ~ind - tunnc l topts of internally 
balanced ailerons is preso~ted in reference 29. from 
uhic~ fi~ures 151 ~nd 152 a rc ta~en. Increments of Ch a 
nnd Oh ~aUSJd by the internal balanco have be Ln plott ed 

--0 
~s ~unctions of tte geometr ic dimensions of the control 
a r ran~cmc~t . As determined by the lines faired throuRh 
t l:o experiruent'1 1 p oi r t s of fi ,?; ure 151, t ho increments of 
h i n~o -CoDent-coof f ici e nt slope cnused by a sORled inter­
nu l ba l ance vented nea r the hingo m~y be expressod as : 

(6) 

(7) 

Fi ~~ re 1 52 s ho~ s t~e loss i n bala_cin ~ ~omcnt 6Ch & 
causod by ~ ir l ~a~~go fr o~ one side of t~o ba lan ci n~ sur­
f~ce to the other . Icsuff:ciont data uero avai l~b le to 
pre:.H;", t I), si41il; ~ r C'J,rv e f or 60'1 ' but the variation 

- G 

_~e chara cteristics of internally 
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balanced ailerons can be ertimated~ provided the hinge ­
mo~ent sloPbs for the surface without bala~ce are known , 
by addin~ to these slopes the increment due to the ba l an c e , 
wh ich can be calculat e d from equations (6 ) and (7 ) and 
cor r ected f o r air leakage in accordance with figure 1 52 0 

MisalineID .nt of the cov er r l ates cau~es a change in the 
slo pe s of the hinge-moment curves (figso 88 to 96)0 

li.9...!: :L.1;Z£'L.9.L~.r..2-9,.y n C:~ Dl i c _P..§.l..~ n c..~. - I n g e n era 1 t a s 
sug ti ested i n reference 33 s t he horn type of aerodynami c 
balance way be divided into three classifications, Ba ch 
having differ ont balancing c~ racteristics o Control sur­
faces such aR those of f~ ~ureJ 123 to 126 and of figure 
153(~) may be ca l led type A. ' Type A horns may be con ­
sid Grod as tnoeo formed by converting a span l iec portion 
of tho fixed surfaco ah~ad of th e h i nge axis into movable 
surf a co. Ty~ ' B horns (fi r •. 15 3 (b) may be considerod a s 
those fermod by adding arca at tho tip~ generally. b o th 
ahea d and behind tho hinge axis s in such a manner as to 
increase thG sp D Gf tae unbalanced control surfaco~ 
The leadin g a ~ d tr a lling cdg e s of control surfaces with­
t ;-l"9c B h orn~ tllero ~· o re. a1'O joi.no.:l J , ' a broken curvo 
ra the r thnn a co n ti n uous ana as for typD A horns. Type 
C horns are s h iel d ed h or~s, w~ ich ma y be considered as 
t h os e fo rm ed by p r~v iding tho mova bl e surface lith a 
l ~r g o a mount of oV 3rhang concontra t e d near the tip behind 
a portion of the fixed surface . 

Fi ~uro l b1 from rof e r nce 33 pr e sonts a correlation 
of h ing o - ru oITc nt data for t y pe A a n I typ e B horns obtained 
from rcf ~ ronccs 34 to 39 . I nslfficient data arc availab l e 
to pres o ~t a corrolatio~ of ty p e J h orn Increments of 
Ch a n1 C~ causod by the horn havo beon plotted as a _.-u L~ [) 

f unctio~ of a h orn- alanco factor, defined as the squa r o 
r oot of t h e ratio of horn area tim e s horn mea n chord to 
control qrea times co~trol -moan chord . The p l an forms 
of the control Rurfaccs consi~ered in the corrolation 
ara sketched in fi ~ure 1 53 a~d arc numbered to identify 
thG test points of f: ~uro 154 . Fu rt h er details and d i­
mansions arc g er crally availa ble i n the a p propriate 
reference list e d on ii ure 1 53 . 

The data prosented in figure 154 indicate the ba l­
ancing ef f ec t iveness of type B horn to bo considerably 
g r eat0 r than that of typo A horn . Probably because of 
the dissic i larity of air fl ow over the od.:l - shaped tips 
of t l e c ont r ol surface s wi th type B horns t the scat t e r 
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of poi~ts about the fnirod curv o is considerably greater 
for typo 3 tha~ for type A hornso For either cype of 
horll, hOClover , .6Cha. and. .6C

ho 
were approximately oqual 

for noarly all the control surfaces for 7hich data wore 
av~il~ ble Q A marc complete analysis of tho hinge-moment 
charnctoristic3 of horn-balancod control surfacos is 
p~0scntod i~ rcicro~cc 33. 

