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Aerodynamic characteristics of an unswept wing having an aspect 
ratio of 2.67, a taper ratio of 0.5, and employ5ng full-span, . 
2~~rc~~hord,p~in,leading--ttrai7lng~ge flags have been 
determined frcxn wind-tunnel tests of a semispas model. Sections of the 
wing were hercent chord thick fra the 25 to the mercent-chord 
points taRering to sharp leading srd trailing edges.- The data were 
obtained for a range of angles of attack from -30 to 120 and for ranges 
of leadingddg-flap deflection from GO0 to loo and of trailing-edge- 
flap deflectlon from O" to 60°. The Bach numbers ranged from about 0.50 
to 0.93 and from l.Og.to 1.29 with corresponding Reynolds nut&ers vary- 
ing from about 0.94 X lo8 to 1.27 X 1Oe. 

The fncrements of lift coefficfent produced by the c&ined deflec- 
tions of the leading- and trailin@;--edge flaps were for the most part 
approximately equal to the sum of the increments produced by the corre- 
spanding deflections of each flap alone only at the superscmic &xh nm 
hers and for the smaller flap deflections at a Mach number of 0.50. 

Because of the large differences between the effects of Mach nu&er 
on the rates of change of hinge-moment coefficient with angle of attack 
for the leading- end trail-;-edge flaps, the degree of balence of the 
control forces of one by those of the other, afforded by interlinking 
the flaps, xould vary over the ranges of test Mach number. 

In contrast to the results of higher Reynolds nuniber investigations 
of similar low-aspect-ratio wings, the liftilrag ratios of the wing for 
a given trailing-edge-flap deflection were not increased on the whole by 
deflections of the leading-edge flap. The disagreement was believed to 
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have resulted fram separation of the flow over the wing of the present' 
investigation due to the effects of tbs low test Reynolds numbers on the 
particular wing section employed and of the relatively large flap-wing 

c 

gaps. 
-- 

INTRODUCTION 

Among the many problems assocfated with the application of low- 
aspect-ratio unswept.wings to aircraft designed for flight at supersonic 
Mach numbers are those of increasing the lift coefficients of such wings 
at moderate angles of attack and of providing sufficient control for 
flight in the transonic Mach.number range. As a solution to these prob 
lems for wings having sharp leading-edge airfoil sections, it has been 
proposed to use both leading- and trailing4ge control surfaces. The 
results of several investigations of low-aspecti-rstio unswept wings hav- 
ing various plan forms and sectzon profiles, and employing leading- and 
trafling4ge control surfaces in combination, have been reported in 
references 1 to 4. With the aim of providing additional information 
concerningtb effectiveness and hinge nt characteristics of such 
control surfaces used in combination, an investi@;ation has been made Ln 
the Ames l-by 3-l/2-foot high-speed wind tunnel of a semispan model of 
a wing of aspect ratlo z-67 and taper ratio 0.5 equipped with full-span, 
0.25 chord, plain, leading- and trailing-edge flaps. The aerodyaamic 
characteristics of the wing with the leading- and trailing+dge flaps 
deflected separately have been reported in references 5 and 6, respec- 
tively. It is the purpose of this report to present the aerodynamic 
characteristics of the wing with the flaps deflected in combination for 
Mach numbers from about 0.50 to 0.95 and 'from l,Og to 1.29, with corre- 
sponding Reynolds runfibers varying from about 0.94 X lo6 to 1.27 X 10e. 
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NCY.EATION 

wing chord in streamwise directian 

mean aerodyna&c chord of wing I c2ds 
( d s cd 

drag coefficient 

hinge-moment coefficient of trailingadge flap, positive when 
moment tends to move trailing edge of flap downward . 

trailingdge-flap hinge moment -\ 
X moment about hinge lins of flap area behind binge line I w 
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h+geGzJment coefficient of leading~dge flap, positfve when 
moment tends tomove leading edge of flapupward 

leadfng-edge-flapbingemoment 
2qXmomentabouthinge line of flapareaahead of hinge line 

mte of change oftrai~ge-fLag hinge-mamentcoefficfent 
with angle of attack, per degree 

rate of c&nge of leadingedge-flap hing&oment coefffcient 
with angle of attack, per degree 

lift coefficient 

pitcbing+noment coefficient about lateral axfs through quarter- 
chord point of mesz~ aerodynamic chord, with mean aerodynamic 
chord as reference length 

lift-drag ratio 

free-streamdynamic pressure 

Reynolds mmiber based, on mean aeromc chord 

spanwise distance measured from wing rootihord line 

wing a&le of attack, degrees 

wing geometric angle of at%ack, uncorrected for wind-tunnel jet- 
boundary interference (at supers&c &ch n&ers, equal to a), 
degrees 

trailingasflap deflection, measured in plane n-1 to binge 
line, positive when trafling edge is belcIw chord plane 

leadingdg+flap deflection, measured in plane n-1 to hinge 
line, positive whenleading edge ie above chord plane 

DESCRIFTIOK OF APPARATUS 

The investigation was ccCLucted in the Ames I- by 3-l/2-foot high 
speed wind-tunnel, a single+return closed-throat tunnel vented to the 
atmosphere in the settling chamber. To permit operation at both sub- 
sonic and supersonic Mach mmibers the t-1 was equipped with a 
flexibl~throat assembly which is illustrated in figure 1. 
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The semis- model used in the investfgation was the sams as that 
employed in the inv&ti&,ions reported in references 5 and 6. The model 
represented a complete wing with an aspect ratio of 2.67, a taper ratio 
of 0.5, and an unswept 5&percent+zhord line. The wing model was fitted 
with full-span, 25+erceKGchord, plain, leading- and trailing-edge 
flaps, the hinge axes of which were coincident.with the 25-and the 
75-percentihord.lfnes of the wing. Sections of the wing in the streax+ 
wise direction were 8-percent chord thick from the 25 to the 75+ercen& 
chord points and tapered to sharp leading and trailing edges. The 
leading- and trailing~dge angles thus formed were 18.20. The &e~ps 
between the flaps and the wing pans1 were approximately l/32 inch. Plan 
and sectian views of the wing model together with the principal dimen- 
sions are shown in figure 2. 

