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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION OF A TRATLING-EDGE PADDILE-CONTROL SURFACE
ON A TRIANGULAR WING OF ASPECT RATIO 2 AT
SUBSONIC AND SUPERSONIC SPEEDS

By Iouls H. Ball
SUMMARY

Presented hereln are the results of an experimental. investigation
of external airfoils, known as paddle-control surfaces, as the longitu-
dinal control device on a triangular wing of aspect ratio 2. The 1ift,
drag, pltching moment, and hinge moment were obtained for Mach numbers
of 0.60, 0.80, 0.90, 1 20, l 30, 1.50, 1.70, and 1.90 at a constant
Reynolds number of 3.0 X 10%, for angles of attack from about -L4° to 18°
and for paddle-control deflections from approximately 4° to -16°.

Examination of the control-surface characteristics of the paddle
control and comparison of the control-surface parameters with & con-
ventional trailing-edge unbalanced fligp having the same sarea
revegled the followlng resulis:

No unusual variations were noted in the pitching-moment or hinge-
moment characteristics throughout the speed range tested. The pitching-
moment effectiveness of the paddle control at subsonic speeds was con-
siderably less than that of the unbalanced flap. At supersonic speeds,
the piltching-moment effectiveness of the psddle control was less than
that of the unbalanced flap st Mach numbers below 1.50; whereas, above
& Mach number of 1,50, the effectiveness of the two types of controls
corresponded closely. The resulits showed that materisl reductions in
the hinge-moment parameters, Chg and Chy» were realized with the paddle
control. There was little effect of Mach number on these hinge-moment
parameters.

The use of the paddle control resulted in increases in the minimum
drag coefflclent throughout the speed range investigated.
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INTRODUCTION

As part ofa continuing experimental program to find methods to
reduce the control moments of trailing-edge controls on high-speed air-
craft, an external alrfoil control surface was tested in the Ames 6-
by 6-foot supersonic wind tumnel. Previous tests (ref. 1) have shown
that the use of an external airfoill, called a paddle, as a balancing
device in combination with a trailing-edge flap provided substantial
reductions in the hinge moments due to control deflectigns at supersonic
speeds. A study of these date indicated that such a paddle could be
used as the primary longitudinal-control device and, by virtue of the
interaction between the control and the wing, could be designed to have
small hinge moments at both subsonic end supersonic speeds.

The present investigation was undertaken, therefore, to provide
information on the control characteristlics of the paddle control.

SYMBOLS

b wing span, ft
c local wing chord messured parallel to plane of symmetry, ft
T win dynemic chord f:/zcady £t
c mean aerodynemic chor

g 1 yn ’ }5752—;;:

4r °
Cp drag coefficient, _Egg
Cpg minimum drag coeéfflcient
Ch hinge-moment coefficient, hinge moment
2aMp
crL, 1ift coefficient, Eg—t '
Cn pitching-moment coefficient about the 35-percent point of the
wing mean aerodynamic chord, Pitching moment

aSc
Cng control pitchggg-moment-effectiveness parameter for constant angle
of attack, —B, measured at & = 0°, per deg

CL6 coptrol lift-effectiveness parameter for constant angle of attack,
7%%, measured at & = 0°, per deg

TSN
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Chg

Chy

=

o

n

rate of change of hinge-moment coefficient with change in con-

trol deflection for constant angle of attack, h, measured at
8 = 09, per deg

rate of change of hinge-moment coefficient with change in angle

of attack for constant angle of control deflection, ——Q,
measured at o = 0%, per deg A

length of body including portion removed to accommodate sting, £t
Mach number

first moment of area of exposed Tlep area aft of hinge line of
the unbalanced flap,: £t3 (see ref. 1)

free~stream dynamic pressure, Egi, lb/sq 't

Reynolds number, based on mean aerodynamic chord

maximum body radius, ft

wing area, including area within body, sq ft

velocity of free stream, ft/sec

longitudinal distance from nose of body, £t

distance perpendiculsr to vertical plane of symmetry, ft

aengle of attack of wing chord line, deg

angle between wing chord and control chord measured in a plane
perpendicular to the control hinge line, positive Ffor downward

deflection with respect to the wing, deg

mass density of alr, slugs/cu &
Subscript

nominal control angle

1In order that the hinge-moment coefficients of the paddle control and
the unbalenced flap cculd be compared, the hinge-moment coefficients
of the paddle control were computed using the moment of area of the
unbalanced flap of reference 1.
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APPARATUS AND MODEL

The Ames 6- by 6-foot supersonic wind tunnel in which this investi-
gation was conducted is a closed-return, varlable~pressure wind tunnel
with a Mach number range from 0.60 to 0.90 and from 1.20 to 2.00. Fur-
ther Information on this wind tunnel can be found in reference 2.

The model conslisted of a wing-fuselage combinstlion employing a wing
of triangular plan form of aepect ratio 2 symmetrically mounted on the
fuselage. The wing had NACA 0005-63 sirfoil sections in streamwise
planes. ' D

The paddle control consilated of ftwo sharp-edge rectangular surfaces
(fig. 1). One of thé paddles was positioned above and the other was
positioned below the trailing edge of the right wing by a palr of struts
which attached the paddles rigidly together and positioned each paddle
1.30 inches from the chord plane of the wing. The struts were pivoted
about aen exls in the chord plane of the wing which corresponded to the
30-percent-chord line of the paddles as a means of obtaining verious
deflection angles. When the control was undeflected, the trailing
edges of the two paddles were ln the ssme plane as the wing trailing
edge., The gtreamwlse airfoil section of the paddles was a half circular
arc wilith the convexity on the side opposite to the wing. The maximum
thickness-chord ratio was approximately 5 percent at the S0-percent
chord, The area of the two paddles combined equalled approximately
14 percent of the area of the right wing panel including that porticn
enclosed within the body.

