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AERONAUTIC SYMBOLS 

1. FUNDAMENTAL AND DERIVED UNITS 

Metric 

I 
English 

Symbol 
Abbrevia- Abbrevia-Unit tion Unit tion 

Length ____ .. __ l meter __________________ m foot (or mile) _________ f t. (or mi.) 
Time _______ . __ t second ____ ____ _____ ____ s second (or hour) _______ sec. (or hr.) 
F orce _______ . __ F weight of 1 kilogram _____ kg weight of 1 pound _____ lb. 

----- I P oweL _____ . __ 1 horsepower (metric) ______ 
---k.P~h:-- 1 

horsepo\\er ___________ hp. 
Speed __ _____ . __ V 

{kilometers per hour __ ___ _ miles per hOUL _______ m.p.h. 
meters per second _______ m.p .s. feet per second ________ f.p.s_ 

2. GENERAL SYMBOLS 

Weight=mg 
Standard acceleration of gravity = 9.80665 

m/s2 or 32.1740 ft./sec. 2 

Mass = !±' 
g 

Moment of inertia = mk2
• (Indicate axis of 

radius of gyration k by proper subscript.) 
Coefficient of viscosity 

v, Kinematic viscosity 
p, Density (mass per unit volume) 
Standard density of dry air, 0.12497 kg_m-4_s2 at 

15° C. and 760 mm; or 0.002378 Ib .-ft.-4 sec.2 

Specific weight of "standard" air, 1.2255 kg/rna or 
0.07651 lb ./cu.ft. 

3. AERODYNAMIC SYMBOLS 

Area 
Area of wing 
Gap 
Span 
Chord 

Aspect ratio 

True air speed 

Dynamic pressure -~p VZ 

Lift, absolute coefficient CL=:S 

Drag, absolute coefficient CD = ~ 

Profile drag, absolute coefficient CD. = ~S 

Induced drag, absolute coefficient CD'=~S 

Parasite drag, absolute coefficient CD - DS" , q 

Cross-wind force, absolute coefficient Cc - q~ 
Resultant force 

Q, 
fl, 
Vl 

p-, 
~ 

Angle of setting of wings (relative to thrust 
line) 

Angle of s La b iIi zer setting (relative to thrust 
line) 

Resultant moment 
Resultant angular velocity 

Reynolds Number, where l is a linear dimension 
(e.g., for a model airfoil 3 in. chord, 100 
m.p.h. normal pressure at 15° C., the cor­
responding number is 234,000; or for a model 
of 10 cm chord, 40 m.p.s. the corresponding 
number is 274,000) 

Center-of-pressure coefficient (ratio of distance 
of c.p. from leading edge to chord length) 

Angle of attack 
Angle of downwash 
Angle of attack, infinite aspect ratio 
Angle of attack, induced 
Angle of attack, absolute (measured from zero­

lift position) 
Flight-path angle 
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XIII-AUXILIARY AIRFOILS USED AS EXTERNAL AILERONS 

By FRED E. WEICK and RICHARD W. NOYES 

SUMMA RY 

This is the thirteenth Teport on a series oj systematic 
tests comparing lateral control devices with particulaT 
reference to their eifectivene s at high angles of attack. 
The present tests, conducted in the N. A. C. A. 7- by 10-

Joot wind tunnel, were made to determine the most 
Jeasible locations for lateral contTol surjaces mounted 
e:rtemally to a TectangulaT OlaTk Y wing. 

Two sets oj extemal ailerons weTe used. One had an 
N. A. C. A. 0012 ymmetTical pTofile and a choTd length 
that was 15 percent oj the main wing chord. The other 
,pt oj ailerons, which was used at only a jew test posi­

tions, had an N. A. C. A. 22 cambered profile and a 
chord length oj 14.5 percent oj the main wing chord. 
Both aileTons extended over the jull span oj the main 
wing and were hinged about an axis on their chord line 
20 percent jrom theiT leading edge. The range of posi­
tions investigated was from 27 percent oj the main wing 
chord ahead oj the lead1'ng edge oj the mctin wing to 10 
percent behind the trailing edge and jrom 40 percent 
CLbove tILe chord to 20 percent below the chord. 

In each position testedjull advantctge was taken of any 
improvement in the performance characteri. tics of the 
main wing that was possible to be obtained by pecial use 
oj the ailerons. Thus, at positions close to the leading 
edge, where the air loads were suitable, the ailerons were 
mounted so as to act as automatic lat. Likewi e, at 
positiun8 neal' the trail1'ng edge the ailerons were arranged 
to junction as flaps in addition to being lateral control 
sUTfaces. 

The results oj the wind-tunnel tests howed that no 
location tested jor external ailerons was entirely satis­
factory with Tespect to both perjormance and control. 
The best locations tested lay in a region between the lead­
ing edge and 30 percent oj the chord back jrom the leading 
edge, and fTom 3 to 9 percent above the upper surface. 
Choice oj a particular location depends on a compromise 
between good perjormance, obtainable near the leading 
edge, and good control, obtainable near the rear oj the 
favorable region, 

IJ it is desirable to usp the ailerons as flaps in addi­
tion to theiT junction as latual control devices, the best 
po ition lie 21/! percent oj the chord behind and 21/! per­
cent below the trailing edge oj the main wing. 

Flight tests made with external aileron in one oj the 
positions over the forward part oj the wing showed seriou 
practical difficulties due to heavy hinge moment (wd 
irregular control-force 1'(Ll'iation. 

I TRODUCTION 

A erie of ystemntic wind-tunnel inve tigatiofl', 
one of which is covered by this report, ha been llltldc 
by the -'- ational Advisory Committee for Aeronalltic 
in order to compare Yl1l'ious lateral control dcvice . 
The various device were ai,' en the ame routine test 
to show their relati \Te merits in regard to latcral con­
trol und, to ome extent, their effect on the laternl 
tability and the performancc of an airplane. Thcy 

were all te ted on rectangular lark Y wings of u peeL 
ratio 6, and a few of them ha,Ye been further tested 
on wings \vith dift'er nt plan form and wings with 
high lift de\'ices. The first report of thi series (l"Cfer­
ence 1, pt. I) dealt with three ize of ordinary ailerons; 
one of these wa taken from the aye rage of a number 
of conventional airplane and wa u ed a, the stundard 
of comparison throughout the entire illye tigation. 
Ot·her work that ha been done in tlll ' eric is reported 
in reference 1, parts II to XII. 

The present report covers an in vc tigation to (leter­
mine the most favorable location for external ailcron 
relative to a rectangular monoplune wing. The term 
"external aileron" is here defined as any lateral con­
trol surface wholly and permanently external to thc 
main wing profile. The survey of pos ible locations 
was made mainly with an . A. C. A. 0012 symmetrical 
airfoil having a chord 15 percent of the main wing 
chord and a pan equal to that of the m.lin \ving. 
The airfoil was hinged about a point 0.2 of it chord 
back from its leading edge and was divided at the 
center of the span to tlllow differential settings of the 

1 
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two halves. Tbe ailerons were tested in the 4 po i­
tions shown in figure 1 itS fi..'(ed surfitces reln.tive to 
the main wing and a connected but freely floating 
ailerons in certain position where i t seemed that such 
an armngemcnt might be de irable. In a. few posi­
tions botn the symmetrical airfoil itnd ih highly 
cllmbcred N. A. C. A. 22 airfoil were te ted, and ItL 

two po itions just above the trailing edge test were 
made on only the N . A. C. A. 22 airfoil. Flight te ts 
were conduct.ed with ext.ernal ailerons in two of the 
most intercsting positions nenr the lead ing edge. 

~ 

Group A 
20 c3 

18+ 

Group C 
29+ 

~'I(;l RE I.-External a ileron test positions. Crosses ind ica te the location of t he 
a ileron Axis (20 percent of the a ileron chord from its leadi ng ellRe) . 

'----_--,..--_-->1 C 3-Mom wing 

----w--

- - }j/' sfe el 

A :<1 . . 
--+ 

B --

Section A-A 

10'-' - 4" 
- --)j2" steel 

'-:.1~~: 
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Counterweight 
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Intermedwfe 
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SectIOn B-B 

FIGU RE 2.- E xterna l aileron mounting deta ils. 
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TABLE I 

AIRFOIL ORDl :;'ATE:-;, ALL VALUE I J PER ENT AIRFOIL CHORD 

c c 
-

rIark Y '. A. C. A. 22 N. A . C . A. 0012 

-
!'tation l" pper Ilower t ation Up per Lower Sta tion U pper L owfr 

surface su r r~c~ surface surracc surface Sl!r(AI"E' 

0 3.M 3.50 0 0 2. S 0 0 0 
I. 25 ". 45 I. 9'1 I. 25 ~: ~O 1. 00 I. 25 I. 9 I. 9 
2.5 6.50 I. 47 2.5 ".il!· .65 2. 5 2. 62 2.li2 
1\ i .90 .93 5 ~. 02 " 5 3. 56 ~ . 5(; 
7. 5 .85 . G'; i. 5 9. It . 08 7.5 4. 20 4. 20 

to 9.60 .4J 10 9. 96 0 10 4.68 4. 
t l\ 10. 6 . 15 15 II. 34 .1 '1 15 5.34 5. 31 
~o II. 30, . 03 20 12.29 .4 t 20 5.74 ,ri . i 4 
30 II. 70 0 30 13. 3:; 1. 46 30 6.00 R. OO 
40 11. 40 0 40 t3. 4~ 1. O. 40 5.80 O. ~O 
50 10. 5~ 0 :;0 12. 60 ~. 7q 50 5. 29 5.~ 
60 9 15 0 60 11. 12 5.63 60 4. :;6 1.56 
70 i .35 0 70 9. t5 5.79 70 3. 66 :\,nl) 
.0 0.22 0 80 1).1l 4. 6 0 2. /12 2. (\~ 

90 2. RO 0 90 3. 95 :!. j;i 90 1.1;; 1. 45 
95 I.tg 0 95 2. 51 1. 32 q5 I .. t 

100 . 12 0 100 I. 13 0 100 : 13 .11 

L"nrlinv-ed!!e md ius~ 1.50 r~9:lding·ec1 !!e rad iu~=2.00 JAl~din~·ed!e nvj i u' ~1..5!l 

APPARAT S 

Model.- The model used throughout this im-est igll­
tion wn,s a laminat('d mahogany Clark Y ai rfoil having 
a lO-inch chord H,nd a 50-inch span, to which were 
attached duralumin external ailerons extending o\' e1" 
the entire span of the main wing. Two ets of extornal 
ailerons ,,-ere used in the cour e of the tests; one t 
consisted of 1.50-inch chord, N . A . C. A . 0012 airfoil, 
a.nd the other of 1.45-inch chord, . A. C. A. 22 air­
foils. The latter set of ailerons had been previously 
used in the tests reported in reference 2 and 3 as the 
am..riJiary airfoil. The ordinates of the main wing and 
the two ailerons are given in table r. 

Figure 2 illustrates the method of mounting the 
ailerons in position 1. The arrangement for mount­
ing in any of the other positions differed from that 
shown only in the design of the supporting brackets . 

The a,ilerons were upported by seven steel brackets 
( ee fig. 3) in such a ma,nner that they could be i:otated 
in pitch about a,n aAris intersecting the mcan camber 
line itt 0.2 of the aileron chord from its leading edge. 
When arranged to float, tll e ailerons were locked to­
gether at the center a,nd a counterweigh t of tl le type 
shown in figure 2 was a,ttached to each tip to baln,llce 
the system statically . Prelimina,ry tests showed tbat 
the dista.nce from the wing tip to the cOllnterweigh t 



AUXILIARY AIRFOIL USED AS EXTERNAL AILERO. S 3 

indica ted Oil figure 2 \nl sufficien L Lo eliminate any 
noticra,ble interfcrence effects 011 the wing. 

\Yhell the aileron were mounted 0 as to remain 
n t n fixed anglc rclntiye to the IHain wing, the counter­
weight shaft was replaced by a screw (see fig. 3) and 
locking screws clamprd the locking quadrants (fig. 2) 
to the upporting brackets. The angular interval 
between holes in the quadrant wa 5°. 

Wind tunnel. - All the present tr t were made in 
the . A. C. A. 7- by 10-foot open-jet wind tUDllCl. 
In this tunnel the model i Uppol'tl'd in such a manner 
that the force nnd the moments ahout the qllurter­
chord point of the midsection of the model arc mea -
ured directly in coefficient form. For uutoroilltion 
tests the standard force-test tripod i replaced by n 
special mounting that permits the model to rotate 

All measllrement of f01'''es and mOlllrnt on the 
\\'ing lI1o(lel werc obtitined from the 6-componellL 
halance in thr f01'l11 of the absolute cocffirirnt::; (lift, 
eLi drag, CDi rolling moment, C/: yawing moment, 
Cn'; and pitching moment about the C[ual't el'-chol'd 
point, Cmc'/). The coefficien ts in all case were ba ed 
upon the total wing area and were not correctei for 
t\lnnel-wall efIect. The ccnter-of-pressure location is 
gi \~en in percentage of the main wing chord. 

The inycstig:ltion co,~ered 48 po ition for the aile­
ron u:\"i as gi yen in in b Ie II. In general, the te ts at 
each position were diyidrd into fol1l' main subdivi­
sion', as discllssed in thE' following pal'llgraphs. The 
extent to which thr l<'st" were carried out in detail 
depended upon the importance of the position in 
que tion. 

FIG URE 3.-Wing model wilh exleruaJ ailerons mounl e') in p:l"ition fl. 

n,bout the longitudinal wind axi pus ing through the 
mid pan quarter-chord point. This apparatu i 
mOllnted on the balance, and rolling-moment coeffi­
cients can be read directly during forced-rotation te t . 
A completo description of the ahovo-mf'ntioncd equip­
ment is given in reference 4. 

TEST A D RESUL T 

The tests were conducted in accordance with the 
standard procedure and at the dynamic pressure und 
Reynolds Number employed throughout the entire 
series of in vestigations on lateral control (reference 1) . 
The dynamic pres ure was 16.37 pounds per square 
foot, COITC ponding to an air peed of 0 miles per 
hour at standard den ity: and the R ynold Ulll bel', 
bused on the chord of the nUl,lU wing, was appro)ci­
III a toly 609,000. 

(1) Preliminary tests. - Pl'climinaI'Y [ol'ee tests wer 
made at each aileron position to determine the best 
anO'ular etting of the aileron (when neutral) for 
maximum lift and minimum draO'. From the results 
of tbe e te t neutral angle were chosen for tbe su b-
equent test and the most fa\~orable method of u iug 

the ailerons n an aid to the general performance char­
acteri tics of the main wing wa derided upon. Thu, 
the aileron in all the po ition shown in group A were 
found to be mo t efficient when held fLxed at an opti­
mum angle at which "~el'e obtainable the be t yalue 
of both CL~.~ and CDm ,.. I.imilarly, in group B best 
performance was attained by u ing the ailerons as 
flap. In group C the ma:-.."imum yalue of the lift co­
efficient and the minimum yulue of the drag coefficient 
wcre be t obtainablr by nllowing the ailerons to DOtlt 
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betll'eell sLops that limited their trU" el to the critical 
Llllgle glying the above-melltioned characteristic . 

Aileron positions lying beneclth th e central P!ll' t of 
the main \li nD' were no t tested, because the extreme 
positions in region Band C howed generally poor 
performance and control charac teristics . It is to be 
expected, however , that if the ailerons were placed at 
a sufficient distance f rom the lower surface of the main 
wing to avoid adverse interference effects, more sati -
factory results mi ght be obtained . 

(2) Performance characteristics .- The mea urement 
of the performance characteristics included the deter­
mination of ODmin' OD at OL= O.70 (climb criteri on ), 
OLm,,' and the complete lift and dra o' curves up to 
a=40 o. At the aileron pc itions in group A these 
tests were made with th e ailerons set at the single, op­
timum, neutral angle found in the preliminary test . 
At all the position in group B the neutral angle chosen 
corresponded to that giving best climb. In the more 
important po i tion , however , test were al 0 made 

wi th ailerons in the high-lift and the low-drag aLti­
t ud es. In group C the tests were made wi th the 
aileron fl oa ting between top as described in the 
preceding paragraph. 

