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A WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF CONICAL
CAMBER FOR AN ATRPLANE CONFIGURATION HAVING A
TRTANGULAR WING OF ASPECT RATIO 2.2

By E. Ray Phelps and John W. Boyd
SUMMARY

The results of an investigation directed at determining the effec-
tiveness of varlous emounts and spanwise extents of conical camber on
the aerodynamlc characteristics of a wing-body-tail combination employ-
ing a trilenguler wing of aspect ratlo 2.2 are presented. The surface
shapes investigated were modlificetions of those derived from 1lfting
surface theory for a Mach number of 1.0.

Five ceambered wlngs were tested, all of which were deslgned for a
Mach number of 1.0. The wings tested were cambered over the outboard
10 percent of the local semispan for design 1ift coefflicilents of 0.10 and
0.20 and over the outboard 15 percent of the locel semlspan for design
1ift coefficlents of 0.10, 0.20, and 0.30. A plene wing waes &also tested
to provide a besis for comparison. The lift, drag, and pltching moment
were obtained for & Mach number range from O, 70 to 1.90 at a constant
Reynolds mumber of 3.0 million and for angles of attack from -4° to +12°

The experimental results showed that a moderate amount of camber
resulted in significant reductions of drag of the wlng-body-tail combi-
naetion at subsonic and transonlc speeds; at low supersonlc speeds, how-
ever, only smaell reductlons of dreg were reallzed. The use of greater
amounts of camber produced large reductions in dreg at 1lift coefflcients
above 0.20 for high subsonic and transonic speeds. At high supersonlc
speeds, however, the benefits of camber are considerably reduced and gen-
erally restricted to 1ift coefficlients of 0.30 and above. TIncrease of
the spanwise extent of the cambered area from 10 to 15 percent of the
local semispan genersally resulted In small reduction of the model drag
for a design 1ift coefflcient of 0.20. The lift and pltching moment
were not significantly affected by the camber.
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INTRODUCTION

One of the primsry prerequisites 1ln the design of an aircraft is
the achievement of the lowest posslble drag. For alrecraft that fly at
subsonic speeds this requires the minimization of the friction drag and
of the dreg due to 1lift. For eirplanes that fly at supersonlc speeds
enother source of drag must be consldered - wave dreg.

The present report presents the results of an experimental investi-
gation directed at reducing the drag due to lift at subsonic and low
supersonic speeds where 1t 1s largely vortex drag. It has been shown in
reference 1 that a surface shape could be derived having aerodynamic
characteristics which approximate the conditions necessary to attain the
minimum vortex drag for triangular wings, namely, that the span load
dlstribution approximate an ellipse and that the equivalent of the theo-
retical leading-edge thrust be realized. The experimental studies of
references 1 and 2 show that a modificatlion of the surface shape desig-
nated as conical cember resulted in large reductions in the drag due to
1ift values of such wings. The data also showed, however, that at super-
sonic speeds en increasse in the drag near zero 1ift resulted from the
camber. Subsequent studles have 1indicated that a smaller amount of
camber than originslly tested might be advantageous in that the zero-
1lift drag penalties would be reduced at supersonic speeds with little
detriment to the drag reductions at subsonlic speeds,

A study was undertaken, therefore, to determine the effectiveness
of various asmounts . and extents of conical cember on the aserodynamic charac-
teristies of a low-aspect-ratic triangular wing. The tests were conducted
on a model of a fighter alrplene having an aspect-ratio-2.2 wing of tri-
angular plan form conically cambered over two different spanwlise extents
for several design 1ift coefflclents. The present paper presents a
comparison of the experimentel data obtained for the model with the plane
and cambered wings. Some comparisons are also mede between experimental
drag results and the theoretical velues obtained for full and no leading-
edge suction. )

SYMBOLS
8 retio of the slope of a ray from the wing apex defining the
inboerd extent of the camber to the slope of the wing
leading edge a
b locel span, measured at a streamwise station x
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N\ Ol
>
:

X,¥y,a

local chord, measured at a spanwlse station ¥y

mean serodynamic chord

gection 1ift
qc

section 1ift coefficlent,
root chord

drag
dreg coefficlent, =
drag coefficient of plane wing at zero 1lift

increment in drag coefficlent due to camber (dreg coefficient
of cambered wing minus dreg coefficient of plene wing) for
constant 11ft coefficlent

11t coefficient, St

design 1ift coefficlent

1ift coefficient for maximum L

D

pitching-moment coefficient, pitch‘jig%manent s referred to an
axis 0.0l6¢ above the lateral axls which passes through the
meen serodynemic chord at 0.275¢

c
11ft-dreg ratio, 'G%'

maximm lift-dreg ratio

slope of wing leading edge, cot A
free-stream Mach number ,
free-gtream dynamic pressure

plen-form area of wing, including that portion within the body
formed by extending the leading end tralling edges to the

plene of symmetry

Cartesian coordinetes in streamwlse, spanwlse, and vertical
directions, respectively
(The origin 1s at the wing apex.)

angle of attack of wing root chord, deg

engle of sweepbeck of wing leading edge, deg
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THEORETICAL CONSIDERATTIONS

In the theoretical development of reference 1, it was shown that a
conically cembered.surface shape could be derived which satisfied the _
two requirements necessary to the attaimment of low drag due to 1ift for
wings having subsonic leading edges, namely, that the span load distri-
bution epproximate an ellipse and that the equivalent of the theoretical
leading-edge thrust be developed. The theorétically derived camber
extended over the entire wing; however, as shown in reference 1, most
of the camber was confined to the outboard sectlions of the wing. It was
concluded therefore that, in order to simplify comstruction, the wing could
be made planar over the inboard 80 percent of the local semispan without
significantly eltering the spanwise load distribution or adversely affect-
ing the development of the equivalent thrust force. This was verified
experimentally in reference 2 wherein it was shown that at subsonic speeds
the wings incorporating the modified conical cember realized essentially
the drag due to 1lift associated wilth a plane wing having elliptical span
loed distribution and full leading-edge suction.