~-:.flQli2il.iioIl....Q..f_ suction dnta to finitQ-sp'ln c . .Ql!.~L2.1 
$.~rfn...£,S2.. - ~"ho 1 i f t i ng-l i n e theory CcU: b c us e:l c, s a b[1, sis 
for applJiLg the section data to estimate the lift and 
hingc -~om3nt characteristics of control surfncos of finito 
spa::lo ?or suc~ E'.. £x9 Iicntion, li:'t nnd hing o-mor.:lent 'charac­
teristics are written in the form of parameters) ~hich, 

according to li~ti~~-li~e theory, arc in1cpcndent of Rspect 
r 3. t i 0 (r.;; fer e:1 c e 4). Ih 1.1 S : 

(8) 

(9) 

(10 ) 

Liftirg-line theory assumes thRt the induced do~n­
was~ is const a nt alo~g the cho~d a nd, therefore, that the 
chord~isc distribution of resultant pressure at a section 
ef a f i nite ~i~g is the snme ~s thQ~ of n wing of infinite 
span ~t a lo~e' ~ngle of ~tt n :k. Because the distribution 
of 1ow]w~sh vn~ies along the ch ord, h07evor , the effective 
streaml i ~e curvature i n:luced nt a sectio~ of a wing in 
three-dimensional f107 causes th~ p~rameters (uo ) , 

c 1 
( c" ) --c 

1 0 
(c h ) 

o c 
1 

to v~ry sli g tly 7it~ aspect ratio 

r atner t ~~nn to be independent of it as lifting-line theory 
assuces . his f£ct appareltly has small effect on the 
over-all lift but , for small aspect ratios, introduces a 
pas il le source of error in the calculatio n of hinge mo­
men~G , bec~use they are dependent upon the distribution 
as ~el l as ~pon the magnitude of resultant pr essure. 
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Th ere f o r e. un ti l 1 i f t i 11 g' sur fa c ot he 0 r y pr o v ide s a ill 0 r e 
exac:t met1.!od 9 or untt l empiric8,l cor r ection factors ar e 
exper i menta ll y determin e d, the lift and hinge-moment 
charac t e~ i st i cs of a f i nite - span contro l su r face calcu­
lat~d f r om s ectio~ data must b a subject to a l l th e as~ump­
tions and limitations o f the lifting-line theory. 

Reference 4 pre ents the Dot:. 01 of applrin{; sect io n 
d~ta to ~ompute the chara cter i stics of a control surfa ce 
having a~ ell i ptical l oad d i stribution~ ~hich, in effect , 
is a surface of e l lipt i c~l chord distr i bution ~ith a 
co~stant percentage airfoil c~ord fl~p . This mathoi, 
~~eu a pp lied to ~ingr of other plan forms and flap cho r d 
ratios, becomes tho Go - calle ct Istri:9" method and , in 
gen eral , dces not ~iv e satis factcry results. This metho d , 
ho .. ov(,r~ ::'lon a' eme1 ted. by 5xp 'r i:nel1tally detorrrined cor ­
rect~on factors , ma~ pr ov ide a 00 r8 accurate a~d practical 
solution than tho more general oothod. described in the 
follo u ing pa r ~brapbs . 

In order to expand the cethod of reference 4 to 
ap '9 l~r to tho gO l era l case , it is neCOS!:la r y to take a c c oun t 
of aeredynamic induct i on by c~l cu lating the s:9an~ise l i f t 
distribution per u.it c~ang e in an ~ lo of attack of the 
uholo 7 i ng and :er unit cha n g e in flap dotle c tiona This 
iS 9 at best , n tadio~s proc~ss but c a_ be accomplished by 
mot~ ods p r eso:ltc.d i. r eferonce' 44 or 450 Valut.;s of ctl) 

for tho partic-1.1ar ilap- chord. r at io at ea ch spar-wise sta­
tion can be determined f r om se c tion data to define tho 
spann iso distribution o f effective anglo of attack in 
oraor to comput~ the. l i f t distribution por unit cha~go 
in fla:9 doflocti nn 

For the spocial case of a control surf a ce ~ith a 
full-sp::n flap having a C ~l ord. that is a constant per ­
centago of th L 7ing chord , tho span - ~ift distribution 
pOl' uni t chang~ in f 12:9 dof l ection is si mi lar to th~ t 

per uni t changJ in nn~ l o of att~ck o' th o uing . If the 
"urf a co is roc ~~ .. lgula r o r li!1G:J.r l y t c,pe red , tho span -
lift d i st r' butiol ca n be easi ly c a lcula t e d f r om tho 
t a bles presonted in rofo r once 46 and tho h i ng o- moment 
cha:;" n ctorist i cs , theref oru, c rt! be i..Iore roac. i l y estima te d . 