T ests in wl1ich the ailerons were allowed to float 
were attemp ted in region B but , because the ailerons 
exhibited a t endency to flutter , complete runs were 
made at only a few position. The effect on this t n­
dency of changes in the axi location or in the friction 
and elasticity of the upporting and balancing systems 
is likely to be critical ; hence any conclusions regaTCling 
the possibili ty of ailerons flu ttering in thi region are 
not warranted. Values of OLm" and the ratio 
OLm"jODmin were decreased and 0/ was increased at 
low angle of attack by allowing the ailerons to flo at . 

(3) Control effectiveness .- The te t to determine 
the control effectivene s of the aileron in the variou 
posit ion were made with the ailerons deflected one at 
a time- the righ t aileron with its trailing edge up and 
the left aileron with i ts trailing edge cl own. In all the 

T ABL1£ II 

AILE RON DEFLECTIO N::; 1"011. DATA GIVE N I N FI Gnn;.· cl TO U) 
[A ileron ax is. 20 percent from L . E . of a ileron 
Aileron axis coordina tes: (+) A bO "e chord aud back of L . E . (-) Below chorrl a nd a head of IJ. K] 

Aileron ax is posilion Neu tra l aileron a ngles M aximum a ngle of 
Li mit of delleclion 

, 
defl ection 

\1pgion Pmi: ion 
~raximum P ercent Percen t 

~at chord from chord from L a \\' d rag Hi~h lift U p Down Up D own L . E . chord 0,=0.70 

Degrees Degrees Degrees Deorees Degrees 
I -27 13 0 0 0 - 5 50 Opti ml1 m ~~ Fixt ure. 2 0 20 -5 -5 -5 -00 40 Fixture .. ~. D o. a 0 16 -10 - 10 - 10 - 70 32 .. ~~~. do. ~ .... '\·in~. 
4 0 12 - 10 - 15 - 20 - 55 5 do ... ~ .. D o. 
5 10 "25 0 0 5 - 75 50 .~ .. ~ do . ~ ~ F i "\t ur'e. 6 10 20 0 0 0 - 50 4 ..... do .. :. " rinrr. 
7 JO 15 -5 -5 -5 - 70 17 .. ~ .. do~~ .. D o. B 20 20 0 0 0 - 60 40 ~~~ do.~ .. ~~ D o. g 20 1.5 0 0 0 - 70 15 do .... ~~ Do. 10 30 25 5 5 5 - 75 :'0 ~ ~ ~ d o ~ .. Pi xl u l"P. I I 30 20 5 .; 5 - liO 'Ill do.~ '\'i n'r, 12 :jO 1:1 :, fi :. - in .. \\' jll l! f) o . la 411 211 III III III m 411 It h:l ll rr 1)0. 

A 
I I II) 1.'1 fi :. ;, - 70 '22 do nfl, I !', f!i J l !i III III III 70 do [) o . 16 . >3. 7:-' J" . IFI III ii i 10 flO I:, do ()p lim ll lT'. 17 :I~. if, 2:l. i:-' 1O In III 1;0 1:1 do \lo. 
I ~ fi~ . 7;' ~K 7fl I II 

'" III .", :!o do 1)0. 
IU (13 . if) I . i.~1 I(J IfI If) fjO l,r, do 1)(1, :.m f ir) JO :. :. r. fi r, III do 110. 
~ I j j~ . 7;, 1:1. 7;) II) 10 III I~I 1:1 do ~ ~ ))0. '!.1 iR 7;) :l:{. i:, III III 1O - ff l I r) do~ .. I >n . 2:\ W III Ii :. :-. - fi:) I f) do ... . } 

110 . 2 1 X" 211 III III III - l ill 211 tl o D {l. 2.5 ~.) III i:'} 1.5 I :) - flO .. . ~ ~ O pti l11 l1 lll ._ 
?() 11.5 10 10 III 10 - f,O 20 Fixluro O p ti lllU lll . 2i 100 r) 2.5 2.5 2. [) - 30 24 OpLi muIlL _ Do. 2 100 10 10 10 10 -(,0 30 F ixture 1)0. 29 iO -20 0 0 , :)0 -20 40 Optimu m __ Fi xture. 30 0 - 10 0 0 ' ao - 10 40 .. ~ do .. ~ Do . 31 no -20 0 0 , ;)0 -20 40 .. d o ...... Optimu m . 32 100 -2.5 ~ ~ . ~. .. ~I !) --~ - ---- ~ ~ . ~ ~ ~ ~ .. :l:J 100 -5 0 

I 
10 .'10 - 10 .so Opt imum . ~ Vixt ure. 34 100 -10 0 0 15 - 10 .10 . do .... . ~ \Jo. B 35 101. 25 -2.5 -5 10 15 - 10 50 . ~ do . ~ .. . Optimum. 3n 101. 25 -3. 75 ---- ------- .. ~ . 50 ------- ---- - ~ ----- -------_.-- --37 102.5 -2.5 - 5 10 25 -20 30 Oplimum .~ Optimu m. 105 -5 0 0 50 -30 50 do .... ~. F ixture. 39 11 0 0 0 0 10 -35 25 .... ~ d o ~~ •.. Optimum . 40 110 - 10 0 5 40 -35 45 ..... do~ . ~ ... Fixt ure. 41 110 - 20 0 {) 10 - 40 40 ~ .... do .... . . Optimu m. 

j 

42 - 20 0 0 ---------_.- -20 -20 25 ~~ . . ~ do ...... Fixture. 43 - 15 -5 5 ------ .. ----- -30 -30 45 ---- . do D o . 44 - 12.5 5 0 --.--- ... _--- -25 -25 30 . ~ ~ do ..... D o. C 45 - 12.5 2. 5 10 ------ .. _- --- -30 -30 20 ~ do.~ ... ~ Optimu m. 46 - 12 .• 5 1. 5 5 .---------- -30 -:30 1.5 do ~ P'jxt u rc. 47 - 12.5 -2.5 5 _._--------- -3!i -a5 15 ~ do .. :::· 1)0. 
4 - 10 -5 5 ------- ~ . -45 -45 4 fj ~ do ... ~ . ~ J)o. 

I Estimated. 
I 
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tpsis, , 'ohws of (1,' and a,,' ",reI'P determined ai uno-les 
of attack of 0°, 10°, 30°, :30°, and 40°, except ai the 
most importanL position where n mo)'o complete series 
o[ ang-Ie of attack was im'e tigated. 

The maximulll aileron-deflection angles used ill 1,11 i. 
part of the inYe tigation Were determined by one of 
two limiting conditions: (1) The aileron came in con­
tact with the wing or the upporting bracket, (2) the 
yalue of at' reached a maximum positive or negative 
value (optimum). Table II Jist the maximum deflec­
tion for each po ition and the limiting factor for each. 
For all cases that appeared to warrant it, te ts were 
also made with about half the maximum deflection 
and, for the most inlportant positions, tests were 
made at several intermediate aileron angles. 

(4) La.teral-stability tests.- With the ailerons aL 
ome of the positions shown to be the more promisino­

by the preceding te ts (position 1, 6,26, and 35), the 
model was subjected to forced-rotation tests with 0° 
and 20° of yaw, in which the rolling moments due to 
rolling were measured. The rate of rotation employed 
about the wind axis (P ' ) was such that p'b/2V=0.05, 
which corresponds to the maximum rolling velocity 
likely to be encountered in controlled flight in very 
gusty air. The rolling moment are giyen in term of 

the coefficient 0). = q~S' where X is the rolling momen 

measured whi! e the wing is rolling. 
Test were also made in which the wing wa allowed 

to rotate freely and the initial angles for in tability 
were measured, both "ith the \\wg unyawed and yawed 
20°. 

Flight tests.- In order to obtain information on th 
hinge moment and lag characteristic of tlli type of 
lateral control, flight te t were made at the aileron 
position farthest ahead of the wing and at what 
appeared to be the best po ition in the region over the 
nose. The results obtained ai the former po ition 
showed hinge moment to bc so lu-'ay)' that tho con­
t.rol was completely 11 , eless. At the rCIlJ' po ition the 
results were more satisfactory and Hr(' disC'u , s d later 
in more detail. 

Tabular data.-Table III to XXVI giye the com­
plete te t data obtained with tbe aileron in the mol' 
pl'omi ing po ition (no. 1, 3, 6, 12, 26, 35, and 37). 
Criterions of pecd range, climb, rollinO' control, yawing 
moments, und lateral stability ( ee rcfE'rence 1) with 
the ailerons in these po ition are presented in table 
XXVII. The effect on the criterion of permitting 
t.he symmetrical ailerons in po itions 1 Rnd 37 to float 

al 0 shown in this tR,ble. 

DISCUSSIO 

The nature and degree of the change in the aerody­
namic characteristics of a wing owing to the addition 
of ailerons mounted externally to it are dependent 
upon (1) the chord, span, and profile of the aileron, 
(2) the location of Lho aileron rolativo to the main 

wing, and (3) the manner in \\-hich thc Rileron is 
cmploycd. In t.hc present )'('port thc first clHssifica­
Lion of vRriahles i taken into RccounL by confining- 1,11(' 
principal discu sion to one , i7,c illld span of aileron 
and neglecting thc errect of the mall difference in 
aileron chord noted under Apparatu. This pro­
cedure appears permissible at the positions in which 
the r. A. C. A_ 22 ailerons were tpsted but it probably 
would not be so in region B. The differences in 
characteristics obtained by use of ymmctric<ll or 
cambered airfoils are noted, but not enough test '\'ero 
made of both ailerons at the same position to warrant 
any general conclusions relative to the effect of aileron 
profile. The second variable is analyzed in some 
detail in a series of contour charts showing the effect 
of aileron-axis location upon the principal aerody­
namic characteristics of the wing system. The third 
variable is takon into consideration by employing the 
ailerons in what appears to be the most efficient 
manner for the particular region in which they are 
mounted. Thu, in location where the ailerons may 
bo used to advantage as a flap, tlus feature has been 
investigated and the optimum deflections for lift and 
drag determined. Likewi e, near tho leading edge 
the po ibility en t of improving the lift of the main 
wing by u ing the ailerons together as a lat. In other 
location the mo t desirable arrangement i to mount 
the ailerons in uch a way that they are deflected only 
for control, the neutral setting remaining con tant for 
all flight condition. The contour charts therefore 
how plane of discontinuity where the method of 

aileron operation change. In the charts where the 
contoUl are broken nenr the lending edge, the test 
data wer con idered insu[fici nt to complete the 
curve. 

GE l ERAL PERFORMA CE 

(. \.ILERO . . EUTRAL) 

Wing area for desired landing speed. Thc \'all1c of 
L~" 11UI)' Iw ll!;('cl I1S :I critcrion of thr wing area 

reqllil'cd for II d sircd lunding ~pE'rd or, ('ol1\'cl'scly, for 
thp Innding ~p('('d obtainablr \\ith a gi\'rll wing arCH . 
Figure 4 sho\\'s thr effect, of the axis location of the 
external aileron upon thi pal'alU tel'. or the aileron 
location te ted in region A, where the aileron wa not 
deflected except for lateral control, the be t position 
wa 27 pereen t of the main wing chord ahead of the 
leading edge and 13 percent aboY(' thc chord line. 
Thi po i tion corre ponded yery cl0 ely to t.hat re­
ported in reference 2 and 3 a being the optimum 
location for a fixed au:-.iliary airfoil of the ize and 
section u ed. )'foying the ailer n cIo er to the 
leading edge of the main wing progre i\'ely reduced the 
obtainable value of OL_, . If, howe\' er, the aileron 
axis were not moved back farther than about 15 per­
cent of th main wing chord behind the leading odge 
or cIo!;>er than about 10 percent from tIl(' upper surface, 

L m., wns not redll('cd br]o,,' that. obtainable with the 
plain wirl£'; (1.2.')0). 
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When both the a' eron \\'ere all owed lo noa t and to 
acl as an automatic lut in reO'ion C, a \'nlue 01' 0['.,,, = 
1.734 wa obtained whi ch i only lightly larger than 
thnt obtained at the be t po ition a a fixed lIl'f~lCe 
in region A (1.695). In position 35, region B, where 
the aileron could be used as a flap, a value of CT- m" of 
1. 10 was obtained with both of the ailerons deflected 
45° down. Thi vnlue is about 4Yz percent highor 
than that obtained at the best of the forward posi­
tions and about 45 percent hiahe1' than that for the 
main wing alone, the coefficients being ba ed on the 
total area. 

High speed ,- The value of Om'. f a wing may be 
1.1 ed as a criterion of it uitability fo], high- peed u 
when comparing similar airplanes equipped with wing 
of equal ar a. The variation of the value of OD." . 
with nileron-aA-1 loca tion j ho\\'n in figure 5. The 
l'ebtively large variation in On m ," between the best 
and the wor t positions, and the relation of tbe yal'iou 

e:H'(,<; 5 nnd 5, compen a Lcd for Lhe differences in the 
cJl:ll';l C'~ ('rj tics of the variable-den ity ,,-ind t unnel 
and the 7- by 10-fooL atmo pheric wind tunnel, th 
ynlue of CD .. ,. for the aileron i estimated to be 
0.0135. From lhese values it follows that with no 
interierence the yalue of ODm,. of the combination 
would be about 0.0152. 

The relatively high value of OD m ,. found for aileron 
position in region A may be attributed to the high 
air speed in thi region. The small decrease in yalue 
at the farthe t forward po ition (optimum) was no 
doubt due to the increa ed llpporting-fixture drag 
almo t counterbalancing the eHect of the decrea cd 
air peed at thi point. The Yery h.igh value found at 
the aileron po itions closest to the 'wing and 30 to 40 
percent of the chord from the leading edge is attribut­
a ble to high peed plus a trona unfa yorable in ter­
ference eireet between the wing and a,ileron \ovhell they 
are less than 5 pel' ent of lhe main wing chord aparl. 
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valu s to Llwt for the wing alone lllay be be t anal zed 
by a consideration of the tlll'e principal controlllng 
factor: (1) The minin1um values of the drag: coeffi­
cient for the wing and aileron epanLtely; (2) any 
ll1U tual interference effect between the wing and the 
aileron whereby the pre ence of one airfoil change the 
appRrcnt yalue of 0 0 of the other one by a£i'ecting the 
Yelocity, turbulenc, or urvatuJ'e of the airstream 
ptl ing over it ; and (3) the upporting-fixture drag- a 
fact l' that i included in all values of COm;n given in 
Lhi report. 

The relative importance of ach of the e iactor nt 
any particular location may be e timated by deter­
mining the minimum drag coefFIcient of the wing and 
aileron eparately, and the least obtainable valli of 
0 0 ." . if the effect of the 13 t two factor be con idered 
ncgligible. To t showed the main wing to have a 
'{allle of OOm'. of 0.0155. From datn given in l' [er-

Tlus high-drag area may be expecLecL Lo cOllLillUl' 
forward to the lel1.dino- edge for aileron positions clo el' 
to the upper urface than those te ted. 

In region C, in front of and below the nose, the 
aileron position havina the lowest drag represent tho 
neare t approach to the ideal conditions previou ly 
outlined, wherein all the factors tending to increase 
the drag are a minimum and the resulting drag is 
nearly the um of the drag of the two airfoils aken 
eparately . 

In region B, a reduction in drag due to the aileron 
operating in the wake of the main wing i noticeable. 

Speed range,-The ratio OLm.jCD~'. i a convenienL 
figure of merit for comparing the effectiveness of 
different wing in giving a large peed range. Figure 
5 hows the effect of the aileron location upon this 
criterion. Inasmuch as the value of (L..I0Dm'n for 
th '\'ing alone i apprQximuLoly 0, iL is apparent that 
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only the extreme forward positions of the aileron show 
improved performance over the plain wing if the aileron 
is fixed when neutral. The best floating position just 
ahead of and below the nose, region C, gives approxi­
mately the same value (109.1) as the best fixed position 
in region A (104.0), but the best flap position under 
the trailing edge, region B, gives a substantially bigher 
value (124.0). 