The wing and paddle control were of solld steéi-conséruction. The
body had a fineness ratioc of 12.5 based on the length including that
portion shown dotted in figure 1.

The forces and moments on the model were measured by an electrical
strain-gage balance. Paddle~control hinge moments were measured by an
electricel straln gage mounted within the wing.

TEST AND FPROCEDURE

The aerodynamic characteristicse of the model as a function of angle
of attack were investigated for a range of Mach numbers from 0.60 to
0.90 and from 1.20 to 1.90. The data presented were obtalned at a
Reynolds number of 3.0 x 10°® . Lift, drag, pitchlng-moment, and hinge-
moment measurements were made at constant paddle-control deflections for
angles of attack from a&bout -4° to 18°, The paddle-control deflections
were varied from 4° to -16°. In some instances, the full range of

Riinne— .
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angles of attack was not obtained because of structural limitetions or
other difficulties.

Reduction of Data

The test data have been reduced to standard NACA coefficient form.
The pltchling moments were calculated sbout an axls at 35 percent of
the mean aerodynamic chord. A complete discusslion of the methods used
in reducing the wind-tunnel data to coefficient form and the various
corrections applied to the results may be found in reference 1 and
only brief mention will be made here,

The data obtained in the Ames 6- by 6-foot supersonic wind tunnel
have been corrected for the following factore:

1. Induced effecte of the tunnel walls at subsonic speeds result-
ing from 1ift on the model.

2. The chenge in the alrspeed in the viclnity of the model at sub-
sonic speeds resulting from the constriction of the flow by the tunnel
walls.

3. The pressure at the base of the model at supersonic and sub-
sonic speeds being affected by the support lnterference. To account
partially for this effect, the base pressure was measured and the drag
coefficient was adJusted to correspond to that in which the base pres-
sure would be equal to the free-stream static pressure.

4. The longitudinsl force on the model at subsonic and supersonic
speeds due to the streamwise variation of the static pressure as mesas-
ured in the empty test section.

A survey of the 6- by 6-foot wind tunnel also indicated nonuni-
formities of the air streaem in the pitch plane of the model equivalent
to a stream angle of as much as 0.10°. No correction to the data was
made for this effect.

Precision

The uncertainties involved in determining dynamic pressure and in
measuring forces with the strain-gasge balance are described in refer-
ence 3. The following table lists the uncerteinty introduced into each
corrected. coefficient by the known uncertainties In the measurements:
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Quantity Uncertainty
Lift coefficient +0.002 .
Drag coefficient £.001 S
Pitching-moment coefficient +,002
Hinge-moment coefficient .00k
Mach number: .01 -
Reynolds number .. #.,03 x 10%®
Angle of attack +.10°
Flap deflection angle £,25°

RESULTS AND DISCUSSICN

The resulte of the inveetigaiion of the ba&&ie-eentroi-are pre-
gented in tebuler form for. the complete range of test varisbles in .
table I. The data presented in the table are for_ the model equipped

with & paddle control on the right wing panel For the purpose of
enalysis, a representative portion of the date is presented 1n graphical

form.

Figure 2 shows the variation of the pitching-moment end the hinge-
moment coefficiente with paddle-control deflection .for given angles of
attack and with angle of attack faor given paddle-control deflections.
Only the data for the. representative Mach numbers of Q.6Q, 0.90, 1.30,
and 1.90 sre presented. The results ehovq“ip_figure 2 are for deflec-
tions of the paddle canfrol on the right wing panel. The data reveal
no unusual variations of the piiching-moment and the hinge-moment coef-
ficlents with either angle of attack or_ angle of deflection throughout
the speed range of these tests.

The pltching-moment-effectiveness parameter, Cma, the hinge-moment e
parameters, Chg and Chm’ and the minimum-drsg coefficient of the paddle
control ere presented se functlons of Mach number in figure 3. For pur-
poses of comparison, the corresponding data for the unbalanced flap
configuration of reference 1 are azlso presented in figure 3. Although
data were obtained for. the paddle control on only the right wing panel,
the results, as presented in figure. 3, are for the deflection of & con-
trol on both wing panels. L S . -

The pitching~-moment effeqtiveness of the paddle control was less
than the unbsalanced flsp at all speeds: tested below & Mach number of
1.50; whereas, above the Mach number 1.50, the effectiveness of the
two types of controls corresponded closely. The marked loss in pitching- ,
moment effectiveness, Cmﬁ’ of the paddle control from thet shown for the i
unbalanced flap at subsonic speeds may be’ advantageous in reducing the .
sensitivity of the longitudinsl control in this speed range. The reduced .

O
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effectiveness of the paddle control at subsonlc speeds is belleved due
to the absence of the additional 1ift induced on the forward portion
of the wing by the hinged flap. The decresse in effectiveness exhibited
by the paddle contr¥ol at supersonlc speeds below a Mach number of 1.350
is brought sbout as a result of the shock-expansion interference
between the paddles and the wing. This principle has been discussed
previously in reference 1 and will be only briefly related here. At
negative control deflectlons the lower surface of the upper paddle
propagates expansion waves which impinge on the wing surface. The
resulting increase in 11ft on the wing, being of the opposite sign to
that cerried by the paddle due to control deflection, effects a net
reduction in the 1ift effectiveness, Crg, of the paddle control and,
thereby, the pitching-moment effectiveness of the control. The paddle
mounted on the lower surface of the wing acts in an analogous menner
by virtue of the compression wave emitted from ite upper surface. At
Mzach numbers above 1.50, the paddle control was so located that the
shock waves emanating from the paddles do not strike the wing surface.
Therefore, at these Mach numbers, the piltching-moment effectivenese of
the two types of controls corresponded closely.