The modelwas mounted on~l&Lncb&iismeterIKLance plateinthe 
tunnel sfdewall, as shown in the photograph of figure 3. Approxilnately 
l/32-inch gaps were Illaintained between the roots of the undeflected 
flaps andthebalanceplate. Th.e face of the balance plate exposed to 
the tunnel air stream was flush with the tunnel wall, and an approxi- 
mately l/16-inch annular gap existed between the periphery of the plate 
and the tunnel wall. Flow through this gap from the outside atmosphere 
was prevented by an external pressure-tight housing. The force reactions 
on the wing end the hinge moments of the flaps were measured by electri- 
cal resistance strain eges. 

. 

TESTS 

Lift, drag, a.133 pitching moments, of the wing and hinge moments of 
the leadfng- and trailing-edge flaps were determined as a functim of 
Mach number for constant geometric angles of attack from -30 to 120 and 
for the following combinations of leading- and trailfng~d~flap deflec- 
tions, with the flap-wing gaps unsealed: 

f& degrees 6f, degrees 
5 10 

:; 20 10 
-10 20 ' 
-20 60 

In addition, hinge mts of the undeflected leadingedge flap were 
measured for trailing-edge-flap deflections of -loo, loo, 20°, ho, and 
600; hhgr'moments of the undeflected trailing-edge fdap were measured 
for leadingddge-flap deflections of 5O, loo, -5O, -loo, and -2OO. 

. 
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The test Mach numbers ranged frcm about 0.50 to 0.95 and from 1.09 
to 1.29 for the wing at the smaller angles of attack with the smaller 
flap deflections. No tests of the wing with flaps deflected could be 
made at Machnumbers between 0.95 and 1.09 because of chokLng conditicrns 
in the tunnel test section. 5 Reynolds numbers were based on the mean 
aerodynamic chord of the wing and varfed from about 0.94 X 106 at a I&ch 
number of 0.50 to a maximum of about 1.27 X 10s at a PlIach number of 1.15, 
as shown in figure 4. 

COREUX!TIONS TO IXTA 

Wind-tunnel--wall interference corrections to the angles of attack 
and to the drag coefficients of the wing at subsonfc Mach llnmbers were 
determined,by the methods of reference 7. 5 following correcti-, 
which are Indicated in reference 8 to be imlependent,of Mach number, 
were added: 

Aa (deg) = 0.51 CL 

f=D = 0.0089 CL2 

All-the subsonLc&chnuriber data have been corrected for modelsndwake 
blockage by the methods of reference 9. These blockage corrections vary 
with the measured drag coefficient but were generally small, never 
exceeding a value of 3 .percent even for the highest drag coefficients. 

Tare corrections determined with the wing held Independently of the 
balsnce plate have been subtracted from the data at all Mach numbers. 
These correctiorns were found to be practically independent of angle of 
attack or flap deflection snd are given in coefficient formas follows: 

M 
0.50 

30 
*so 
-90 
-95 

1.09 
1.20 
1.29 

Lift 
0.018 

.015 

.014 

.013 

.017 

.OOl 
-005 
-003 

Drag Pitching moment 
0.031 0.006 

.031 .004 
l 031 .m3 
.031 .OOl 
-033 -.Qo3 
.020 0 
-025 -.002 
.021 -.OCl 

The pitching +moment data were obtafned from the Jift and drag reac- 
tfcns and are subject to the combined errors of the lift and drag meas- 
urements. Consequently, in thei present report, the p$tcBt 
coefficients are regarded as being of qualftative rather thas quantita- 
tive value. 
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The stream inclination at the model position was found to be suffl- 
ciently small at all the test Mach numbers that no streaDA le correc- 
tions to the angles of attack were necessary. Tunnel-uallboundary- 
layer measurements made at Mach numbers from 0.50 to 1.20 with the tun- 
nel emty have indicated the existence of a turbulent boundary layer with 
a displacement thickness of about 0.12 inch at each Mach number. The 
velocity in the boundary layer at each &ch number varied approximately 
as the l/10 power of the distance from the wall. The effect of possible 
drafnage of low-energy air from the tunnel~llboundary layer by the 
low induced pressures on the wing is unknown. It is felt that the pos- 
sible flow of air around the gaps at the roots of the flaps and through 
the gapbetweenthebalance plate andthetunnelwallwouldhave hada 
negligible effect on the measured data., 

RFaSKLTS AND DISCUSSION 

The basic force and moment data for the wing with undeflected flaps, 
gaps unsealed and sealed, .are reproduced in graphical farm frczu refer- 
ences 5 and 6. The correspondingdata for thewingwfththeleading- 
and trailing-edge flaps deflected in combination are presented in 
tables I to VII. 

Lift Characteristics 

Ths effects of Mach number on the lift coefficient of the wing with 
flaps undeflected for various geometric angles of attack are shown in 
figure 5, which has been reproduced from reference 6. Lift coefficient 
as a function of angle of attack for the various cabinations of flap 
deflections is presented in figure 6. Correspanding lift-coefficient 
data from references 5.and 6 for separate deflections of the leading- 
and traflIng-edge flaps (gaps unsealed) are reproduced in figure 7. From 
a comparison of figures 6 and 7 it is observed that at the supers&c 
Mach numbers the increments of lift coefficient produced by the combined 
deflections. of the flaps are for the most part approximately equal-to 
the sum of the increments which resulted from the separate deflections. 
This result is also evident at a Mach number of 0.50 for the sxaller flap 
deflections, but not at the higher subsonic Mach numbers, where, for the 
wu of the present investfgatian, the effects of boundary-layer separa, 
tion would be expected to be severe. 