Tho lift coef f icient n t a section of a wing of 
fi n ite. soan m~y bo express d a s: 

c = c 
1 + c CL ct + c C 0 

'b L s: a 1 u o 6. 1 

( 11 ) 
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T~e rates of c ~aDge of the section lift-coefficient slope 
wit~ an g le of a tt auk of the ~h ole ~ing an d wit h deflection 
Oft:1 e e::l t ire f 1 a pa r e t 11 ere for e 

The wing lift c oefficient may be e xp ressed ao ; 

C - 1 
L - S 

(12) 

(13 ) 

T~e lift-curve slopes for the e::ltire win~ can be found 
by integrating the cal culat ed l ift-distributiol curv es, 
c 0& c == f (y) c. n d. c icc == f 1 ( ~7 ) • TI us: 

U 3 :3 

nb 

°1 
_ 0 1- oj,: c 1 

c oy 
a S 0.

3 (14) 

CL ~ 1 r·b 
cn.~ == .)0 c"/'o 0 S 

:3 

rhe lift - effectiveness parameter for the ent ire win~ is 
ob tai~e d f r om the r a tio of t he calculated. lift-curve 
s 10:9 C: s ~ ::11 us : 

(15 ) 

T",Ol e hi! ge-r::ol.lellt slop ee: are fO'111el by performing mechan ­
ically t~e integratio s i ud icate d o~ the follo~ing ex­
pressions: 

1 
== -::-2' 

b c 
f I 
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Values of for each span~ise sta-

tiO D a r e obtaine d by menns of equatiols (9) and (1 0 ) 
fro m available section d a ta. The sec tion data present ed 
i n th is pape r Siva th e v a riation of section hing e-moment 
pa r aDe t 8rs ith r atio of flap c~ ord to airfoil c h ord for 
s ea led plain f l ap s and ryith overhan5 for a 0~30c flap aD 
s eve ral a irfo i ls a These da t a should be correct e d fo r 
t unne l - ~a ll effe ct in the ma nner already indica ted. 
Unti l more d a t a becote available, the hinge-mocent param­
etors of ba l anced flaps cay be assumed to va r y in the 
s a~o maDne r ~ith r a tio of flao c hord to ai r foi l c ho rd as 
do the pa rameters for plain flaps , 

Rece n t wind t unn el tests (unpublished) hav e indicated 
t ~at ma~ufa c tur i ng imperfectio ns o~ the flap such as rib 
stiching and the s agg in g of fabric between t~e rib s of a 
c on trol s urf ace lave cons iderable e ff ect upo n t h e ~ i~ g e ­
monen t c~a r a cte risti csc Th i s fact shou l d be reali z ed w~en 

c ocput in g the h in ge Doment s of an a irplane control s urface 
fr oD sect ion dat a ob tai ne d fr OD a Dod el wing of true air ­
foil co n tour. It is im p erative that t h e section data 
a ppl ied a re t ~ ose fo r e xactly the saDe airfoil pr ofi le as 
t he sections of the finite - span contro l surfa ce . Arb itrary 
modif ications to an airfoi l profile ~ such as s h ortening or 
l engthening t he d istance fro m a h i nge axi s to the trailing 
e dge , are apt to cause l a r g e chan ges in the h i nge - com ent 
cha racteristic s froD t hose of the basi c airfoi l section . 

The aero dynac ic sect ion c !a racteristics of an iso ­
l ated hori z onta l t ai l surface (re feren ce 47 )s tested in 
t he ~ CA full-scale tun ne l have be en estiDated froe sec­
ti on data in the cann e r al r eady outlined . The h ori zon ta l 
tail surf a c e had the follo~ i ng geoce tric c ha r a cterist i cs : 

Ai r foi l sectio _ • NACA 0009 
Aspect ra ti o . • 4. 7 
Ta~er r a tio (r oun ied tips) • . . . 2 :1 
se7s ( n e a rl y constan t percenta ge c~ord ele vat or) 0 0 4 1 