Rate of climb.-In order to establish a suitable 
criterion for the effect of the wing and lateral control 
syatem on the rate of climb of an airplane, the per­
formance curves of a number of types and sizes of 
airplanes were calculated, and the relation of the 
maximum rate of climb to the lift and drag curves 
was studied. This investigation showed that the 
LID at OL=0.70 gave a consistently reliable figure of 
merit for tbis purpose. Figure 7 shows the effect of 
the location of the axis of external ailerons on tbis 
criterion. The values shown were not in every case 
the maximum obtainable but the variation of the 
criterion with aileron angle was small in the range 
of angles tested, so that no appreciable difference in 
the contours would exist if all points had been plotted 
for the exact maximum values of the criterion. 

In region C tbe ailerons were free to float between 
stops. In positions 42, 44, 45, and 46 the ailerons 
were against the upper stop for OL=0.70. In posi­
tions 43 and 47 the ailerons rested against either stop 
at the angle of attack for OL=0.70, depending upon 
whether the angle of attack had been approached from 
above or below. Slightly different values of the 
criterion were obtained under the two conditions, the 
average of the two readings being plotted. In position 
48 the ailerons were against the lower, or bigh speea, 
stop at the critical value of OL' It is probable that 
the ailerons were not even approximately in tbeir best 
attitude for climb in any of the positions in this group, 
except perhaps the bighest one, position 44. 

In a consideration of the aileron positions in region 
A, a section of very low values of the climb criterion is 
seen to occur abou t 15 percent of the chord from the 
leading edge. Farther bade the criterion rises to a 
value almost equal to the maximum measured in these 
tests. A value of the criterion equal to those occurring 
near the trailing edge probably might be found between 
5 and 10 percent ahead of the lea.ding edge and from 
5 to 15 percent of the chord above the chord line. 

The flap positions in region B also gave values as 
high as any others fOlma with the external ailerons, 
but all the values found with the ailerons were 
definitely lower than that for the main wing alone. 

LATERAL CONTROL 

(AILERONS FULLY DEFLECTED) 

The rolling-moment coefficient produced by the 
ailerons about the wind, or tunnel, axis is used as 
the primary basis for comparison of the aileron loca-

tions discussed in this report. The rolling-moment 
coefficient about the wind axes 0/ is used in prefer­
ence to the coefficient about the body axes, as given 
in some previous reports in this series, because of a 
better qualitative agreement of the results with flight 
tests reported in reference 7. 

As previously stated, the setting of the neutral 
aileron at each location in region A corresponded to 
that giving the best general performance. In region 
C the neutral setting was the attitude thnt the neutral 
aileron would take if the ailerons were allowed to 
float between stops, as outlined in the discussion of 
general performance. Thus, for up-only deflection, 
the right aileron was deflected with its trailing edge 
up and the left aileron was against the lower stop; 
and for down-only deflection, the left aileron was 
deflected with its trailing edge down and the right 
aileron was against the upper stop. In region B, 
where the aileron acted as a flap, the neutral aileron 
setting was taken arbitrarily as the angle giving the 
maximum value of LID at OL=0.70 (table II). This 
value of the neutral angle was the same as that for 
minimum drag, in almost all cases. In the few excep­
tions, the critical angle of deflection was 10° to 15° 
greater. The data plotted on tbis basis are intended 
to give only a general picture of the moments obtain­
able in the various locations, the more promising 
locations being dealt with later in greater detail. 

Maximum deflections of the ailerons were governed, 
in all cases, by interference with the wing, interference 
between the aileron and its supporting brackets, or by a 
maximum positive or negative value of 0/ being re­
corded at some smaller deflection than the limit set by 
interference conditions. It is therefore apparent that 
the extreme deflections up or down were not uniform 
for all positions, but discrepancies in the contours 
arising from tbis source are considered unimportant. 

The contour charts are plotted for deflection of the 
right aileron up or the left aileron down. If it is 
desired to estimate the effect of deflecting the ailerons 
differentially at any particular location, the algebraic 
sum of the moments due to the right and left ailerons 
deflected separately must be used. 

Figures 8, 9, and 10 show the variation of 0/ with 
aileron-axis location for up-only deflection of the right 
aileron at a=Oo, 10°, and 20°, respectively. Figures 
11, 12, and 13 give the corresponding variation in 
On'. The values of a used correspond, respectively, to 
bigh-speed flight, the maximum angle at wbich ordi­
nary ailerons are usually considered to be satisfactory, 
and stalled flight. Considering, first, all positions 
lying in regions A and C, two tendencies are noticeable. 
FiTst, the region for most effective action of the ailerons 
as a spoiler moved gradually forward with increasing 
angle of attack from about 60 percent of the chord at 
0° to about 30 percent at 20°. Associated with tbis 
movement was a progressive increase in the rolling­
moment coefficient obtainable. At the optimum 
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position for rolling moment at stalling attitudes, the 
increase in 0/ was from 0.0601 at a.....:.O° to 0.1007 at 
a=20o. 

The yawing moments accompanying the above­
mentioned rolling moments were positive at all angles 
of attack and were of magnitudes equal to or greater 
than the yawing moment produced by a conventional 
rudder. At the position for optimum 0 1' at a=20° 
(position 12), the variation in On' with angle of attack 
was opposite to that shown by 0/; that is, On' decreased 
with increasing angle of attack. 

The second item of interest is the constancy of the 
rolling-moment coefficient obtained at the positions 
near the trailing edge where the" up-aileron" is the 
dominating source of control. Position 26 is approA'i­
mately the best in this region and corresponds closely 
to the location of Zap ailerons (reference 8). The 
rolling-moment coefficients here were found to be about 
equal, at normal angles of attack, to those obtainable 
farther forward where the aileron action is more that 
of a spoiler; but, once the wing was stalled, the effec­
tiveness of the ailerons was found to be eriously 
reduced. 

Yawing moments at position 26 showed the arne 
characteristics- positive and decreasing with increas­
ing a- as at the positions farther forward, with the 
exception that the moment at all angles of attack was 
definitely smaller. The rate of decrease in yawing 
moment with increasing angle of attack was high er at 
this position than farther forward, which resulted in 
almost complete disappearance of any yawing moment 
at a=200. 

When the aileron movement was down-only (figs. 
14, 15, and 16) the rolling moments were somewhat 
different . The optimum location for the aileron when 
acting as a spoiler was farther forward and, obviously, 
higher up. A similar, though greater, increa e in 
effectiveness with angle of attack was noted in this 
region, the maximum value being slightly greater than 
that obtained at the best position for up-only deflec­
tion. Near the trailing edge, on the other hand, dOWll­
only deflections gave very low but always po itive 
rolling moments. This condition may be attributed 
to interference effects causing a loss in lift on the trail­
ing edge of the main wing, which almost counterbal­
anced the increased lift on the aileron. 

Yawing moments produced by the aileron when 
deflected down-only (figs. 17, 18, and 19) in the best 
region near the leading edge showed similar charac­
teristics to those obtained by the aileron when de­
flected up-only. This result is to be expected, since 
in each case the action of the aileron was to spoil the 
air flow over the wing behind it. At position 26 the 
yawing moments were very small and negative (ad­
verse) at all angles of attack. Comparing up deflec­
tion with down deflection at the same angles of attack, 
on the basis of maximum rolling and yawing moments, 

up-only deflection seems to be preferable in both the 
forward "spoiler" region and near the trailing edge. 
Flight tests with tIle ailerons mounted in position G 
disclosed that this direction of deflection has the added 
advantage of counteracting the 1ag, characteristic of a 
spoiler (reference 7), by creating a down load on the 
aileron as S0011 as it is deflected and before the flow 
over the main wing has had a chance to assume its 
new pattern. A limited differential movement is aero­
dynamically preferable to a motion in one direction 
only near the trailing edge but is distinctly not advis­
able in the best positions farther forward. 

The small negative rolling moments, which occurred 
at a=Oo at the floating leading-edge positions with 
either up or down deflection (figs. 8 and 14), may be 
explained by the fact that the lift curves were almost 
coincident for all aileron settings at this angle of at­
tack and that a deflection in either direction caused a 
shift in the lift curve opposite to that occurring at 
higher angles of attack. Thus, external ailerons in 
region C would be apparently unsatisfactory as prac­
tical lateral control devices if used alone. 

The contours of rolling and yawing moments pro­
duced by external ailerons below the trailing edge fol­
low, with a few exceptions, the characteristics of ordi­
nary ailerons. Up-only deflection produced lightly 
lower rolling moments than down-only at normal 
angle of attack, apparently owing to the greater 
hielding by the wing when the trailing edge of the 

aileron was deflect.ed upward. Down-only deflection 
produced small negative rolling moments beyond the 
stall, whereas up-only deflection produced small posi­
tive moments. Yawing moments were consistently 
negative and large when the aileron was deflected 
down-only. With up-only deflection the yawing 
moments were either positive or negative, depending 
OIl the angle of attack and the proximity of the aileron 
to the main wing. At a=O° a limited region of small 
negative yawing moments existed clo e to the trailing 
edge of the main wing. At higher angles of attack 
this negative region expanded considerably and nega­
tive moment reached a maximum value of -0.0095 
at position 30 and a=20o. 

It i of interest to note the relatiyely sudden drop 
in yawing moment for both upward and downward 
deflection for aileron positions occurring just to the 
rear of the trailing edge of the main wing. This 
characteristic is due to the fact that the angle of 
deflection for maximum rolling moment at position 37 
was less than at position 35. Rolling moments ob­
tained at the two positions showed position 35 to be 
preferable for use with down-only deflection, except at 
a=20o; and position 37 better with up-only deflection, 
except at a=Oo. Since the rolling moment obtainable 
is not the deciding factor the choice of one of the two 
positions for an optimum, using both IIp and down 
deflection, lies in evaluating the relative desirability 
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of maximum lift, speed range (see figs. 4 and 6), and 
adverse yawing moments. 

CRITERIO TABLE 

General performance or control.-The principal char­
acteri tics of the model with the external ailerons 
mounted in even po ition of especial interest (1, 3, 
6, 12, 26, 35, n,nd 37) are pre ented in table XXVII 
with the corre ponding dn,ta for t.he pln,in wing with 
no ailerons and with ordinary ailerons of average size. 
The external aileron position. listed were chosen as 
being the most favorable for performn,nce and/or con­
Lrol a ' pointed out in the preceding di u sion. 

Three possible arrangements are given for po ition 
1: Cambered ailerons and symmetrical ailerons each 
fixed at its optimum setting, and symmetrical ailerons 
arranged to float. The table shows that the cambered 
ailerons gave the higher maximum lift coefficient but 
the symmetrical ones gave a lower minimum drag 
coefficient. The rate-of-climb criterion is low for all 
three cases as compared to that obtained with the 
plain wing, that with the fLxed symmetrical ailerons 
being definitely the lowest. 

With respect to control, the wing with the cambered 
. A. C. A. 22 ailerons is best at low angle of attack 

but the effectivene s of even this arrangement is very 
Iow a compared with that obtainable with ordinary 
ailerons. The value of the rolling criterion (RC' = 
Ct' jCL ) shown is below what may be considered the 
extreme lower limit of usable control, being about 
one-third of the value that has been taken as satis­
factory in this series of tests (RC' =0.075). At higher 
angles of attack the value of RO' with all three ar­
rangements increases to what is probably a usable 
value (0.040). 

Yawing moments obtained by use of external aileron 
in this location were always positive and fairly large 
except when the airfoil was allowed to float. The 
secondary rolling moments resulting from the yawing 
motion and attitude induced by these moments would 
improve the rolling control obtainable, but it is not 
lilcely that the entire effect would be satisfactory. In 
addition, full-scale tests (not yet published) have 
shown that this lateral control sy tern uffered from 
an appreciable time lag between the instant of control­
stick movement and the beginning of a rolling motion. 

Three positions (3,6, and 12) are of interest as pos­
sible locations for nonfloating external aileron mounted 
above the forward part of the main wing. Position 12 
is the aileron location at which the greatest rolling con­
trol was obtainable without regard to the effect of the 
ailerons on the performance of the mn,in wing. Posi­
tion 6 was tested in fl.ight because it showed better 
general performance characteri tics than position 12 
and only slightly different control effectiveness. Posi­
tion 3 shows the available rolling control at an aileron 
location that, detracts the least from tho performance 

characteristics of the plain wing. Each of these po i­
tions is discussed in detail in the following paragraphs. 

Position 12 is considered to be representative of the 
best location for external ailerons when no account i 
taken of the effect of the ailerons on the general per­
formance of the main wing. Values of RO' obtained 
at this position were equal to or better than those for 
plain ailerons at a=Oo and 10° and were more than 
twice as great at a=200. At a=300 the control failed 
completely, but the importance of results at this angle 
of attack is slight. Yawing moments were large and 
po itive at all angle of attack up through 20°. mall 
negative yawing moments appeared only at low defle -
tions at a=20° and at about half deflection at a=300. 
Lag in the control action following displacement of the 
ailerons should not be appreciable with up-only move­
ment at this axis location because the immediately 
effective down load on the aileron itself tends to coun­
teract the delay (characteristic of plain spoilers) be­
tween the tinle of control movement and the reestab­
Ii hment of steady flow conditions. 

The di advantages of mounting external ailerons at 
position 12 are mainly due to their effect on the general 
performance of the wing system. The value of OLm .. 
was only decreased about 3}~ percent, but that of 
ODm ... was increased 30 percent, resulting in a decrease 
in the ratio OLm.jODm ... of 35 percent. The climb cri­
terion was likewise decreased from 15.9 for the plain 
wing to 12.5 for the wing with external ailerons. 

The general performance characteristics of the wing 
with the external ailerons in position 6 were superior, 
except for climb, to those obtained when the ailerons 
were mounted in position 12. Flight test were made 
on a Fairchild 22 airplane equipped with external 
aileron in position 6, having spans equal to half the 
wing semispan and chords 15.2 percent of the main 
wing chord. These tests showed a serious lag in con­
trol response when the aileron was deflected downward, 
and heavy hinge moments with either direction of de­
flection. Use of up deflection eliminated the lag. The 
axis po ition was moved in steps from 20 percent of 
the chord of the aileron to 25 percen t of the chord in an 
attempt to decrease the hinge moment but this amount 
of movement was found to be insufficient to reduce the 
moment to a satisfactory magnitude. The axis was 
not moved farther to the rear because of indications of 
overbalance. 

The values of RO' and yawing-moment coefficient 
given in table XXVII for po ition 6 are from the re ults 
of the wind-tunnel tests using up-only deflection. 
Downward defiection gave somewhat greater control 
effectiveness, but the lag characteristics associated 
with this type of movement render it entirely unsuit­
able for use. 

Table XXVII shows the performance values of a 
wing with external ailerons mounted in po ition 3 to be 
practically equal to those for a plain wing, except for 
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climb. The values of RO' show the relatively unusual 
characteristic of being almost constant relative to angle 
of attack up to a=200. A loss in control occurs beyond 
this angle of attack but the decrease is much smaller 
than that e}.."perienced by the wing equipped with plain 
ailerons or any of tbe external ailerons thus far dis­
Cll sed except in the farthest forward location, po ition 1. 
The magnitude of the rolling criterion shows the con­
trol to be usable but, if the secondary rolling moments 
due to the strong positive yawing moments are taken 
into consideration, somewhat gl'ea.ter rolling action 
may be expected. The direction of deflection (up) 
for best control at this aileron location is sllch that. 
little or no lag might be expected. 

It is of importance to note that at positions 1, 3, 6, 
and 12 the best control effectiveness is obtained by a 
relatively large deflection of only one aileron. Mechan­
ical linkages to obtain this type of motion with a 
smoothly acting control having light operating forces 
are extremely difficult to devise. The mechanical 
advantage is poorer than when both ailerons move 
simultaneously through smaller deflections, and the 
inertia effect when one aileron must be brought to rest 
and the other put in motion in reversing control is 
undesirable. These problems are greatly simplified by 
the conventional aileron linkages in which the ailerons 
move through the neutral position. This conmtion 
could be obtained in some measure for the external 
ailerons by rigging them at a slightly nose-down angle 
when neutral (nose up for position 1) and giving them 
an extreme differential motion. Figures 20, 21, 22, 
and 23 show, however, that tho minimum drag would 
be increased and the maximum lift slightly decreased 
by such an expedient. (See also reference 3.) 

