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SUMMARY

An exploratory, experimental, and theoretical investigation was made of
the static longitudinal and lateral aerodynamic characteristics of a cambered,
twisted, and blended wing-body configuration with and without integral canard
surfaces which were designed to suppress leading-edge vorticity. This investi-
gation was made in the Langley Unitary Plan wind tunnel at Mach numbers of 1.5,
1.8, and 2.0 and at a Reynolds number per meter of 6.56 x 106.

At the low lift coefficient (Cy = 0.07) for which the wing camber surface
was designed, both oil-flow and vapor-screen photographs reveal little, if any,
upper-surface vortex separation in the very highly swept inboard regions of the
wing with or without the canards. Data for the configuration without canards
show evidence of significant amounts of leading-edge thrust at 1ift coefficients
at or below the experimental optimum lift coefficient. Under these low lift
conditions, any suppression of vortex drag by the canard is outweighed either by
the wave and viscous drag contribution of that surface or by the reduction in
the upwash which gave rise to leading-edge thrust. The overall results suggest
that planform selection is extremely important and that the supplemental appli-
cation of new calculation techniques should provide a process for the design of
supersonic wings in which spanwise distribution of upwash and leading-edge
thrust might be rationally controlled and exploited.

INTRODUCTION

Recent interest shown by the U.S. Air Force in supersonic cruise fighter/
attack concepts (refs. 1 and 2) has resulted in a NASA program aimed at provid-
ing the technology base required for the design of such aircraft. NASA efforts
in this program are reported in references 3 to 6 and cover concepts from cruise
and maneuver designs in the lower supersonic speed range to those designed for
efficient high-speed cruise approaching a Mach number of 3.0. Related efforts
of interest are reported in references 7 to 10.

The current investigation had several objectives. The specific purpose was
to provide the supersonic concept-development data for a canard-type fighter/
attack concept. (See ref. 1.) A general objective was to explore the super-
sonic aerodynamics of a blended wing-body planform which has regions of very
high inboard-leading-edge sweep. Especially examined were the effects of a "no-
load" canard on the over-wing flow and on overall configuration efficiency. The
no-load canard was designed to suppress the development of the strong discrete
vortices associated with such regions of high sweep. Interest in such planforms
derives from their lower wing area (and possible lower wing weight) for a given
span and lifting length. Both lifting length and span are important to super-
sonic aerodynamic efficiency. The concept, which has a design Mach number
of 1.8, features a deflecting two-dimensional nozzle integrated into inboard
trailing-edge flaps. This flap and nozzle combination should provide both high
1lift and improved low-speed lift-drag ratios. The all-movable canard, which



serves as the longitudinal control surface, is provided with trailing-edge flaps
to trim the high 1lift system in the low-speed regime and, therefore, is a neces-
sary part of the configuration. Thus the purpose, in part, of this investiga-
tion was to make the canard a useful component beyond its control role in the
supersonic regime.

This investigation was conducted in the Langley Unitary Plan wind tunnel
at Mach numbers of 1.5, 1.8, and 2.0 and at a Reynolds number per meter of
6.56 x 106, Static longitudinal and lateral aerodynamic characteristics are
presented, and a qualitative assessment at Mach number 1.8 of both the surface
flow and the flow-field characteristics is provided by oil-flow and vapor-
screen photographs, respectively. A theoretical correlation is also given.

SYMBOLS
Force and moment data are referred to the body axis system except for
1lift and drag which are referred to the stability axis system. The moment
reference center for the model is located at 46.736 cm from the model nose
and 1.377 cm below the horizontal reference line.

b wing reference span, 61.976 cm

c wing reference chord, 31.559 cm

Axial force

Ca axial-force coefficient, S
g
Drag
Cp drag coefficient, 5
g
Chamber drag
Cp,c balance-chamber drag coefficient, —S—
g
Lift
CL 1lift coefficient, -
g
Cy,opt optimum lift coefficient for maximum L/D
Rolling moment
o) rolling-moment coefficient,
gsb
CZB effective dihedral parameter, per deg
.. Pitching moment
Cm pitching-moment coefficient,

qsc



,0 pitching-moment coefficient at zero lift

Yawing moment

C vawing-moment coefficient

n ! gsb
CnB directional-stability parameter, per deg
Cp pressure coefficient

Side force

Cy side-force coefficient, s

CYB side-force parameter, per deg

L/D lift-drag ratio

M free-stream Mach number

q free-stream dynamic pressure, Pa

S wing reference area, 1628 cm2

X longitudinal station measured from model nose, cm

a angle of attack, deg

B angle of sideslip, deg

S¢ canard flap deflection, positive when trailing edge is down, deg

Model components:

Cc cambered canard
Cg flat canard
W wing

DESCRIPTION OF MODEL

Drawings are shown in figure 1 of the wind-tunnel model and of the canard
fighter/attack configuration concept (unofficially designated at Langley as
SCIF-2); a photograph of the model in the Langley Unitary Plan wind tunnel is
presented as fiqure 2. The modified arrow wing planform has a continuously
curved leading edge out to the 15-percent-semispan station where the wing inter-
sects the canard; the canard is swept back 60°. From 15 percent semispan to
26 percent semispan (the region of the canard root chord), the wing is swept
back 79.5°. At 26 percent semispan, the wing leading edge intersects the canard
trailing edge; from this point to 46 percent semispan, the wing again has a con-
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tinuously curved leading edge. From 46 percent semispan to the tip, the wing is
swept back 60°. At the tip, the wing has a slight radius on the leading edge.

The configuration concept on which the model was based (ref. 1) had a
design Mach number of 1.8. At that Mach number, the wing camber surface was
designed to provide a lift coefficient of 0.07. This value is substantially
less than cruise 1lift coefficient of the airplane configuration, and one which
tends to avoid extreme camber shape. Thus, the wing camber surface is that
warped plane which, according to the design method of references 11 to 13,
would produce the least drag for that planform at that design lift coefficient
(Cf, = 0.07). Unfortunately, this method does not account for the real-flow ten-
dency toward the roll-up of discrete vortices over very highly swept surfaces at
moderate and high lift. The canard camber plane was then designed by the same
method so that the canard would theoretically have no load at the design 1lift
condition of the wing camber plane. Thus, the flow trailing back from the
canard at this condition would be essentially that flow to which the wing was
optimized in that region, and the development of discrete vortices over the
highly swept portion of the wing should be suppressed.

A range of small deflections of the canard flap was examined to assess the
sensitivity of the aerodynamics of the configuration to changes in canard camber-
plane geometry and to provide concept-development data. A flat canard (no cam-
ber or twist) was tested as well. No attempt was made in the construction of
the model to simulate the all-movable canard control. A minimum body was added
to the wing to house the balance. (See fig. 1(b).)

The data for the camber and thickness distributions of the configuration
without the canards are provided by table I(a) which presents the geometry
inputs in the format of references 11 to 13 and of reference 14. Table I(b) pro-
vides, in the same format, the thickness ordinates of both the flat canard and
the cambered and twisted canard. The camber-plane ordinates of the cambered and
twisted canard are also given in table I(b). The portion of the canard surfaces
described in table I(b) which would overlap the wing planform of table I(a) is
included for lofting purposes only.