The preceding discussion mist be acknowledged to be a simplification
of the flow phenomena involved. However, it is believed to describe the
primary cause for the differences in pitching-moment effectiveness
between the paddle control and the unbalanced flap.

The primary advantage of the paddle control over the flap-type con-
trol is evident 1n the hinge-moment characteristics. An examination of
figure 3 shows that materisl reductions are realized for both of the
hinge-moment parameters, C and Cy , from that noted for the unbal-
anced flap throughout the speed range Investigated. Figure 3 also shows
that there 1s 1little effect of Mach number on the hinge-moment parameters
of the paddle control. The small values of Cha noted for this control
can be attributed primarily to the influence of the wing surface which
causes the effective incidence of the paddles to be essentlally the
same throughout the angle-of-sttack range of the tests. This influence
of the wing on the paddles 1s consistent with the results of reference 1
which showed that the sdditlon of a paddle balance to a conventional
trailing-edge unbalanced £lap had little effect on Ch, of the unbal-
anced control. Since this phenomenon 1s essentially independent of
speed, Cp, 1s unaffected by Mach number (see fig. 3). The reduction
noted in Ch6 was due in part to the aerodynamlic balesnce incorporated
in the paddle control. The small effect of Mach number on Ch5 is not

clearly understood. It would be expected that there would be an effect
of Mach number on the hinge moment due to flap deflection because of
the rearward shift in the center of pressure of the load on the control
surface with increasing Mach number. It 1s somewhat surprising that
this effect is not evident in the hinge-moment results.

——————
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The hinge-moment advantages of the paddle control were obtained
with a penalty in the drag characteristice, as shown 1n figure 3. The
results show that the paddle control exhibited higher minimum drag
coefficlents than the unbalanced flap throughout the speed range tested.
It 1s of Ilnterest to note that, though the drag increment 1is fairly
large, considerable Improvement in the drsg characteristics was realized
for the paddle control of the present investigation over the paddle
balance of reference 1 by reducing the paddle thickness.

CONCLUSIONS

Tests were made of a model equlpped with a trailing-edge paddle-
control device to determine its control characteristice at subsonic and
supersonlc speeds. The results were compared with the control character-
istics of the unbalanced, trailing-edge flap of reference 1. Examina-
tion of the results revealed the following asignificent features:

1. The pitching-moment and hinge-moment characteristlcs of the
paddle control showed no outstanding nonlinearities for the entire speed
range studled.

2. The paddle control exhibited a smaller control effectiveness
at subsonic speeds and at supersonic speeds below a Mach number of 1.50.
Above the Mach number 1.50 the effectiveness of the two types of controls
corresponded closely. '

3. The hinge-moment parameters, Ch6 and Chq’ of the paddle control

were considerably smeller than those of the unbalanced flap and were
little affected by Mach number. S :

i, The paddle coftrol increased the minimum drag throughout the
speed range tested. ) L o ) .

Mmes Aercnautical Laborsatory
National Advisory Committee for Aercnautics
Moffett Field, Calif., Nov. 20, 1953
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STICS OF A TRIANGULAR
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DATA FOR ONE PADDLE CONTROL.

(&) Nominal & = +4°

WITH A PADDLE CONTROL.

10

- leJ.w'w‘n'w b ﬂ-m-._u 0000000000009”4-.-“
AE " [¢]4EgER gneaen exeuey eneaua geanena
A ([ V595 9EReEEITEIRNEY seneesanaeIans
8 m.. r & mmmmmm mm_m_mm mmmm §5548 mmﬂmmmmwm
5| E5EI5EY HEOURRRALARDNE TCRAGRCIRNININ| |, [SFREUR G9TTSCCAVMREAN SLIRTNEVACEITAR
o |3EHTERR EERIIREBIIGEAN BIRTIRILEARQGAN ;_ o |EYE9ES SHASIEESANYEAR SYRETRALIATTRAR
UAODO Q. Ly atvnguag fg it WAOD G yAg e M \SBmml ELER WSS guAg Sq T 2560mu1ﬁ7
x % m & Je |8 g 8
1 MMMM MNMH””“”SB& MMNMMWMMMMMM MMMMMM Wu o...uco Jooonoooooo 000E00O0OOERD BOOOOOO
o Y
1| 3080 RRERRORMRGY MRMTIMmIO AR ) O L mm_.m ﬁmmﬁmmmm LR LLLLLLR LS
1o oot eenenenanee vngsanenges wannr | o o
e ridi trrerene . ~ M gy
5| 5280 HESUIRE0E00 ERGRSOURNGE: WRMOW | § )[(nE
+[ 1937 qEeTUNTARIR 900eRNARAS Budnnt | 8 |.[3%E%
o|SHIR BVBEIRIBATY TLIRIRATIALA SERRIR 2 [, [392%
48ag fq5 0 asdeq fgqi dedsgy f¢ i N A ERE R
% & 8 g T8
[ 32333335339393 2999993359398 33933 © |oonoo0
a8 m $EEETILEEYL 4 tmmmmmmmmmmmm LEELELT 1 muammmm MR mmmmmmummmmmm% E® § ¢
5|8 EELLEEER S §aagaas IRELEELLEELREE L EEEEERCEEELEEC D E L
5|8 LR E EL L I B E EEE S E L T T IS L
B LIRS WAMes| | [OEEERICATNED RAOLInIONAnd ANIEY
.| 368B5EESERTRIEE 255REHEINIAEEE (BEARAR  [35728835230950 JeenasRIqeRs gacenay
{47 HAedesgdddy g5 HaidSgudyg f94 7 Hd 197 Tadesgqidy f95 1 asosgdidn 450 o
=8 3 8 .8 g .