Position 26 corresponds closely to the position for the 
Zap aileron. The general performance of the wing 
with the external ailerons in this location was found to 
be distinctly inferior to the plain wing when either a 
symmetrical or a cambered airfoil was used. (See 
fig. 24 and table XXVII.) The cambered airfoil was 
mounted inverted for the purpose of investigating the 
possibility of reducing the minimum drag. Appar­
ently the camber of the . A. C. A. 22 airfoil was too 
great to accomplish this object because the symmetrical 
airfoil set at the same optimum angle resulted in a 
lower minimum drag. Even in this case no reduction 
in drag as compared to that of the plain wing was 
effected. Control effectiveness as measured by RO' 
was equal to or slightly better than that with plain 
ailerons up through a=200. Yawing moments for 
the wing with either type of ailerons were positive 
and large at low angles of attack but fell off as a 
increased and became slightly negative at and above 
a=200. This condition compares favorably with the 
characteristics of ordinary ailerons, which give negative 
yawing moments at all angles of attack. 

06432 035--3 

In region B the ailerons may be used as flaps as well 
as ailerons. The characteristics of positions 35 and 37 
(see figs. 25 and 26) overlap in a manner that prevents 
definite preference of one to the other. In a com­
parison of the various features of both positions simul­
taneollsly the following points may be noted: The loca­
tion of the two positions differed by only IX percent of 
the main wing chord. The angle of deflection of the 
ailerons for minimum drag was the same for both 
positions but the angle for maximum lift was consider­
ably greater at the forward position 35 than at position 
37. These conditions indicil,te that smaller control 
forces are required to lower the flap in position 37. 
Maximum lift and minimum drag for the two positions 
with the flap up were the same, taking into account 
the accuracy of determination of the results. In 
regard to OLm .. with the flap down, position 35 was 
superior by about 6 percent, the value obtained 
(1.810) being the highest of any found in the course of 
this investigation. Speed range, as indicated by the 
criterion OL •• jODm ;., shows the forward position to 
be slightly preferable. The climb criterion is shown 
appreciably different for the two positions, but it is 
to be noted that the value given for position 37 is for a 
downward aileron deflection of 5°, whereas the angle 
for position 35 is the same as that for high speed 
(OA = - 5°). 0 real difference between the two aileron 
locations would be expected to exist, however, if the 
optimum setting of the flap for climb had been used in 
each case. 

The two positions were practically equal with regard 
to rolling moments except at the relatively unimportant 
angle of attack of 30° where the position 37 was dis­
tinctly better. Y mving moments for the two positions 
had large adverse values at all angles of attack but at 
a=100 and a=200 they were in the order of 40 percent 
lower and at a=Oo they were about 75 percent lower 
at position 37 than at 35. In fact, the yawing moments 
for position 37 are no greater than those for standard 
conventional ailerons with equal up-and-down deflec­
tion. 

Position 37 probably represents the nearest approach 
to satisfactory control of ~my of the external aileron 
positions tested. At this point the control action is 
not greatly different from that of conventional ailerons. 
It should be noted, however, that the control linkage 
for obtaining the best possible results with the dual 
action of £lap and aileron is lil\:ely to be relatively com­
plicated. In addition, when the aileron is deflected 
from the high-lift position the large amount of up-only 
deflection is likely to result in an unstable control force 
unless special precautions are taken to avoid this 
tendency. These disadvantages might be overcome, 
however, if the maximum rolling control were not re­
quired. For example, a moderate amount of control 
with n reasonahly high value of OL",O% could be obtained 
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if a maximum flap deflection of 20° were u ed and the 
ailerons were given an ordinary differential motion. 
In that case a satisfactorily light and smooth control 
force could be obtained with a relatively simple linkage. 

Lateral stability.- T ests on factors influencing lateral 
tability were made only at po ition 1, 6, 26, and 35. 

Data on the plain wing with and without ordinH ry 
ailerons are also given as a basis for comparison: 

Considering first the angle of attack above which 
the wing tends to autorotate when the ailerons were . 
mounted in position 1, the angles for initial instability 
were higher than with the plain wing. This condition 
held true for both the cambered and ymmetrical 
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When the ailerons were mOllnted in positions 6, 26, 
or 35, the ane-Ie for initial instability were approxi­
mately the same as for the plain wing except when the 
ailerons were deflected for use a a flap in position 35. 
In thi. case, the angle for initial instability at 7.ero 
rate of roll wa considerably reduced, which was to be 
expected from the shift of the lift-coefficient curve 
hown in figure 22. An autorota tional tendency 

definitely before the tall did not occur, however, with 
the aileron mounted in this po ition near the trailing 
edge a it did in po ition 1. In fact, at position 35, 
damping again t rolling existed until tho aileron wa 
definitely beyond the angle for maximum lift. When 
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FIGURE 26.- LUt, drag, and center of pressure of Clark Y wing with external ailerons in position 37. The coordinates of all points on the curves for 6 .~ = 25° 
not marked (X ) are interpolated from data obtained at 6..1. =20° and 30°. 

ailerons, the highest angle being reached when the 
cambered ailerons were used. This delay in the angle 
for initial instability was due to the later stalling angle 
of the wing with external ailerons, but it i important 
to note (see fig. 20) that autorotation occurred 6° 
before the stall for both aileron profile te ted. 

The autorotational moments at a rate of rotation 
uch that p'b j2V=0.05 occurred at approximately the 
ame initial angle of attack as that at which autorota­

tion 'was self-starting. With 20° yaw the initial angle 
was about 3° lower with either the cambered or sym­
metrical airfoil in position 1 but about 6° lower with 
the plain wing alone. 

the aileron were mounted in po ition 35 and the wing 
was rolled, the angle for initial au toro tational tend­
ency at 0° yaw was only slightly lower but, at 20° 
yaw, autorotation occurred over th e en tire normal­
:Bight range, a compared to beginning at about a= 10° 
for the plain wing. The ignificance of this condition 
in relation to the lateral- tability characteri tics of a 
complete airplane is largely dependent upon the fin 
and rudder de ign , dih edral, and other aerodynamic 
feature of the airplane. In general, however, the 
increa e in rano-e over , .... hich the wing autorotate, 
corre pond to the condition produced by an increase 
in dihedral, a change thaL increa es the spiral stability 
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of an airplane but makes it more difficult to maintain 
a yawed attitude such as might be employed in a cross­
wind landing. J udging from as yet unpublished data 
on rolling moments due to yaw with various degrees 
of dihedral, the particular flap arrangement here dis­
cussed corresponds, over the normal-flight range, to 
a bou t 4 ° of dihedral. 

Ma:x-imum rolling moments due to rolling (Ox) en­
countered at a rate of rotation such that p'bI2V= 0.05 
are shown at the bottom of table XXVII. The wing 
,vjthout ailerons showed distinctly smaller moments 
than the wing with ordinary ailerons at 0° yaw but 
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F IG URE 27.-Rolling moment dne to rolling. p'b/2V= O.05. Clark Y wing with 
no ailerons. 

about the same moments at 20° yaw. Maximum 
values of Ox for all the positions of the ailerons tested 
were about equal to the wing without ailerons at zero 
yaw. At 20° yaw, however, the wing with the ailerons 
in position 1 showed a considerable reduction in unsta­
ble moments. At positions 26 and 35 smaller differ­
ences occurred, bu t the distinction is not sufficient to 
draw any conclusions therefrom. 

The values of Ox are plotted against angle of attack 
in figure 27 for the plain wing without ailerons and in 
figures 28 and 29 for the wing with external ailerons in 
position 35. Similar curves for popition 26 vary only 
slightly from those for the wing withou L ailerons. 

SIZE OF AILERONS 

Tests conducted on a Clark Y wing having Handley 
Page tip slots of various spans (reference 9) showed that 
decreasing the slot to even slightly less than full span 
cut down the increase in lift due to the slot very mate­
rially. It was to be expected that the effect upon 
OLm .. of external ailerons would vary with span in the 
same manner. Thus, where either an increase or a de­
crease in OLm .. was obtained by use of full-span ailerons, 
use of less than full-span ailerons would cause only a 
small portion of this change. Varia tion of 0 Dm'" and 
LID at OL= 0.70 with aileron span is likely to be ap-
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FIGURE 28.- Rolling moment due to rolling. p'b/21'=O.05. Clark Y wing with 
symmetrical external ailerons in position 35. 6A =-5·. 

proximately proportional to the span of the aileron. 
The rolling and yawing moments obtainable with full­
span ailerons would be reduced by using ailerons that 
extended over only the outer portion of the wing, but 
the reduction would be much less abrupt than th e 
change in OL.... for the same differences in aileron 
span length; far example, use of only the outer half 
of each semispan would give a value for the moments 
about three-quarters of that obtainable by using the 
entire semispan. 

The eilect of changing the chord of external ailerons 
iti more difficult. to estimate, bu L it is expected that 
variat.ions within reasonable limits associated with 
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changes in the axis location to maintain approximately 
the same geometrical relation between the wing and 
aileron when deflected would have only a small influ­
ence on the rolling and yawing moments obtainable 
and on the performance characteristics of the wing. 

From the preceding discussion it is apparent that, if 
it is necessary to use less than full-span ailerons, the 
greatest over-all efficiency may be obtained by placing 
the ailerons in a position giving good control and poor 
performance rather than one giving p~'imarily good 
performance. 
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CONCLUSIONS 

The following conclusions apply specifically to 
external ailerons having a symmetrical profile, a chord 
15 percent of the main wing chord, and a span equal 
to the main wing span. Position of the ailerons is 
specified, in all cases, relative to a point 20 percent of 
the aileron chord from its leading edge. The coordi­
nates of this point relative to the leading edge of the 
chord of the main wing are given in percent of the 
main wing chord. 

1. Plifely from tJH' consideration of the rolling 
IIlOlllent obt.ainablr a.t all angles of attack, the most 

favorable location for external ailerons was found to 
be 30 percent back of the leading edge and about 3 
percent above the upper surface. Use of external 
ailerons in this position had an adverse effect on the 
general performance characteristics of the main wing. 

2. External ailerons mounted 16 percent above the 
chord line at the leading edge of the main wing and 
using up-only deflection gave low but usable rolling 
moments at all angles of attack, large favorable yawing 
moments, and performance characteristics equal to 
those of the plain wing in all respects except climb. 

3. Use of external ailerons mounted in the optimum 
position for a fixed auxiliary airfoil (27 percent ahead 
of the leading edge and 13 percent above the chord) 
did not give satisfactory control under any conditions. 

4. The best position for a full-span combined flap 
and aileron was 2.5 percent below and 2.5 percent 
behind the trailing edge of the main wing. Rolling 
and yawing moments obtainable by deflection of the 
ailerons from either the low-drag or the high-lift 
neutral settings were not greatly different from those 
given by ordinary ailerons. The control linkage is 
likely to be complicated if full advantage is to be taken 
of the available rolling moments in both flap settings. 

5. At any position where the principal action of the 
aileron is to spoil the flow over the upper surface of 
the main wing, up-only deflection is preferable to down­
only because of the lag with the latter. 

6. External ailerons did not give entirely satisfac­
tory control and wing performance in any position 
tested. 

Flight te ts have shown that it is very difficult to 
design a practical control linkage which will move an 
aileron through a large angular deflection in one 
direction only (such as is necessary to obtain the 
maximum values of C/ in many external aileron 
positions), with a smoothly graduated and reasonably 
light control force over the entire range of aileron 
deflec tions. 

LA GLEY :MEl\fORIAL AERONAUTICAL LABORATORY, 

ATIONAL ADVISORY OOMMITTEE FOR AERONAUTICS, 

LANGLEY FIELD, VA., July 23, 1934. 
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TABLE III 

FORCE TESTS. 10- BY 60-1 CH CLARK Y WI G WITH FULL- PAN ETERNAL AILERONS, l.5-INCH CHORD, 
N. A. C. .0012 AILERO ,PO 11'10 1 

R. N.=609,OOO Velocity= 0 m. p. h. Yaw =0° 

a.... . .... . ..... .. ..... -10° I -5° 1 _4° 1 0° I 2° I 4° I 5.7° 1 10° I 15° I 20° 1 22° I 24° I 25° I 26° I 28° I 30° I 40° 

AIL ERON NEUTRAL 

CL ...•.... . ... 
CD .... . ....••. 
Cmt. I.t'---------

e,'. __ ________ _ 
e"'. ______ ____ _ 
G,' . __________ _ 
Cn'. __________ _ 
C,' . __________ _ 
Cn'. __________ _ 
G,'. ___ ___ ____ _ 
Cr/ _______ ____ _ 

G,' . __________ _ 
C"". __________ _ 
G,'. __ ________ _ 
0,/ ___ - ______ _ 

0° -0. 3131-0.035 1 0.
035

1 0.
326

1 0.
463

1 0.
606

1 0.
699

1 0.
965

11. 2381 0° .050 .0176 .0165 .021 . 029 .043 .067 . 127 .212 
0° -. 093 -.10 1 -.095 -.038 ______ __ _____ __ -, Ql2 .014 .039 

1.47:1 1 .320 
.056 

L~~~ I I :~~~: II:~~~ I L~~: 1 o:~n 1 O:~~~ 1 O:~5~ 
.061 .06 1 .063 .002 .000 .002 -.003 

2-__ ~ __ ~ ____ ~ __ ~ ___ 1 

RWIfT AILERO DOW . LEFT AILI<;RON 0° 

5° 0.004 
5° -.001 

10° .002 
10° -.002 
30° -.006 
30° .000 
50° -.017 
50° .008 

-0.001 
. 000 

-.001 
. 000 

- . 002 
. 003 

-.010 
.006 

.... . . . . -0.001 • . . . . . ... . . . ........ • . . 
.000 •... . . ... • . . . . .. . • . ~ • . . 
. 000 •... . . . . . . . • •• .•.. ...•. 
.001 •. . . . . ... . . . . . . . . . . . •• 
.007 •. . ... . . . . . . ...•....• ~. 
.006 •... . . . . . . . • . . .. ~ .. . . • . . 

:~~ :::::::: :::::::::::::::: 

0. 001 
.002 
.002 
.003 
.015 
. Oil 
.028 
. 016 

0. 000 
.002 
.002 
.004 
. 017 
. 014 
.049 
.017 

0.001 
.003 
.004 
.006 
. 023 
.015 
.069 
. 016 

0.002 
.002 
. 005 
.006 
.050 
. 012 
.074 
.016 

LEFT AUJ I<;RO UP. RIOlJ'l' A ILERO 0° 

5° 0.000 -0.003 __ ______ -0.002 
5° ,000 -.OOl .000 

10° .003 -.004 -.004 
10° -.001 -.002 .000 

0.001 
.002 
.002 
.001 

0. 000 
.002 
.001 
.001 

0.015 
.003 

-.016 
.002 

0.017 
.002 

-.020 
. 002 

. ··· -1 .-. - -

0. 007 1 ...... . 
.000 ...... . 