In the design of aircraft the extent of the wing which can be cam-
bered is often limited by structural considerations, so that it is of
interest to determine the effects of various extents and degrees of
conical camber. The wings utilized for the present investigetion, there-
fore, contained modifications in addition to those described above to
permit varlation of the extent and degree of camber. The degree of
camber or displacement of the wing leading edge was obtained directly

from the design cherts of reference 2 for the proper design 1ift coef-

ficient and Mach number. Since it was desired to camber over smaller
percents of the semlspan than the 0.20 value for which the design charts
of reference 2 were derived, an approximation to the shape of the camber
line was necessary. A parsbolic variation of the camber line was arbi-
trarily chosen from the wing leading edge ta the inboard extent of the_
camber and is shown in figure 1. Also shown 1n figure 1 for camparison
are the ordinates of the modified theoretical surface as obtained from
the design charts of reference 2 for a deslgn Mech number of 1.0. The
parabolic cember line had as 1ts vertex the point of tangency of the
cambered surface and the plane surface and is defined by the equation _
shown in figure 1 for & design Mech number of 1.0. Since the basic
requirement necessary to the attainment of the equivalent leading-edge
thrust force, that is, that the wing leading edge be cembered, has not
been invelideted by these modificatlons, 1t 1s reasoneble to expect that
en effective force in the thrust direction would still be reallized. The
question arises, however, as ito what effect these modifications would
have on the other requirement, the span load distribution. An anelysis
based on the lineexr lifting surface theory was mede, therefore, to deter-
mine the span loasding for the preclise wing shepes that were tested. The
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results of this study are shown in sketch (a) where it can be seen that
the theoretical span loading for the wings cembered over both 10 and 15
bercent of the semlspan are not greatly different from the elliptical.

It would be expected, therefore, that at the design conditions the drag
due to 1ift of the wings wlith a parabolic varistion of the cember line
would closely approximate the minimm drag due to 1ift for a wing of this
aspect ratlo,.

Span loading for parabolic . B Span loading for parabolic
Fo==-__ " camber line = ~=._ cambaer iine
Sy Sy,
\ L1

Elliptic Elliptic
span load span load

Cambered over 10-percent Eb! Cambered over 15-percent _25!

Sketch (a)

APPARATUS AND MODEIS

Test Facllity

The experimentel studles reported herein were conducted in the Ames
6- by 6-foot supersonic wind tunnel, which is of the closed-circuit,
varlable-pressure type utllizing an asymmetric adjustable nozzle to obtain
& Mach number range continuous from 0.7 to 2.2. The transonic capsbilities
ere the result of recent modifications providing perforated upper and
lower test-section walls. A part of the boundery layer 1s removed through
the perforations to improve the stream characteristics. An upwerd exten-
sion of the Mach number renge was obtalned by the use of injector flaps
downstream of the test section to reduce the required compression ratio
across the nozzle and to better match the weight flow characteristics of
the nozzle to those of the campressor.

An extensive survey of the wind-tunnel stream characteristics was
undertaken upon completion of the modifications. Analysis of the results
of the survey, although Incamplete, are sufficiently advanced to establish
the fact that the stream Imperfections do not affect the validity of the
results of the present investigation.

CONFIDENTIAL
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Description of Models

The present research program was directed primarily to the investi-
gaetlon of the effects of various smounts and extents of comlecal camber
on the dreg cheracteristics of a wing of triangular plan form. For this
purpose a complete configuration comprising a triangular wing, indented
body with open inlets, end a vertical tall, similar to that of a con-
temporary fighter airplane was used. Figures 2 end 3 show the test model.
The triangular wing, which was of easpect ratio 2.2, was fitted with
removeble leading edges in order to permit rapid changes in the amount
of cember. The wing srea, leading-edge sweep, and aspect ratio were
unchanged by the camber modifications to the leeding edge.

Five cambered wings, all of which were designed for a Mach number
of 1.0, were tested. Two of the wings Incorporated camber over the
outboard 10 percent of the local semispan and three Incorporated camber
over the outboard 15 percent of the local semlspan. The degree of camber
incorporated over the outboard 10 percent corresponded to design 1lift
coefficients of 0.10 end 0.20. The degree of camber incorporated over
the outboerd 15 percent corresponded to design 1ift coefficlents of O. lO
0.20, and 0.30. The design of each of the cambered surfeces conformed
with the method described under "Theoretical Considerations." A plane ~
wing was also tested to provide & basls for comparison. The thickness
distribution used for both the plane and the cambered wings is tabulated
in table I and was a modified NACA 0003.9-65._gection.

TESTS AND PROCEDURES
Range of Test Variables

Experimental data were obtained during the Investigation over a Mach
number renge from 0.70 to 1.90 and over as wide a range of attitudes as
was posslble fram structural conslderations. In general, angles of attack
from -4° to +12° were the limits of the range of this variable Data
were obtained for a Reynolds number of 3.0 million based on the wing mean

aerodynamic chord.,

At the low Reynolds numbers at which tests are conducted in most
wind tunnels, the location of the transition from e leminar to a turbulent
type of boundary layer is influenced by lift coefflcient. In order that
the comparisons maede, particularly of the dreg characteristics, be for a
consistent type of boundery-layer flow throughout the lift-coefficient
range, some means of maintaining transition at the same locetion for =all
11ft coefficlente 1s necessary. The results of reference 3 have indi-
cated that turbulent flow on wings can be obtained by the use of wires.
The wire size required to promote turbulent flow is dependent on test
Mach number and the Reynolds number based on the meen serodynemic chord.

CONFIDENTTAL
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On the basls of these results the date of the present investigetion were
obtained with 0.010-inch-diameter wire fixed on the body, vertical tall
and on the wings near the leading edges (see fig. 3).

Reduction of Date

The data presented herein have been reduced to standard NACA coef-
ficlent form. The pltching-moment coefficlents were referred to a lateral
axis which passes through a point at 0.275¢ behind the leading edge of
the wing meen aerodynsmic chord and 0,0l6c above the mean aerodynemic
chord. The drag coefficlents were adjusted to take account of messured
internal drag and are, therefore, externsl drag coefficients. Factors
which affect the accuracy of the results are discussed in the following

peragraphs.