Elun t - n ose ov e r hang • O. lOc e 
Ga p ~ • 0 .005 c 

The s pa n load distribut io n pe r unit an g le of attack ua s 
c a lc u l a t ed f r oe the tab les of r eference 4 6 and wa s arb i ­
tr a rily alt ered at the c en t er section to account for the 
e ffect of a cut - out Dad e i n t ~ e elevator for the rudder . 
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38ca-1se t he el e vat or na s nearly a co~stant perc e n t aGe of 
the a ir foi l c~o r d alo~g the span, tho span loa d di stribu­
tion pe r ~nit elevato r deflecti on nas assumed s imilar to 
that p er unit_an g l e of attack ; that is, Ctb . was assum ed 

1 
equ~ l to Ct • rhe section hinge-moment-coefficient data 

a
1 

~ere obtained from f i gure 144 (c) b y assumin g that the 
slo ,08 for a balanced flap vary with fla~-chord ratio in 
a mnnner sim ila r t o th o se for an unbalanced f l ap (fig . 14 2) . 
Section lif t character i stics were obtained from fi gures 
1 43 a nd 11 1 by maki . g t nis same as sump tion. The t heore t­
ic~l ~y d erived cor re ctio n for the s t reamline curvature 
ind -o.ced by th e tunn0 1 walls , iTh ich has alrea.:l.y bee Zl dis­
c ussed , was a ?p lie i to tn o hinge-monent parame ter (Ch

c
) ' 

1 0 
T~is cor rec ti on reduced the va_u e of (c n )5 for the 

c~ 

O~·H) c flap by 8 percont. The para:neter (Cho )e
t 

was 

negligibly af f ected by t ~ is tunnel-wall c orrection. 

A comparison 0f the calculated with tho measured 
values is presented in the followi~g tabl e : 

--- - 1 

fa rame~er Cal c u la tod 
va lue 

-------- --------------
J1 0 . 063 

a. 
a o - . 7 1 

- . OG6l 

- . 0 106 

. Iiiea su r ed 
value 

0.060 

-.70 

-. 0045 

-0 0080 

T~e calc lated lift c ha ruct eris~ics a re in reas~nab 1 y 

g ood agre ement 7ith t h e measur ed va1~eso The parameter 
Ch ~as calculatoi t o be 0 . 0016 more negative and the 

• :J, 

par.::1.Eleter 0 . 0026 wor e nega ti7e than the corrc-

GPo~ding illeasurad values . tt ryou1d bo expected , howeve r, 
that the c omfu t cd values shou l d be ~ ore p ositive than the 
rroasured v~ lues . Thu s ection data ~Cle obtained in a 
turb~lEnt tun nel ani the transition region sh ould there­
for o be fu rther forITnrd ; thus , the s ec tio n hinge-mo~ent 

·- l 

_J 
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sl ope s sho u ld be more positive t ha n those meas ured in the 
l e ss turbulent f ull - scale tun n el o Th e ef f ect of st r eam­
lin e curva ture caus e d b y the finite-s pan a irfoil proba bly 
a cc ounts for n lar g e part of the discrepancy betpeen the 
co mpu ted Rnd the meas ured values o A strea mline-curvature 
corr oction the oretically derived from lif t ing- surf a ce 
t haor y for an elli p ~icn l ~ing indica tes that a reduction 
of ,'1. b 01: . t 14, per c e nt, for t his ca s e, in the va l u e 0 f 
(c h ) is justified for this a spe c t ratio. Wh en t h is 

- c 1 0 
as p ect r a tio correction is a pp lied; n sli ehtly closer 
a g re e ment "rith t he me: Bured v a l u es is obt o.. ineo's t.he ca l-
cul ~ ted v ~ lue of Ch t ~e n bein g - 0 0 0053 a nd th~ t of 

a 
Ch o b ein g - 0.0102. 

Th e limita tions of tho liftin g-li n e theo r y as a 
bes is fo r esti ill ~ t i ng t h e aerodynamic characteristics of 
a fi n ite-spa n c on tro l surface from section data are 
i ndica ted by t h e exnmp le cite d . Unf ortunately the 
mar g in of err or , TIhi ch for hinGe - moment slopes amounted 
to ab out 20 perc e nt of t h e slope va lues of t h e unb a l a nced 
s u r f ~ ce , is n o t tolerable for purposes of estima ting the 
cha r a cte~istics of a closely bala nc e d surfac e fo r a l arge 
h i 6~- sp e o d a irplane . Su i t a b le corr e ction factors must be 
obtai n ed , either t h eoreticBlly or e xp erim e ntally, b e for e 
t h e h in ge - moment c ha racteristic s of ~ finite -s pn n c ontro l 
s u rf a ce c u n b e accurately predicted from section dRtR . 
rhe dete ' min ~ tion of the s e f ~ ctorB remains a project for 
future investi ga tion . 
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istics of Aer oioi ls, with Particu1~r Reference to 
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I RDEX TO FIGURES 