TESTS AND INSTRUMENTATION
Tests were conducted in the Langley Unitary Plan wind tunnel at Mach

numbers of 1.5, 1.8, and 2.0. The tests were conducted under the following
conditions:

Stagnation Stagnation Reynolds
Mach
b pressure, temperature, number
number kPa K per meter
1.5 53.2 339 6.56 x 106
1.8 58.5 339 6.56
2.0 63.5 339 6.56




Transition~inducing strips of No. 60 sand grit were applied 1.02 cm behind
the leading edges of the airfoil surfaces. The grit size was selected according
to the method in reference 15 to insure fully turbulent boundary-layer flow over
the model. Forces and moments on the model were measured by means of a six-
component strain-gage balance contained within the model. The balance was con-
nected through a supporting sting to the permanent model-actuating system in the
wind tunnel. Balance-chamber pressure was measured throughout the test program
with a pressure transducer located in the balance cavity and connected to a tube
attached to the sting. Balance-chamber drag corrections (corrected to free-—
stream static pressure) were made to the drag data. Corrections to model angle
of attack were made both for tunnel-airflow misalignment and for deflections of
the sting and balance under load. Vapor-screen and oil-flow photographs were
taken at Mach number 1.8 at selected angles of attack.

PRESENTATION OF RESULTS

The results of the investigation are presented in table II and in the fol-
lowing figures:

Figure
Longitudinal aerodynamic characteristics . . .« +« v ¢ ¢« ¢ ¢ ¢« o« s o o o o 3
Effect on longitudinal aerodynamic characteristics of
small variations in flap deflection of cambered
canard at M = 1.8 . . . ¢ 4 ¢ 4 4 e 4 s e e s s e e s e e e e e e e e 4

0il-flow photographs of configuration without canards at M =1.8 . . . . 5

0il-flow photographs of configuration with cambered canards
at M = 1.8 . . i . i e e e e e e e e e e e e e e e e e

Oil-flow photographs of configuration with flat canards at M =1.8 . ., . 7

Vapor-screen photographs of configurations without canards
at M = T.8 . i i it ot e e s e e e e e e s e e e e e e e e e e s

Vapor-screen photographs of configuration with cambered canards
at M = 1.8 . i i it h e s e e e e e e e s e e e e e e

P T T 9

Vapor—-screen photographs of configuration with flat canard
At M = 1.8 . i i it e e s e e e s e e e e e e e e e e e e e e

Comparison of canard-off and canard-on flow fields and
drag at M = 1.8 . . ¢ ¢ ¢ ¢ ¢ o o s o o s s o s s e o o &

Lateral aerodynamic characteristics . . . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o . 12



Figure

Exper imental and theoretical comparison of longitudinal aerodynamic
characteristics of configuration at M = 1.8 . . . ¢« ¢ ¢ ¢« ¢« ¢« &« « « « » 13

Comparison of experimental and theoretical values of axial-force
coefficient for the configuration without canards at M=1.8 . . . . . 14

DISCUSSION
Experimental Results

Longitudinal aerodynamic characteristics.— In figure 3, the static longitu-
dinal aerodynamic characteristics of the model without canards are compared with
those for the model with either the cambered or the flat canard surface. The
configurations with either set of canards have a higher lifting area (and, hence,
greater lift-curve slope) than the configuration without canards. In the upwash
field of the nose, the flat canard provides higher 1lift and, hence, higher zero-
lift pitching moment Cm, o than the cambered (zero-load) canard which produces,
as it should, the same pitching moment at design 1lift as the configuration with-
out canards. When the small 1lift increments seen in tables II(b) and II(c) (but
not discernible in fig. 3) are multiplied by the canard moment arm, they do pro-
vide the pitching-moment increments observed in comparing the data in figure 3
for the flat canard with the data for the cambered canard.

The most obvious characteristic in figure 3 is a pitch-up tendency at lift
coefficients in the vicinity of 0.25 to 0.35 for all tests. An inspection of
the oil-flow photographs of figures 5, 6, and 7 reveals that separated upper-
surface flow has already begun in the angle-of-attack range of the pitch break
(5° to 69).

The drag polars show throughout the tests that the model with the canards
has higher drag coefficients except at the higher 1ift coefficients. (See
figs. 3 and 4.) The level of maximum lift-drag ratio is higher for the model
without the canard. The model with the cambered canard, which was designed so
that the flow trailing from it would be identical to the flow for which the
wing was shaped, exhibited better performance than the model with the flat
canard. In figure 4, which shows the effect at M = 1.8 of small variations
in the flap deflection of the cambered canard, little distinction can be made
in the drag data. If anything, something of the order of 1° upward deflection
(6f = -1) would appear to provide the best aerodynamic performance, whereas the
more positive values of zero-lift pitching moment Cp,o provided by a flap
deflection of 0° or 0.5° might very well prove best for longitudinal trim at
significantly higher levels of stability than shown.

Review of the longitudinal data (figs. 3 and 4), including the oil-flow and
vapor-screen photographs of figures 5 to 10, reveals as incorrect the contention
which, in part, gave rise to this investigation: the contention that, in the
vicinity of design 1lift (0.07), the vortex-suppression effect of a canard would
be required to preclude vortex roll-up over the high-sweep portion of the wing
leading edge. Certainly the wing alone is revealed in the oil-flow photograph
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of figure 5 to maintain potential flow on the critically sensitive upper surface
at design 1lift {(a = 0°). Conditions are very different at high lift, however.
Figure 11 compares a portion of the flow fields and the associated drag data at
M = 1.8 for the canard off and canard on (cambered canard). The vapor-screen
photographs, in contrast to previous such photographs, were taken from outside
the test-section window with the fan of light at model station 40.64 (well aft
of the canard station). Immediately apparent are the pair of very strong vor-
tices with the canard off at an angle of attack of 12°. The corresponding pho-
tograph with the canard on shows only some lower grade vorticity and surface
separation in addition to the canard-tip vortices and the shock field from the
loaded canard. Obviously, the additional viscous and wave drag of the canard
provides a drag increment at low lift. At high l1ift, however, the greater
lifting area of the canard and its effect in improving the flow over the wing
results in a significant drag decrement.

Lateral-directional characteristics.- The basic sideslip data, which were
taken nominally at B = -4° to 10° for the three basic configurations, were
very linear and, hence, are not shown. These data can be essentially generated
from the sideslip derivatives shown as a function of angle of attack in fig-
ure 12. Very little difference is seen in lateral characteristics except that
the canards improve the wing upper-surface flow and, consequently, improve lin-
earity in effective dihedral. Directional stability is not seen to degrade with
or without canards throughout the range of lift coefficients tested. This is
most likely the effect of the airfoil-like, forebody cross section advancing
into the subsonic cross flow much as an autogiro blade would. (See ref. 16.)

Experimental and Theoretical Comparisons

Experimental and theoretical comparisons at the design Mach number of 1.8
for the model without a canard and with the flat canard are presented in fig-
ure 13, Zero-lift wave drag and drag due to lift were calculated by the method
of references 11 to 13 for no limit and for a limit of three-—quarters of a vac-
uum in pressure coefficient. Viscous drag was calculated by the method of ref-
erence 17. The configuration with the flat canard is selected for comparison
since the method of references 11 to 13 does not yet permit consideration of a
cambered and/or twisted auxiliary horizontal surface.

An especially interesting result is seen in figure 13 in the comparisons of
Cmn and o plotted against Cj for the model with canards and without canards.
The theoretical curve for no pressure limit (where pressure could be less than
vacuum) does not exhibit breaks in linearity; however, the theoretical curves
for limited pressure do exhibit breaks in linearity, and the experimental data
do also. The breaks in linearity are more pronounced for theory than for experi-
ment, since the theory does not account for any lift induced by the development
of vortices over the wing that were previously noted and are described in ref-
erence 18. Thus, the theory without limited pressure (the theory used for the
design of the wing) produces a shape which, in the vicinity of a 1ift coeffi-
cient of 0.3, begins to require potential-flow pressures on the upper surface
which are physically impossible to achieve. When consideration is given analy-
tically (ref. 18) to the vortex-interference 1lift, which replaces the potential



flow apparently no longer possible over the upper surface of the configura-
tion without canard, theory better represents experiment both qualitatively
and quantitatively.