-.01~1 
. 005 
.Olf> 
.009 
.032 
.011 

0.010 
.000 
.010 
.002 

0.002 
. 000 
.005 
.002 
.021 
.006 
.037 
.008 

0.000 
.001 
.00 1 
.002 
.017 
.002 
.036 
.000 

0.003 
.000 
.005 
. 001 
.017 
.001 
.028 
.003 

O. 000 - O. 002 O. 002 
.000 .002 .000 

-.002 -.006 .002 
. 002 . 005 . 003 



AUXILIARY AIRFOILS USED AS EXTERNAL AILERONS 23 

TABLE IV 

FORCE T ESTS. 10- BY 60-1 CH CLARK Y WI G WITH F ULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD, 
. A. C. A. 0012 AILERON, PO ITIO 1 
R. .=609,000 Velocity=80 m. p. h. Yaw=-2O' 

a ________ ~ ________________________________ -10' I -5' I O· I 10' I 15' I 20° I 22' I 25' I 28' I 30' I 35' I 40' 

6A AI LER O S NEUTRAL 

CL _____ ________________________ O· -0. 300 -0.045 0.280 O. 2 1. 137 1. 369 1.448 1. 350 1. 186 1. 151 0. 970 0. 880 Co ____________________________ O· .056 . 024 .025 . 112 .185 .285 .333 .445 .565 .600 .640 . 710 Cl' ____________________________ O· -.001 -.Q().j - . 004 -.008 - . 014 -. 021 -.023 -.028 - .060 - . 056 -. 058 -. 041 C,.' _____ . _______ . ______________ O· .001 .000 .000 .004 .008 .014 .016 .023 .023 .027 .042 .036 

RIGll'l.' AI LERON DOWN. L EFT AIL E RON O· 

ct' ____________________________ 50' -0.009 1-0
.
009 1-0

.
004 

I 
0.002 

/ 

0.008 

/ 

0. 014 

/ 

0.020 

/ 

0.030 / -0.002 / -0. 001 /-0.006 

/ 

0. 004 
Cn' -- -------------------------- 50' .009 .010 .012 .022 . 030 .036 .037 .038 .035 .034 . 040 . 033 

T ABLE V 

ROTATIO TE T. 10- BY 60-INCH CLARK Y WI G WITH FULL-SPA EXT ER AL AILERONS, 1.5-I NCH CHORD, 
N. A. C. A. 0012 AILE RO ,POSITION 1 

R. N.=609,OOO Velocity=80 m. p . h. C. is given for forced rotation at p'b/2V=0.05 (+) Aid ing rotation. (-) Dam ping rotation 

a ___________________________ 1 O' I 5' I 10° I 14' I 15° I 16° I 1 ° I 19° I 20° I 21' I 22" I 24° I 26° I 28' I 30' I 32' I 35' I 40° 

YAW=O°. AILERONS EUTRAL 

(+) Rotation (clock-
C. -0.022 -0.021 {-0. 024 -0.022 -0.022 } 0.010 0.012 0.019 0.012 0.012 -0.001/-0. 001 

wise) ______________ -0.023 ------- ------ --.---- -.021 .024 .028 ------- -------

(-) Rotation (coun-
terclockwise) ______ C. -.020 ------- -.OI! ------- -.016 ----.-- -.009 .029 .034 .017 .020 .025 .016 -----.- _ 012 ------- . 004

1 
. 002 

YAW=-2O°. AILERO S NEUTRAL 

(+) Rotation (clock- I 
{-0.014 -0.031 }-0.024 wise) ______________ C. -0.026 -0.026 -0.028 -0. 031 ------- -0.034 -0.037 _______ 1-0.032 

------- -.034 -.029 - 0.039 - 0.038 -0.032 -0. 028 -0. 035 

(-) Rotation (coun-
-------{ .030} .033} terclockwise) ______ C'>. -.015 -.012 -.009 -.003 ------- . 000 .003 --.---- .006 .007 .050 .051 . 050 .047 .050 . 055 . 032 

.042 

TABLE VI 

FORCE TE T. 10- BY 60-1 CH CLARK Y WI NG WITH FULL- PA EXTERNAL AILERO , 1.5-1 CH CHORD, 
. A. C. A. 0012 AILERO , PO I TION 1 

R. .=609,000 Velocity=80 m. p. h. Yaw=O' 

a_ - - ------------------ -------- _-_5·....!....1 _-4_' 1-1 -_3'---1-1_0_° ~5.-L-6_.5·-.!...1_1O_· ...!..-I _14·---'1c......-1_5• -.!...1_16_' 2-1 _18'---11_20_' -L1_22_0 -,--I _25'-..11_3_0' -L1_40_', 

AILERO S FLOAT! O-NEUTRAL 

OL __________________ _ 
OD __________________ _ 

Gm t !.'---------------- g: -~:~ I ~:~ I ~:ll~ I ~:~ I ~:m I ~:m I ~:ru I ~:!F I ~:~ I ~:m I ~:~~ I ~:~ I ~:51 ~:r~ I ~:m I ~:~!~ 
C( __________________ _ 20· ________________________ -0.006 
0,/ __________________ _ 20' ________ ________ ________ .000 
e,' __________________ _ 30° ________________________ -.004 
0"'- _________________ _ 30' ________ ________ ________ .000 
0,' __________________ _ 40' ________________________ -.002 
Ora' __________________ _ 40° ________ ________ ________ .001 

1 Total deflection hetween ailerons. 

RIGHT AILERON UP. LEFT AILERON DOW T 

________________ -0.013 ________________________________ - 0. 041 ________________ - 0. 020 
________ ________ .000 ________________________________ - . 002 ________ ______ __ . 006 
________________ - . 014 ________________________________ - .043 _____ ___ ________ -.028 
________ ________ .000 ________ ________ ________ ________ .000 ________ ________ . 011 
________________ -.016 ________________________________ -.046 ________________ - . 030 
________ ________ .000 ________ ________ ________ ________ .004 ________ ________ . 016 

-0.007 
.008 

- .008 
.013 

- .004 
. 017 
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TABLE VII 

FORCE TESTS. 10- BY 50-INCH CLARK Y WING WITH FULL- PAN EXTERNAL AILERONS, 1.45-1 CIl CHORD, 
1 . A. C. A. 22 AILERO , POSITION 1 

R. N.=609,OOO Velocity=8Q m. p. h. Yaw=OO 

6. AILERONS-NEUTRAL 

CL _________ ____ __ 
CD. _____________ _ 

0".0//--- ---- -----

c,' ____ . _________ _ 
0"'. _____ _______ . _ 
Cr' ______ ____ ____ _ 
C,,, ______________ _ 
01' ______________ _ 
On' ________ ____ _ _ 
Cl' ______________ _ 

C .. ________ _____ _ . 

0/ ________ __ ____ _ 
On' _____________ _ 
Cl' . _________ ____ _ 
0,/ ________ ______ _ 

-0.001 
.000 

-.007 
.000 

-.006 
.004 

40° - ·.018 -.017 

15° .010 .006 

______________ -0.001 
_______ ____ ___ .000 
__ ____ _______ . 006 
_______ _______ .001 
_______ _______ . nlO 
__ __ __ ______ • OOC 

.007 

.008 

0.
985

11. 24511. 49 II. 580 II. 65.511. 686
11. 

709 11. 733
11. 030 I .138 .224 .346 .405 .465 .493 .529 . 557 .539 

.032 .054 .075 .080 .086 .086.0 .089 .017 

RIGHT AILERON DOWN. LEFT AILERON 0° 

0.002 
. 002 
.009 
.006 
. 022 
.013 
.035 

0.003 
.003 
.010 
.009 
.024 
.015 
.052 

O.()().I 
.004 
.015 
. 010 
. 043 
.015 
. 071 

0.006 ______ _ 

:m ::::::: 
.029 

__ < ____ . 008 

0.005 
.003 
.006 
.007 
.029 
.008 

------- { : g~~ } ______ .039 

0.003 
.003 

.013 .015 .011 r .011 
----- \ .009 

}______ .008 ______ _ 

RIGHT AlI,ERON l'P. LEFT AILERO TOO 

0.006 
.002 
.011 
.006 
.029 
.007 
. 012 

.006 

0.990 I o. 903
1 O. 49 . 577 .657 .750 

.017 .013 .003 

0.005 
.001 
. 004 
.003 
.026 
.002 
.042 

.000 

0.00,> 
.000 
.011 
.002 
.022 
.002 
.031 

.003 

0.004 
.000 
,010 
.002 
,021 
.002 
.028 

.003 

10° __ _______ ___ ____ ____ ________ _ _ 0.008 .. _____ -0.004 ______ 0.004 ______________ 0. 016 __ " ________ .. _______ -0. 008 
10° 
20° 
20° 

.000 - . 00Il _______ -.009 ______________ - . 009 ___________________ .. -.005 

.012 .002 ____ . __ .000 _______ _______ . 014 ______ _ _____ __ _______ .010 

.002 _______ -.006 _______ -.012 __ .... ________ -.014 __________________ -.014 

TABLE VIn 

FORCE TESTS. 10- BY 50-I NC!'f CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.45-INCII CIlORD, 
N. A. C. A. 22 AILERON, POSITION 1 

R . N.=609,OOO VelocitY=80 m. p. h. Yaw= - 2O° 

cr ________ _______ ____ -10° I _5° I 0° I 10° I 15° I 20° I 2~o 

I 24° I 25° I 26° I 28° I 30° I 35° I 40° 

6. AILERONS NEU'.rRAL 

CL _______ 0° -0.174 -0.031 O. 31~ 0.891 ---------- 1. a70 I. 4'12 I. 519 1. 551 I. 241 1. 220 1.112 ---------- 0.90-1 Co _______ 0° .050 .029 .029 .122 ----- ----- . 303 .349 .402 .441 .505 .548 .5 2 ---------- .734 
Cl ___ _____ 0° .002 .001 -.001 -.00. ---------- -.01 -.023 -.027 - --------- -.936 -.042 -.056 ---------- -.031 
C .. ________ 0° .001 _001 .001 _003 --- ------- .013 .015 .018 ---------- .021 . 024 .031 ------- -- - .037 

RIGH'], AILERON DOWN. LEFT A1LEnON 0" 

C,' ____ ___ 45° -0.005 1-0
.
006 1-0

.
002 

I 
0.001 

I 
0.004 

I 
O. Ol~ 1----------1 0.02r. 

1----------1 
0.033 

I 
0.039 

I 
0.003 

I 
0.003 

I 
-0.006 en' _______ 15° .01 I .010 .012 . 020 .026 .033 --- ------- .035 .035 .034 .030 .029 .03 

TABLE I X 

ROTATION TE TS. 10- BY 50-I I CH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD, 
. A. C. A_ 22 AILERO ,POSITIO N 1 

R. N.=609,OOO Velocity=8O m. p. h. C, Is given (or (orced rotation at p'b/2V=0.05 (+) Aiding rotation. (-) Damping rotation 

a ________ _____________ 1 0° I 10° I 12° I 14° I 15° I 16° I 18° I 20° I 2)° I 22° I 24° I 26° I 28° I 30° I 32° I 35° I 40° 

YAW=Oo. AILERONS NEUTRAL 

1+) Rotation }C, ____ -0_023 -0.021 -0.020 -0.020 {-0.019 0.018 0.018 } O.Oll 0.007 0.011 -0.001 -0.003 clockwise) . -------- -------- -------- -------- l .028 .016 .019 --------
-) Rotation }C, ____ -_021 -.018 -. 016 -.014 { -.014 } . 026 {.024 } .017 .013 .018 .007 _001 (counterclock- -------- -- ---.-- --- ----- -------- .027 .025 --- -----

wise). 

YAW=-200_ AILERONS NEUTRAL 

1+) Rotation 
C, ____ -0_ 023 -0.027 -0.030 -0_ 031 -------- -0.033 -0.035 -0.019 -------- -0.014 -0.033 -0.034 -0.038 -0.040 -0.039 -0.031 -0.025 

clockwise) . 
-) Rotation C, ____ -_016 -.006 -_004 -.003 ------- - -.001 _ 002 .005 -------- .010 .031 .040 .049 .045 _044 _ 050 . 0-l4 

(counterclock-
wise). 
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TABLE X 

FORCE TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL- P AN EXTERN AL AILERONS, 1.5-INCIT CHORD, 
='I . A. C. A. 0012 AILERON, POSITION 3 

R. N.=609,OOO Velocity=80 m. p . h. Yaw=OO 

Q------------------------------ -5° I _4° 1 _3° I 0° I 5.6° 
~ __ ~~ __ ~ ____ ~ ____ ~ __ _2 ____ _L ____ ~ ____ ~ ___ 1 

CL _________ ________ _ 
CD _________________ _ 

c".c//- --------------

C,' . __ ______________ _ 
en' _________________ _ 
c,' _____ __ __________ _ 
0,/ ___ ._. ___________ _ 

C,' _________________ _ 
c,.'. _____ __ ____ ___ __ _ 
c,' ___ _______ ______ _ _ 
c,/ _________________ _ 

0.001 I 0. 066 1 O. 133/ .0170 .0164 .0168 
-.070 -.065 - . 064 

10° ____ _______ _______ ___________ _ 

10° 
32° 
32° 

AILERO NS NEUTRAL 

0.322 -I 0.700 I .021 .052 
-.057 -.046 

o. 9451 1. 1931 1. 360 I . 112 . 197 .289 
-.044 -.044 -.050 

1. 3791 .318 
-.058 

1. 341 I .353 
-.070 

1.193/ 1. 135/ .474 .569 
-.111 -.138 

1.010 
.732 

-.162 

RIGHT AILERON UP. LEFT AILERON -10° 

0.015 _____ ____ _ 
.011 
. 016 .019 _____ ____ _ 

0.019 
.008 
.042 
.023 

0.045 
-.003 

.058 

.018 

RIO IIT AILERON DOWN. LEFT AILERON _10° 

0.007 _____ ____ _ 0.029 _____ ______________ _ 0.064 _____________ ______ _ 
.006 ___ ______ _ .014 _____ ______________ _ .012 ___________________ _ 
.010 .013 _____ ____ _ : gf~ ====:::::: :::::::::: 

.086 ___________________ _ 

.012 ___________________ _ 

TABLE XI 

0.037 
-.017 

.026 

.004 

0.019 
-.013 

.040 
-. 011 

0.047 0.023 
.002 .002 
.070 .041 
.004 .003 

FORCE TESTS. 10- BY 60-1 crr CLARK Y WING WITH FULL- PAN EXTERNAL AILEROI S, 1.5-1 CH CHORD, 
N. A. C. A. 0012 AILEROI , POSITION 6 

R. N.=609,OOO Velocity=80 m. p. b. Yaw=Oo 

Q----------- -- ---------------- _10° I _5° I _4° I -3° I 0° I 6° I 10° I 15" I 17° I 18° I 19° I 20° I 22° I 25° I 30° I 40° 

CL ______ __________ ___ _ 
cD _________________ _ _ 
Ofl'lc //-- --------------

c,'. _________________ _ 
en' __________ ___ _____ _ 
OJ' __________________ _ 
C,.' __________________ _ 
0,' ____ ______________ _ 
Ora' ___________ _______ _ 
G,' __________________ _ 
0,/ __________________ _ 

0,' ______________ ____ _ 

g;:: ~~~~~~~::::::::: ::1 Cn' _________________ _ _ 
C,' __________________ _ 
C,.' _____________ __ __ _ _ 

5° { 0.002 
-.002 

5° .001 
15° .001 
16° .007 
30° -.010 
30° .013 
4 ° -.033 
4 ° .022 

5° 0.001 
5° -.002 

10° .004 
10° -.001 
50° 
50° 

AILERONS NEUTRAL 

0.001 I 0.
063

1 o. 
128

1 0.
323

1 0.
702

1 0.
913

11. 
152

1 1. 2411. 
282

1 1. 
157

11. 
152

11. 
118

1 0.
986

1 0.910 I 0.695 .0174 .0170 .01 .023 .070 . 123 .199 .239 .261 .280 .296 . 333 .374 .483 . 621 
-.062 -.061 -.057 -.054 -.053 -.050 -. OM -.060 -.065 -.075 - . OSO -.090 -. OS5 -.113 -.163 

}-0.005 
.000 
.001 
.005 
.003 
.012 
. 032 
.025 

0.003 
.000 
.006 
.000 

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

----- -- --------
------- --------
------- --------
------- --------
------- -.------
------- --------
------- --------

RIGHT AILERON DOWN. LEFT AILERON 0° 

0. 000 -------- 0. 002 0.006 -------- 0.020 0.023 
.002 -------- .003 .005 .006 .006 
.006 .024 .038 .047 .049 
.007 .012 .013 .012 .010 
.016 .050 .066 .074 .076 
.013 .016 .016 .014 .011 
.035 .068 .084 .092 .092 
.021 .020 .018 .015 -------- .013 

RIGHT AILERON UP. LEFT AILERON 0° 

0.003 ________ -0.003 -0.004 0.004 0.010 
.000 -.004 -.006 -.005 -.005 
.005 .001.002 -.001 .006 
.000 -.004 -.007 -.008 _______ _ -.010 

: ~~ : ~~ :::::::: :::::::r:::::: :::::::: .055 
.010 

0.024 0.005 0.003 -U.002 
.004 .005 -.002 .001 
.054 .049 .030 -.002 
.008 .002 .000 .002 
.OSI .076 .054 .004 
.009 .004 .001 .000 
.095 .OS9 .065 .004 
,Oll .005 .003 -.004 

0.003 0.014 0.018 0.000 
-.005 -.001 -.003 -.001 

.007 . 028 .025 .000 
- . 010 -.001 -.004 -.001 

. OM -------- .043 .004 

. 006 -------- - . 005 -.005 
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TABLE XII 

FORCE TESTS. 10- BY 60-I NCH CLARK Y WI NG WITH FULL-SPAN EXTER AL AILEROI ,1.5-INCH CHORD, 
N . A. C. A. 0012 AILERON, POSITION 6 

R. .=609,000 Velocity=80 m . p. h. Yaw=-2O° 

0:. _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -100 

0.' 