Subject 

I " Se cti on data 
1. 1d r foiJs 

(a ) NACA 0009 
(b) NACA 0015 
(e) liACA 66 -00 9 

2. Ae rod y namIc bal a nce 
( a) Plain fl ap s 

(b) Ove r ha ng (inept hinge ) 

(e ) Hpv ?l ed t r ai l ing e d~€ 
(d) I n~ernal balance 

3 . P r R8~ure ~ip~ri but io n 

\.' ~) -;, ~ 'i . " ' ~ 
"'. 1. I ,. n 1 J ,. p s 

(o } .B.,<;~:],~c: t :ccdling a.lge 

I I - Fi nite PP&C ~2ta 
1. Aer o1..j .!_ •. :..!...! :'·alan G6 

(a) Ploin fl a ps 

(b) Over'hang (inset hinge) 

(c) 3e"~led trailing edge 
(d) Internq l bal a nce 
(e) Horn b ~ 1 8 nce 

I I I - P ,~. r a meters 

1 . Aerod~nDmi c ba l ance 
( a ) F!. e in:: 1 a 'p S 

(b) (r'J e:d~;7.!lg s 
( c) ' ~ ~l'C ~ 
(d ) ~e~~10d tr a iling edge 
(e ) In~8~nq1 bal~nee 
(f) ho r n. Sa l a 11.c o 

2. ~unnel corrpcti on fa c tor 

W' .. 19ur e s 

1-10 6 

1-58 
fi9 - 96 

97 -10 6 

33 

1-8, 5 9 - 6 0, 
69 -70, 97-98, 140 

9- 45 , 61-68 
71-75, 99-106 

47 -56, 149 
57-58, 76 - 96 

140 
149 

107-1::9 

107-108, 131-1 3 3 

109-116, 127-130, 
134- 137 

117-122 
138 - 139 
1 23 - 126 

]40-lf5 

141 , 142 
143-146 
147 ·-1 48 

150 
15 1-1 5 2 
153-154 

155 

NOte : V~ria~les not specifi~al l y assi gne d values on the 
var ious fi;ures of th is pa pe r a re held c on stqnt at zero magn i­
tude for the data J resen t ed i~ eac~ fi~ure, even though certain 
variables, s uc~ as tab deflecticn or an ~l e of yaw , way hav e 
been varied in t~ e i~ves t i ~ations re po r ted originally in the 
r ef er enc e qu ot ed on each fi gu re . 
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Flap seotlon 

- ~. -=--

E-- • 

E--

~~ 

]E 

--1E+ --=:=--
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TABLE I.- INFORMATION RBOARDINO ~O-DIMBNSIONAL-FLOW MODELS 

TBSTRD IN HACA .- BY 6-POOT VERTICAL TUNNEL 

~e.t Reyno l ds number, 1,.30,000; Mach number, 0.1; turbulenoe factor, 1.93. 
Experlmental tunnel wall correctlons applled to 11tt only~ 

NACA airto1l 
ctlc ob/ef Type of balance Descrlptlon 

dell1gna Uon of balance 

()()Og 0.15 0.10 Unbalanced Clrcular arc plaln tlap 

0009 0.20 0.10 Unbalanced Clrcular arc plaln flap 

Unbalanced 
0009 0.30 0.09 Clrcular arc plaln flap 

0009 0.30 0.20 Over hang Blunt nose 

0009 0.30 0.20 Overhang Modlfied 
blunt nose 

0009 0.30 0.20 Overhang Medlum nose 

Modlfied 0009 0.30 0.20 Overhang medlum nose 

--- _ . - --- --

L-663 

~.l •• 11. ,. 
I 

r o. at 

it=·~· 
nut ... l-i 

Nose gap Reference Flgure 

Sealed, O.OO{)c 20 1,2 

Sealed, 0.005c 20 3,. 