Regarding drag, predictions (refs. 11 to 13) for the model without canards
appear to be slightly high (0.00044) near zero lift. The striking characteris-
tic for this confiquration, however, is the improved drag-polar shape and the
significantly higher experimental lift-drag ratios in the range of optimum lift
coefficient CL, opt- The wing camber shape was designed for a lift coefficient
of about 0.07 by a theory which assumes no leading-edge thrust at that point,
and the experimental Cp, opt oOccurs at 0.18, well past (approximately 2.59)
the design attitude of 06 angle of attack. Consequently, the upwash must have
increased well beyond that for which the surface was designed and must have pro-
duced leading-edge thrust (particularly inboard where the wing leading edge is
blunt and where it follows the high~sweep portion of the leading edge).

The addition of the canard is seen to have significantly degraded the lift-
drag ratio near CL, opt (fig. 13), suggesting that such a surface would signif-
icantly reduce the upwash and consequent thrust of the inboard portions of the
wing downstream of the canard trailing edge. The fact, as previously noted,
that a slightly upward deflection of the canard flap (8¢ = -1°) improved the
experimental aerodynamic performance while permitting increased upwash on the
wing leading edge, would further support this view.

To more directly explore the extent of leading-edge thrust of the canard-
off configuration, the calculations shown in figure 14 were made. Using the
methods of references 11 to 13 and 19, theoretical axial~force coefficients
were calculated for both no leading-edge thrust and full leading-edge thrust.
The experimental values shown were adjusted by the small increment in drag
(0.00044) previously noted, so that the theoretical and experimental values
would be coincident at the 1lift coefficient (0.07) for which the wing camber
surface was designed. The two oil-flow photographs taken at design camber atti-
tude (@ = 0°) and at o = 4° (Cy, = 0.28) are repeated in this figure to show
the clean upper-surface flow and the very nonpotential flow, respectively, for
those two relevant conditions. Immediately apparent is the indication of experi-
mental, full leading-edge thrust at experimental optimum lift CL opt- Also
apparent is the rapid loss in percent of leading-~edge thrust as 11ft is further
increased to and beyond the lift coefficient (0.28) corresponding to the photo-
graph (fig. 14) showing substantial upper-surface flow breakdown.

Evidently, this wing planform, which has a high upwash region of its lead-
ing edge inboard where the leading edge is relatively blunt, can, indeed,
achieve significant levels of leading-edge thrust at supersonic speeds where
more conventional thin wings with straight, subsonic leading edges and highest
upwash at the tip cannot achieve leading-edge thrust. This fact would suggest
that planform selection is extremely important, and, further, that use of the
method of reference 19 in conjunction with that of references 11 to 13 should
permit the design of supersonic wings in which spanwise distribution of upwash
or leading-edge thrust might be rationally controlled and exploited.



OONCLUDING REMARKS

An exploratory investigation was made of both theoretical and experimental
static longitudinal and lateral aerodynamic characteristics of a cambered,
twisted, and blended wing-body concept. The wing-body was investigated with and
without integral canard surfaces designed to suppress leading-edge vorticity.
This investigation was conducted in the Langley Unitary Plan wind tunnel at Mach
numbers of 1.5, 1.8, and 2.0 and at a Reynolds number per meter of 6.56 x 106,

At the low lift coefficient (Cyp, = 0.07) for which the wing camber surface
was designed, both oil-flow and vapor-screen photographs reveal little, if any,
upper-surface vortex separation in the very highly swept inboard regions of the
wing with or without the canard surface. Data for the configuration without
canards show evidence of significant amounts of leading-edge thrust at 1ift coef-
ficients at or below the experimental optimum 1lift coefficient. Under these low
lift conditions, any suppression of vortex drag by the canard is outweighed
either by the wave and viscous drag contribution of that surface or by the reduc-
tion in the upwash which gave rise to leading-edge thrust. The overall results
suggest that planform selection is extremely important and that the supplemental
application of new calculation techniques should provide a process for the
design of supersonic wings in which spanwise distribution of upwash and leading-
edge thrust might be rationally controlled and exploited.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

March 21, 1979
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TABLE I.- INPUT GEOMETRIC CHARACTERISTICS OF WIND-TUNNEL MODEL IN CENTIMETERS

(a) Model without canards

162R,07 REFA
NeN «500 « 750 1,250 P.500 5,000 7,500 10,000 15,000 20,000 XAF 10
25,000 30,000 35,000 40.000 45,000 S0,000 S5,000 60,000 A5,000 70,000 XAF 20

75.000 RPO0L,000 85,000 90,000 95,0060 100,00 XAF 26
0,000 0,000 2,134 €6R,580 WORG 1
«447 1,031 P.067 67,925 WORG 7
1.568 2,06R 1.849 Ah, 604 WORG 3
3,190 3,099 1.504 64,770 WORG 4
S.7720 4.130 «R13 62,032 WORG s
10.119 &,.,16A « 070 57,479 WORG 6
21.234 74229 0,000 45,P9R8 WORG A
26.060 84265 =,046 40,R69 WORG G
32.756 10,328 =.279 33,757 WORG 11
35,6672 11,364 =,381 3n.64R WORG 12
38,303 1724395 =,475 27,798 WNRG- 13
404681 13.426 ~=.559 25,944 WOkG 14
44,618 15,494 =-,696 23,658 WORG 1A
49,982 1R.,593 =.8R4 20,777 WORG 19
55,352 21,697 =1.072 17.RA? WORR 22
60,719 24,790 =1,760 14,994 WORG 75
66,NRA P2T7,RR9 =1,448 12,10A WORG 2K
67.R€69 PR,920 ~1,509 11,151 WORG 29
70.063 29,957 =-1.588 9,779 WNRG 30
T6.200 30.988 =1.803 4,470 WwORG 31

0,000 =e015 =,025 =,038 =,07A =.173 =,279 =.401 <~,64R =,914 T70FD 1
“1.199 =1,488 =1,786 =2,083 =2,375 =2,667 =P,939 =3,198 =3,439 -3,663 TZORD
=3 ,RBA =4,073 =4,1A1 =4,765 =4,333 =4,360 T70RD

0000 =o0”20 =,030 =,048 =,089 =_,19R =,320 =,437 =,A099 =,973 TZORD
=1.265 =1.560 =1,A56 =2,159 =2,449 -?2,733 -3,0n7 =3,7256 =3,490 -3,698 TZORD
=3.870 =4,031 =4,150 =4,237 =4 ,2E8 =4 ,708 TZORD

0,000 =4013 =,018 =,0P28 =,069 =,157 =~.?64 =,376 =,625 =,894 T70RD
=14173 =1.468 =1,781 =2.055 =2.,339 -7,A37 =P.P8N ~=3.124 =3,348 =3.,548 TZORD
=3,719 =3.861 =3.970 =4,046 =4,084 ~4,0R84 T70RD

0,000 =e005 =4008 =,014 =,03F =,001 =,178 =,267 =,492 =.T4?2 TZORD
=1401A =142%4 =1.568f =1,R39 =2,111 =2,3F7 =-?,598 -2,831 -3,033 ~-3,185 T70RD
=34377 =-3,419 =3.500 -3.,561 =3,58]1 =3,871 TZOR®

0,000 «008 «0N13 «023 046 « N5 «036 =,020 =,152 =~,330 T70RD

=e572 =¢Bl0 =1.052 =1.7285 «1.,514 -1,735 =1,941 -2,123 -2,781 -2.,41R TIORN
=2e527 =2.606 =2,654 =2,670 ~2,649 =?,506 T70RD
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-.889
0.000
« 2409
-e696
0,000
«229
- P76
0.000
« 2409
«020
0.000
« 2?29
«137
0.000
«198
«152
0,000
1727
« 076
0.000
« 069
« 005
0,000
« 056
«013
0.000
« 046
«02R
0.000
« 046
046
0.000
<04
«036