It is noted further from a comparison of figures 6 and 7 that, 
except for angles of attack greater than about 6O at the subsonic Mach 
numbers, the lift coefficient of the wing for a given trailing-edgeflap 
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deflection is increased by a positive deflection (upward) of the lw 
edge flap. A negative deflection of the leadim flap for a given 
trailing4ge-flap deflection reduced the lift coefficient of the wing 
at each angle of attack. This latter result is also apparent in the 
higher Reynolds number data (at low subsonic Mach numbers) of references 
1 and 2 far cerable wings at angles of attack up to about 10'. 

Increments of lift coefficient due to separate deflectians of the 
leading- and trailing-edge flaps have been calculated for a Mach number 
of 0.50 using thin airfofl theory mcdffied for the effects of aspect 
ratio and compressibility (see references 10 and ll), and also for a 
Mach number of 1.29 using linear theory. 5 increments for loo deflec- 
tions of the flaps are compared with the corresponding eqerimental~ 
values (gaps unsealed) in the following table: 

Increments of lift coefficient 
Mach w flap Trailing-edge flap 

number Calculated mrimental Calculated Experimental 

0.50 0.03 0.06 Q-33 0-U 
1.29 .I3 .ll .21 -09 

Considerable disagreement is observed between the calculated and experi- 
mental Ifft-coefFlcient increments for the trailing+edge flap. It is 
believed that the differences were caused by sepsration of the flow over 
the flap and that this separation resulted frclm the effects of the 
unsealed gaps and of the low test Reynolds nur&ers ou the partfcular 
wing sectiw employed. 

ISnge-Xoment Characteristics 

The effects of Mach number on the hin@se-moms nt coefficients of the 
undeflectedleading-and ixailing-edge flaps withgeometric angle of 
attack as a parameter are shown in figures 8 and 9. These figures have 
been reproduced frcan references 5 and 6. 

Hinge-moment coefficients of the leading- and trailingAge flaps 
as a function of angle of attack are presented in'figure 10 for the var- 
ious ccmibin&tions of flap deflections. It my be seen in this figure 
that the variations withangle of attackoftheleadf~dge-flap hinge- 
moment coefficient are very marked at each M&h number and are much 
greaterthanthose farthetrafling-edge flap. 
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The variations of hLnge+mome nt coefficient with angle of attack for 
separate deflections of the leading- and trailing-edge flaps are reprc+ 
duced in figure 11 from references 5 and 6. A comparison of figures 10 
and 11 reveals that at both subsonic snd supersonic Mach numbers the 
hinge-moment coefffcients of the leading--edge flap are not gre~ttly 
affected by a deflection of the trailing-edge flap. Except for the 600 
deflection, the hing e+noment coefffcients of the trailing-edge flap are 
markedly decreased when the flap is deflected Ln combination with the 
leadfngedge flap. , - 

The effects of trailing+dge-flap deflection on the hinge+noment 
coefficients of the undeflected leading-edge flap, and the effects of 
leadingdgs-flap deflectipn cm the hinge-mament coefficients of the 
undeflected traflingdge flap are presented in figures I2 and 13, respb- 
tively, for various geometric angles of attack. - 

The effects of ?&ch number on the rates of chsnge of hinge-moment 
coefficfent with angle of attack for the leading- and trailing-edge flaps 
are shown in figure 14 for an angle of attack of O". It arty be seen in 
this figure that the effects of Mach number on dCh,/" and dCh,/dc6 
are markedly different. As a consequence, the degree of balance of the 
hinge moments of one flap by those of the other, accomplished by means 
sf a linkage between the flaps, would vary over the ranges of test Mach 
nuxiber. In the investigation reported in reference 3 for a Mach number 
of 1.9 it was also found that such a procedure for effectively reducing 
the hinge moments would be limited. For purposes of comparison, the 
effects of Mach number on the rates of charge of hinge-moment coeffi- 
cient with angle of attack for separate deflections of the leading- and 
trailing-edge flaps have been reproduced in figure 15 from references 
5 and 6. 

Drag Characteristics 

The effect of B&ch number cm the drag coefficients of the wing with 
undeflected flaps for various geometric angles o? attack is shown in 
ffgure 16, which has been reproduced from reference 6. The variation of 
drag coefficient with lift coefficient for the various ccm&inatims of 
leading- and. trailingqdg&lap deflecticms are presented in figure 17. 
Lift-drag ratio as a function of liftcoefficient is. she= &figure 18- 

-- for the various co.xiUnations of flap deflectfcrns (gaps unsealed). It is 
evident in this figure that the combined deflecticrns of the flaps are 
effective in improving the li.ftirag ratios of the wing cnly for the 
higher lift coefficients. A cnmparfson of these lift-drag ratios tith 
those provided by deflections of the trailing-edge flap alone (refer- 
ence 6) indicates that the lift-drag ratio-of the wing for a given c 
trailingdge-flap deflectian is. genera.lly not increased by deflections 
of the leadingdge flap. (Bee also reference..5). This result, however, 

. 



RACARMA5OK2'Tb 9 

is at variance with the results of investigations whichwere made at low 
subsonic Mach numbers and at Reynolds numbers from about 3 X IO6 to 
8 X l@, and reported Fn references 1 and 2. The disagreement is due 
principally to the relatively large drag-coefficient increments of the 
present investigati,on which resulted from deflections of the leading- 
edge flap.. The large. increments are believed to have resulted from sep 
aration of the flow due to the l& Reynolds aunibers and the particular 
wing section employed, as well as the relatively large flawing gaps. 