I 

Sealed, O.ool~, 7 {) to 8 
. 0.005c, 0.0100 

I Sealed, O.OOlc, 9 9 to 12 I 
0.005c, O.OlOc 

0.0050 9 13 

Sealed, O.OOlc, 
O. OOSc, 0.010c 9 H to 17 

0.0050 9 18 
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Flap .. otion 

f 1~ ~ 

7. f + t ::I 

f-- '3: +--

4=- ]: + -==-

{" -- 3..::::f --=--=--

-f- lE t - =-= 

4= =]c -r ==-===-

TABLB I.- INFORMATION RBGARDING TWO-DIMBNSIOJAL-PLOI MODELS 

TESTED IN MACA .- BY 6-FOOT VERTICAL TUNNEL - Contlnued 

[Test Reynolds nuab.r, 1,.30,000; Mach number, 0.1, 
turbulence raotor, 1.93. Exper1mental tunnel .all 

correctlons appli~d to lirt only.] 

MACA alrro'll 
dee.ignat1on crlc ~/or Typ. or balanc. Descrlption 

ot balanoe 

OOOg 0.30 0.20 

0009 0.:50 0.20 

0009 0.30 0.35 

0009 0.30 0.35 

0009 0.:50 0.35 

~ 0.:50 0.50 

0009 0.:50 0.50 

Onrhang 

OYerhang 

Ov,rhang 

OYerhang 

OYerhang 

O.,.,rhang 

OY,rhang 

Sharp no .. 

Modified 
sharp noee 

Blunt nOlle 

Medila no.e 

Sharp nose 

Blunt no •• 

lIediUlll no., 

L-663 

Tunnel .alll .' 

r 
·It=~ .. · ~ .. ·1" 

Plan rol'Wl -, 

10.. gap 

Sealed, 0.0010, 
0.005c, O.OlOe 

0.005c 

Sealed, 0.0010, 
0.005c, 0.0100 

S.a1ed, 0.0010, 
O.OO5e, O.OlOe 

Sealed, 0.0010, 
0.005c, O.OlOc 

saa1ed 
0.0015e 

saaled 
0.00150 

Reterenoel Flgure 

g 119 to 22 

g 2:5 

10 2. to 27 

10 28 to :51 

10 32 to :55 

8 :56, 37 

8 :58. 3g 
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~ABLZ 1.- IHFORUATIOI REGARDING TWO-DIMBHSIOHAL-FLOW MODELS 

TBSTBD IN NACA 4- BY 6-FOOT VERTICAL TUNNEL - Continued 

crest Reynolds nuab,r, · l,'~O.OOO: Mach nuaber, 0.1; 
turbulenoe faotor, l.ta. Experimental tunnel wall 

oorreetiona applied to lift on17J 

N4CA airfoil 
cf/c eb/ef T7Pe of balance Description 

11i1.~t1on of balance 

Modit1ed Ooog 0.30 0.50 Overhang mediWII nose 
J 

OOOg O.~O 0.50 Overhang Sharp Doae 

Modified Ooog 0.30 0.60 O .... rhang 
sharp nOli. 

Prof1le Bulged nap OOOg O.~O O.Og modUloatloD profne 

OOOg 0.30 0.00 Proflle Beveled 
modificatiOD traning edge 

OOOg 0.30 0.09 Profile Elliptlcal 
modlflcatlon tra1ling edge 

0009 Profne C1rcular 0.30 0.09 IIIOdlflca tion trailing edge 

I 
L-663 

Tunnel walle 4' 
I .-

e= 2' 

Li=H~_~'t 
Plan form ~ 

lJon gap Referenoe Figure 

Sealed t»publlshed 0.00150 40. 41 

Sealed a 'fil, ~ 0.0015c 

Sealed ~ll'hed ". 45 0.0015c 

, Sealed 11 46, 47 
0.005c 

I 

Sealed 
0.005c 11 ,a to 5~ 

Sealed 11 54. 55 

I 

Sealed II 56 
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t ~ 

t -~ 

! -~ 
t - IE+~ 

-E3E+~ 

-EJ~ 

TABLE 1.- INFORMATION REGARDING TWO-DIMENSIONAL-PLOW MODELS 

TESTED IN NACA .- BY 6-FOOT VERTICAL TUNNEL - Cont1nued 

!Test Reynolds nUllber, 1,.30,'000; Mach ~umber, 0.1; 
~urbulence ractor, 1.~3. Experimental tunnel wall 