14

«030

--137
-1.590

075
«279
« 079
«018
«203
«R?8
«013
218
0202
«010
« 249
«023
«010
«239
«114
« 005
«208
«135
« 005
127
061
«003
. 069
«010
«003
« 056
« 005
«003
«048
«023
«003
« 051
« 046
«003
<046
«030

-1

-1

« 046
«32R
« 648
« 036
«135
2168
«N?25
o147
e 9AR0
.018
193
«363
« 244
. 066
«N15
P41
. 086
.010
«”16
«114
«005
«132
e 046
.005
« 069
. 073
«003
.056
«005
.00—3
. 051
«018
«003
«.053
«041
«003
. 04R
« 025

« 076
=-.508
-1,6R7
. 056
«078
~1.308
046
« 066
-10100
. 030
« 157
-,439
+ 025
«?31
~e114
£ 023
241
oN61
+01R
«218
. 094
.010
«137
« N30
. 005
66
-.036
. 005
. 056
-.015
005
« 051
«N10
«003
«N56
.036
+003
« 051
015

TABLE I.- Continued

(a) Continued

e 147
-«6R1
-1,699
n117
-.0R6
-1.445
« 086
-.015
-1,237
s 061
117
"0513
« 056
213
-.163
« 046
236
«030
«N36
.216
«071
. 073
<130
«013
«013
<061
-+ 051
<010
« 083
‘-0?5
008
« 048
005
«005
«056
<030
«005
« 051
«010

257
- 048
-1,689
o224
=208
-1,58?
« 168
-NT74
-1,3827
«117
«071
=582
«102
191
-.?11
«N91

« 2?29
0,000
«NEA
211
.048

« 043

e 1724
-.005
.023
«053
~-.066
«N1R
«046
-.036
«N15

e 046
-,003
«013
.056
«N25
,013
<051
0,000

«31R
=-1.006K

«310
-.335

«??29
-.”1R

«16R
« 020

145
165

.17?
«?”16

007
. 7073

. 0GR
«117

« 033
<046

028
« 0473

« 020
041

.018
« 056

«015
. 051

. 345
-1.153

358
-,472

«257
-e 328

188
-e036

«178
132

e147
«198

«124
«193

« 074
«.109

« 046
«036

« 036
«036

025
«038

« 023
«053

.023
<046

«320
-1,2HA

« 376
-e007

.279
- 445

271
-, 094

216
« 197

185
« 183

« 157
«180

« 097
«099

« 056
« 025

0046
. 028

«036
«033

«036
« 053

«033
<046

« 206
-1,407

«356
—-e 747

279
=566

«?34
~-e157

239
« N5R

«?11
160

«183
« 168

o117
«0R9

« 066
<015

«053
«0720

«043
«043

«N41
«051

.038
« 041

TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZORD
TZ0RD
TZORM
T70RD
TZORP
TZORD
TZORN
T7ZO0RD
TZORD
TZORD
TZORN
TZORD
T7Z0RD
TZORD
TZORD
TZO0RD
TZORD
TZORD
TZORD
TZ0RD
TZORD
T70RD
TZORD

OV ODDDODNI DI



0,000
« 043
« 034
0.000
« 025
«0R)
Ne0
1.7RR
1.195
N0
1,788
1.195
0a0
1.788
1195
Ne0
1.788
1.195
Ne0
1.788
1.1958
0.0
1.7R8
1.19%
0e0
1.7RA8
1.195
NN
1.78R
1.19%
0.0
1.7R8
1.195
0.0
1.788
1.195

«003
« 046
« 030
N.000
«033
. 086
l~1()4
1.R92
T 4
«304
1.R92
.q67
« 304
l.gg?
. 967
«304
1.892
T4
«304
1.8292
<9aT
«304
1.892
=T
«304
1.892
. 967
e AN
1.892
« 967
«304
1.892
. 967
« 304
1.,R%2
« 967

.003
048
«023
0.000
+ 03~
« 091
»368
1.962
. 729
«368
1.967
« 729
+3683
1.962
« 729
«368
1.962
« 729
« 368
1.96?7
« 729
«368
1.967
« 729
+36R
1.962
. 729
.368
1.962
. 729
«368
1,962
« 729
.368
1.962
« 729

.003
« 051
. 015
.003
«N43
« 097
<469
1.997
«490
.46q
1.997
«490
« 469
1.997
«490
« 469
1,997
« 490
« 469

14997

« 490
« 469
1,997
«490
« 4690
1,997
«490
« 460G
1.997
Q490
« 460
1,997
«490
«469
1.997
«490

TABLE I.- Continued

(a) Continued

« 005
.oql
«010
«003
048
«102
o647
1.996
« 250
«647
1.996
«250
«H4T
1,996
«250
o647
1.996
«250
«647
1.996
«?50
o647
1.996
250
« 647
1.996
« 250
«647
1.996
« 250
.647
1.996
« 250
o647
1.996
« 250

.010
« 051
0,000
« 005
«053
«107
«875
1,954
«009
«875
1.954
«009
«ATS
1.954
«009
« 875
1.954
«009
A
1.9%4
« (09
«878
1.954
«009
+87S
1.954
«009
875
1.954
« 009
«ATS
1.954
«009
« 875
1.954
.09

018
«048

«008
« 058

1.059
1.R6R

1,.0%9
1.R6R

1,059
1.R68

1.059
1.R6R

1.059
l1.868

1.0569
l.r6R

1.0R9
l1.868

1.059
1,R6R

1.059
1.8FR

1.059
1.R68

«N23
« 046

«010
« 066

1.713
1.743

1.7213
1.743

1.213
1,743

1.7213
1,743

1.213
1.743

1.213
1.743

1.713
1,743

l1e213
1.743

1.713
1.743

1.213
1.743

«036
«038

0023
o076

1,645
1,402

1,645
l.402

1.645
1.402

1.645
1.402

1.645
l.402

1,645
1.402

l.645
1,402

1.645
1.402

14645
l1.407

1.64%
1.402

TZORD 30
TZORD 30
TZORD 30
TZORD 31
TZORD 31
TZORD 31
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD
WAFORD11
WAFORD11
WAFORD11
WAFORD1?
WAFORD12
WAFORD1?

VOOV RRAURUND S P WWWNNN =
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TABLE I.- Continued