Stream varlations.- Extensive surveys of the stream charscteristics
were made in the Ames 6- by 6-foot wind tunnel throughout the aveilsble
Mach number range. The data showed that over the model length essentially
no stream curveture existed in the pitch plane of the model and thet the
axial static-pressure veriations were less than +1 percent of the dynamic
pressure. For the models investigated herein this static-pressure varila-
tion resulted in neglligible corrections to the drag due to longitudinal
buoyency. Therefore, no corrections to the data for stream curvature or
static-pressure variations were made for the present investigetion.

A stream angle was found to exlst in the vertical plane in the test
section (the pitch plane of the model) which varied with Mach number,
Test of the model of the present investigation in both normsl end inverted
attitudes corroborated closely the magnitude of the stream angle obtained
from & cone survey. The data presented herein have been adjusted for the
stream angle which was as much as 0.25° downflow at a Mach number of 1.0.

Support interference.- The effects of model support interference
on the aerodynemic characteristics were considered to comsist primerily
of a chenge in the base pressure of the modél., The base pressure was
measured, therefore, and the drag data were adjusted to correspond to a
base pressure equal to the free-stream static pressure.

Tunnel wall Iinterference.- In order to establish the usefulness of
the 6~ by 6-foot wind tunnel as & test facility, particulerly at tran-
sonic and low supersonic speeds where reflected disturbances might affect
the results, the tunnel calibration tests were extended to include models
of various sizes and plean forms. These unpublished date indicate that
as a result of the perforated floor and celling, reliable data could be
obtained throughout the Mach number range of the facility with certain
restrictions on model size and model attitude, Although the model geo-
metric characteristics and range of model attitudes necessary to obtalin

CONFIDENTTAL
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interference-free data have not been completely defined, sufficient data
are avallable to indicate that for the configuration of the present
investigation, the data obtained at transonic and low supersonic speeds
are sufficiently free of wall interference effects that conclusions drawn
would not be affected. Thus, no correction for this effect has been made.

RESULTS AND DISCUSSION

The complete results of this investigation are tabulated 1n table II.
The portion of the date which are analyzed are also presented graphically.
In figure 4(a) the drag results obtalned for wings cambered over the
outboard 10 percent of the local semispan for design 1ift coefficlents of
0.10 and 0.20 are compered with those obtained for a plane wing. Fig-
ure 4(b) shows a similer comparison for wings cembered over the outboard
15 percent of the locel semlispen for deslign 1ift coefficients of 0.10,
0.20, end 0.30. Figures 5 through 8 are devated to further comparisons
of the drag results obtained from the plsne and cambered wings. Iift
and moment data are presented in figures 9, 10, and 11.

Drag Characteristies

The effectiveness of the various cembers in redu¢ing the drag result-
ing from 1ift for the model of the present lnvestigatlon can be seen in
figure %, A reduction of the drag resulting from 1ift is shown to exist
throughout the test Mach number range for ell the cambered wings, slthough
8 drag penslty was incurred near zero 1ift for the model having wings
cambered for design 1ift coefflclents of 0.20 and 0.30. The model with
the wing cambered for a 1lift coefficient of 0.10, however, exhibited
equel or less zero-lift drag then with the plane wing at Mach numbers
less than 1.9. When the reesons for the reductlion of drag et zero 1lift
are considered, it is necessary to realize that for both the cambered
and the plane wings zero wing lift (where dreg due to wing lift was zero)
occurred at some negative model 1ift coefficient (see fig. 10) as a result
of the csmbered body and wing-body interference effects. Therefore, at
conditions of zero.totel 1lift a finite amount of positive 1lift was carried
by the wings and the possibility of & reduction in drag for the cambered
wings from thet of the plane wing existed due to the development of an
effective leading-edge thrust for the cambered wing.

To demonstrate more clearly the reduction in drag resulting from
the effective leading-edge thrust developed by the cambered wings, a
comparison is shown in figure 5 of the varlation of drag coefficient with
Mach number for the plane and cambered wings at several 1lift coefficlents.
A comparison of the results obtalned for the wings cambered for a 1ift
coefficlent of 0.10 with those for the plane wing shows that significant
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reductions in drag at 1ifting conditions were realized by the cembered
wings at subsonic and trensonlc speeds with essentlally no penalty in
zero-1ift drag. In the same speed range the wings incorporating greater
amounts of camber reallzed even larger drag reductions for 1ift coef-
ficlents ebove 0.20 but at the expense of an increased drag at zero 1lift.
Although the beneflclal effects of the cambered leading edges were great-
est et subsonlc and transonic speeds, 1t appears that a portion of the
effective leading-edge thrust was also realized at low supersonic speeds.
At the higher supersonic speeds, however, the benefits of caember are
conslderebly reduced and are restricted to 1lift coefficlents of 0.30 and
above. The wmusual varlation of the drag coefficlent i1n the transonic
speed range noted in figure 5(a) for the wing cambered for a 1ift coef-
ficlent of 0.10 18 not conslstent with the results of the other wings
and 1s not clearly understood.

The preceding results have shown that large reductions in drag
coeffliclents can be reallzed at subsonlic and transonic speeds on a tri-
angular wing with various emounts and extents of conlcal camber. The
results shown in figure 6, which presents the incremental dreg coeffi-
cients due to camber as & function of design 11ft coefficient &t several
Mach numbers, are included as a gulde to indicate the amount of camber
necessery to achleve the most desirable overall drag cheracteristics.

Examination of the results shown in figure 6 indicates that some
amount of camber (or design 11ft coefficilent) can usually be chosen
beyond which further reductions of drag will not be resllzed for the
usuel crulse lift-coeffilcient range. It must be remembered, however,
that the test 1ift coefficlents shown in thls figure are not those of
the wing but those of the complete model and, hence, the drag Increments
shown are strictly appllcable only for this particuler model. It 1s
evident from these data that for flight 1ift coefficlents up to 0.20 the
camber employed should not exceed that corresponding to the design 1ift
coefficlent of sbout 0.20, For f£flight 11ft coefflcients ebove 0.20 the
results of figure 6(b) show thet greater amounts of camber resulted in
large reductions in drag at subsonic speeds. However, such Increases in
amount of camber were accompanled by increasses in the zero-lift drag

throughout the speed range.