CL __ __ . _._._._. _______________ _ 0° -0.274 -0.010 0. 285 Cn ___ __ _______________ _ _______ _ 0° .059 .022 .026 Ol _____ __ ________ _ _ _ _ _ _ _ ___ _ 0° .001 - . 008 -.006 
On'. __ ___ _ ________________ __ _ 0° -.002 .001 .001 

O.S25 
. 114 

-.013 
.004 

AILERONS EUTRAL 

1.040 1.150 1.200 
.181 .233 .274 

-.020 -.025 -.034 
.008 .011 .013 

1.220 
.320 

-.039 
.016 

RIGHT AILERON DOWN- LEFT AILERON 0° 

1. 070 
.372 

-.062 
.022 

0.965 
. 472 

-.075 
. 036 

0.726 
.611 

-.055 
.043 

Ct _____________ ___ ___ _______ _____ _______ _ 
O,a' _____ __ ______ ______ ____________ _______ _ 

0.040 
.039 

0. 005 
.030 

1

-0.042 
.039 

TABLE XIII 

ROTATION TE T. 10- BY 60-INCH CLARK Y WI NG WITH FULL-SPAN EXTERNAL AILERONS, 1.5-1 CH CH ORD , 
N. A. C. A. 0012 AILERON, POSITIOI 6 

R . N. = 609,OOO Velocity =80 m. p. h. CA is given lor forced rolation at p'b/2 V=0.05 (+) Aiding rotation (-) Damping rotation 

a _____ ______________ ___ ___ ________ _______ ___ 1 0° I 5° I 10° I 11° I 14° I 16° I 1 ° I 20° I 22° I 26° I 30° I 32° I 35° I 40° 

YAW=Oo-AILERO S NEUTRAL 

(+) Rotation (clockwise) ___ . ______ CA __ __ -0.022 -0. 020 -0.020 -0. 019 -0.010 {-0.003 -0.003 } 0.002 0.008 0.014 0.010 0.008 0.000 -------- -.004 .000 
(-) Rotation (counterclockwise) ___ CA __ __ - .018 - . OI S - . 017 -.014 -.006 { . 002 .000 } .006 .012 .020 . 020 .016 .006 -------- .004 .003 

YAW = - 20°- AILERONS EU'l'RAL 

(+) Rotation (CIOCkWise) _~ __ . __ ____ 1 c> ___ 1-0.025 1-0. 028 1-0. 031 1-0.032 1-0.037 1 ________ 1 -0.0461 ____ ___ __ 1 -0.065 1{-~:gg~ 1}-0.067 1-0· 068 1-0.056 1 -0.054 
(- ) RotatIOn (counterclockwlse) __ _ CA __ __ ·- .011 - . 008 - . 001 .001 .008 ___ ____ _ .019 _______ __ . 047 . 072 .082 .083 .076 .056 

TABLE XIV 

FORCE TE T. 10- BY 60-INCH CLARK Y WING WI TH FULL-SP AN EXTERNAL AILERONS, 1.5-1 CH CHORD, 
. A. C. A. 0012 AILERO I , POSITION 12 

R. N. = 609,ooo Velocity=80 m. p. h. Yaw=OO 

a ____________ _____ u u u _____ u_u______ _ 5° I _4° I _3° I 0° I 6. 3° 

OA AILERO S- NEUTRAL 

g~:;.;~~::::::::::::::::::::: ::: ~: ~: ~~ I ~: ~~ I ~: ~ I ~: ~i I ~: ~~ I ~: ~: I ~: ill I ~: m I ~: ~ I ~: m I ~: ~ I ~: m I ~: ~~ I ~: m I~: ill 

Cl' . ____ ______________ . ____ _ 
0"'- -- -__ ______________________ _ 
0 1' ____ __ ____________________ __ _ 
Gn' ___ _________ _______ ________ _ 
Gl' ___ __________ ___________ _ _ 
Gn' ___ _____ _________ __ ______ _ 
Gl' ___ __________ ______ ______ _ 

G
n

' ___ _ _____ ______ _____________ _ 

0° ____ ___ _ _______ _ _____ __ _ 
0° 

10° 
10° 
40° 
40° 
70° 
70° ___________ ____________ _ 

0.001 
.000 
.007 
. 002 
.044 
.013 
.060 

.021 

RIQIIT AILERON UP-LEF'l' AILERON 5° 

0.002 ________ ____ ____ ______ __ ________ -0.002 -0.001 
. 000 _________ __________ __ ___________ -.002 -.001 
.013 ________ _______ _ ____ ____ ____ __ __ .026 . 002 
. 002 ______ __ ____ ____ ____ __ ______ ____ -.001 -.002 
. 064 _____ ___ . ______ _ ____ ____ _______ _ .072 .070 
. 009 _____ ___ ____ ____ _______ _ ____ ____ .001 -.004 

.085 ________ ________ _____ __ _ _____ ___ .101 { : ~~ } ______ _ 

.019 ___ __ ___ ________ __ ______ ________ .010 { : ~ } _____ _ _ 

0.001 0.000 
.000 -.001 
.003 -.001 
.001 .001 
.001 .000 

- . 003 - . 061 
-.002 -.001 

.000 .001 
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TABLt.; X V 

1,'O I{.CI£ TE~T:-l. LO- I3Y tiO-I N ' Ii CLARK Y Wl :-lG WITIl F l LL- 'P ,\ :-l K\:T l'~H.:\ .\L .\ lLEH.O:\H, 1.i5-11\('1I C II OR D, 
N. A. ' .. \ . 00L2 AILERON, POHI TIOX :W 

11 . )\.=609,000 Yelocity=80 Ill. p. 11. 1'11",=20° 

cL. . . - .- --- - - - --- - -- - - - -- - - - - 10° I -5° I _4° 1 _3° I 0° I 5.7° 1 JOO I 12° I 14° 1 16° 1 18° I 20° I 22° ~ I 30° 1--;-

AI LERONS NEUTRAL 

Cc ____ ________ _ 
Co__ ____ _ _______ _ 
Cl"lt l /-- -- -- - --- -- - -- - l~: -~:~~ I -~:~ll l ~:m I ~:ill l ~J~b I ~j~~ I ~J~~ I ~:~~ I ~:~~ I ~:m I ~:V~ I ~J7r I ~:~?' 1 ~:~~ I ~:m I~:~~ 

RIOter AI LERON UP-LEF'r AILERON 10° 

C,' .. ____ _ 
en' . ___ ____ __ 
e,' _ ____ _______ _ 
C,/ ._ _____ _ ___ _ 
C/ __ .___ _ __ __ _ _ 
C,t' ___ __ _ ____ __ ___ _ 
CI' ____ ____ ____ __ _ 
en' ___________ ___ ._ 
Ct' __ 
e,/ . __ 

('/ 
C.' 
Ct' 
C.' 

----

.10 .,0 
0° 
0° 

-20° 
-20° 
-40° 
-400 

-60° 
_60° 

1';° 
15° 
20° 
20° 

0.012 
.001 
.017 
.004 
.041 
.013 
.059 

. 021 1 .068 

.028 

0.
012

1 .001 
.02:3 
.001 

0.0 11 
.000 
.016 
.002 
.042 
.008 
.061 
.016 
.069 
. 022 

0. OO~ 
.000 
.014 
.000 

0.010 
.000 
.016 
.000 
.042 
.005 
.062 
.012 
.070 
.017 

0.010 
-.002 

.016 
-.002 

.040 
- . 001 

.062 

.002 

. on 

.006 

_I ~: ~7 1_ . ~. ~~ : --.00 _ _ .002 ___ _ 
_ -.002 _____ -.002 

---'---

T.\ I3 LE :,\: \,1 

0.006 
-.001 

.012 
-.002 

.033 
-.002 

.058 
-.002 

.072 

.002 

0. 00" 
-.001 

.004 
-.002 

0.004 
-.001 

.007 
-.002 

.030 
-.003 

.051 
-.002 

.002 

.001 

0. 001 
- . 001 

.005 
- .002 

-0.001 
-.001 

.002 
-.002 

.021 
-.004 

.039 
-.003 

.017 

.000 

0.003 
-.001 

.008 
-.002 

.019 
-.003 

.027 
-.002 

.030 

.000 

0. 004 0. 005 1 
- . 001 -.001 

.005 .OOq 
-.002 -.OO:J 

0.000 
.000 
.001 
.000 
.002 

-.001 
.005 

-.008 
.005 
.001 

0.002 
.000 
. 002 
.000 

0.000 
.000 
.000 
. 000 
.000 
.000 
.000 
.000 

-.001 
.000 

0.000 
.000 
.000 
. 000 

0.000 
. 000 
.000 
.000 

-.001 
.000 

-.OOL 
.000 

-.OOL 
.000 

0.001 
.000 
.000 
. 000 

0.000 
. 001 
.000 
.001 
.000 
.OOL 

- . OOL 
.OOL 

- . OOL 
.000 

O.OOL 
.000 
.001 
.000 

FO R CE TEHT ,'. 10- BY tiO-INCH CLAR l\: Y \\-;I NG \nTH F l-LL-~P.\ ;': E:\ ' I'EIC,,\L .\lLERON:-l, 1.5-11'\('11 C1I ORJ), 
N .. \ . C .. \ . 00 12 AlLE R N, P Of:lI TlO;': :lti 

H. '. =609,000 Velocity=80 m. p. 11. 1'a\l' = 20° 

,,- ... ...... . _10° I _5° 0° LOo 12° 14° ISO 20° Zlo 25° 30° 40° 

------•.. 
('c 10° 0.334 -0.037 0.267 0. 4 0. 996 1.012 0.81 0.783 0.704 
r,, _______ 

10° .057 .02L .023 .077 . Iii . L81 _ 301 .461 .594 
(',' -- --- -.---. 10° .002 -.004 -.007 -.009 - . 051 - . 009 - . OS3 - . 081 -.050 
('.' -- - - -- - - 10° .000 .002 .002 .004 . OL3 .016 .02L . 041 .040 

1([0 ll T .\ IrJI':HO , UP LI>FT \1f,ERO;-"- 10° 

( '/1 _(;00 0.066 0.001 0.01.1 T D. or>'! -------- -I O. (lin 0. 0:15 n. 015 - o. nOi - 0. 04 - 0. 0fi.1 I - O.Oin 1-0. 05~ (' , -60° .025 .02:1 .01 .010 ----- - --- .010 . 012 .on . Olr. . 01L .02:\ . 039 .038 

--- --

TABLE XVII 

IW T .\TION Tl~STS. 10- B Y GO-1 NG II C' L.\H,J( Y WI. G \ ITH IW LL-. P.\ N EXTEH:\.\L .\ ILEIW.\S, I.;i-INCJI Cll ORD, 
:\". A. . .\ .00 12 .\JLEROX, PO, ITIO;': 20 

It. N.=009,OOO \'elocity=80 m.p. h. C, is gh'en for forced rotation at p'b/2T'=0.O:; (+) .\i(lin~ rotalion, ( - ) [)ampin~ rotation 

______ 1 0° .5° 1 10° 1 L4° 1 16° 1 ]70 1 I ° I 19° 

(+) Rolalion (c lockwise) I C,O' 
(-) Rotation (couDter clock-

wise)_ _____ _ _________ C, 

YA \\, =OO- AI LERON NEUTR.\L 

-1-0.0231-0.024 11 -0.020 1-0. OL2 1-0, 0041-0. OO~ 
_ -.017 -.017 -.014 -.000 .003 .00, 

0.217 1 0.OL6 / o. OJ I 

. 029 . 027 . 024 

YAW=-200- AILERON ,,~: TltAL 

(+) Rotalion (clockwiseL 1 C, - -1 -0.0291-0.030 1-0.033 1-0.039 1 
(-) Rolatlon (counter clock -

wise)__ ___ ___ ___ _ C, ___ -.009 -.005 . 000 .01 _ I: 
I-O. Of91-

. 043 

35° 40° zzo ~ 26° 30° 
- -- - -----'--

-O. OOL -0. COl 1-0. C02 

. OC5 . 002 . COO 

0. 000 -0.003 

.002 .001 
I 

-0. Oi1 I -~' COi -0. OS:-I -o. OW I 
. Oi I . C6!\ . 0[ 6 . 046 

-0. Uii' 

. (ii 

----



2 ATIONAL ADVISORY COMMITTEE FOR AE RONA UTI CS 

TABL I~ XVIII 

FOR E T EST '. 10- BY 60-1 ' 11 'LARK 1" WI G WIT II FULL-:::;P A ~ I~XT 8H ~ . \ L ,\ lLERO 
N . . \ . C. i\. 22 (IN VE RT I': !)) .\.ILE RO T, 1'0 'ITTO X 20 

1.4!>-I N H 'HO RD, 

C , .................... . 
Co .... ............. ... . 
C'"e/4 '- ----------------

c/ _________ ._._. _____ _ 
Cn' . __________________ _ 
e,'. _________ ________ __ _ 
Cn'._ . ___ . _____ . _____ _ 
c,' __ . ___________ . ___ _ 
C"I __ ____ ______ ___ ___ _ 
e,' .. __________________ _ c": ____ __________ ._._. 

,---------------------Cn'. __ _____ _____ _____ _ _ 

c,'. ___________________ _ 
COl'. ____ __ ____________ _ 
GI/ ____________________ _ 
c,.' _________________ __ _ 

Ii .• 

- 10° 
-10° 
-20° 
_20° 
-30° 
-30° 
- 40° 
- 40° 
_60° 
_60° 

R. .=609,000 \ ' c locity=80 Ill. p. h. ".\\, = 0° 

_3° I _2° I _1° I .~ 10° r go 1 16" I ]io I I ° 1 190 r 20° I 21° r 22° I 25° I 30° 1-:;-
AILERO"S NEUTRAL 

0.
035

1 O. 106 1 O. 164 1 O. 1 1. 
036

1 I. 055 1 I. 0621 I. 064 1 I. 032 1 1. 024 1 0.
995

1 O. 670 I 0.
692

1 O. 752 .0169 .01 74 .0176 . 066 . 104 .134 .149 .162 . Ji6 .191 .208 .298 .354 .474 
. 000 ........ -.001 -.011 - . 01 -.032 ........ -. 040 ........ -.052 ........ -.090 -.104 -.124 

0. 022 
.005 
.032 
. 007 
.043 
. Oi l 
. 050 
.014 
.058 
. 019 

0. 021 
. 001 
. 034 
. 002 
.045 
.004 
.055 
.006 
. 065 
.010 

RlOH'l' AILEROK UP- LEF'l' AILERON 10° 

0.011 ............. ~ ....... ~. 
-.00) .. .................... _. 

. 016 ...................... .. 