(a) Concluded

0.0 «304 .368 « 469 647 «RTH 1.069 1,213 1.459 1,645 WAFORD13
1.TBB 1,892 1,962 1,997 1,996 1,954 1,868 1,743 1,586 1,402 WAFORD13
1.195 ,967 » 729 490 250 ,000 WAFORD13
NeO <304 «368 « 460 o647 «875 1.059 1,213 1,459 1,645 WAFORD14
1,788 1,892 1,962 1,997 1,996 1,954 1,868 1,743 1,586 1,402 WAFORD14
1,195 ,96&7 « 7729 «490 «250 .0009 WAFORD14
0.0 »304 . 368 469 4T «R7T8 1,056 1,213 1,459 1,645 WAFORD] 6
1.7RA 1,892 1,962 1.997 1,996 1,964 1,86R 1,743 1,586 1,402 WAFORD16
1.195 ,967 «729 «490 «250 .N09 WAFOPD1Y6
0eh «304 «36R8 «46H9 oF47 «875 1.059 1,213 1.459 1,645 WAFORD19
1,788 1,892 14962 1,997 1.996 1,954 1,868 1,743 1.586 1,402 WAFOFD19
1.195 L0&7 e 729 «490 250 .009 WAFORDP]O
0«0 « 304 368 469 647 «R7S 1.089 1,213 1,459 1.645 WAFOQFD2?2
1. 788 1,892 1.967 1,997 1.996 1.954 1.86R 1,743 1.5%86 1,407 WAFORD2?
1.195 L9667 «729 «490 « 250 <000 WAFORDP2
N.0 «304 «368 «469 6467 875 1.089 1,213 1,459 1,645 WAFORM 25
1.78R  1,R92 1,967 1.997 1,996 1.954 1,868 1.743 1.586 1.402 WAFORD?S
1.195 .97 . 729 « 490 «250 <009 WAFORD2®
N.0 «304 368 «469 647 .875 1.056 1,213 1,459 1,645 WAFQRD?>8
1.788 1.892 1,967 1,967 1,996 1.954 1,R6R 1,743 1,586 1,402 WAFORD2R
1,195 967 « 729 <490 «250 .N09 WAFORD?8
0.0 . 304 368 469 «647 <875 1.059 1,213 1.459 1,645 WAFORD2O
1.788B 1,892 1,902 1.997 1,996 1,954 1,868 1,743 1,586 1.402 WAFORD?P9
1,195 L,9A7 « 729 490 «?50 .009 WAFORD29
0.0 «304 «368 469 b4 875 1,050 1,213 1,459 1,645 WAFORD20
1,788 1,R92 1,962 1,997 1.996 1,954 1.868 1,743 1.586 1,407 WAFCRD30
1.195 ,967 729 «490 «250 « 0009 WAFORD30
0.0 «304 «368 <469 647 «RT5 1.050 1,213 1,459 1,645 WAFORD3]
1.7R8  1.892 1,962 1.997 1,996 1,954 1,R68 1,743 1,586 1,407 WAFORDA1
1.195 ,967 «729 490 250 .009 WAFORN31
15,240 17.TR0 20,320 25,400 30,480 35,560 40,640 45,720 XFUS 9

~e139 «4,239 ~,339 -,539 -,738 «,938 ~1,137 -1,337 ZF US ]
15,518 15.518 15,518 15,518 15.518 15,518 15.,K1R 15,518 FUSARD 9
46,736 50.800 55,880 60,960 66,040 6R,580 Xcus A
«1,377 =16537 =1,736 =1,936 =2,135 =-2,235 ZFUS 6
15,518 15.51R 15,518 15,518 15,58]1% 15,61% FIISARD &
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0.0
15,0
R,994
10,782
17,573
14 ,3A1
16,157
17,940
18,728
?1.519
23.307
24 A86
Ne0

- 0AN03
N0
.N100
000
«N12R
1Py}
0279
0.0
0203
0.0
0130
NeN
sN1n?
0.0
«NNT6
n,n
«N044
0.0
«NN0A

« 1725
20,0
S.164
A,198
7.731
A,763
9,296
10,330
11.361
17,395
12,429
14,774
-.N00S
-.,NR10
-.n001
.07290
-.noN3
.NP235
0.0
«N&06
n.n
.NP279
n.n
<0178
0.0
L0130
n'n
«N107
a.n

. 0056
Nen
.N019

TABLE I.- Continued

(b) Geometry of cambered and twisted canard

.?5
30.0
LNT7
-.199
-.390
-.491
-.50R
-.50R
-.%98
-.50A
-.50R8
- 50R
-, N01Q
-.0304
-.n007?
T
L0001
.NE213
0.0
LNARE
0.0
L0457
0.0
NELL
0.0
L0200
Na0
«+0157?2
n.o
+N107
0.0
0031

o5
40,0
14,307
12,111
11.R34
1n,654
7”74
7,993
fa713
5436
44,156
3,170
- (044
« 38N
-.N0N03
« 19RR
s1NO2
«NTTT
0o 1
«101F
NN
LNEAD
a0
LK T
nNgn
L2310
0.0
L0203
[\

. 0130
DD
N03R

« 7S
500

-, 0060
P ARD
"-0011
«3416
N004
e 1ARR
D.N

« 1397
04N

o 111G
NN
NERG
0,0

« 1381
n,n

s N254
ngn
JU1TR
n.Nn
0044

].n
500

-~ OnpH
« 2300
~.0011
«ST7NG
=.0002
« P00
LNN2N
«1%+2n
OO(‘

o 11FF
Nen
«0TR?
Oan
L0407
Geh

. 0330
[UFRY

. 0703
Gan
L008D

1.5
T0al

-+ 013G
« 23800
- 0N1¢F
l.47RN
PRLELD!
¢ IRQR
03D
24739
JON2N
.1473
n,n
YA
04N
L0A10
n,n
«Nan&
(G

« 1754
0.0

. NORT

?.l'.\ qu
ROL,N AN, n

- N2N7 =,0395
ePARN G2 3RD
-, NP9 =,0039
1.4280 11,4220
LN0ns L0017
5574 +TTET
L0050 LOORD
«31810 240369
L0030 L0050
1503 ,PlFa
N30 L0080
21143 1346

L0000 003N
L0737 JDKkE4
n.n L0025
. 04R73 « 0559
NeN «N01?7
. 1305 0330
Neb 0,0

L0071 LJO0FA

100
10040

- NHAY

« 73R(

-.0014
144780

L0060
o TTHT
.01R0
.513]
LN10N
PR16
.00RN
«1A00
L0050
L1016
L0050
«0A3G
L0038
L0381
00

.0107

XAF 10
XAF 20
AFORG

AFORG

AFORG

AFORG

AFORG

AFORG

AFORG

AFORG

AFORG

AFORG 1
CAMORD
CAMORD
CAMORD
CAMORD
ramORD
CoMORD
CAMORD
CoaMORD
CAMORD
CeMORD
CAMORD
CAMORD
CamMORD
CamMoRD
CarQRD
CaMOkRN
~AMORD
CAMORD
CAMOKDY O
CAMORDYN

COTTNNGCOT AAL P VWUV~ —D2O0DB~NI DS 0N~
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.1139
1,49
.119
1.649
.139
1.549
. 139
1 .F49
1 f49
. 139
1.649
. 136
1.A49
. 179
1,649
. 139
1.649
139
1.A45G

.210
1.R94
2710
1,894
l?ln
1,894
.?10
1.894
210
1.894
.210
1.R94
.?]0
1.R94
210
1.894
o210
1.894
.?10
1,R04

<21
1.996A
«311
1.9G¢
‘Rl]
1.964
«311
1,906
311
1.096GA
«311
149GF
«311
19964
<311
1.99A
«31)
levué
«311
] 96

TABLE I.- Concluded

e ITR
1.952
« 378
1.962
2371
1.957
378
1.957
«3TR
1.967
1.9572
«37H
1.352
378
1.96?7
. 37R
1,952
«378
1,952

(b) Concluded

.AR?
1.742
432
1.742
o437
1.742
«437
1.742
s 4D
1.742
&332
le742
W 437
1742
o L3P
1747
«437
l1.747
43D
1.747

.525
l]es0D
L5725
1.400
s EP5
1.400
Lnos
1.400
2R
1.400
s BN 2PR
1.40N
L57E
1o400
e 525
].AOO
-1
1.400
.58
1o403N

.AE4
ST NN
. hBRA
«ShE
«HSA
. 066
LT
. 966
. BEA
s 9RA
o« hEH
TN
Y
. 9FhH
e ABA
TN
. HEA
« AN
e PGA
« ORA

«BRTT
o490
RT7
« 490
«R77
.4Q0
HTT
490
«RT7
e 0G0
«ATT
BN
«R77
c4G
P17
490
.Q77
4N
«RT7
PR

1.216
009
l1.216
0009
1.716
. 0A0
1.216
006
1e?16h
. N0G
le?1¢
s N0Q
l.”71F
.00
l1.716
«N09
1216
s ING
1.”716
«N0G