correct10ns app11ed to 11rt onlyJ 

NACA a1rr01l 
crlc ~/or Type or balance Descript10n 

dell1gna t10n of' balance 

0009 0.30 0.50 Internal Vent at 0.56c 
and at 0.69c 

0015 0.30 0.15 Unbalanced Circular arc plain !lap 

0015 0.30 0.35 Overhang Blunt nose 

0011) 0.30 0.35 Overhang Med1U111 nose 

. 
0011) 0.30 0.50 Overhang Blunt nOlle 

0011) 0.30 0.50 Overhang Med1U111 nOlle 

0015 0.30 0 .50 Overhang Blunt noee, 
mod1f'1cation 1 

L-663 

Tunnel wallll •• r 
CL=i="-~'- =1i 

Plan rol'lll I 

NOlie gap Rererence F1gure 

Sealed 11) 57, S8 

Sealed 12, 16 59, 60 
0.0050 69, 70 

Sealed 13 61, 62 0.005e 

Sealed 13 63, 6. 0.005e 

Sealed 65, 66, 
0.005e H,17 71 

I 

J 
I 

I 

Sealed 
H 67, 68 I 

0.005e 

0.0050 17 72 

I 
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Flap sectlon 
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TABLE I.- INFORMATION RB04RDING TWO-DIXBNSIONAL-FLOW MODELS 

TBSTBD IN NACA 4- BY 6-FOOT VERTICAL TUNNEL - Cono1u~d 

tTeat Reynolds number,.1,4~0,000; Mach number, 0.1; 
turbulence f'actor, 1.93. Experimental tunnel wall 

corrections applled to 11tt only.J 

NACA ,1rtoll ctlc Ob/ct Type ot balance Description 
deslgnation ot balance 

001& 0.30 0.60 Internal c~ver Rlatee ~ent n an out a 
0.50c station 

68-OO~ 0.30 0.11 Unbalanoed Circular arc plalB flap 

68-009 0.30 0.31) OVerhang Blunt nose 

68-009 0 . 30 0.50 OVerhang Blunt noee 

66-009 0 . 26 O.M Overhang Blunt nose 

Modified 
66-009 0.26 0.30 Overhang blunt noee 

88-009 0 . 26 0.30 Overhang Medium noee 

----

L~661 

'runnel walle 4' 

r-
os 2' 

I t= . .!. .... ~1o - =jO, 
.l. Plan f'Ol"tll 1 

Nose gap Reterence Flgure 

Sealed 18 94 to 96 

Sealed 
19 97, 98 I 0.0050 

Sealed 
0.005c 19 99, 100 

Sealed 19 101, 102 
0.0050 

Sealed Unpublished 103, 104 
0.0010 

0.0010 Onpli>l1ehed 105 

0.0010 Thlpubl1shedi 106 
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TABLB 11.- INFORMATION REGARDING TH~DIMENSIONAL-FLOW MODELS 

TESTED IN THZ UlAL 7- BY 10-POOT TUNNEL 

~urbulenoe factor, 1.6. Tunnel-wall corrections applied 
in accordance with reference 40.J 

L-663 

I 

Aspect Taper ' 
Plan form Typical seotion ot ti ti S Is ~/s Airfoil Test I 

. control lurfac. ra A 0, r~ 0, e --0. section condi tion Gap Reference Figure 

~ 
Horizontal tai 

! 7= NACA on .,._ Sealed 
{ §.~ :5.7 0~15" 0.27 0.09 0009 pursuit fuae-e.' 0.005c 21 107, 108 

R = 502,000 
Unbalanoed el.yatop II = 0.1 

~ 
Horizontal tal 

I B + =-=---- :5.7 0.1S7 0.27 0.35 IfACA pursui~nfusel.agE Sealed 21 109 110 
_ _ 00011 R = 502,000 0.005c ' 

Blunt-nose .l ••• tor V = 0.1 

~ 
Horizontal taiJ 

I 8<! ==---- :5.7 0.1S7 0.27 0.35 NACA pursui~nfuselage Sealed 
_ _ 00011 R = 502,000 0.005c 21 Ill, 112 

Sbarp-nole .l •• ator II = 0.1 

Horizontal taU 

fl.E NACA on 51 d 
I tor + -=-=--- :5.7 0.57 0.27 0.50 0009 pursuIt fuselage o.~~;c 21 11:5, 114 

~---~-, - --7 R = 502,000 
--" I '--~ Blunt..n.ose ele.at".. If = 0.1 

~ 
Horizontal tail 

I k~ :5.7 0.157 0.27 0.50 ~~~ pursul~nfuselage Sealed 21 115, 116 
_ _ R = 502,000 0.005c 

SharD-nose .l ••• tor If = 0.1 

~ 
Horizontal tail 

! ~ 3.7 0.57 0.27 0.09 NACA pursui~nfuselage Seale~ 22 117 to 122 
___ -_ 0009 R = 502,000 0.005c 