=:~i :::::::::::::::::::::::' 
.024 .. ~ .. _ .............. .. 
. 000 .... _ ................. ~ 
.027 _ ............... ___ . 
.002 .................. ... ~.~ 

LEFT A ILERON DOW T-BIGIIT AILERO T 10° 

0.000 
. 000 
.000 
.000 
.000 
.000 

-. 001 
.000 
.000 

-.001 

0.708 
.631 

-.142 

0.000 
.000 
.000 
.000 
. 000 
. 000 
. 000 
. 000 
.000 
.000 

20° ___ . ____ , ________ _____ _ 0.006 0.004 
- .002 -. 002 

.002 -.OOl 
- . 004 -. 004 

0. 004 
- . 003 

.003 
-. 00 1 

:::::::: ::::::.: '::::.: -O:~ I O:~ 
:::::::: :::::::: :::::::: -: ~~ 1 : ~ 

20° 
30° 
30° 

T .\. I3LE XI X 

LeOR CE T E '1' '. 10- B Y 60-I NCH CL AR K Y WIN G WITH F LL-SPA EXTER AL AILERO S, 1.5-1NC II ' 1I 0 1W , 
A. . A. 0012 AILER O , P O ITIO N 35 

R. N.=609,OOO Velocity=80 m. p. h. Yaw=OO 

a ................................ _10° I _5° I _ 2° I _ 1° I 0° 8.4° I 10° 14° 16° 1 ° 

CL ____ ................ . 
Co .................... . 
Cm, /t' --- ---------------

,' ._---------- ------
C' .. ----- -------------Cl ____________ ____ a. 
C' ---------
C,' ------- . 
(" 

C,'. ___ . . 
en'._- ----_.-._-- -----C,' ______ _________ 
On' . ____________________ 
(:,' - --------------------C"' _____________________ 
C,' _____ ____ _____ _______ 
C,,' ________ _____________ 

6 
A 

- 10° 
- 10° 
- 20° 
_ 20° 
_ 400 

- 40° 

0° 
0° 

10° 
10° 
30° 
30° 
50° 
50° 

AILERONS NEUTRAL 

-0.404 
.078 
.003 I-O:~~ I O:~t~o I 0:~!~6 1 OJ:~7 1 ~:m I ~:~~ I ~:M~ I ~:~ I ~J~ I ~:~~ I ~:m I ~:~:r I 

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

RIGHT AILERON UP. LEFT AILERON _5° 

0. 006 0. 004 0. 008 0. 011 0.011 0.009 0. 014 0. 012 0.001 0.005 
.002 .001 . 001 .000 -. ()02 -. 002 -. 001 -. 001 .000 .000 
. 007 -. 005 -. 002 . 00" . 004 . 005 . 011 . 004 . 004 . 00 
.om . 005 . 00[1 . (XJI . no:\ . 002 .002 .002 .003 . 002 
.011 -. om . II(~; . 0 17 . 01:1 . Oil . 008 . 001 . 002 00:\ 
. 010 . 010 . 1111 . 0011 . 007 .00(i .00., .00(; .006 . 007 

I,E V' I' ,\I I, !':IlO N l)OWN. 1{lO ll T 11. 11 , '" ltON _,1;0 

0.007 0. 007 .. .. ----- O. IK~J O. (1l4 0.01;; O. Oil O. (J07 0.001 (tOOl 0.004 
. 002 . 00 1 ---- ... -.----- • (JOI -. 002 -. Do:! - .00:1 -. 001 - .002 .000 -.001 
.02'l . 026 ... ---- --------- . 0:\:\ .O ll .03 .021i .016 .009 .011 . 010 
. 003 .001 --------- --------- - .001 -.007 - .00 -.009 - .00 -. 007 - . 004 -. 005 
.052 . 071 --------- -------- . 0 I .0 5 .074 .041 .024 .007 . 01 3 .014 
.005 -.004 --------- --------- -. 009 -. 021 -. 023 -. 022 -. 020 -. 015 - .012 -.013 
. Oil .086 -- ------- --------- .096 .09 .0 7 .045 . 022 . 011 .016 . 014 
.00 1 -.009 --------- --------- - .016 -.030 -.033 -. 030 -. 026 - . 021 -.020 -.019 

30° 

0. 7 6 
.506 

-. 170 

0.006 
-. 001 

. 014 
-. 003 

.001 

.000 

0.008 
-. 003 

.019 
-. 010 

.019 
- .016 

.014 
-. 021 



F()IH'I~ TE: .. rrtl. 10- Tn' 60-1 

AUXILIARY AIRFOI LS SED AS EXTERNAL .\.1LERO S 29 
TAHL I'; XX 

11 'L,\Rl~ Y \\'1.\'(; \\'1'1' 11 10'1 LL-HJ' .\ l\' I ~ ;':TEH;': .\L \JI ,EIW;\H, 1.!i-1:-,(,JI CHORD, 
N. A. ' .. \ . 0012 ,\ILEROX, POSITIO N :!!j 

It. N.=609,ooo VcloC'ity = 0 m. p. h. Yaw=OO 

____________________________ I __ 00_-'-_5_0_..L..._l_0_0_'--_I_10_...!......_12_0_.:........_130 r-;_40_-.-'-I-_-_w_.0_"--_2_00_--'-_30_
0
_-'--_4_0_0_ 

c,. _ _ ___ ___ ____ _ 
Cn __ _ ____ __ _____________ _ 
Cm . ' ________________________________ _ 

'.' 

(:,' 
en' - -(y 
C' 
C' .- ---C .. __ 
C,' 
C .. --
Ci' 
C"' __ 

ct' _ 
C; 

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

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

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

--- - --- -_. 
-- - -. --- -_. ------

.-.---- ---
--- -

o 
A 

15° 
45° 
15° 

30° 
30° 
10° 
10° 

_ 100 

_10° 
- 30° 
-aoo 
-50° 
_50° 

SOO 
50° 

1. 05 
.12 

-.331 

0.010 
- . 005 

.056 
-. 013 

.100 
- .015 

. 097 
-.008 

.100 
-.001 

0.000 
-.002 

1. 4:11 
. 195 

-.353 

0.00 
-.005 

.056 
-.01 

.105 
-.on 

.103 
-.016 

.10 
-.010 

0.000 
-.OOt 

AILERO:-,T' _ ElJTR\L 

~I . 319 
-.347 I 

1. 
752

1 1. 7ib 1 
-: ~~7 ________ _ 

1. 10 I 1. 712 
.312 .32f> 

-_ 35S -.349 

1. ,)6,; I 
.3 7 

-.3 13 

I. 092 
.535 

-.355 

RWII1' .ULERON DEFLECTED. LEFT _\[LE HO~ 45° 

0.00 0.00, -, 0.001 -0. 003 -0.004 
-.OO{; -.006 -.006 -.006 -.004 

.0;; 1 .051 .040 .016 -.OO t 
- .020 -.021 -.021 -.020 -.013 

. 102 .100 .092 .05:1 .025 
-.010 -.032 -.0:12 -.02<) -.021 

. 102 .101 .092 .05:! . 026 
-.02:1 -.021; --- - -. -.027 -.025 -.019 

. lOS . 11 6 --- -I .09" .058 .010 
-.O li -.020 -.022 -.020 -.012 

LEB'T _ULgno:-.r 00\\'-"'. lUOTlT .ULEHON 15° 

-0.001 -0.002 
-.001 - --- - -I -.001 

1. 002 
.72:i 

-.361 

-0.001 
-.003 

.000 
-.011 

.011 
-.019 

.013 
-.011 

.001 
-.000 

0.001 
-.001 

0.861 
2 

-.347 

-0.002 
-.004 

.001 
- .011 

.011 
-.023 

. 016 
-.020 

.011 
-. 014 

0.001 
-.002 

_____ I 0.001 
_ _ _ _ _ -.002 I !:88~ I !:88~ I 

________ L-

TABLE ' XI 

"'O R 'E TEHTH. 10- BY 60- 1 e lf LARK Y WI TG WITII F LL-HPAX EXTERNAL .\[LERO S, J.5-1KC II e IlORD, 

a - --- -----I -10° 

C,O' 
eJ) 
Cl .= 
en' ~ __ ==== 
CL . 
CD 
Cl 
C' 

(', ' 
(.,.' 

- ---
-- ---

0 I , 
-----

_5° -0.390 
_5° .063 
_5° .010 
_5° .0 I 
45° 
45° 
45° 
45° 

I _5° 

-0.155 
.027 
.001 
.002 

0° 

0.109 
. 01 

-.003 
.0 2 
. 962 
. 114 

-.026 
.005 

Il. Il,H 
. III I 

N. . A. 0012 AILERO~, PO.TrJON 35 

H. :-.r.=609,ooo Velocity= 0 Ill. p. h. Yaw=-20° 

5° 10° 12° 14° 16° 1 ° 20° 

AILERONS ;\lElJTR.~L 

0.727 0.9!3 1.011 I. Oli I. 072 
.062 .103 .125 .159 .203 

-.00 -.OJ5 -.02i -.049 - . 081 
.0 5 .008 .011 . 014 .017 

I. 0 1. 570 1.64 1. 669 1.656 l. 230 
.173 .247 .270 .290 .321 .530 

-.028 -.032 -.038 -.050 -.074 -. 120 
. 007 .012 .015 .021 .027 .037 

RIOH'[' AlTJ RRON liP 10°. LI~F'I' .\ILI' ltO . 15° 

O. OiR 
OW 

1I. 0n I 
020 

O. OiO I O. Of I O. O:l~ 
on Ol!! Ol~ 

- 1I.II:lIJ 
nlll 

I 22° I 25° 

0 43 O. 26 
.319 .394 

-.092 -.099 
.026 .041 

- ---- .----. 

30° 

O. 13 
.487 

- . 084 
.04 

I. 070 
.728 

-.003 
.055 

O. OM 
. Ol~ 

I 40° 

0.904 
.873 

-.062 
.045 

0.0:10 
.010 



TABLE XXII 

ROTATION TESTS. 10- BY 60-INCH CLARK Y WING WITH FULL-SPAN EXTERNAL AILERONS, 1.5-INCH CHORD, N. A. C. A. 001 2 AILERON, 
POSITION 35 

R. N.=609,OOO Velocity=80 m. p. h. C. is given for forced rotation at p'b/2V=0.05 (+) _\ iding rotation. (-) Damping rotation 

a __ ________________ __________________ ____ ________ / 
_10° / -7° 1 _ 5° 1 0° 1 5° 1 10° 1 12° 1 13° / 14° / 16° / 18° / 20° I 22° / 24° / 26° / 28° / 30° / 32° / 35° / 40° / 

YAW=Oo. AILERONS NEUTRAL. 6,=-5° 

(:1=) Rotation (C10CKWi56) ____ : _____ ___ 1 C· ______ -j- _____ __ I _______ -/- _______ ~. O~ I -~' 0271-~' 0291 _____ ___ 1 ________ 1-~· 022 i-o, 009 1-0. OL~ I O.OLO I 0. 010 1-0.0021-0.0021-0.0031-0.001 1--------1-0. 002 /-0. oog 
( ) RotatIOn (counterclocKWlSe) ____ CL______ ________ ________ ________ .010 .017 .OL7 _____ ___ ________ .011 . 000 .02_ .036 .019 .007 .005 .003 .003 ________ .004 .00_ 

,1\W=-200. AILERONS NEUTRAL. 6,=-5° 

(+l Rotation (ClocKWise) __ :_: ________ 1 C._ - ----1-------- ________ ~ ________ I-O. 025 -0.029 !-O. 03~ 1-0.037 1--------1-0.045 /--- ----- /- 0. 07L 1-0.079 1-0.085 1-0.083 1-0. 0761 ___ __ ___ 1-0. 0651 ________ 1-0. 0~7 1 -0. 05~ 
(- Rotallon (countcrclocKwlse) _____ C. _______ __________ ______ 1 ________ -.OLl -.010 -.000 .000 ________ .009 ________ .O-l-l .079 .081 .081 .079 ________ .068 ________ .OD3 .016 

Y.\W=Oo. .\ILERONS NEUTRAL. 6.\=45° 

(+) Rotation (C10CKWiSe) ____ : _____ ___ 1 CA __ · ____ I ______ --' ________ I ________ -O.O~I -0.0231-0.0221-0.0121 0.000 I 0.012 , 0. 016 1 0.021 
(-) RotatIOn (counterclocKwlSe) _____ CA ______ _______ -1- _____ --------- -.02"3 -.022 -.019 -.009 .002 .015 .019 .030 0.014 '- _______ 1 0.00-1 1--------1 0. 012 1 0.008/ 0.00-1 /-0.001 1 -0. OO~ .023 ___ _____ .008 ________ .007 .006 .007 .006 .004 

,1\\\,=-20°. AILERO~S NEUTRAL. oh=45° 

(+l Rotation (c!OCKWiSC) ____ : ________ / CA _______ 1- 0. 012 '-0.042 1-0.04:3 -0. ().16 1-0.016 1-0.050 --------/- - ------ -0.0681-0.097/-0. 100 1-0. I~ 1-0.0961--------1-0.084 1- -------1-0.068 1--------1 -0. 061 1-0.058 
(- RotatIOn (counterclockwlSe) _____ CA. __ . __ -.003 .000 .002 .006 .010 .018 ,____ ___ ________ .042 .066 .104 .10.3 .099 ________ .089 ________ .074 ________ .059 .05-1 

w 
o 

~ 
H 

o 
Z 
i> 
t'" 

i> 
ti 
-< 
H 
U1 
o 
~ 
><, 

o 
~ 
~ 

~ 
to:J 

I:::J 
o 
~ 

i> 
to:J 

~ 
Z 
i> 
~ 
>-3 
H 
o 
U1 



A _ ILJAH.Y AIRFOIL USED A EX'J'ER A1, A1 LERO H 31 

TABLE XXIII 

FORCE TESTS. 10- BY GO-INCH CLARK Y WING WITH FULL-SPAI EXTERNAL AILERONS, 1.5-Ir CR CHORD 
~. A. C. A. 0012 AILERON, POSITION 37 

a .•• .- ----------. --------- -

0. 
CIJ 
('''',-:..' -

CI' 
C.' 
e/ 
en' 
Cl. 
en' 
C{ 
('n' 

CI' ________________ _ 
e .. ' ________ _ 
Ct' 
G~n' ______ ._. __ • __ 
(y 
( ~,.' 
C~,' ___________ _ 
(~n' ______________ _ 

(!,' - - .---- ---
C,/ 

0.' 

_.')0 
_.;0 
_5° 

_10° 
_10° 
_20° 
_20° 
-40° 
-40° 
-50° 
-050° 

R . N.=609,000 Ve1ocity= 0 m. p. h. Yaw=OO 

_ 10° I -5° I _2° I _1° I 0° 1 5° wl~I~lwlwlwl~I·lwl· 
A1LI<:RO , S NEUTRAI, 

-0.
426

1-
0
. 167 1-0.0031 0.

056
1 0.

105
1 0.

443
1 . OS:! .020 .0152 .0145 .01SO .Oll! 

. 02:1 .019 . 02!l .02'J . 031 .025 

0.700 I 0.796

1 

0. 934 11. 050 1 1. 0'>5 1 1, 100 -, 1. 062 1 o. 717 1~;-1 O.79( .051 . 062 .083 . 110 . II .184 .222 .325 .385 .502 
.013 .009 -. Ol~ - .030 -.0.54 -. 070 -.088 -. 130 -. 139 -.169 

--- -
IUOU'l' All,EltON UP-LI<:FT AILERO . -5° 

-0.003 0.003 ----.- -.- -.- O. OO~ - -- -.- O. Oil -. -- - - 0.014 0.010 0.013 0. 006 0.001 0.005 0.007 
.002 .001 -----.-. -------- .00 1 .000 --.- - - -.002 -.002 -. 002 -.002 -.001 - .002 -.002 
.005 -.005 --.----- . ------- -.001 --- -.--.- . .007 ------ - .007 .007 . 003 . 010 .002 .012 .014 
.005 .00-1 -- .. --- ------- .005 - - -- -.- .003 --- - --- .002 .002 . 001 .000 .001 -. 001 -.004 
.008 -.002 .-.----. -.------ .007 ---- - - .- ... -. :~~ ------ .- .020 .016 .011 .005 .001 .002 .002 
.Oll .011 ------_. ·e ____ ._ .011 ---- - ------~- ----- - .005 .005 .001 .004 .004 .005 .004 
.010 - .002 - -.- --._--- - .007 .. _-- -.- .--- .022 -------- .021 .018 .013 .007 .000 -.006 -.002 
.014 .014 --- ----. .014 ------ ------- . OIL ------.- . 009 .007 .006 .006 .006 .006 .006 

---
r,g b" l' A lLI<:RON DOWN-RlOIIT AILERON _5° 

O.OOi 
00" 

.019 

.003 

.035 

.001 

.054 

.005 

.062 

.00-1 

0.006 
.001 
.023 _ 

:~~ ::. -
I
-==- 0.