AFORD
AFORD
AFORD
AFORD
AFORD
AFORD
AFOQORD
AFORD
AFORE
AFORD
AFORD
AFORD
AFORD
AFORD
AFORD
AFORT,
AFORDN
AFORD
AFORD 10
AFORD 10
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TABLE II.- MEASURED STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS

(a) Model without canards
M ng'; CL p Cm L/D Cp,c
1.50 -3¢99 [-e1153 | 40185 «0355 |—6e2395 | 40015
-34,00 | =e0680 «0153 «0281 -444372 «0015
~1e99 | =-e0193 «0137 «d212 =]labdl44 +0015
~-e96 «0300 «0135 «J133 242261 | 40016
«01 «5718 V143 « 0072 50055 | 40016
l1.C0O 1183 «0163 «000¢ Te261l4 « 0016
2400 01667 e0165 | =¢e 0069 B8e5425 | 40016
4601 02654 «0311 | =e0232 B8e5405 e0015
6403 «3569 a04G4 | =-4,0322 Te2212 | 40015
800 04416 «0754 —-ed326 548539 « 0015
10.01 92225 «1070 | —e0351 4.8827 «0015
12.03 06051 01456 "00369 401556 00016
-s01 0731 «0141 «0C72 51956 «0016
15402 7221 02127 -40373 363942 «0016
Y 15600 ¢« 7203 e211b | =e0374 3.4C05 ¢« 0016
1.80 —4401 | =e0959 | 40173 | 0302 [=5e5424 [ +0015
=3400 | =eG542 | 40145 00245 |=3e47447 | 40016
-2+01 | =40116 «0130 «0188 -e8904 ¢ 0016
-1.01 «C299 «0129 «0134 203211 | 40016
«00 «0713 «0139 «0083 51461 «0016
¢98 e1111 «0158 « 0036 760455 «0017
2601 el544 «0190 -+¢0QC22 Bel217 « 0016
4400 02354 e0297 | —e0119 79283 ¢ 0016
600 e31138 00462 | =e0165 667989 +0015
8.01 .3F37 00685 ‘00165 5.5901 00015
10-01 045‘10 00962 '.017‘0 4.7177 00015
11.99 5212 «1283 | =40190 44,0622 «0015
16000 06518 02076 ‘00209 3.1392 00014
Y 01| 0722 | 40138 | 40083 | 542223 | .0016
2400 -4401 -+088O0 «0167 e 0261 |~5e2632 + 0014
—2e99 ] —-40486 «0140 e0211 |=344606 «0014
=199 | =e0094 «0126 e 0164 -~e7335 « 0015
-e55 «0318 «0127 o0114 205000 e 0015
o2 0679 «0137 «0074 449586 «0015
103 «1068 «0158 «0033 | 647696 | «0015
2.01 01‘033 00189 '00011 705943 00015
4400 «2205 00293 ]| -.0082 Te5354 «0015
a2 « 2896 00447 | =40102 ] 6hab4T737 « 0014
3,01 03556 +0655| =-40111 504253 «0014
10.01 04201 20910 | —«0120 4¢6177 «0014
11.99 «4817 e1207 ]| —-40126 349917 «0014
16402 «6005 «1939 ]| -4013¢4 340673 «0013
1999 «7110 02832 | =e40145 2¢5105 «0013
Y W01] 40716 | 40138 40075 | 5.1968 | 0015
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TABLE II.- Continued

(b) Model with cambered and twisted canard

) o1

M dg <_:'; deé Cy, Cp Cn ] L/D Cp,c
1.50 0 -2,79 | -.2589 L0509 L0134 -5.693¢8 L0017
~f,rl | =.25F] <1394 OLl5e -6, 654 $0016
-5.23 [ -,219]1 .0214 L0151 -6.G4830 L0016
-4,81 | —a1#92 D244 <2130 -6.9196 001A
-3,80 | -.1165 .0192 .0133 -6.0754 L0014
-2.77 | —.0647 .1153 .0122 -4,0E05 .0C1e
-.80 .0332 L0143 .0G95 2.319¢ L0014
1.19 1258 L0177 «GCT7Y 7.1C49 .0016
3.729 2284 0272 «0049 8,4002 L0016
5419 $2250 D434 .00239 7.48649 .0016
7.22 « 4205 0675 .2074 642230 L0014
11.70 .5938 $133y L0223 4,44604 L0014
14.25 7217 2711 Q322 3.5£92 L0017
-4.30 | —.1652 W0241 <0145 ~6.E457 001+
-1.73 | =.0124 L0143 0113 -.539¢ LO0N1A
[ ) «?3 $0842 W0155 .0090 544502 0016
1.50 0.5 -4,03 [ -.1279 .0200 0143 -6.4008 001+
-1.94 | -.0225 D142 L0171 -1.5791 LO0N1A

L .0235 W0149 .0104 1e6824 L0016
.02 0717 .0149 0097 4.7935 L0016
1.00 .1193 0170 0084 7.0341 L0016
2.01 .1700 $0204% .2078 ve3163 G016k

4,02 .2719 L0331 0044 542239 L0014
4400 W3RG4 0521 .2058 649648 L0016
2,00 45438 .0785 .0109 5.7951 .0016
10.00 «5397 .1107 L0187 448770 .0016

12.01 H2E6 .1495 0258 44,1907 L0011k
14,00 L7068 Jl1a4n L0315 3.6525 £ 0017

.01 0719 .0148 .0097 4,.8480 L0016
Y Y -2.93 | -.074” | .0151 L0131 | -4.6925 | 0014
1.50 -0.5 -4,03 | =-.1273 .02%4 0123 -6,2524 L0014
-3.04 | =.0780 «01K5% L0110 —4,6570 0015
-2.00 | —.0260 0148 .0102 -1.7612 0016

-.939 0749 0144 .0065 1.7301 0016
.01 0732 1154 0084 447627 .0016
.99 .1200 .0173 .0068 6.9241 LO01A
1094 1KE2 0207 0056 841133 L0014
4400 2724 .033¢4 .0030 8.1658 L0015,

6£.00 C36A7 .0525 «0042 6£.9838 0014
7.93 $ 4548 .0786 .0094 547900 .0016
9.99 + 5404 .11038 U172 4.8782 .C016
12.01 h2EA 1693 0242 4.1041 0014
15.00 7525 .2202 .0359 3.4176 .0017
/ Y .01 +0729 0153 .0085 448334 00164




TABLE II.- Continued

(b) Continued

8¢

02

M deg deg CL Cp Cm L/D Cp,c
1.50 -1.5 -3.98 -.1230 «0200 «0117 -6.1406 «.0016
~2.98 -.0740 0166 «0104 -4 ,4629 0016

-1.99 -.0255 0147 .0091 -1.7402 +0015

-.97 .0258 «0144 .0082 1.7973 «.0016

.03 07490 .0153 «0070 4.8425 . 0016

1.01 «1203 +0173 . 0060 6.9632 .00156

2.01 «1703 .0208 «0048 8.2043 0016

4,01 2714 «+0331 .0019 841991 0016

6.02 «3687 «0527 «0036 6.9954 . 0016

7.98 « 4566 «.0785 0081 5.,8158 0016

F.99 «5434 +1110 «0171 4,8949 +0016

12.01 «h287 «1499 «0237 44,1930 .0016

15.02 « 7512 «2196 « 3340 3.4206 0017

Y Y « 02 0721 « 0152 «0070 4,.7345 0016
1.50 2.5 -4,00 [ -.1260 | .0204 [ .0109 | -6.1711 | .0C15
-3.04 -e0794 «0169 «0091 -4 ,6876 »0015