NACA RM A53K20 SnER 11

TABLE T.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED
WITH A PADDLE CONTROL. DATA FOR ONE PADDLE CONTROL.
R = 3.0x10% - Continued

(o]
(c) Nominal & = -k
K = Cy, Cp o Ch ) x e o, Sp Cx Ch 5 X P4 =4 o Cn Ch &
0.60 {-k.18) ~0.219 {0212 | o0.022 | 0.030| ~h1| 0.50| k.3B| 0.17% | 0.0212 | -0.006 | 0.023{ ~k.1] 1.%04 ok [ 0.069 [ O -0.006 | 0.028 | k.0
209 -.127| 0137 | .06 L0291 ~k.1 6.3 205| .03re| -.a10| .ook] -k tos -158 :& -.020 | .026{ .0
-1.03| - 0113 <01k 028 -k.1 8.%3 3B8f .06819] -.05| .08} ko 6.1% abk] L0396 | -.03k| .006]| -x.0
-~ -.0%8 13 026 | ~hX 10.58 S33| 06| - - -} .026] k.0 .20 .ﬁ;{ 0%0 | ~.0b | 026] -k.0
- =01k |, =~ | 010]| .c27[-%.1 0.2 - 085 | -.095) 023 o
o2 010 | 6102 «00% LO02T] ~h.1| 1.20| —k.08] -. 0302 ©M | 03] ko 12.33 M9 118 | -.ota| .ozk] -k.0
.08 057 | 011k 00T J026] ~ha -<2.031 - 0197 8T} 028] b0 1%.39 67| Jasm o -.081] .oe0
ko1 152 .015? 001 023 [ -kl -1.00f -.0TR .&g o8| o= ko
6.25 o | .02k | -.005 000 |~k - K| -.0861 . ok | 02T| k0] 1.70] -MoOT| -aTL| 0268 03| 02T -h.0
8.35 350 | L0502 § -.009 .oea <~ 003} L0156 006 | 027]| k.o <.02| - «018h 019 )] 026] -h.0
0.7 ;Er 0807 { -.010 02k ] ~h.1 1.3 029 | 0061 oL | .oRf| -k -1.00 061 012 | .085]| -k.0
1R. 345 [ 1160 | -.008 025{ -k.1 £ 078 [ .oxfe i -.00T| .026| <k.o -5 -ox| .o 009 | 025| -k.0
1h.69 6% | .1637 | -.011 02T ~h1 h30 Afai oo | -6 025) k.0 -0 - Q152 -003| .02%{ -k.0
Jg6e| 218 | —.m2]  .027] .1 6.15] .288) .ok6| -.0k3] .006| k.0 1Lo05] e .36 ] o . -k.0
17.86 .glz LY N ST . R 8.81 gg 0668 | -w06L| .03} -k.0 017k | -.006 ﬁ 4.0
0.3 . 0986 ~076| 032 ko k.0f JOM3 | opkS5 | -.018| .023| -h.0
o.80 || - 0830 026 b0 | b0 12.37 A1) AT | -096] 033 -ho &.. 220 | .0369 | -.0 023 | -h.0
210 -.128| .olko <018 03T | ~h0 a. 298] .0%h& | -.ohL} .022 | -k.0
2.0k} -.079| .OL15 -015 03| ~h0] 1.30| -k08| -209[ o0M2 Joho | 028) ko 10.23 g Ot | ~ofr] oL ko
~51) -.093) 007 <013 03k | k.0 -8.03} =211} 021§ w2k | .oeT] -k 3i2.30 . JI0% | ~.061) 020 | -h.0
| -.009f 020 | 009 .32} -bo -1.00| -.08| 88| .15 .027| b0 :u.g Sso7| 1| ~.069 | «a8{ -kl
1.03| .016| om0k | 008} .03 -k -.oota| oo | 12| .027| Ko - SBT3 27156 | ~.0T6| .033 | k.l
2.0% .06k | .08 005 .gg ~ko Al .00k} 76| .005| .028] kO 17.53 08| asTof ~.0T9 | 009 | -kl
26 165 0186 | -.002 o .1 1 027§ .oL% -002 g ]
6.8 20| 0328 | -.010 023 | k.1 2.0 ath| .ok | -.006 -ho] 190 k06| -ak .ﬁ 026 | 021 | -k.0
839 a5 | o5 { - 020 | ~ho1 k.09 163 | 0069 | .22 .028) ko <.z} -.083| . .al% | 020 k.0
10.51 8| 0870 | -.ug <020 6.15 266 .o:g =038 | 030 -h.0 -.g -.ak7 | .01k 0Lt | .020 ] -h.0
12.63 7| 2283 | 022 019 | ~h2 X} I3 G -o%e| .03} ho - -.009 | .01I%9 007 | .020 | -k.0
1%.T7 583 .1787 | -.a2T £020 | <1 10.28 . 0935 [ ~.066] .033] k.0 5L 005 | -.0L3T 003 | .019 | -k.0
16.82| .793| .39 | - 002 | k.1 10,3k} A28 | ~c80 ] 031 -0 tosf a2 .0l5c| o .01 | k.1
17T.95] R} 2736 | - 016 | <kl 1k.ho £32) 1708 | -.093] .c2T]| k0 2.03 038 ] .ou73| ~.003 mg b1
horf| .1201 .o20( ~.01%) .@f|-k2
0.90 - g «£260 | .032 031 | ».0| 1.5 -h.o8] -89 .0268| .036] .031| -k0 6.12) .196| 0349t -.0e3| 038 | -kl
-e.11] - <0161 026 | ~.0 <.02¢f ~a082| .0198| .oe2]| .03| ko 8.1T7| .266| .0%6] -.03k] .01T]-h.1
-1.05| -.085| .13 | .7 :g:i -.g’? -00T | .axTL 01k | .029| k.0 10.21 Au o .ot -.oh3| 016 -z
-51f -.058| .01l9 | .01% =h.1 - -03| 0158 [ .o61| .029| -h.o 2.26| .393] .o5a7) -.0%0| .015)| -k
x| -.00] .0113 | 010 o024 [ ko1 5 LH06 | 0153 00k | .029| -k.0 1h.32 A58 | Ja25k) -.057] 013 -k.l