The effects of the spanwlse extent of the camber on the drag charac-
teristice may be seen by comparison of figure 6(b) with figure 6(a). For
deslign 1ift coefficlents of 0.10 ‘there was little difference in the results
obtained for the wings cambered over 10 and 15 percent of the local semdi-
spen. For design lift coefficlents of 0.20, however, the date indlcate
that the wing cambered over the 15-percent semlispen had somewhet superior
drag characteristics then did the wing cambered over 10 percent of the
pemispan. This is apparently due to the smaller penelty in drag at zero
1ift thet 1s assoclated with the more gradusl contouring of the wing

. cambered over 15 percent of the semispan.
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To permit essessment of the effects of conical camber on the lift-
dreg characteristics of the model, figure T presents a comparison of
1ift-drag ratio as a function of 1lift coefficient for the model with the
plene and cambered wings. The beneficlal effect of the camber is again
evident for Mach numbers up through 1.2 and, furthermore, it is shown
that this effect exists for all test 1ift coefficients above ebout 0.10.

In figure 8, the meximum lift-drag ratios measured for the plane-
wing model end the models with the various cambered leading edges are
sumsrized as functions of Mach mumber. FoX¥ comparative purposes, curves
are also shown corresponding to the full and no leading-edge suction
cases for & wing of this plan form calculated fram the values of zero-
lift drag measured for the model with the plane wing. Inssmuch as these
experimental zero-lift drags do not correspond to conditions of zero
wing 1ift these curves are not strictly applicable to the test wing-body-
tail combinations, They present, however, an approximate means of com-
paring the proportions of the available leading-edge thruste obtalned
by the cambered wings.

If the calculated curves are assumed to be limits of the effect of
leading-edge suction, the most highly cambered wing (Cp., = 0.30) can be
seen to have attained a velue of meximm lift-drag retld spproaching
that for full leading-edge thrust at a Mach number of 0.70 (see fig. 8(b)).
Although somewhat lower then for the wing cambered for & 1lift coefflclent
of 0.30, the maximm lift-drag ratlios for the wings cambered for design
11ft coefficients of 0,10 and 0.20 were equdl to or higher than those
for the plene wing for Mach numbers up to 1.5. Even for a Mach number
of 1.9 only the wing cambered over the outboard 10 percent of the local
gsemispan for a 1lift coefficlent of 0.20 experlenced & measurable reduc-
tion of meximum lift-drag retio below that for the plane wing. In gen-
eral, increasing the extent of the camber from 10- to l5-percent semispan
resulted in only slight changes in the meximum lift-dreg ratio. As a
point of general interest 1t should be mentioned that the unususl varla-
tion of maximvum lift-drag retlo at trensonic speeds for the wing cambered
for a lift coefficient of 0.10 shown in figure 8(a) is not clearly under-
stood. It results, however, from the aforementioned decrease in drag
at 1ift shown for this configuration in this speed range (see fig. 5(a)).

In order to show the effects of camber on the lift coefficlent for
meximum lift-drag ratio, flgure 9 is included which presents CLopt as

a function of Mach number. The results are of interest in that they show
that the cambered wings realize the maximum lift-drag ratio at 1lift
coefficients which are not greatly different from thet of the plane wing.

CONFIDENTIAL -
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Lift and Moment Characteristics

During this investigation experimental results were also obtained
showing the effects of conical camber on the 1ift and moment character-
lstics of the test models. The 1ift and pltching-moment curves shown in
flgures 10 and 11 for the cambered wings are essentielly parallel wilth
those for the plane wing and dlsplaced only slightly. A smell positive
shift irn the angle for zero 1ift which is due to effectlve washout
resulting from cember 1s of little significance but the positlve shift
in pitching moment should result In a small decrease in trim dreg.

CONCLUSIONS

An experimental investigation was made to determine the effective-
ness of verious amounts and extents of conicsel camber in reducing the
drag resulting from lift on a triangular wing of aspect ratio 2.2 In
combination with a body and vertical tail., The results of this lnvestl-

gation showed:

l. The use of & moderate amount of conlicel camber resulted in
slgnificent drag reductions throughout the range of posltive 11ft coef-
flclents for subsonic and transonlc speeds. Furthermore, some reduction
of drag at 1lifting conditlons was achleved at supersonlic speeds with
essentlally no penalty In drag at zero 1ift.

2. The use of grester amounts of camber produced large reductions
of drag at high 1ift coefficlents for subsonic and transonic speeds with
little penalty in drag at gero 1lift. The cember was effective in reducing
the drag at high supersonic speeds only at 1ift coefficlents of 0.30 and
above,

3. Changlng the extent of the cambered aree fraom 10 percent to
15 percent of the local semlspan resulted in slight lmprovements in drag
characteristics for a design 1ift coefficlent of 0.20.

4, The 1ift and pitching-moment chasrecteristics were not signifi-
cantly affected by the camber.

Ames Aercnsutlcal ILeboratory
Nationael Advisory Committee for Aeronsutics
Moffett Fleld, Cellf., Jan. 10, 1957

CONFIDENTTAL


http://www.abbottaerospace.com/technical-library

12

Hall, Charles F.:

CONFIDENTLIAL NACA RM A5TA1O

REFERENCES

1ift, Drag end Pitching Moment of Low-Aspect-Ratio

Wings at Subsonic end Supersonic Speeds. NACA RM A53A30, 1953.

Boyd, Jobhn W., Migotsky, Eugene, and Wetzel, Benton E.: A Study of
Conlcal Cember for Trisngular and Sweptbeck Wings, NACA RM A55GlQ,

1955.