-2.01 -.0271 «0149 «.0083 -1.,8207 0015

-1.02 0222 « 0144 .0070 165436 . 0016

«01 0703 «J152 «J060 4,.,6262 0016

1.02 1184 «0172 «0043 6.8870 +001A

1.99 1676 .0205 « 0034 85.1908 . 0016

4,00 «2705% .0327 «0005 B.2635 0016

6.03 « 3688 0524 .0019 7.0315 .0016

8.00 « 4566 .0783 0067 5.8322 .0015

10.01 «H425 «1106 «0150 4,9055 « 0016

12.03 « 6280 . 1496 .0228 4 ,1977 0016

15.00 « 7502 « 7187 «0340 33,4296 «0017

Y f « 0706 .0150 «0058 4.6998 0016
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TABLE II.- Continued

(b) Continued

8¢,

,

M deg deg ‘L ‘p ‘m L/p Cp,c
1.80 0 —4,74 | —. 1461 «N226 .0131 -b.4682 .0016
-8.47 [ -.3011 0512 .0104 -5.6755 0016

-6447 | —422009 .0336 .0130 —645662 .0015%

-4.45 | -.1330 .0211 .0132 -6.,3021 0016

-2.43 | —.0437 0147 .0113 -2.9729 0016

-1.45 .0017 401133 .2105 1374 L0016

-.48 L0461 «0l41 .0100 3.2591 0017

.52 .0909 .0158 . 0096 5.7687 .0017

1.49 «1314 .0184 .0088 7.1525 G017

3.52 22204 .0285 .0082 7.7346 0017

5.51 $3051 0445 .0100 6.8540 «0017

7455 .3858 .0h4S5 «0143 548020 .00154

11.54 «53647 1266 .0280 442244 L0016

15.52 6733 .2073 0415 3.2483 .0016

| r -4.47 | =.131% | L0211 | .0133 | -6.2518 | 0016
©1.80 0.5 4,00 | -.1115% .0190 0129 -5 ,.8£91 00156
-3.01 | -.0652 0157 .0121 -4,1577 .0015%

-2.01 | -.0203 «0140 «0113 -1.489?2 .0C14h

-1.01 .0232 .0137 «0104 1.6920 00164

W01 0671 0147 «0094 4.5532 .0017

1.01 .1107 .0170 40092 6.5316 .0017

2.00 $1545 .0204 .0088 7.5665 .0017

3.99 2410 .0317 .0081 7.5970 0017

6400 .325#9 .0494 «0106 645970 .0016

8.01 « 4036 L0721 «0152 5.5915 0016

10.01 4773 1006 0224 4.7426 . 0016

12.03 5514 «1353 0297 4.0753 0016

16,03 .6897 .2191 0436 3.1480 .0016

{r Y «03 0704 .0148 .0099 4,7568 L00N17
1.80 -0.5 -4.00 | ~.1069 .0190 .0123 -5 46376 0016
~2.98 | -.0626 .0157 <0111 -3.9778 . 0016

-2.00 | -.017A .0l41 .0100 -1.2509 0016

-.99 W 0269 .0133 . 0096 1.5433 0016

-.07? 0697 .0148 .0089 4.6748 .0016

«98 1124 .01665 .0087 6.6356 .0016

2.00 +1583 0205 .0078 7.7357 .0016

4,01 $2470 .0323 .0079 7.6548 .0016

6.00 .3281 .0495 .0102 6.6315 0C15

8.00 . 4059 .0723 «0145 5.6119 .0016

10.02 4820 .1015 $0225 4.7493 00154

12.02? +5539 V1356 .0288 4.0834 .0016

13,99 6221 1742 « 0356 3.5762 .C016

16.00 6913 .2189 0432 3.1550 .0015

Y {r .01 .0730 0163 .0090 4.8947 . 0015
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1.80

TABLE II.- Continued

(b) Continued

deg
-3.99
-2.97
-1.98
-e37
.01
1.00
2.00
4.03
5,01
3.01
10,03
12.01
15.99
.01

=-3.99
-2 .99
_2 .O’)
-.39
.02
1.00
2.00
4.01
6.00
8.02
10.02
12.01
16.04
.02

«0695

«0149

CL Cp Cm L/D Cp,c
-.1099 | .0193 | .0114 | -5.6995 | .0015
-.0617 | 2159 | .0104 | -3.8849 | .0016
-.0180 | .0142 | .00S6 | -1.2628 | .0016

.0285 | .0140 | .0090 2.0346 | .0C16
.0709 | .0150 | .0082 4.727%5 | 0016
<1130 | 0171 | .0075 6.6230 | +CO16
«1591 | .0206 | .0070 7.7372 | L0016
«2473 | .0323 | .0068 7.6465 | L0016
+3288 | .0496 | .0093 6.6321 | .0016
.4081 | .0726 | .0139 5.6194 | .0016
<4824 | .1015 | .0219 4.7525 | .0015
5554 | +1356 | .0282 4.0952 | .0014
6899 | .2181 | .0417 3.1635 | .0015
0728 | .0149 | .0082 4.8901 | .0016
~.1113 | .0195 | .0106 | -5.7213 | .0014
-.0655 | 0161 | .0094 | -4.0648 | .0016
-.0224 | .0144 | 0084 | -1.5566 | .0016
.0220 | .0140 | .0075 1.5767 | .0016
L0665 | .0149 | .2072 4.4731 | .0016
«1094 | .0168 | .0061 6.4932 | 0017
.1537 | .0202 | .0055 7.5985 | .0017
.?2429 | .0318 | .0054 7.6497 | .0016
.3249 | .0489 | .0079 6.6402 | 40016
.4038 | .0719 | .0129 5.6151 | .0016
4775 | J100z | .0199 4.7€31 | L0016
.5510 | 1343 | .0271 4.1025 | .001%
.h888 | .2182 | .0411 3.1567 | .0015
4.6742 | .0016
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(b) Continued

TABLE II.- Continued

Sge
M dgg deg CL Sp Cn L/D Cp,c
2.00 0 -8,91 | —=.”7931 «7519 .J084 ~5.6443 .0015
-6.92 | -.219% «0343 0114 -6.3131 0014
-4,90 [ -.1390 0221 0122 -6.3017 0014
-2.87 | -.0545 0149 .0105 -3.6679 .0015
-1.92 | -.0161 .N135 2097 -1.0433 .0015
-.91 .0290 0134 .0094 2.1612 .0015
) «OARB2 0146 .0090 4.6686 .0015
1.11 1097 20170 .0028 6e4b67 .0016
3.09 1921 0254 ,0091 7.9524 . 0016
5.12 2714 .0397 L0111 6.6318 .0015
7.17 «3460 . 0590 0154 58662 V0015
11.12 SHB4YG .1132 227 4.2807 .0015
15.19 51138 1856 W 0402 3,2883 0014
Y y -4.90 | -.1376 .0220 0122 ~6.2522 0014
2.00 0.5 -3,99 | -.095A .0180 $0117 -5.3190 .0015
-2,99 [ -,05641 D150 106 -3,4,5¢51 .001%
-2.02 [ -.0140 .0139% .0098 -1.0341 .0015
-1.01 0204 0134 D096 2.1186 .0015
.00 .0694 .0145 .0093 4.7860 .001¢
1.090 .1089 .0168 .0088 be4ETL .C016
2.0n .1490 .0203 2090 7.3550 0015
4.01 .22090 .0214 0099 7432642 .0015
o001 .3054 .0678 .0130 543849 ,0015
8410 .3791 0695 .2182 5.4530 .0015
10.00 4654 .0957 L0240 446524 0014
12.00 5128 .1276 .0309 4.0172 0016
15,76 5618 « 2065 .2433 3.1082 0014
18,02 .7012 . 2516 <0490 2.7667 .0C14
{r i .01 0711 0146 .0092 4.8951 .001¢
2.00 -0.5 -4,01 | -.1017 0184 .0098 -545220 . 0014
-2.99 | -.0583 .0153 «0093 ~-3,8064 .0015
-2.09 | -.0171 .0138 «00R3 ~1.2418 0015
-1.01 0232 136 «D075 1.7071 L0015
.01 L0661 .0147 .0073 4,5116 VG015
1.03 .1055 0168 .0073 6£.2623 .0015
2.03 .16479 0204 0074 7.2655 .0015
4.01 2273 0312 .0081 7.2815 .0015
5499 .3035 0479 0114 643900 0015
8.01 V3780 L0694 0164 544671 0015
10.02 . 4479 0954 .232 46472 .0014
12.01 .9130 1277 V0290 4,0184 0014
16.01 «5419 .2059 0422 3.1172 0014
18.04 7022 .2518 0476 2.7885 0014
Y Y .02 .0700 0147 .0078 4,770 .0C15
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S¢,