Pitching-Moment Characteristics 

The effect of Mach number on the pitching-moment coefficients of 
the wing with updeflected flaps for various geometric angles of at%ack 
is exhibited in figure 19, which has been reproduced from reference 6. 

Pitchingaoment coefficient as a functim of lift coefficient is 
presented in figure 20 for the various combinations of flap deflections. 
Large variations in the location of the center of pressure for each cm 
bination of flap deflections are indicated in this figure. 

CONCLLJSIONS 

An investigation of a semispap model of an unswept, tapered wing 
of aspect ratio 2.67 emploglng both leading- and trailing-sdge flaps 
and hating sharp leading-edge airfoil sections with a 0.08 thictiss- 
chord ratio has been nrtde at Mach nu&ers frcmr about 0.50.to 0.95 and 
from l.Og to 1.29 with corresponding Reynolds numbers varying from about 
0.94 x 10s t0 1.27 x lo*. Prom the results of this investigation the 
followinghavebeenconcluded: 

1. At the supersonic Mach rum&ers the increments of lift coeffi- 
cient pr0vide.d by the various ccm&inatians of leading- and trailing- 
edge-flap deflecti- were, in‘general, approximately equal to the sum 
of the increments produced by the carrespcolding deflectians of each flap 
alone. At the subsonic mch numbers this result was appe.rent.only for 
the smaller flap deflectfans at a Mach number of 0.50. 

2. Because of the large differences between the effects of Mach 
number on the rates of change of hingeqment coefficient with angle of 
attack for the leadin@;- and trailing-dge flaps, the degree of balance 
of the control forces of. one by those of the other,effected by inter- 
linking the flaps, would vary over the ranges of test Mach number. 
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3. In contrast to the results of higher Reynolds number investi- 
tions of 8imUar low-aspect-ratio wings, the lift-drag ratios of the 
wing for a given trailing-edwp deflection were not increased for 
the most part by deflections of the leading-edge flap. The disagreement 
was believed to have resulted from separation of ths flow over the wing 
of the present investigation due to the effects of the low test Reynolds 
numbers on the particular wing section employed and of the relatively 
large flap-wing gaps. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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TABLE I.-BASIC JYERoDpmAML C IWFA; h2 5O AND 8f, 10° . 

-ii- 

0.51 

:E 
.8a 
-91 
-95 

1.09 
1.20 
1.29 

-51 

1% 
.91 
l 95 

1.09 
1.20 
1.29 

a CL 
-3.0 0.008 
-3.0 -.038 
-3.0 -.0&l 
-3.1 -.118 
-3.1 -.166 
-3.1 -.l27 
-3.0 -. 069 
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0 l o57 
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0 .lOO 
0 .130 
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.3oo 
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.302 

3.0 .304 
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6:o 2: .438 2:; 

;:; .479 .520 
9.3 .561 

2: :g 

;:: :;:z - 

12.3 0530 
l-2.3 .52o 
l-2.3 
12.3 :$ 
12.4 l 7-56 
12.0 .754 

%I 

3.029 
.041 
.046 
.o53 
.059 

-ii&- 
- 093 
.080 
.038 
.047 
.045 
,050 
,068 
l o87 
. 090 
.079 
.049 
.048 
.051 
.o53 
.o88 
,100 
.og6 

a.025 
-.005 

,006 
.015 
.038 
.031 
.003 
.015 
.002 

-.030 
-. 009 
-.oo5 

.020 

.OL4 
-.015 
-.all 
-.o23 

‘hf 
-0.072 
-.o64 
-. 049 
-. 040 
-.o23 
-.MO 
-.080 
-.096 
-.og5 
-0 059 
-.063 
-.058 
-.o52 
-a 039 
-. 088 
-.138 
-.163 

-.032 
-.OlO 
-.oo6 
-.004 
-.028 
-. 021 
-.036 

chn 
0.075 
.075 
.076 
.087 
.wJ 
.087 

2; 
.051 
.277 
.323 
0315 
l 34O 
l 343 
.306 
.314 
.I92 

:$ 
.6o2 
1% 

.402 

.26g 

-.o73 
-.076 
-.op 
-.071 
-.l27 
-.x63 
-.206 

.og1 -. 082 .381 -.078 

.088 -.O67 9575 -.CX% 

.og5 -.o27 .668 -.081 
-093 -.o24 .746 -.OS 
-145 -- 059 .5T2 -.191 
,132 ,047 ,482 -.192 
,128 -.o63 9333 -.234 

.l!Z -.070 

.145 -0055 

.151 -. 046 

.158 -. 058 

.181 -. 062 
l 179 -.on 
.176 -.084 

-530 
-548 

:;g 
9807 

:E 

l 53o 

2:; 
l 559 

.646 

.57o 

-. 094 
-.lOl 
-.I15 
-.134 
-.1-53 
-.273 
-.280 

.211 

.?O3 

.215 

.230 
,287 
.247 

-.074 
-.o55 
-.066 
-.067 
-.l21 
-.u8 
- 

--.a 
-.117 
-.145 
-.181 
-.258 
-.289 
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TABLE II.- RASIC @RoDYNAmc mTk;- k, loo Am 6f, 2o" 

M 

0.51 

:E 
.a3 
-91 
-95 

1-W 
1.20 
1.29 

.51 

:E 
.a8 
-9 

1.09 
1.20 
1.29 

051 
.P 
.83 
.88 

1.09 
1.20 
1.29 

-52 

:g 
1.20 
1.29 

.51 

:E 

:E 
1.20 
1.29 

952 

:z 
089 

1.20 

a 

-3.0 0.044 
-3.0 .031 
-3.0 .015 
-3.0 -.008 
-3.0 -.024 
-3.0 -.OlO 
3.0 .Oti 
-3.0 .080 
-3.0 .138 