1.1k Q18| .0117 008 023 | -1 -83 02T 001 .028) ~ho 16.. 516 ) (1597 ] -.061] .009 | -k.1
8.06] .o | 0148 | .ooM] .022) b3 17. 5% | 1793 -.c63] 009 | -1
Q
(d) Nominal 8 = -8
K a Cr °p Cn Cp s ] x a ‘L Cn Cx | Cn 8| u « C Cp % | Cn L
D60 | -b.18 ] -0.227 [0.0265| c.cor | 0.c8 -8.0| 0.90f X.1T] 0.260] 0.0032 | 0.00k] c.09T| 7.9 | 1.50| .08 | 0.1%7| 0.0@T2 | -0.01k] 0.0TR
2. -.133 021 Ok 8.0 6.3 268] .0k | -.003| .| -7.9 6.13 233 .ohoh|[ -.028| .0T3
~1. -.088 .08 | .oM -8.0 8.k2 % -ofef | -.008] .06L) -T.9 ai?- .& ggig -.0ML| 078
-5 | -.063| «o1@@| .;a7 ]| .odM -B.0 57| - 0970 | ~.asf o8| -T.9 1o B o -.0% | .of3
dg | -.o | .onrk _3112 chaf ~8.1 .29 .B83] .1159] -.06T[ .068
1.02 .003 | o117 ohz] 8.1 1.20f -hog | -ghe| .03% .nsE -oB2j -7.6 n.g 62| Jamefi| -.oT8) .06k
2 09 | .03 <012 ol 8.1 ~2.03 | -235f ool -03 .080] 7.6 16. L3 JAghe| -.088] o099
a3t a2 | .a78) .008 | AL -B.1 -ag} -.083| .190] .0e5| .oB2| -7.6
6.22 .2kl | 0292 «001 o2 8.1 -0 - Q8L o) o8| -7.6]| 1.70] -k.0T | -.180] .0290 .a37] .06k
8.33 . 053 | --003 OS5 -B.0 o Q09| A3 0l3t 079 ~T.6 -2.02 | -.20| 0203 ekl .063
10.% o mi ] 05| -8.0 1.0h | 1Bl .ox79§ .008| .o78| -7.6 -.g_s} --0fLf LOLT7T} .018| .06
1a. . 117k | -.00L -8.0 g.03] . 022 0 7L -T.6 - -.0h2] .a268| .013| .0&L
1h.65 Eh6 .163 -.00k .ob7] 8.0 72| 008l | ~.028| .0T6] -T.6 S| -.00k]  uSk 009 .06L
26.79 732 -003 -8.0 6.1% 279| .ok38 | ~.036] .OTT| -T-6 1.03 ~0168 L005] .01
ITE3 | 7ok | 2%50 | -.005 | .on8| -8.0 g1 | .33 .o673| ~.o58| .oB4| 7.6 z.o2) o1 -0196| -.00l( .00
w.er| . 0968 | ~.069f .08%| -T.6 hoot | 23k 0295 -.013| .08
a.80 | k2L { -gho | cse | -om | .o3M -0 2.3k | .Go7l 1399 ] ~.090] .o0B1| -T.6 612 | .Af .0373| -.025| .06
~2.10 | ~.1k0 ; .CISk o2k 05| -8.0 8.1T .268| .omh8 -.og ..
~1.03 | -.091 | 0235 021 o%2| -8.0] 1.30| -h.08 ] -.2m] .03k3 O¥T| .083] -T.6 10.2%, -358] 0769 -.0f 058
- -.086 | .a127| .09 05 8.0 2.02 | -.a123] .02kl .033| .o19|-7.6 13.26 JJeg| .ok | -.036 m
§ -.023 | .on18 Q16 0m| -8.0 -1.00 | -.013! .oz o2 o8| -7.6 k.31 SoBE 136k]| -.085|
102 | -=-=-1.0120 1 .015 | .05 -8.0 -5 [ -.of2| .o202{ .0l3| -OT9|-T.6 16. 265 aThe| -.072 Aﬁ
2.09 O | -~=1 012 o} -8.¢ - | ~.006] 0195 o2l .o716) -T-6 17 boa| .19k} -.015] .0
W15 | 2% | ~=--| .06 | .0%m| -8.0 1.0k c2m | .008| .OT6)-T.6
627 | - 0326 | -.002 | .0m] -B.0 2.03| .066] -ceml| o o3| -1.6] 1.90| k.08 | -.161| .0276| .030] 0%
8.39 % o5 | ~002 | 0% 8.0 ko8| .160 m -016| .ore| -T.T -2.01 | -.090f .0198] .oa| .03
0.3 | . ook { -.002 | .05 -7.9 6.1k | .237] . -.033| .okl 7.6 --g -.05h] .178| .o2M| 0%
12.62 { 563 |.1260 | o1k | 0%} -T.5 a.20 'ﬁ 0656 | -.0kT| .076] -7.6 - -3 .ami .02 g
1873 | 675 | .1TT0 2L g Q - o9kl | ~.0f| .0T3| -T.T <AL | -.003] 0168 -caT
AR AR A E I e Ea] B el (-
IT. B - « 1k, ol - =T -l »f
i 3 ,GMG Ja21 50 -.01L} .05k
0.90 |-¥.2k | -.263 }.0308 | .oho | .038] -T.9) 1.50| 0T | -.20e| .omi | .ok3] .a78] -T.6 10 | .190] - -0l .053
5o 2.9 |--~{.0%0 |--- 059} -T.9 202 | -111| .o2%0 08| .o76] 7. 8.1% 2% . -.031| .0%
-1.06 |- -~ |6 | .0e6 | .04 -T.9 -.g -.088| .m85| .oex| .ot5|-7.6 10.19 | .35 .0708| - -0
_.ag -073 {.01% | .023 | .06| -T.9 - -.0h7] Loarh 0TS | ~T-6 12.23 ﬁ'ﬁ «09k31 -.0 ﬁ
. -.028 mﬁ .020 | .061) -1.9 A | -.0o7] .0170 ] .023] .07k -7.6 k.28 . <123 -.0%) .Q
1.02 | -.002 [.o1l .18 | .06L] -7.9 .ok | .oar| .77 | -008| .o7k| 7.6 16.33 | .505] -1568| -.057| .08
2.10 o%R )= -~ ok | 098 -T.9 2.08 .060f .a158 00| .oT3) -7.6 17.36 S538| 1768 -.0%3 .ol