Winter, K. G., Scott-Wilson, J. B., and Davies, F. V.: Methods of
Determination and of Fixing Boundary-Iayer Transition on Wind Tunnel
Models at Supersonic Speeds. R.A.E. TN Aero. 2341, British,

Sept. 1954,

CONFIDENTTAL


http://www.abbottaerospace.com/technical-library

NACA RM A5TA10

TABLE TI.- THICKNESS DISTRIBUTION OF WINGS

CONFIDENTTAL

x/c z/c
0 0
.0050 +.0038
.0100 +.,0052
.0250 +.0077T
.0500 +,0100
1000 +.0128
2000 +.0159
«3000 +.0178
4000 +.0188
5000 +,0194
.6000 +.0192
.TO00 +.0177
.8000 +.,0136
.9000 +.0070
1.0000 0
L.E.R. = 0.001l7c
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TABLE II.- AERODYNAMIC COEFFICIENTS FOR MODEL HAVING A TRIANGULAR WING
OF ASPECT RATIC 2.2, 3.9 PERCENT THICK; R = 3.0x108
(a) Uncembered Wing

Q

M |dekx | Cn o0 |Ca M |k | Cn Cp Can
0.70 | =k.32 | ~0.229 | 0.0261. |0.024 || 1.00 | -4.90 | -0.308 | 0.0454 | 0.061
-2.07| =-.122}| .0154 | .01k -2.55 | -.172 | .0270) .037
"096 --072 001%2 .008 -l-)‘l'5 "'ou3 -0235 l&?
olh’ "-023 -0123 .mh' "-29 "‘0053 0208 1018
1-20 0026 10].25 - |&. -003 00203 lm
2.34 08} .0139 |-. 4 1.97 063 .0203] .00L
3053 0138 ’ .0173 bl ) 3-2‘. -136 .02’4-’-!- 001]-
61 Jd92 )1 L0233 | -.016 .35 206 | .0320| -.022
6.73 .311 1 .ok21 | -.026 6.56 349 | .0528 ] ~.0hk4
9.0k4 J35| .OTLT | -.03% 9.0l 507 | 0943 | -.0TT
0.90 |~k.61] -.27T% ] .0321 | .038 || 1.20|-4.B1L | -.281L | .04B6| .069
"2 . 32 - 0153 01&) -02)"‘ "'2 . ""5 - 0151 . 0325 . 01"2
~1.23} ~.09T| .01k6 | .016 -1.35 | -.09%| .0283}| .030
-.03| -.081| .0130]| .009 -39 ] -.032) .0258] .018
1.0k 012 | 0130 | .003 .90 023 | 0254 .o007
2.21 070 0144 | -,004 2.08 08 | .027L] ~.006
3.13 A3k | .0183 | -. 3.32 1551 .0318 | ~-.020
4,51 A95 | 0247 | -.018 k.45 219 .038 | -.033
6.80 330} .0470 | ~-.034 6.T0 348 06081 -,
9.20 H473 ) .0826 | -.051 9.03 L4751 09341 -.085
0.95 |-4.821 ~.300| 0371} 054 }| 1.50{~h.43 | -.213| .040B| .051
-2.471 -.270| 0204 | .033 -2,02 { -, 10| .0283| .020
-1-36 -.112 -0165 .02“' -1-03 "'0062 -0253 l019
-.20} =-.052] .01k2| .015 J1 | -.010) 0240} 009
.80 007§ .0137 | .006 1.20 .038 | .0243 ]| ~.001
2.0k4 L0671 0147 | -.003 2.30 090 | .0265 ] =.
3.29 1361 .0180 § =.013 3.58 149 | .031L | -.024
L ko 203 | .0261 | -.022 4,68 200 | .03781] ~.035
6.65 342 ] .ou88 | -.0h1 6.87 300} 0562 | ~-.055
9.12 L4981 .0872 | -.066 9.17 .398| .0829 | -.076

1-90 ")'|'¢56 "00170 0003% 0-03""
"2-31 "0091 002& n019
-1l.21 "0053 00231 .011
~.04k| -.010| .0218} .003
Sk 0251 0217 | ~.
2.09| .06hk| .023h4|~-.

4,32 Jbk ) L0312 .028
6.1 219 | 0438 | -.043
8.65 .293 | .0628 | -.058
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TABLE IT.- AERODYNAMIC COEFFICIENTS FOR MODEL HAVING A TRIANGULAR WING
OF ASPECT RATIO 2.2, 3.9 PERCENT THICK; R = 3.0x10%° - Continued
(v) Wing ceambered over outboard 10 percent of local semispan,
CLd=Oloa.tM 1.0

(o7
M deg Cr, Cp Cn M deg Cr Cp Can
0.70{ -4.31 | -0.251 { 0.0316 | 0.02T7 || 1.00 | -4.95 [ -0.331 | 0.0519 | 0.06T
-2.05| ~-.139| .0187| .01T -2.65 A9k | L0317 | .043
-.98| -.086| .0153| .o12 -1.48] -.131} .0251| .032
o1k 034+ .0132} .007 -.31| -.067T| .0221| .029
1.1% 016 ] .0125| .002 T8 -, .0193 012
2.26 066 | .0128} -.002 1.94 052| .0185| .003
3.4 J20| .01k81 -. 3.11 113| .0198| -
4.56 ATh | L0177 | ~-.012 k.29 180} .0245) -.01k
6.66 2781 .0208| -.021 6.53 331 oksh | -.ok
8.97 L09 | 0610 ~-.031 8.95 .0838| ~.0TL
13.52 638 | L1449 | -.045 11.30 629! .1326]| -.
0.90| -4.64k| -.301| .0385| .05 1.20] -k.51 300] .0544| .ok
-2.32| =.173] .0214| .028 -2.55| -.168} .0353 ohT
-1.24 | -.116]| .0168] .o -1.37| =-.106| .0296 o3l
-.05| ~-.053| .0137| .013 -.20| -.043 | .026k o021
1.03 002 | .0129| .006 .8 oik | .0250 009
2.18 05T .0132] -. 2.0L otk | .0257] -.003
3.33 15| .0160 | -.008 3.25 o| .0285| -.016
k.h9 JA7h | 019k | -.00k o1 206 .0342} ~-.030
6.66 297 .0368 | -.027 6.64 335 05311 -
9.06 3] .0T23 | -.0kk 9.06 . .0858 1 ~.
10.28 515 .00k | ~.052 13.69 699 | JATh5 | -.132
0.95{ ~4.83| -.321} .ok21| .058|f 1.50{ -k.51 | -.224 | .O444{ .05k
-2.4k9 | -.190] .0233| .038 -2,15 | -.220| .0300| .032
-1.44 | -,130] .0183)| .03;1 -1.06 | -.om| . .022
-2 -. 0145( .019 09| -.019]| .02kl .o11
B7 - 0126 | .009 1.19 03| .02k0| .00L
2.02 053 | .27} .00l 2.34 083 | .0256| -.009
3.13 L1k | .01k | -.008 3.50 136 | .0292| -.020
k.31 AT76 | 0179 | -.016 k.64 188 | .0348[ -.031
6.55 311} .0372] -.033 6.85 289 | .0517| ~-.053
8.95 L4691 .o7hh | -.059 9.13 .387| .0765| -.0T3
10.13 S5h0 | L0959 | -.06T7 13.61 .563 | .1458| -.110