.I 

.I 

.l 

.l 

.l 
0 
0 
0 

.245 -064 -.030 

.261 0073 -.021 

.248 .W5 -.OlO 
0235 .080 
.241 

.0&5 
,089 ,027 

.2g1 .w -.032 

.268 .I53 -.006 

.2g6 ,127 -. 042 

$2 
,527 
0513 

':2$ 
.440 

66:: 

2: 
6:o 

9.3 
9.4 
9.4 
9.4 
.9.5 

;:: 

u.3 
Is.4 
12.4 
12.5 
12.0 

,590 
.653 
.655 
.613 
.585 

:5& 

:% 
l 8go 
.790 
.704 

.608 

2; 
0887 
,866 

Cm %u 
0.051 

-053 
,053 

:% 
"078 
.llO 

--- 
.ll5 

0.027 
.052 
.066 
.083 
.083 
.088 
.m3 
.OOl 

-.017 

0.335 
.395 

;Fg 

.468 
--- 

.322 

.3a 

4.0% 
-.w 
,074 
-9057 
-.068 
-. I.20 
mm- 
-.209 
-. 259 

.267 
0472 

:Zg 
.674 

22 
.418 

-.131 
-.135 

::g: 
-. 140 
-.24il 
-.272 
-.3= 

.Q96 -. 098 -429 -.n6 
-115 ,084 -593 -.ly8 
.I-22 -. 062 .653 -.lyl 
.I28 -.055 .794 -.181 
-181 -.084 .667 -.321 
-190 -.038 .W -0355 
-153 -.085 .442 -.407 

.167 -.131 

.176 -.u2 

.187 -.107 

.241 -. 075 

.217 -.lll 

0592 
:6~ 

.653 

.510 

-.166 
-.187 
-. 209 
-,ko 
-.W 

.=9 -.I24 

.236 -.ll5 

.251 -. El 

.308 -0135 

.375 -.161 

.263 -. 149 
-278 ,119 

.653 

.621 
0633 
:9& 

.630 
0560 

,189 
-.210 
-.2&l 
-0305 
-0 239 
-.436 
-t 496 

271 
.292 

:g 
-332 

-0137 .4-62 -.221 
,138 .614 -.226 
-.135 ,625 -.3ll 
-. 198 .680 -9389 
-. 1% ,563 -.450 
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M 

0.51 

:Zli 
-87 
-91 
.94 

1.09 
1.20 
1.29 

.51 

$2 
.57 

:E 
1.09 
I.20 
1.29 

.51 

:2 
.a8 

3 
1.09 
1.20 
1.29 

.51 

22 
.a8 

:;i 
1.09 

t:g 

.51 

.F 

:Ei 

:E 

i:z 

.51 

:&E 

:$ 
1.20 
1.29 

a 

-3.0 
-3.0 
-3.0 
-3.0 
-3.1 
-3.0 

::: 
-3.0 

.1 

.l 
0 
0 
0 
0 
0 
0 
0 

“_::g 
7086 
-. 106 
-.ll2 
-.088 
-.lOl 
-.146 
-* 095 

.094 

:g 
.083 
.oe6 
.w5 

$2 
.cJ% 

.257 

.258 
2% 
.280 
285 
.a3 
-278 
.2ll 
.210 

0.043 
-043 
.044 
.044 
.045 
.048 
.078 

:E 

.041 

.041 

.Ok 

.043 

:% 

:$ 
.074 

.053 

:g:: 
. m& 

.&7 

.075 

.08B 

.088 

.081 

:% 
.WQ 
.W9 
-112 
.x93 
.ll5 
.ll2 

-116 
.118 
.I21 
.I22 
.155 
.187 
.148 
.147 

.1-P 
-174 
.180 
.1g1 
.2l2 
.191 
.W9 

-x-- -x- 
-0.061 
-.060 
,063 
-.O63 
-.058 
-.132 

2g 
-. 0-p 

4.468 4.052 
-.531 -.057 
-.563 -.058 

::;g I:?; 
-.563 -.056 
-.MB -.I27 
-.474 -.ll3 
-.375 -.lO4 

-. 069 
,074 
-. on 
-. 070 
-. m 

.075 
,104 
-.lE? 
-.W 

-. 193 
-.248 
-.27k 
-.303 
-.3a2 
-.345 

::g 
-.340 

-.076 .043 
-.077 .@9 
-070 .016 
-. 0'15 ,005 
-. 081 -.021 
,087 -.031 
-.l27 -.W 
-.u5 -220 
-.lO7 -.226 

-.on 
-. 06-f 

z:Ez 
-. of31 

Z?z 
-.134 
-.113 

.245 -.on 

.220 -. 081 

.a3 -.084 

.151 -.088 

.I44 -.104 

.=3 -. 139 

.081 ,219 
-.oiq -.241 
-.107 -.259 

-. 0-p 

--:gg 

2$ 
-.I37 
-.ll9 
-.126 

-.on 

I$% 
-. 0-p 
-.108 
-. 144 
-. 139 

.446 

.398 

:g 

:3 
.161 

IWXRMA5OK27b 

Enr -5' AND Ef, 10' 

-. 158 
,062 

I:% 
-.059 
-. Cl61 

z::g 
-. 172 

,071 
-.0-p 
-.0-n 
-. 070 
-.on 

Ig 
-A!01 
-220 

-.097 
,095 
-.105 
-. XL5 

::;g 
-.265 
-. 293 

-.z6 
-.X21 
-.L37 
-.I57 
- 196 
-.289 
-.~6 



c 

. 