|
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TABLE I.- AERODYNAMIC CHARACTERISTICS OF A TRIANGULAR WING EQUIPPED
DATA FOR ONE PADDLE CONTROL.

WITH A PADDLE CONTROL.

R = 3.0x10% = Concluded
(e) Nominal & = -12°

NACA RM A53K20

K « oL ‘p Ca S 3 N < % Ca Cn & G % Cn O L
0.50 | ~4.18 !-0.208 l0.0270 |0.0a7 [0.060 | -12.0 fo.90] &.IT {0.158( 0.0256 {0.006 {0.07h | -10.8 1 1.50] 2.08 | 0.03h | 0.0233) 0.005 o.% 1.6

—e.gg =136 | 0182 | .02 | 0| -12.0 6.30 1 .265| .OM1 {-.00L [ .0Bk{-11.8 00| .139 ﬂrﬁ =009 | o ~11.6

~L. -:gz 0185 | .018 | 097 | -12.0 8.%3 | .388] .065k |-.003 ]| .091|-11.7 6.13| .06 34| -.083| .08h| -11.6

-4 - olgg -017 | .07 | -12.0 10.55{ .%73| .0983 {-.0l0{ o= |-11.T 8.19 | .3te{ .of@5|-.036] .08h| -11.6

48 T =026 | 0L 016 | «OFT | <12.0 20.. g& 0869 | ~.0% | .0T9[ -11.T

l.a -'okE «01 <013 | 0% [ -1#.0 [1.20[ ~k.08 -.eig <0369 .ga <100 | ~11.6 12.29 | A3 | 1168} -.063] .oTR| -7

2.0T | - Ok -013 | .056 | -1e.1 -2.22 | -.1 0228 10 | -11.6 “‘ﬁ ?’lag 1332{ ~.073| .067| -10.8

b2 | 33 ] .oe0h .gg <0k | -1a.1 ~a0{-.091) (0227 ) .0 | 103} -11.9 16. . JAg50] -.085 | .06k ] -11.8

6.22 L3 | 0309 | - LO%h | -12,1 -8 [-.0661 .0217 | 027 | .la2| -l1.3

8.38 Ego «0500 | .002 | .08 [ -22.1 3L |-.0¢| .oe09 | .o19 ] -101|-11.6] 1.70| -h.06 [ -.286( o3| .ok2] .o93] -11.5

10443 Jek | o773 ] L0095 | .o%b | -12a 1.0k | .00 .02 | .01 100 | -01.6 2.0l | =206 { oe32f .0%0! .09ef -11.6

2.5 | . 21195 | .00k | .05k {21201 2.03 | -060| .0e30  .006{ .099 [ -11.6 -.g -.067 | -0203| .co3| .o92]-11.6

1k.65 | .63 | .1609 | .00L | .097 [-12.0 bo09 | 162 .gi)oe ~012 | 099 | -11.6 -5 [-007 | o297 .020| .0%0] -11.6

16.76 | .732 | .2133 [0 058 | -12.0 615 | 268 .oh -:g?_} 100 f -11.6 5 - .oxg2) .ozh g 21.6

.82 | .78 { .2kk6 |0 057 | ~12.0 8.21 g; 068 |- -1L.5% 1.0k] 2| 193 .olnf . -11.6