1.90| -4.54 ] -0.180 | 0.0396 | 0.036
-1.25} -.065| .02k9| .01%
-2.30}] =-.103| .028| .021
=11} ~.02k| .0229] .006

-9l|' 1013 10226 e
2.06 053] .0234 | -.
3.18 L0041 .0261 | -.018
k.30 133 .0300] -.026
6.4 207 | .obik i ~.0hL
8.61 .283| .0591| -.056
13.05 A28 .1093 | -.083
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TABLE II.- AERODYNAMIC COEFFICIENTS FCR MODEL HAVING A TRIANGULAR WING
OF ASPECT RATIO 2.2, 3.9 PERCENT THICK; R = 3.0x10% - Continued
(c) Wing cembered over outboard 10 percent of locel semlspan,
Opy = 0.20 &t M = 1.0

M ddé’g cL 0:D Cm M d?é’g c]'.. cD Cn

0.70 | -4.4T | -0.276 0.0398 | 0.030 || 1.00 | -5:02 | ~0.352 0.0617 { 0.072

-2.09}! -.155} .0235| .019 -2,69 | -.21% | .0357| .OMT
-1.02 | -.103| .0191 ] .O1k -1:52 | -.149 | .0308| .037
a1 ) -.ok7 | 0161 .009 -35] = .0255 | .026
1-17 -003 IOJ-,'I'5 -00,4- 176 --m -022)4' loJ.6
2.24 054 | .oLlhh 0 1.92 oho | 0219 | .00T
3-""8 .]_13 -0:L55 '-006 3-10 -l% -0223 --m3
L, hg Jd62|1 0175 | ~.011 k.21 1681 .o2u7|-.012
6.63 263 | 0256 | -.009 6.47 .307 | .0380 | -.03%
8-90 -3& 00)"51 - 029 8-93 -1'|'7° -0739 --%7
]J--Es 'Gl-h 11203 -

0.90 "'"".7"" -'323 10508 001"9 1020 "h‘|88 -312 -0&3 1078
-2.371 -.193] .0272| .032 -2.,52] -.181| .0395| .050
-1.28 1 -.132| 0212 | .024 1.4 -.123] .0336| .039
-.09{ =072} .0AT3| .O1T -.29| -.060{ .0292| .026
-95 ".0]-5 -0153 -m _-87 .m]- -0272 .013
2.16 o5 | .01kg | .002 1.99 0631 .02T2 0
3-37 .107 JOJ-& "-ws 3-22 l131 -0298 "-OJJ"
h.b5 163 | 0186 | -.012 %.38 Aok | L0345 ) -.027
6-63 c279 -0299 --02‘1- 6.59 !3]-9 30506 --051
9.0k s .0581 | -.039 9.00 4501 .o787| -.078
13.63 -687 n1650 "-].28
0.95 | =k.9k | =-.3501 .0520 -.067 || 1.50 | -k.b9| -.234}| .0493 .056
-2.58| -.213| .030L| .O45 -2.2h| -.134%1 .0341| .035
144 | -.2k9| L0232 .034 -1.09| -.084| .0295{ .025
-.26| -.08: | .018%] .023 05| -.032| .0267| .05
-8"" --m 00]-62 -0]-3 1016 -020 -0261 -mh‘
3.22 1081 .oL78 | -.006 £.32 .om| .o272| -.006
2.00 -0’4-3 -0]-56 -003 3-1"8 |126 -0305 "'0018
k.33 1681 .0199 | -.015 4,63 178} .0358} -.029
6.51 .292 | .0333|-.030 6.83 2761 .0508| -.049
8.89 430 | 062k | .04 g.1% .377| .OT43| -.0T0

¥ |ak | & Cp Cp

1.90 | -4.61 | -0.186 | 0.0437 { 0.037

-2.32| -.110| .0316| .023

-1.25| -.073| .0277| .016

-.19| -.03k| .0255| .008

.87 003 | .0248 | .00L

2.02 o2 | .02531-.006

3.13 .083 | .0276 | -.015

k.28 a2t L0311 | -.022

6.35 195 .ok1h | -.037

8.59 271 | .0578 | -.053
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TABLE IT.- AERODYNAMIC COEFFICIENTS FOR MODEL HAVING A TRIANGULAR WING
OF ASPECT RATTIO 2.2, 3.9 PERCENT THICK; R = 3.0X10%® - Continued
(d) Wing cembered over outboard 15 percent of local semispan,
ch = 0.10 at M = 1.0