TABIZ Iv.- BASICAJXROIlYBlMIC IWIX; s, -loo AND Q, 20° 

M 

0.51 

:E 
1.09 
1.20 
1.29 

051 

:E 
.88 

1.09 
1.20 
1.29 

.51 

.72 

.82 
1.09 
1.20 
1.29 

.51 

:E 
1.20 
1.29 

051 

:E 
1.20 
1.29 

051 

:E 
1.20 
1.29 

a 

3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 

%l 
0.004 0.030 -0.083 
-.025 .047 -0073 
-.052 -055 ,070 
-.016 .138 -.176 
,065 --- -.146 
-0053 .134 -.160 

.I ,175 -082 -.175 
l l -.176 .087 -.176 
.l -.l& . 090 -.X32 
.I -. 196 .105 -.lg6 

0 .214 .124 -.206 
0 .118 .131 -. 193 
0 .145 ml-29 ,167 

:,'Zi 
.329 
.407 
.316 
.2-n 

.Wl -.14Q 
..097 -9135 
.I05 -.147 
.lk -.227 
.148 -.227 
.146 -.234 

66’2’ 
612 

66:: 

::2 
.441 
.m9 
,440 

.132 -.143 -.031 ,181 

.141 -.151 -. on -. 190 

.I4 -.16g -.108 --.210 

.174 -* 195 -0385 -.4u7 
-179 -.247 -.3ll -.k5 

9.2 

;:; 

;:: 

12.3 
12.3 
u-3 
12.0 
12.0 

:g 

:%i 
-579 

,162 
,176 
.la5 
.218 
.222 

0492 .203 
.521 .216 
-579 .229 
0'123 ,280 
.w .277 

-.133 
-0137 
-.lg8 
-. 197 
-.225 

,141 
-.lk! 
-.157 
-.209 
-.2Og 

% 
-0.658 

-.645 

I:% 
-.648 
-* 549 

-0.118 
,118 
-.I22 
--.27l 
-.273 
-,286 

I:$: 
-0495 
-.6n 
-.666 
-0677 
-. 540 

-.I=? 
-. 179 
-0 197 
-.223 
-.-301 
-.367 
-.375 

-.2l2 

I: ;g 
-.502 
-.604 
-.465 

-.156 
-.166 
-.187 
-.334 
-. 395 
-.414 

.138 -.183 
.082 -. 196 
.052 -.224 

-. 1.96 -.431 
-.11g -J-47 

.285 -.190 

.22g -.203 

.203 -.238 
-.017 -.452 

.042 -.477 
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TABLE V.- MStC AERODYNAMIC DATAj 6,,-20° an&Q, 60' 

M a 

0.51 

:E 
-89 
.93 

-2.9 0.212 0.204 -0.173 
-2.9 -19 .226 -.173 
-2.9 -153 ,291 -.168 
-2.9 .138 .277 -.x73 
-2.9 ,138 -354 -.1g1 

951 .3 
.72 .2 
-83 .2 
-89 .2 
-91 .2 

-51 
-72 
083 
-89 
-92 

3.4 
3.3 

33:: 
3.3 

-51 
-72 
-83 
.89 
l S 

2:: 
6:4 
6.4 
6.4 

a52 
072 
-83 
-90 

;-t 
g:4 
9.5 

l 51 

1;; 
-89 

L2.4 0748 
12.4 l 791 

12.4 .831 
E.5 L-039 

cL 

-0.597 
-.666 
-.723 

xg:: 

:G 
- 393 
a375 
0377 

.238 -.207 
,252 -.208 
.26g -.200 
-299 -.2l2 
.386 -.237 

~536 
-0537 
-.571 

I:Zk' 

,701 .287 -.256 -.54o 
.662 -302 -0257 -.543 
.6o7 ,315 -.251 -.545 
.626 .340 -.264 -- 579 
-630 .441 -.288 -9 597 

.713 

:;ZE 
.836 
-8% 

:;Z 
-383 
.455: 
.53o 

-0303 -.458 -a522 
-.3l5 -0459 -0555 
-.321 -.476 -.584 
-.361 -0524 -.6g2 
-0383 -0537 -.778 

.701 
0752 
0775 
-973 

22 
,436 
.622 

-.243 
-0 259 
-- 279 
-.347 

-.322 

I:$; 
-9 449 

.4r6 

.457 

:Z 

-.222 -.201 
-.244 -.174 
-.268 -.216 
-0374 -.287 

CD c, 

a.358 
-.374 

::g 
-.525 

-.444 
-.454 
-.466 
-. 501 
-.636 

-0503 
-.527 

I--; 
-0715 

-0534 
-.%l 
-.615 
-.830 

. 

. 
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TABLE VT.- BASICHWCX+MOMEHTCOElKE'ICIENTS OE'LJRD-CTEDmmC- 
EDGE FUPFORVARIOUSDEFIECTIOlW OFTMILING4iZlGEFLAP 

. 

l 

H 

t.51 

:E 
A6 
-91 
.93 
.98 

i.og 
L.20 
t.29 

.51 

:E 
-86 

:;: 
-se 

1.09 
1.x) 
1.253 

.51 

:ZlT 
-86 

:z 
1.05 

::g 

.51 

:G 

:$ 
-9-7 

LOS 
1.20 
1.25 

.51 

.72 

.82 

.E 

.Yl 
-9: 

1.x 
1.25 

.5J 

12 

:; 
1.x 
1.z 

a 
-3.1 
-3.1 
3.1 
-3.2 
-3.2 
3.1 
-3.2 
-3.0 
-3.0 
-3.0 

-. 1 .025 
-. 1 .024 
0 -029 
0 .028 
0 .03? 
0 .M3 
-. 1 -0% 
0 .036 
0 0 
0 .026 

-191 
.=9 
.226 

:2 
.201 
23.6 
-115 
J-39 

32 
.361 
.361 
-339 
-318 
.394 
.263 
,242 

9.1 

;:; 

z-z 
;:; 