007 1- - -_ _____ .000 .. _ 
.03 1 _. 

-.001 

. OQ~ 

.003 

.027 
~:ull-:-: : -' ~:U~ 1 ~ 

_ .040 _ _ .037 
_ -.00. ___ -.()()~- .009 

0.006 0.006 
-. 003 - .002 

.015 .012 
-.009 -.008 

0.001 
-.002 

.005 
-.005 

0.002 
- .003 

.006 
-.006 

. 011 
-.010 

.013 
- .014 

. 013 
-.020 

0.001 
-.002 

.015 
-.009 

.020 
-.015 

.01 
-.017 

.020 
-.024 

.000 __ _ _ _ __ _ 

=:~i .: : : __ : : : _ .07l .- - 1-------
.060 

-.001 
.0'l3 

-.00'1 
.0,,1 

-.01:3 

.065 .061 
-.011 -.017 -

__ ._ .05 .077 

______ .___ . Oll .064 
. ________ - .024 -.027 -

. 050 

.017 

. 058 

.023 

.047 

.027 

.030 .010 .008 
-.016 - . 013 -:g;~ .033 .016 
-.021 -.016 -.014 

. 024 .009 . 01 3 
- .026 -.02.1 -.021 

_ .--- _1_ - ---1-.021 -.021 -

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

T ,\BLE XX1\' 

IrOIWI'; 'I'I<;:-;TH. I()- II )" (iO-TNCIl C'L.\RK Y \\' I NC: WITII l" lfLL-HPAN EXTEIC\ .\L .\ ILI·; IWNH, l.!i-INCIl ('IIORD, 
~ .. \ . C. A. 0012 ,\ILEH.O ,T, POHITIO. T, 

It. N.=609,OOO VelociLy=SO m. p. h. Yaw=OO 
-----

oc _____________________________ ________ -10° I _5° I 0° I 5° I 10° 
I 

12° 
\ 

13° I 14° I 16° I 18° I 20° I 22° I 25° I 30° 
1 

40° 

OA AlLI<:RO. S "EU1'RAL 

I I 

CL _______________ . ______ ___ ____ 25° , O. OSI I 0.229 O. 0 I. 200 I. 545 'I. 6l>O ' I. iO~ , 1. 675 1. 530 I. 330 1 I. 200 I I. 130 1 I. Oi5 0.980 1 O. 50 C 0 _ ____________________________ 25° , .0236 .036 . 070 . 1271 . 200 1 . 232 . 2 .265 .300 . 3~3 . 4.20 . 495 . 565 .657 .816 
C"'r/~' _____ • ____________________ 25° -.217 -.240 -.259 -.275 -. 6 - . 2S8 -.287 -.2'l3 - 2 -.2lii -.294 -.301 -.308 -.314 -. 314 

--
, Measured values. All other values interpolated from data obtained at oA=20° and 0.,=30°. 

TABLE XX\, 

FORe'I'.; TF,HTH. 10- BY GO-IN TT CLARK Y WIXG \\,ITII F LL-. 'P.\~ EXTERN,\L .\ILERO S, 1.5-INCII HORD, 
X .. \. C. _\. 0012 .ULEROX, PO ' ITIO~ 37 

R. .=609,000 Ve1ocity= 0 m. p. h. Yaw =-20° 

I ex _____________________________ _10° I -5° I 0° I 10° 14° I 16° I I ° I 20° I 22° I 25° I 30° , 
0., AILEROX "EUTRAL 

CL _______________ _5° -0.415 
- O.liO I 0.OS91 0.710 I 

0.
M2

1 
1. 122 i 

1.

002

1 
1. 0741 0.

M7
1 0'~21 0.823 Cl) ___ • ___________ _5° .071 .023 .01 .060 .100 

.
124

1 

. 160 .204 .321 . 3M .491 
CI'~~ _5° .007 -.002 -.002 -.009 -.014 -.027 -.04 -:8;8 -.096 -.100 -:~~ 
C/_ .. =========== -5° -.001 .002 .003 .006 .()()!, .012 .014 .024 .039 

TABLE XXVI 

FOn.('I'~ TI~WI'::; . 10- BY oO-IK II C L RK Y WIN G WITH I' LL- 'P.\.. EXTERX,\L .\ILERO ." 1.5-1 cn CHORD , 
1 . A. C. A. 0012 AILERON, PO IT1O . 37 

R. N.=609,OOO Velocity= 0 m. p. h. Yaw=OO 

Q--------- ---------------.--- _5° I _4° I _3° I _2° I 0° 5° I 5. ° i 10° I 13° 14° I 15° I 16° 1 ° I 20° I 22° I 25° I 30° I 40° 

AILI<:RO~S FLOA TIXG-XE UTRAL 

0. 697 11. 006 1. 146 I. I 6

1

1. 11911. 11611. 020 1 0.970 I 0.91 0. 539 1 0.608 0.662 
.050 .091 . 121 . 140 . 15l . 160 . 177 . 199 . 22l .321 .430 .634 

-.058 -.0 1 '-.079 -.07 -.083 -.074 -.057 -.046 - .030 -.021 -.042 -.102 

-0.076 0.000 1 0.065 O. 136 0.276 O. 
.0163 .0157 .0150 .0156\ .O l .041 

-.021 -.027 -.029 -.029 -.036 -.057 

CL ______ ____________ _ 
(}u. ________________ _ 

entel" -. __ Po -.-.-1 

RIGliT AILERO" UP. LEFT AILERO, DOW" 

30° 1 _____ ___ ------- ---.--- --'--- .005 30° _____________________________ - . 001 

40° -------- ------ - --- _ . O'lli I 

c,' ____ , _____ ._. ___ _ 
eT/. _ -------- •• _----Cl' _________________ _ 
c"' ___ . _____ ______ _ . __ 

-:-:':::-:-- -:~~ 
. OW; 

-.OI!J 40° _____ ______ ._ _ __ -.007 \ 

,------------~------- --~-
, 'rotn l deflection hetween nilerons. 

----:\--- ---1·-----+-- -'-1-"-- -=.~ 
_ _. _ 000 

______________ .020 . 022 
. _ . ____ -.009 -.011 

_____ ._._ .00l .013 
. ___ . __ . __ .006 .001 

------



TABLE XXYII 

CRITERIONS SHOWING THE RELATIVE MERITS OF VARIOUS LOCATIONS FOR FULL-SPAN EXTERNAL AILERONS RELATIYE TO A 10- BY 60-
INCH CLARK Y WING 

Characteristic 

Aileron deOecLion ________________ _ 

Relative to main wing chord ___ ___ _ 
Stalling aLtitude __________________ _ 
Wing area or minimum speed _____ _ 
nigh speed _______________________ _ 
Speed range ______________________ _ 
Rale of climb _____________________ _ 

LaLeral control (moments taken 
about wind axis). 

Lateral control with sideslip (mo­
ments taken abouL wind axis). 

::Ilaximum yawing moments due 
loailerons (moments taken about 
wind axis) (+ ) favorable; (-) 
unfavorable. 

Laleral stahilit)- (6 A =neutral) _ _ _ 

Criterion 

Symmetrical ailerons: N. A. C. A. 0012 profile, loS-inch chord 

Cambered ailerons: N. A. C. A. 22 profile, 1.45-ineh chord 

. ~ 
6

_ - 12 26 
3 =-- -====-- = I~ ·C ~" 

"; 'i-~ 35 

Plain wiug 6 12 26 35 

----,-------------1- --1---1---1---1-----

Ordinary 
ailerons 
25 per-

No aile­
rons 

-2; percent c from L.E.; 13 
percenL c from chord 

o per­
cent c 
from 

L. E.: 16 
percent c 

[rom 
cbord 

10 per­
cent c 
from 

L . E. ; 20 
percenL c 

from 
chord 

30 per- 95 percent 
cenL c c from 
from L. E.; 

L. E. ; 15 10 per­
percen t c cen t c 

from from 
chord chord 

101.25 percent c 
from L . E .; 2.5 
percen t c from 
chord 

1---------1---1---1---1---1----,----

37 

102.5 percent c from L.E.; 2.5 
pereen t c from chord 

cent 
chord; 
40 per­

cent 
semispaD 

fixed Cam- I Symmet-
I 
symmet-I Symmet- s)-mmet-' Symmct- I symmet-I symmet- I s;-mmet- I symmet- / symmet-I Symmet-

bered rical I rical rical rical rical rical rical rica I rical . rical rieal 
fixed fixed floatin g fixed fixed , fI\ed I fixed fixed fixed fixed fixed floating 

---,-- ------------------ ---------------
0° 0° ----- :100--

_ 10° 0° 5° 10° _5° 45° _5° 25° 
0° 0° _10° 0° 5° 20° 50° 50° 30° 30° 20° 

---- ISO- - 45° 50° -20° - iOo -50° - 700 -60° - 10° _ 10° _20° _20° -20° 
27° 25° 15° 20° 18° 19° 15° 18° 12° 1bo 13° 14° 

I. 250 1. 733 1.695 1.085 1. 3i9 1. 282 I. 204 1. 098 1.109 1.810 1.106 1.704 1.186 
. 0155 .0183 .0165 .0167 .0164 . OliO .0202 .0163 .0146 . 0145 .0150 

SO. 6 94.7 102.7 65.0 84.1 75. 4 59. 6 67.4 75.9 1124.0 i6.3 '!l9. I 79.1 
15.9 13.6 10.4 13.7 

1 13. ~49 10.0 1 12.5 14.0 13.7 .---._---- 314. 4 13.9 

.020 .015 .008 . 086 . 204 . 250 .835 .095 . i82 '.098 .311 

. 035 .029 .018 .044 .037 .091 1 .082 .134 .058 .116 '.060 .085 

.048 .047 .044 

-'-- ~~~- -- ___ ~~:_J~~~~ ___ -: ~:o I .022 . 026 .024 '.021 .014 
.042 .039 .037 . 025 .012 . 041 '.033 .002 

2°_38° ; °_29° 18° lho ----------.---------- ----

Keutral setting 0 ... __________ ___ __ 0° 

~1aximum aileron deUection{6.H~---- ;5: 6A R__ __ --5 
Angle of sttack at C/~mu _ ___________ I"i o 

CLmoz___ _____ ----OJ { L 270 
CDmitl _______________ 0.<4 = neutrAL ___ .. . 0160 
CLmu/CDmitl____ _ _ 19.4 
LID at CL=O .• O_____ . 15. Y 

RC'a=Oo } { .206 
RC'", = 10° . . .0i4 
RC'a=200 6 .• = m."mum dellecllon_, .033 
RC'a=300 .009 

~Iaximum « at which ailerons will 20° 
balance C,' due to 20° yaw. 

Cn 
A' a = Oo ) {:":.-oo;---I:::::::::: ___ ~ ~8__ _ __ . ()()~ ___ -:":~001 ---1 ___ ~~~: ___ 1 ___ ~~~: ____ ~~:~ ____ __ ~~~~___ ~: ~~ --:..: . olil --I-:..:~OW--- --:":.-004-- -:":.-007---

Cn .• ' a=100 { ___ _____ .'__________ .013 .016 __ __ ______ . 023 . 017 .019 .004 ________________ .- ___________ __ ____ __ _______ ______ _ 

n.' «=20° See notes for 6 .• _________ {:-:~~~~ ___ :::::::::-: --'.-ois- --':017--- --;:002- -- ---:018---I---"oio--- ---:oio--- _:-:~ ()(): ____ :-:~~~ _____ :-.~ ~ ___ :-~~~~ _____ :-:~~~~ __ _ :-:~~~~ __ _ 
-.02"J 1 ______ --- -- - . ---- -- -- - - -.004 "-.003 ------- --- 10-.002 " - . 003 - .023 -. 027 -.016 -.016 '-.009 

Cn A' a=300 {--------- -------- _I '. 003 '. 006 1---------- .004 11.004 11.001 ---------- ------ --- --------- ---------- --- ------- .006 

« for initial instability in rolling ____ _ 
aforinilial instabilityatp'hl21 '=0.05: ynw=Oo __________ ______ __ _____ _ 

Yaw = 20° ___________ _________ _ _ 
~1aximum unstable C, at p'b/2 1 -= 

0.05: 
Ya\"\=O° ___________ . ___________ _ 
Yaw =20° ______________________ _ 

-.015 __________ ._______ -- ______ -.016 "-.Oli -.005 1"-.003 __________ -. 022 -.020 - .021 -.021 '-.009 

19° 17° 21° 19° ___________ ________ -' 21 ° L_________ 18° , 18° I 14° _________ .. ____ __ __________ ___ _ 

18° 
11° 

.048 

.093 

16° 
10° 

.033 

.092 

21° 
n° 

.028 

.050 

19° 
16° 

.034 

.055 

n° 
10° 

.020 

.083 I:::::::::: 

16° 
10° 

.029 

.078 

16° 
12° 

.036 

.081 

13° 
_7° 

.030 

.104 

1 Computed from COmi.=0.0146. 3 6A=5°. 
'Computed from COmi.=0.0143. ' Calculated from interpolated values of CL obtained from data at 6.=20° and 6A=30°. 
, '0 " Where tbe maximum yawing moment occurred below maximum defiection , tbe deOection of the aileron which is moved the greatest amount is indicated as follows: '=40°,1=30°, b 2O°, '=15°, '=10°, 1'=0°, "= -10° 

1!1=_20°, 13= -30°,14=-40°. 
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Z 
Positive directioos of axes and angles (forces aod moments) are shown by arrows 

Axis Moment about axis Angle Velocities 

Force 
(parallel 
tu axis) Sym-Designation bol symbol I Designation 

LongitudinaL __ X 
Lalcr,tL _______ y 
NormaL _______ Z 

, 

Absolute coefficients of moment 
L Al 

01=q6S Om= qcS 

(rolling) (pitching) 

X 
y 
Z 

I 

RoIIing _____ 
Pitching ____ 
yawiug ____ _ 

N 
0,,= qbS 

(yawing) 

Sym-
bol 

L 
M 
N 

Linear 
P ositive Dc~il!na- I Sym- (compo- Angular direction tlon bol nent along 

axis) 

Y--+Z RoIL ____ q, u 

I 
p 

Z--+X Pitch ____ (J v q 
X--+Y yaw _____ 

'" 
lD r 

Angle of set of control surface (relative to neutral 
position), li. (Indicate surface by proper subscript. ) 

4. PROPELLER SYMBOLS 

v, 
p, 
p/D, 
V', 
V" 
T, 

Q, 

Dinmetcr 
Geometric pitch 
Pitcb ratio 
Inflow vclorit.v 
Sli pstream \'cloci ty 

Thrust, absolute coefficient Gr = ~Di 
p n 

Torque, absolutC' coefficient OQ= -9D6 
pn 

P, 

0" 

1], 

n, 

Power, absolute coefficient Op= ~D6 
pn 

Speed-power coefficient = -V ~~: 
Efficiency 
Revolutions per second, r.p.s. 

Effective helix angle = tan-1 (2!n) 

5. NUMERICAL RELATIONS 

1 hp. = 76.04 kg-m/s = 550 ft-Ib./sec. 
1 metric borsepower = 1.0132 IIp. 
1 m.p.h. = 0.4470 m.p.s. 
1 m.p.s. = 2.2309 Ill.p.ll 

1 lb. = 0.4536 kg. 
1 kg = 2.2046 lb. 
1 mi. = 1,609.35 m = 5,280 ft. 
1 m = 3.2808 ft. 