M dek Cr, Cp Cm M dek CL Cp Cm
0.70 | -4.36 | -0.24:8 | 0.0321.| 0.025 || 1.00 |-4.97 |-0.329 |0.0512 | 0.066
. |-2.10| =-.134| .0185| .016 -2.58| -.190 | .0293 | .0kl
-1.03{ -.08+] .0151| .01L -1.53{ -.129 | .0252 | .031

k| -.030| .0129| .006 -.31]| -.064§ .0220| .020

1.19 018 | .0125( .o01L 781 -.006 | .0183 | .011
2.27 .064 | .0130] -.002 1.9k .053 | .0182 | .002
3.hk3 .118| .oLhk8f -.007 3.10 JA11 ] .0203 |-.005
k.54 169 | .or719| ~.012 k.28 178 0243 | -.01b
6.67 282 | .0323| -.022 6.50 .32k | .O43k | -.038
9.02 411 | o616 -.031 8.95 48,k | .o821 | -.070
10.16 L62 | 07831 -.031 11.30 627 | .1309 | -.097
0.90|-4.69| -.209 .0399| .ok3 |l 1.20|-4.87) -.298| .0540 | .0T3
-2.30| -.167] .0220| .026 -2, k9| -.166| .0350| .046
-1.20]| -.111| .0173[ .020 -1.43 | -.107| .0208| .03k
-0k | -.051| .0146| .012 -26| -.045| .0265] .021L
1.04 .003 | .0138] .005 84 .012{ .0251| .010
2.18 056 | .o1k2| -.001 2.07 075 | .0260 | -.003
3.33 J13 | .016L| -.00T7 3.25 o | .0286 | -.016
k.49 173 | .0200| -.01L 4,43 207| .0341 | -.030
6.72 .300 | .0383| -~.028 6.69 337| .0538|-.056
9.09 A3t .0T20] -.08k 9.00 k631 .0853 | -.080
13.79 56 ) 1861 | -.150

0.95|-4.83| -.321| .ok430| .057} 1.50 [-k.56 | -.228}] .0k50 | .05k
-2,5k | -.189} .02k2] .0381| -2.17| -.120| .0302| .032
-1.38| -. .018%| .028 -2 -.0Th| .0265| .022
-.22| -.061] .0146| .oLT O | 021} .0282| .012
2.02 .053 .0137 0 I 1.14 .030| .0239| .002

3.13 Jd13 | L0152 -.009 2.35 083 | .0254 | -.009
k.35 1781 .0196] -.017 3.48 137} .0291 | -.021
6.56 .34} .0390| -.035 L.68 160 | .0349 | -.032
9.01 65 | .0ThE| -.056 6.86 291} .0519 | -.053
10.15 537 | .0968| -.067 9.15 390 | .OTT5 | -.OTh
13.70 S57T01 .1k86 | -.111

o
28
|.-‘P
5

Cn
1.90 | -4.60 | -0.183 | 0.0399 | 0.036
-2.31 | -.105| .0281| .022
-1.26 | -.068| .0246| .015
007

-.001

-.17}| -.028]| .0225

& 011 | .o0221

2.00 ok | .0231|-.008
3.18 o91| .02571{ -.016
L. 30 131 | .0295| -.025
6.43 206 | .okli ] -.0h0
8.66 2821 .0591]| -.056
13.02 L2l L1101 -.08L



http://www.abbottaerospace.com/technical-library

18

TABLE IT.- AERODYNAMIC COEFFICIENTS FOR MODEL HAVING A TRIANGULAR WING
OF ASPECT RATIO 2.2, 3.9 PERCENT THICK; R = 3.0x108
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~ Continued

(e) Wing cembered over outboard 15 percEnt of local semispan,
Cp, = 0.20 et M = 1.0

M | dg | % | % | Ca || M || % | % | C
0.70 | -4.41 | -0.269 | 0.0390 | 0.028 || .00 | -5.03 | -0.349 | 0.0606 | 0.0TO
-2.10| -.152| .0232| .017 -2.69 | -.212} .0380| .046
-1.05 -.gﬁﬁ 0187 | .013 -1.51| -.1%7| .0300] .035
A2 -, 0155 1,008 -.3%] -.08] .0245| .02k
1.18 .007 | .01ko | .003 76| -.020] .0215| .01k
2.34 .056 | .0138 | -.00L 1.92 .0k2} .0209| .005
3.42| .13 .0153 |-.007 3.08| .101] .0220} -.003
L5k 1631 .07k | -.011 k.25 67| .0239| -.012
6.68 264 | .0257 | -.020 6.51 .309| .038. | -.037
8.90 377 | .0460 | -.029 8.90 A67| L0739 | -.068
13.50 621 1349 | -.o4k 11.23 611 .1202] -.
0.90 | -%.69 | -.323] .0479 | .O4B |} 1.20 | -hk.9k | -.315 | .0606 | .077
-2.36 | -.1881{ .02T7 | .029 -2.59 | -.183| .0396| .050
-1.24} -.128| .0218| .022 1.2} -.122| .0332 | .038
-.08| -.067T| .0180 | .01k -.29 | -.058] .0280 | .o24
1.0} -.010 | .0159} .00OT .87 00k | .026T | .012
2.16 LO8 | .oask | .00L 1.99 063 ] .0262 | ~.000
3.31 Q07| .0169 | -.006 3.22 127 | .0286 |-.013
k.h3 164 0195 | -.013 4.35 191 | .0328 | -.026
6.68 280! .0305|~-.025 6.64 .320 | .Obok | -.052
9.02 Jigo | 0618 | -.080 8.99 453 | L0779 | -.079
10.24 492 | .0833 | -.047 13.67 .68 | .1653 |-.128
0.95 | -k.89 | -.349 | .052k | .066}| 1.50} -4.52 | -.234 | .Okg0 [ .056
-2.59 | -.20T{ .0204 | .0hO -2.19 | ~.134] .0336} .035
144 | -aks | .02281 .030 ~1.09| -.08:] .0201 | .025
-.29 | -. 0182 | .021 05| -.033| .0261{ .015
B | -.018( 0155 .011 1.10 018} .0252 | .00k
1.95 Lok | .0149 | .002 2.96 010 | .0259 | -.006
3.12 Jdok | .0160 | -.007 3.48 25 ] .0293 | -.018
k.33 1681 .0192 | -.016 k.57 A76 | 0342 | -.028
6.50 290 | .0308|-.031 6.76 274 | .0hol | -.0Ug
8.98 A6 | 0659 | -.053 9.08 376 | .0728 |~-.072
10.15 518 | .0865 | -.062 13.62 560 | .1h4OT §-.110
M &k Cy, Cp Cn
1.90 | -4.61 | -0.187 | 0.0435 | 0.037
-2.36 ] -.111| .0313| .023
-1.29| -.0t4| .0273| .016
-kl -.o34 ] .02881 .008
.92 .003] .0239| .ooL
1.99 Lok2 | .02h5 | -.007
3.16 .08k} . -.015
b o7 J2k | .o300 | -.023
6.37 199 | .ok081]-.038
8.65 2] 0577 | -.053
13.00 A15] 1059 -.
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TABLE IT.- AERODYNAMIC COEFFICIENTS FOR MODEL HAVING A TRIANGUTAR WING
OF ASPECT RATIO 2.2, 3.9 PERCENT THICK; R = 3.0X10% - Concluded
(f) Wing cambered over outboard 15 percent of local semispan,