'--___ ......:. ____ IB='eu=I:.,:.ca.traillA.! .. d,&. _l.ntor If = 0.1 

~ 



TABLE II.- INFORMATION REGARDING THREE-DIMENSIONAL-FLOW MODELS 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

TESTED IN THE LMAL 7- BY 10'-FOOT TUNNEL - Concluded 

~urbUlence factor, 1.6. Tunnel-wall correc~1ons 
applied 1n accordance w1th reference 40.J 

Plan form 

B-
~ 
rL1J 
f~ 
4 ( , 

rLt 

Typical section of 
=ntrol surface 

[C~+===~~ 
Med1um-noee eleYator 

HE +-=r~ 
Blunt-noee eleYator 

E-··3:-~ 
Unbalanced rudder 

F-=~ 
Med1um-no~e rudder 

F · ~ 
Medium-noee rudder 

F · ~ 
Internally balanced rudder 

A~t 
ratio, 

1 

3.96 

3.96 

2.U 

2.U 

2.41 

2.U 

Taper 
ratl0. 

)\. 

0.68 

O.H 

0.47 

0.47 

0.47 

0.47 

3e /S 
or 

Sr/S 

0.43 

0.30 

0.42 

0.42 

0.42 

0.42 

~/Se 
or 

~/Sr 

0.41 
.40 
.38 
.36 

0.50 

0.13 

0.20 

0.31 

0.20 

Airfoil 
section 

Nodified HACA 
symmetr1cal 

Modified NACA 
symmetrical 

Modified 
NACA 66 
series 

lIIodified 
NACA 66 
series 

lIIodified 
NACA 66 
series 

Modlt1ed 
NACA 66 
serles 

Test 
condit1on 

Semispan model 
R = 1,920,000 

Ii = 0.1 

Semlspan model 
R = 1,920,000 

'" = 0.1 

Ccmplete taU on 
stub fuselage 

R = 1,510,000 
M = 0.1 

Complete taU on 
s tub fuselage 

R = 1,510,000 
1/ = 0.1 

Complete tall on 
s tub fuselage 

R = 1,510,000 
1/ '= 0.1 

Ccmplete ta!l on 
stub fuselage 

R = 1,510,000 
1/ = 0.1 

1-663 

Gap Refereno~ Figure 

0.020 ~npub~edk23 to 12E 
data tA 

0.02c ~npubl1shedh27 to 13C data ,... 

Sealed 
0.113 
Inch 

!unpubl1l1hec.\1., 31 to l~ 
data p. 

Sealed Iunpublbh4 134, 135 
O.H~ I data 
tnch 

Sealed 
0.11~ 
Inch 

Sealed 

UlPubl1llhedj 1M, 1~7 
data 

UnPUbl~ 138, 139 
data 
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TABLE III.- AF.RODYNAMIC PARAIfE'l'BRS AND CORRELATION CHARTS 

Type of balance 

%.-

Plain flaplI 

~ ~ 

Overhatytll 

It 3+ 
Tabs 

-r+ => 

Beveled trailing_~e 

~ 
Internal 

v.~ 
Plain !'laplI 

and 
overhangll 

Subject 

Pressure distribution 
Lift 

Hinge mment 

{

Lift 

Hinge moment 

Hinge moment 
and 

11ft 

Pressure distribution 

Hinge moment 

Hinge moment 

Hinge moment 

Tunnel correction 
factorll for hinge moment 

Airfo1l 

0009 

0009 
0015 

L 
66-009 

0009 

{ 0009 
0015 

66-009 
0009 

0009 

0009 

Uany 

Many 

Many 

Any 

Type of data 

Section 

Section 

Finite lipan 

Section 

Finite span 

Section 

Section 

Section and finite span 

Section and finite span 

Finite 

Section 

{ 
{ 
{ 

Reference 

1. 2, 3 
1. 2, 3, 7, 20 
1, 2, 3, 7, 20 

7, 8, g, 10 
12, 1~. 14 

19 
21 

7, 8, 9, 10 
12, 13, 14 

19 
21 

1, 2, 3 

~pub11shed 

26 

29 

33 

40 

'L-663 

Figure 

140 
141 
142 

143(a) to (d) 
143(e), (f) 
14~(g), (h) 
145 

144(a) to (d) 
144(e), (f) 
lUCg), (h) 
146 

147, 148 

149 

150 

151, 152 

153, 154 

155 
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