9:o 

12.1 
12.2 
12.2 
12.2 
12.2 
12.C 
12.C 

:4$ 
.596 
A61 
.619 

:$Z 
.3a 

.343 
a& 

:Ez 
.413 
.374 

-- 

M 

3.51 

:E 
.a7 

:$ 
1-W 
1.20 
1.29 

.51 

:E 
.88 

:$ 
1.0s 
1.20 
1-S 

-51 

:E 
.w 

:g 
1.0s 
1.2% 
1.25 

-53 

:E 
.aE 
.91 
-95 

1.0s 
1.2C 
1.25 

.52 

:Z 
.a 
-91 

':Z 
1.2C 
1.25 

.51 

16 
.as 
.9: 

1.2c 

a 
0.094 
-.ll8 
-.144 
-i 140 
-.131 
-.ll7 
-.l51 
-.214 
-.15a 

.lcxt 
-09s 
.oge 
.w3 
.092 
.OE!8 

-1% 
-.W 

.324 

:3g 

:;ZZ 

:g 
.074 
.w 

-2-B 

39 
.357 
.348 

:g 

:Zt 

.262 

:E 

2% 

:4a 
.3= 

3-Z 

rF$ 

H 

3.51 

:E 
.a8 
.91 
.94 

1.09 
1.20 
1.29 

.51 

:E 
.88 

:;t 
1.0s 
1.M 
1.25 

-51 

:E 
.8E 
.91 
.95 

1.0s 

;:g 

-51 

:g 

:: 
.95 

1.x1 
1.25 

-51 

2: 
.a 

3 
1.Z 
1.25 

-5: 

:F 

:g 
1.x 
1.25 

l Z! 

a 

;:: 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 

.l 

.1 

.I 

.l 

.1 

.I 
0 
0 
0 

9.3 

;:: 
9.4 

2: 

;:: 

g4 

l2:4 
12.: 
12.0 
L2.C 

0.063 
-.O% 
-.EQ 
-.14g 
-. I65 
-.1'13 
-A54 
-.236 
-.230 

.oSe 

.m7 

.I22 
Jill 

:g 
.043 

-.oyo 
-.ll3 

-345 
375 
.348 
.326 
.3m 
.293 
.213 

:Z 

5; 

:E 
.450 
.428 
.205 
.I.68 

-380 

:l$ 
.5= 
.557 

::g 
-24.6 

.3@3 

.3es 

.413 

.Q9 

.483 

.372 

.W 
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TABLE VI.- CONCLUDED 

M 

0.51 

2: 
.83 

j 

-51 

2: 
-88 
-92 

-51 

:g 
-89 
-93 

-51 

:g 
-89 
-93 

051 
.72 
-82 
-89 

051 
l 72 
.83 
-90 

a 

+.8 
-2.8 
-2.8 
-9.9 

3.3 

Z:Z 
3.4 
3.4 

2-i 
615 
6.5 
6.5 

9.5 

99:; 
9.5 

2; 
u-5 
12.6 

% 

-0.070 
-.074 
-.Dgb 
-.113 

.126 

.112 
-099 
,083 
,062 

,312 
-332 
-303 
.26g 
,244 

-395 
-393 
,426 
-475 
.447 

-477 
,465 
,451 
,447 

-495 
.4g1 
-519 
.507 

8f = 6o" 

M a 

0.51 

:E 
-89 

-51 
-72 
.82 

051 

187: 
.8a 

.51 
072 
.82 
-89 

.51 
-72 
083 
-90 

4.7 
4?.0 
-2.8. 
+.8 

-3 
.3 
-3 

3.4 

33':: 
3:4 

6.5 
6.5 
6.5 
6.5 

9.5 

;:g 
. 

0 
0 
-.OlO 
-.033 

,164 
,186 
.I.60 

-333 
-338 
-333 
,314 

,471 
.448 
.425 
-407 

0543 
-537 
-493 
-473 

.51 12.5 

.72 12.5 
-83 12.5 -556 

. 



M 

0.51 
. 
z 

:EB 

:g 
1-w 
1.20 
1.29 

l 5l 
-72 
.a2 
-87 
l 91 
-95 

1-W 
1.20 
1.29 

-51 
072 
.a2 
.87 
-91 
-95 

1-W 
1.20 
1.29 

951 

:g 
-89 
-91 

1:g 
1.20 
1.29 

22 
38 
.91 
-95 

1.20 
1.29 

1.20 
1.29 

1' - 
a 

-3.1 
-3.0 
-3.0 
-3.1 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

3.1 
;:: 

;:; 
. 

;:: 
3.0 

6":: 

2:: 

2:: 

E 
co 

;:2' 

;:2' 

;:; 

;:: 

2.0 
2.0 

-.Ol2 
-.004 

I:% 

I:% 
-005 

-:gi 

-003 
.ocQ 

2% 
-.OC6 
-.015 
-.W4 
-.W 
-.a23 

:E$ 
.w4 
,017 
,022 
.a5 
-030 

,013 
-.m 

tz 
-075 

:Z 
-.020 
--of% 

-.033 
-.u.6 

M a 

0.51 

122 
Log 
1.20 
l-29 

.51 
:E 

1-W 
1.20 
1.29 

951 
:E 

1-W 
1.20 
1.29 

:$ 
-82 

1.20 
1.29 

-51 

:g 
1.20 
1.29 

-51 

:E 
1.29 

-3.0 
3.0 
-2.9 
-3.0 
-3.0 
3.0 
0 
0 

.l 
0 
0 
0 

;:i 
3.1 
;:: 
3.0 

2:: 

2'0 
6:o 

;:: 

;:: 
9.0 

E.2 
E.2 
l.2.2 
L2.0 

% 
4.oce 
-.@A 
-. 012 
--d&7 

.OlS 

.a3 

zz 
--.0X? 
w-93 
-.005 

.QW 
0 

,001 

-zig 
-.Kf4 
-022 

,004 
.oe 

-:z 
-.cBl 

-.w 
-.cKn 

,049 
-005 
-a25 

-*MO 
,006 

-65 
-.lT 

H 

0.51 
-72 

:g 
.91 
095 

1-a 
1.20 
1.29 

;; 