10.28 | . <o -Ose .10% | -11.2 2.08! (o5 | .o222| .005] .089] 1.6
c.80 [~h.2e | -.2% | .0293 | 033 | .0&R |-12.0 12.33 | .268| .1ko8 |-, 100 | -1L.6 A7) 27! L0278 -.007| .089( -L1.6

2.1 | -.143 | 296 ! 023 | 060 | -12.0 6.13( .20%] .owk| -00p| 088

-1.03 | -.093 { .0168 | .022 | .09 |-1R.0 f1.30( k.08 {-.230| .03BN | .o¥3[ .09k | -L1.6 6.8 261 ( .06k .03 .085] -11.6

-.g - L0158 | .020 | 0N | -1R.0 2.2 | -30) 0279 ) 036 ) .09k} -11.6 10,23 | .332) -O78%| -.0hl) .087] -L1.6

. -.025 | .01% [ .08 | .0%8 |-12.0 -.g -.00g) .c2bg [ 028 .o96)-11.6 12.08 | k23] 0% ( -.0% | .08M] -11.6

102 | -.002 [ 015 | .06 | .057 [-12.0 -8 [-.098 .0238 { .ok | .099|-11.6 1433 M8 132 -.0f1| LofT| LT

2.09 [ -.048 | 0165 | .0Lk | .057 | -IR.0 |-kl o230 | .ca6] .093]-11.6 16.3%9 | 563| .17%9] -.069] .om2| -13.7

835 | .1k | 0220 [ .008 | .096 | -12.0 1.0k | 011 .ce3h | 22| .092|-11.8 7.5 | 299 | 1973 -.073] 06| -1L.7

8.27 «258 [ L0331 | .001 | .07 | -22.0 2.03 .g 0253 | 00k .g}r -11.6

8.38 Ekz -0%61 .gge 062 | -12.0 kod| . 'ngg -2 -11.6 | 1.90| =k.05 | =166 .03%7 '&32 3 =11.T

10.50 38 .08t | 067 | -11.9 6.1k { . o -.c2B | .086{-11.6 201 | -.09% ] 0226 . -.7

12.68 Ahe | 2257 |-.008 | 062 |-11.9 8.20 | .343| .067T8 |-.0%@ | .0B7 | -A1.6 -99 | ~.029 | .oz0k| .019| .083] -11.7

173 | 66 | 1736 [-.015 [ .059 [-11.9 10.26 | 538! .0936 |-.09T | 089 (-11.7 ~k7)-.0M | .0298( .006( .083 -12.T7

16.87 <766 | .2327 |-.0R21 | .OT1 | -11.9 12.32 | 389! .1300 |-.071] .083( -1L.T 2oL f-.0091 .293| .01 .o83| -11.7

17.93 | .8a0 | -26% |-.026 | .068 |-11.9 1k.30 | &8 .2712 (-.08k | .o18|-11.T 03] .008] .ok g .00 | ~1.7

. 2.0 | (OS] 00T . .082{ -11.7

0.90 | -h.2h -.mg L0330 | .oho | 082 |-11.8 [1.50| ~h.0T [-.208] .0348 olz 0851 -11.6 ko6 | 119] .0268] -.00T | .082] -11.7

-2.06 | = -a205 | 033 | 076 | -01.8 .02 | -.ae0| .og%2| .03 L087 [ -11.6 6.10( .18h| .og7h! -.26 | .oBe| -11.7

~1.06 | ~.098 | .0190 | .c25 | .080 |-11.8 =99 | ~.0TT| .0R20 | o027 | .087|-11.6 8.a5] 253 o8] -.c2b] . -11.7

g -.026 | .0168 | 020 | 077 |-10.8 -5 |-.089] .0208 | .ozk| .086]-11.8 w.39 | .320] .oTe8 -.oﬁ .079 | -1L.T

1.03 .00l | 0170 | 028 | 076 {-11.8 S| -.a5| .0203( .0r7] .092 | -11.6 ig.2 300 o9te| -~ .g 1.7

2.0 | .053 | .88 | .01k | 079 |-11.8 1,08 | .008| .c210 092 | -11.6 16,281 Mho| (IDM3| .0k -11.8

16.33 | .02 A379{ -.031( .08k] -8

17.36) 534 | 1TTH| -.058 [ .063) -11.6

(f) Nominal & = -16°

M « 9y, % COn. % 4 X « CL Sy & % 8 " a G % Cn Cn s
0.60 [-%.18 |-0.22h [0.0310 | 0.023 [ 0.067] ~16.0 | 0.90] &. 0.25¢ fo.0h60 | c.002 | 0.115] <29.7] 1.50| %.08 ] 0.131 [ 00341 [ -0.009 | 0. -1%.5
Sl | -1 | oo | .ced| .08 s.he| 135 [ .ok | oo 355 k| ozg | o %008 | 153
-1.0% | -.087 016 | .068] -16.0 1.5k 466 | 1022 | -.00T | .12 -13.6 5-5 06| o6%e| -0 090 | -15.3
- -.085 | .01 017 |  .066] -25.0 10. -9 | .o092| - -092 | -15.6