ch = 0.30 at M = 1.0

M d.q' cL cD Cm M dé'g cL cD cm
0.70 | -4.40 | -0.290 | 0.0k40 [0.032 || 1.00 |-5.04 |-0.370 | 0.0680 | 0.076
-2,12| -.173| .0266| .021 -2.73 | -.232] .ok2k| .050L
-1.10{ -.119| .0215| .016 -1.58 -.169] .0336| .oko
.03| -.063| .0175| .ol =42 | -.103| .02T9| .029
1.15| -.008| .01k9 | .006 S| -.0k0} .0235( .019
2.28 o5 | .okl | .oo2 1.8 027{ .0229| .010
3.4 103 | .01k2 | -.ocOk 3.06 0921 .0211 0
k.52 JA55 | .0162 | -.009 k.24 JA57 | .0229 ] -.009
6.61 255 | .0228 | -.017T 6.4 20k | L0351 | ~.031
8.92 364k | .0365 | -.026 8.82 ke | .0625 | -.061
11.18 ko6 | .o7hl | -.038 11.26 .600 | .1112 | -.090
0.90 | -k.Th | -.349| .0548) .055[] 1.20 |-4.91 | -.329| .0652]| .o8L
-2.k5| -.213| .032k | .035 -2.56| -.200( .ok27| .055
~1.34k| -.151| .oz254| .o27 -1.50{ -.139| .0358| .ohk2
-ak| -.088]| .0202| .019 -.28} -.0T6| .030%| .029
97| -.028| .01T3| .02 B | -.013| .0275| .016
2.13 .033| .0162| .ook 2.01 050 | .0265( .003
3.30 . .0165 | -.003 3.15 16| 0276 | -.010
L kg 156 | .0185 | -.010 4,37 183 | .0318| -.023
6.66 271 | 0275 | -.023 6.56 .306| .0k69| -.048
8.99 396 | .0b69 | -.034 8.91 36 0131 | -.0TH
11.41 553 .098k| -.055 13.60 6781 .1557| -.126
0.95 | -k.9T| -.372| .0628| .OTL [} 1.50 |-h.54| -.247| .0527| .059
-2.58| -.231| .0345| .o48 -2.25| -.145)] .0363| .038
-1.hg | -. 0270 | .038 -1.12| -.096] .0309| .028
-.30| -.100| .0206| .026 03| -.0| .0272] .017
5| -.037| .0169f .016 1.13 006 .0258} .008

1.97 .028| .0156 007 2.28 057 .0262] -.
3.09 092 | .0155| -.003 3.45 A1k | .0201 | -.015
.31 JA58 | .0182} -.012 4 61 68| .0337| -.026
6.54 2791 .0286| -.027 6.80 267 .ok81| -.04T7
8.91 A1k | L0539 -~.0k1 9.11 .36T| .OTOh| -.06T7
11..32 S5T51 1016 | -.070 " 13.59 552 | 1347 -.10T7

M aek Cr, % Cny
1.90 | -4.59 | -0.192 | 0.0%60 | 0.038

-2.k0 | -.117 :0332 .02k
-1.32} -.081| .0290 | .oT

86| -.005| .0247) .002
2.02 .03k | .o2k7 | ~.005
3.1h .OTh | .0267 | -.013
-] Jd13| .029T7 | -.020
6.35 Jd91l| .0398) -.037
8.65 .268| .0561 | -.052
13.01 ko8| .1023] -.080
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Figure 2.- Model mounted in the 6- by 6-foot wind tunnel.
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Figure 5.~ Effect of conlcal camber on the variation of drag coefficlent with Mach number for
several 11ft coefficients.
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(b) Cambered over 15 percent of locel semispan.

Figure 5.~ Concluded.
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(a) Cambered over 10 percenmt of the local semispan.

Figure 6.~ Variation of incremental drag coefficient due to cember with

design 1ift coefflclent for seversl 1lift coefficlents.
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(8) Cambered over 10 percent of the local semlspan.

Figwe T.~ Effect of conical camber on the variation of lift-drag ratio with 11ft coefficlent.
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(b) Cambered over 15 percent of the loecal semigpen.

Figure 7.~ Concluded.
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(a.) Ceambered over 10 percent of local semlspan.
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(b) Cambered over 15 percent of local semispen.

Figure 8.- Effect of conlcal camber on the variation of meximm 1ift-
dreg retlo. with Mach number.
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(a) Cembered over 10 percent of loesal semlspen.
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(b) Cembered over 15 percent of local semispen.

Figure 9.- Effect of conlcal camber on the variastion of optimum 11ft
coefficlent with Mach number.
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(8) Cambered over 10 percent of local semlspan.
Figure 10.- Effect of conical camber on the [variation of 11ft coefficlent with angle of attack.
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(b) Cembered over 15 percent of locsl semispan.

Figure 10.- Concluded.
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(a) Cembered over 10 percent of local semispen.

Flgure 11.- Effect of conical cember cn the variation of pitching moment with 11ift coefficient.
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(b) Canbered over 15 percemt of local semispan.

Pgure ll.- Concluded.

OTV.LGY W VOVN

"TVILIGTLINGD



http://www.abbottaerospace.com/technical-library