:g 
.* 

l-Q9 
1.20 
1.29 

2 
.a9 
-91 

1-g 
1120 
1.29 

-51 

1% 

:g 
-93 
-96 

1.09 
1.20 
1.29 

-51 
:Z 
.a8 

:; 
1.20 
1.29 
1.20 
1.29 

5. r 
a- 

-3.1 
-3.1 
3.1 
3.1 
-3.1 
-3.1 

2:: 
3.0 

;:: 

;:: 

;:: 
9.0 
9.0 
2.0 
2.0 

0 

AL 
-0.ol4 
-.Ol8 
-.OlT 
-.035 
-.Q9 
-.W 
-.0x 

.015 
-025 

-.0X2 
-.OC8 

-.z 

-a-i- 
-033 

9022 
-.036 

-.ol8 
-.ool 

-015 

:Z 
-054 
,013 

-:E 
-.o* 

0 

:tE 
-105 
.ogo 

-2g 
-.ogo 
-.OW? 
-.1q 
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TABIEVII.-Ccc[NcLTlDED. 



.., 

. I 
I I 

P/ate adjustment _ I- 

Fipure /.- IhiMutb af the flexil#e-thrwt mechanism In the Ames 1-w 3$-f& 
h&h-weed wind tunnel. 



NACA 

: Locutioh of ! 
hinge-momenf 
struin-gorges - 

if .!I I , 
< .500 . I 

RMAWK27b 

c-20 

. 

All dimensions 
in inches 

f%pre 2.- Sketch of tie semi;sioon wing mo&/ rwi% /eudhg- und 
hi/ing-edge f/ups. 



23 

F2gur.e 3.- Photograph of the model, with the lew and trail- 
edge flap8 deflected, mounted on the semispan balance in the Ames 
l- by +l&foot higkspeed wind tunnel. 
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.8 

.6 

-4 .5 .6 .7 9 ilo-- ‘l.1 L2 r3 

, 

c 

-. - 



c I , L 

f%w8 6.- Vaththn at scum/ Mach n!.mks of fift coeffici8nt wlfh angle of t?Mwk ti various cwnbinotions 
of leading- and trailing-edge flap deflections, gaps unsealed. 



Iu co 

~41”““““““‘~““““““““““““““““““““”””””’~ 
{a) Leoding-edge ffap denected, tmifing -edge flap undeflecied (doti from retirewe 5,). 

(b) T?&ing-edge flap deflected, IeaoMg-e@e flop untied (data fawn refetwnce 6). 

Figure Z- ~&hA at sewal Mach numbers of Iii?’ coeff&ient WIM angle of af?ock fw separate de&S?ns of 
the k?adM-and trailing-e&e flops, gaps unsealed 
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c 

. 

figUf8 8 ,- vufiuhon wiih Akrch nffnder of th8 bhg8-mOm8# CO8ffCi8nf Of the 

/8Udhg-8@8 r’/op for VUf&US _OeOmefr/i Ung/eS Of UffffCk; f/crpS U#d8fi8Cf8< 

gups unseu/ed 



30 

.08 

.04 

Mach numbef, hf 

Figure 9.- Voriofion wii’h MM number of the htkge-moment coeffii=riPnf of the 
froiling-edge f/q0 Ibr vcviius geometric ang/es of Mock; ffops undenecfed, 
gaps unseuied 



. I c , 

& -404812 0 
4 
2 Anskp of attack, a, aky 

(al Leading-s&w ftop. 

% 
P 

iili!iiiiiiii 
----““‘CKNI ---- -lop20 

‘% 0 4 8 12 0 0 0 0 0 
Angk of at&k, a, deg 

lb) TrwBhg-ed&t? ffap. 

R&tm /O.- VatWon 42 sewot Mach nun&t’s of kwdihg-and h?nWg-edge- fhp Mge-mcnntwt coefmfs WM 
angte of m%ck fw w&us cvn&&tYons of leudhg-and tmihg-e&@-flap d&hWns, glyrs unseulsd 



kn@ of athrck; Q, .&g 
(0) LeooW-e&e fl@ deflected, hW-edge ffw ~effected (dalu hn reference 5). 
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(b) Tm&g-edge ffop deflected, le&g-e&e ffcp un&flec#ed {dah from fefereme 6). 
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FiQum LX- Effect of leoding-edge-f@ &%ctkm at sevwvf Mach numbers on fbe hihge-maweni coetW9nf of 
the undefmted frok?hg-edge flop for varbus geomeMc angles of aHock, gaps unsealed. 
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(0) Leudiig-edge flap. 
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Figure /4.- Ef&ct of Mffch number on the r&es of chffnge of /eadhg- ffnd 
tr&‘ng-edge-flop hhge-moment coefficienfs wifb angle of Muck at zero 
angle of uffmk for vanbus combinafions of /coding-and fruifing-edge- 
flup def/ecfions# gups unseuleo! 
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(0) Leading-edge flap deflected, fraii’tng-edge flap undeflecfed (dafa from 
reference 5). 
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(b) Fahihg-edge flap deflecfea’, /eading-edge flap undef/ecfed (dafa from 
reference 6). 

Fgwe /5.- EffecS of Mach number on fhe rafes of change of /e&hg- and 

tmi//irp-edge-flap hhge-momenf coeffM&s wifh angle of atfac.4 af zero 
ang& of affatz4 for smfe def/sctbns of Me f/@s, gaps msear’ed. 
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Ffgure /8.- Vurht~on of sever& Much numbers of tiff-drop fafio wifh tVf 
coeffkienf for curious combinufions of leading- cmtf fra%kg-edge-flap 
def/ecfionq gups unseffled 
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