TABLE II.~ Continued

(b) Concluded

M deg deg C, Cp Cm L/D Cp,c
2.00 -1.5 -3,99 | -.0982 .0185 .0078 -5.3216 .0014%
-2.99 | -.058? .0155 .0070 -3.7509 .0015

-2.00 | -.0160 .0139 0064 -1.1502 .0015

-1.02 0243 .0137 0060 1.7724 .0015

.03 0677 .0148 .0060 4,5838 .0015

1.02 .1080 .0170 .0058 643577 .0015

2.00 1474 .0203 .0060 7.2761 .0015

3.99 .2286 0312 .0069 7.3171 .0015

6.00 «3053 0477 .0107 644037 L0015

8.01 +3793 .0694 .0157 54626 .0015

10.03 4495 .0966 .0227 4,6533 0014

12.02 5147 «1279 .0287 4.0241 .0014

16.00 6420 .2056 .0410 3.1221 0014

18.00 7025 e2511 «0467 2.7972 .0014

,} Y .0? 0691 0147 .0060 4.6843 .0015
2.00 -2.5 -4,02 |-.0997 «.0185 0091 -543797 .0014
-2.97 |-.0567 «N154 .0081 -3,6826 .0015

-1.97 |-.0150 .0139 20075 -1.0783 .0015

-1.01 20260 .0136 «0070 1.9057 .0015

.01 .0664 .0146 .0064 4,5406 .0015

.99 1057 .0167 .0060 63305 0015

1.99 . 1453 .0200 .0058 7.2533 .0015

3,99 2267 .0309 .0070 7.3299 0015

6.00 «3030 «0473 .0104 6.4083 .0015

8.02 03776 .0691 .0156 544652 .0014

10.00 4447 .0952 .0220 4.,6704 L0014

12.02 5131 .1275 .0286 4.0245 .0014

16.03 . 6405 «2053 .0405 3.1196 0014

17.99 . 6991 2497 . 0456 2.7996 0014

Y 446440 .0015

.01

<0680

« 0146

.0068
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TABLE II.- Concluded

(c) Model with flat canard

M dZé Cy, Cp Cn L/D Cp,c
1.50 -4,02 | -.1179 «.0197 .0190 -5.9921 ,0015
-2.00 | —.0204 .0148 0164 -1.3737 .0015

-1.00 0253 .0147 0150 1.7255 40015

04 0757 .0157 ,0141 4,7863 .0015

1.04 .1196 .0177 .0136 6.7383 .0015

2.01 .1661 .0211 .0128 7.8546 .001¢

4,01 .2678 0337 .0091 7.9542 .0015

6.06 3651 .0535 .0093 48300 .,0015

8.02 J4564 .0800 .0167 547060 .0015

10.01 5612 1124 .0230 44,8160 .0015

12.0? 6252 .1508 .0297 4,1466 .CO16

14.11 .7148 .1984 .0355 3.6033 .0016

Y -.01 0725 .0155 .0164 446741 .G015
1.80 -4,00 | -.1069 .0188 .0170 -5.,6886 .0015
-2.,01 | -.0178 0142 «0146 -1.2500 .,0016

-1.01 0251 .0161 .0143 1.7746 .0016

.03 0684 .0152 0137 4.,4683 L0017

1.01 «1066 .0172 0133 6.1798 «0C16

2.00 1524 .0207 .0133 7.3586 L0016

4.02 2612 .0325 .0127 7.4297 .0016

6.02 3252 .0500 .0148 6.5101 .0015

8.03 .4029 .0729 .0191 5.¢5242 .0015

10.02 4805 <1021 ,0258 4,7081 .0015

12.03 .5528 «1362 .0324 4,0586 .,0015

16.04 6930 2207 0457 34,1402 .0015

1B.04 27595 2704 .0516 2.8083 .0015

Y .00 L0678 0152 .0137 4.4618 W0017
2.00 -3.99 | -.0941 .0178 .0155 -5.2772 .0014
-2.01 | -.0130 .0138 .0136 -¢9413 .0015

-1.04 .0255 0137 .0133 1.,8585 .0015

-.01 0664 .0149 .0137 4,4507 ,0016

1.03 .1049 0171 ,0135 £.1509 .00156

1.99 «1443 .0203 .0131 7.0938 .0016

4,02 27272 .0316 .0132 7.1837 .0015

6.00 .3033 0479 .0159 643262 .0014

8.01 .3781 «0700 .0209 5.4047 .0014

10,02 4471 .0967 .0266 4.,6238 .001¢

12,02 5161 «1286 0330 3.9987 .0013

16.06 6456 .2080 «0450 3.1043 .0013

19.05 7379 « 2794 «0530 246409 .0013

ﬁ .01 0676 .0149 .0133 44,5226 +0016




(a) Aircraft concept.

Figure 1.- Drawings of aircraft concept and wind-tunnel model.
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(b) Details of wind-tunnel model. Dimensions are in centimeters.

Figure 1.- Concluded.
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Figure

L-77-6067

E——

L-77-6066

2.~ Model with canards installed in Langley Unitary Plan

wind tunnel.
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(b) Concluded.
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(c) Concluded.
Figure 3.- Concluded.
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I-79-125
Figure 5.- Oil-flow photographs of configuration without canards at M = 1.8,



)4

o = 89

Figure 6.- 0il-flow photographs of configuration with cambered canards at

1~79-126
M=1.8.
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a =120
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Figure 6.- Concluded.
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a = 12°

1-79-128
Figure 7.~ Oil-flow photographs of configuration with flat canards at M = 1.8.



x = 50.80 x = 60.96

(a) a = 49,
L-79-129
Figure 8.- Vapor-screen photographs of configuration without canards
at M = 1.8,
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(by o = 120,

Figure 8.- Concluded.

X = 60.96
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x = 50.80 x = 60.96

(a) o = 49.

I~79-131

Figure 9.- Vapor-screen photographs of configuration with cambered canards
at M = 1.8.
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(by o = 120,

Figure 9.- Concluded.

X = 60,96
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x = 50.80 x = 60.96

(a) o = 49,
L-79-133
Figure 10.- Vapor-screen photographs of configuration with flat canards
at M = 1.8.
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x = 10.16 x = 20.32

x = 30.48 x = 40.64

(b) a = 120,

L-79-134
Figure 10.- Concluded.



a = 12°

Canard on
S a = 35°

Canard off

Canard
a=11

Canard

a = 4°

on
50

off

L-79-135

Figure 11.~ Comparisons of canard-off and canard-on flow fields and drag

at M =1.8,
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Figure 13.- Experimental and theoretical comparison of longitudinal aerodynamic

characteristics of the configuration at M = 1.8,
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