?9 ~.022 | .0198 | .o ..ggi -16.0 | 1.20] k0Bl -.a53 7 .oheo | .06k | Ja27{-15.0 2.0 ] 471 92| -.050] .088)-13.6
1.02 | .003 [ .0289 [ .« -16.0 @02 -.1hy | .o309 | .obk | IaT[-13.h S Sm| 29T - 083 [ -25.6
2.08 | .okg | .c201 | .022| .063] -16.0 --g ~006 | 0276 | .035 | .119] -15.4
b2 | 236 |. o 063 | -16.0 - 070 | L0266 | .03 | .29 )-15.%] L.70| -h.05 [ -.199]1 .0363] .oM8 .g -15.6
6.22 8232 | <0 oag <0641 -16.0 . -.o2k | L0256 023 .118 {15 ~2.0| -07| 27| o33 . ~15.6
8.3 .389 % 002 06 | ~16.0 1.04 .00k | .ca6g | (018 JT | -15.4 -.g -.g'! J02hh o9 ! .08 ] -13.6
10. Jao | . .006 | .o7R| -16.0 2.09| .03 .car6 | 010 | .37(-13. ~AT - 20833 | 026 g -13.6
1.5 [ %08 | a3 | .005( .0T3{ -16.0 koo 23| oFm | -.008 | 18)-15.0 | -cen| .oe2y| 00| . -15.6
1h.6k | .6e7 | .1630 | .003| .O7§| -16.0 6.15| .26 | .om00 | -026 | 19| -15.4 1. +0al oaﬁ 01T | .038 | -13.6
16.76 | T2 | 279 .003 JOT7 | ~16.0 -8.81 26‘7 0730 | -.0%3 Jd22 | -15.4 2 ol .02 .00 | .088( -15.6
17.82 [ 782 | .24t0 | .003| .0T6f -16.0 10.28] k7h | .1032 | -.0%8 ug ~I3.k k05| .093| .oeoi| .oc2| .087|-13.6

2.3 593 | 1438 [ 080 [ .11k{.155 62| .196| .ok3e| -.025( .089|-15.6

0.80 |-h.2L | -. +0; 029} .0T2| -15.9 8.7 .o1h]| 0297 -.0@T| 086} -15.6
2.10 | ~.138 | .02 021 | .0Ta{ -13.91 1.30f -MoT{ -.235 | .ok28 .ge 1061 -15.3 1.2 gg «080k --3 <080 { -15.7
1.0 { -.087 | .0211 Q18 +OTL| -15.9 .02 «.130 | .0323 108 | «15.5) 12.97 - 1068 [ - 073 | -15.T

- «.063 | 0200 017 OTL| -15.9 --gg - gﬁ .033 Jie | -25.5 1k.30 881 .138¢| -.089] .073]-13.7

. -.020 | .15k | 01k .070{ -13.§ - -.068 | . 0% | .a2]-15.5 15-? S8 ([ .E766) -.08T g -15.8
1.02 .ooz L0196 | .013 -0T0 _J-J.g.g ;51 -ﬁ ~0aTR m % -g.,;} AT | 93] a978) -oTL| =15.4
210 . . Q. o . etk [ . . -13.

16 230 g% 00k .‘.32 .,,.3 2.09 _m o201 | 009 | . A5 1.90[ k06| ~1T5 -o!lz 039 | .00 |-15.T
6.27 .0MOL | -.003 «063] -15.9 0363 ! ~.007 | .07 -15.3 201 -i.g .m{ 080 | ~13.7
8.3 | .33 | 0605 001! .o7l{ -15.9 6.1 obh | o301 | -.00k | 0T -15.0 --g - «0e38(  .02v| o079 ]-15.7
10.50 .31 ! 0083 006} .081] -15.8 8.20 .’.':35 <0705 "«3 o7 | -13.5 = -05%0 | o231 021 ) .OT9 | ~1D.T
19,62 | %M 1% ~007 gg -13. 10.26{ . -0986 | -o . -15.% S0y -car| 0823 .06 .g_’rg ~13.7
ot e O e R § e B B R |e B3 vor| ol S5 | o |as7

&7 | e | .a3ms | - -og1| -15 " ! i 33| = iose | lome | 337

0.90 |-h.2h | -.26T { 039k »Oh3 06| A15.7] 1. «0T| -2l Choo 053 09T | -15.% ~.q12 N
<.12 -.ﬂ gg 032 | 03] 5.7 02| -. .o | .03 -13.5 8.15 -ER —‘gg =GZL | 0TS [ -23.T
-1.06 { = o2ky | .oari .63 -I3.T =g —odl | .o | o3 .im -3 et B B B Ry R+
-_Eg -.079 | 0232 | .0e8 | .102| -15.7 -4 - .mﬁ 028 W00 | <15.3 12.29 -Eﬂ- L9EL | =.0: 065 | -13.8

. -0 | .0220 | .oe2| 01| 137 2l - 0% o | 099 -13.5 h.e9 | J3h| 2ed| -.ohs| .ofel-19.8
1.02 | -.00T | 0222 | .20 .100[ -13.7 1.03f 002 | .cook | .007 | .100{-15.3 8. dorl .1396] =050 .08 | -13.8
2.10 | .ok7 | 0236 W17 | «200] -13.7 .08 4T | 0298 097 a1l 15,5 17.37{ .m9| aro| -.093( 058 {-15.8
kay | .13 | .27 | .008! .l01) -29.7

|

li



Equation of fuselage ordinates
%
%= [1-0-35)9

f—7 /25—

5%.50

46.93

15.86

~.276

26.46

Dimensions in Inches

X

63°26’
| "

+——8.8/—

Section A+ A

Figure - Dimensional skefch of model .
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Figure 2.- The variation of the pifching—moment and the hinge-moment coefficienls with paddfe-
confrol deflection and with angle of attack. Data for one paddie control R=3.0x 10
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Figure 2.- Continued,
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Figure 3.-Variation with Mach number of the pitching-moment-effectiveness
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coefficient, Cy » for the unbalanced flap and the paddie-coniro/ configurations.
Data ror fwo flaps.
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