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EFFECT OF CANARD LOCATION AND SIZE ON CANARD-WING 

INTERFERENCE AND AERODYNAMIC-CENTER SHIFT RELATED TO 

MANEUVERING AIRCRAFT AT TRANSONIC SPEEDS 

By Blair B. Gloss

Langley Research Center 

SUMMARY 

A generalized wind-tunnel model, typical of highly maneuverable aircraft, was 
tested in the Langley 8-foot transonic pressure tunnel at Mach numbers from 0.70 to 1.20 
to determine the effects of canard location and size on canard-wing interference effects 
and aerodynamic-center shift at transonic speeds. The canards had exposed areas of 
16.0 and 28.0 percent of the wing reference area and were located in the chord plane of 
the wing or in a position 18.5 percent of the wing mean geometric chord above or below 
the wing chord plane. Two different wing planforms were tested, one with leading-edge 

sweep of 600 and the other 440; both wings had the same reference area and span. 

The results indicated that the largest benefits in lift and drag were obtained with 
the canard above the wing chord plane for both wings tested. The low canard configura-

tion for the 600 swept wing proved to be more stable and produced a more linear 
pitching-moment curve than the high and coplanar canard configurations for the subsonic 

test Mach numbers. 
In general, the canard downwash reduced the lift on the wing and was found to be 

essentially independent of Mach number for the 60 0 swept wing. There was a favorable 

effect of the upwash from the wing on the canard lift for the subsonic Mach numbers 
except for the canard below the wing chord plane (60 0 swept wing) where the wing upwash 
had no effect on the canard lift at a Mach number of 0.70 and adversely affected the 
canard lift at Mach numbers of 0.90 and 0.95. 

In the transonic Mach number range, the aerodynamic-center shift with Mach num-

ber for the 600 swept-wing configuration with canard on was considerably less than that 

for the 440 swept-wing configuration with canard on. 

INTRODUCTION 

Past investigations (refs. 1 to 8) have indicated that the use of a canard surface on 
maneuvering aircraft configurations can offer several attractive features such as



Potentially higher trimmed-lift capability (refs. 1 and 2) and reduced trimmed drag 
(refs. 3 and 4), the potential for an improved longitudinal progression of Cross-sectional 
area for practical configurations which could result in reduced wave drag at low super-
sonic speeds, and placement of the horizontal control surfaces out of the high wing down-
wash and jet exhaust. 

In view of these potential benefits in maneuvering aircraft technology offered by 
canard configurations, the National Aeronautics and Space Administration is conducting a 
study on canard-wing interference. A generalized wind-tunnel model incorporating two 
balances to allow separation of the canard contribution from the total forces and moments 
is being used in the study. 

The present investigation was conducted in the Langley 8-foot transonic pressure 
tunnel to determine the effect of canard location and size on canard-wing interference 
effects and aerodynamic-center shift at transonic speeds. The tests were made at Mach 
numbers from 0.70 to 1.20 for Reynolds numbers, based on mean geometric chord, of 
1.35 x 10 6 to 1.61x 106 and at angles of attack from approximately 40 to 20 0 at 00 
sideslip.

SYMBOLS 

The International System of Units (SI), with the U.S. Customary Units presented in 
parentheses, is used for the physical quantities in this paper. Measurements and calcu-
lations were made in U.S. Customary Units. The longitudinal data presented in this 
report are referred to the stability-axis system with the exception of axial force and 
normal force which are referred to the body-axis system. 

A	 aspect ratio 

b	 wing span 

wing mean geometric chord 

CD	 drag coefficient, Drag 
qS 

CL	 lift coefficient,
qS 

Cm	 pitching-moment coefficient, Pitching moment 
qSë 

M	 free-stream Mach number 
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q	 free-stream dynamic pressure 

S	 reference area of wing with leading and trailing edges extended to plane of 
symmetry 

Sc	 exposed canard area 

z	 vertical coordinate (positive up) 

a	 angle of attack, deg 

A	 leading-edge sweep angle, deg 

Subscripts: 

C	 canard balance 

M	 main balance 

p	 potential 

v	 vortex

DESCRIPTION OF MODEL 

A three-view drawing of the general research model is presented in figure 1. This 
model was designed so that various wing and canard planforms could be attached to the 
common fuselage and the positional relationship of the lifting surfaces (canards and 
wings) could also be varied. Figure 2 presents a photograph of the four different plan-
form configurations studied in the present investigation. Figure 3 presents a photograph 
of the model showing the fuselage fairings used to accommodate the high canard configu-
ration. Table I presents the pertinent geometric parameters associated with this model. 

Two different untwisted wing planforms were used (wing I had A = 600, wing U had 
A = 440); however, both wings had the same area, mean geometric chord, uncambered 
circular-arc airfoil sections, and maximum thickness which varied linearly from 6 per-
cent of the chord at the root to 4 percent of the chord at the tip. The two wings were 
located longitudinally so that the distance. between quarter-chord points of the mean geo-
metric chords of the canard and wing was the same for each configuration.
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Canard I had a leading-edge sweep angle of 51.70 and an exposed area S  of 
16.0 percent of the wing reference area S. Canard H had the same leading-edge sweep 
and an exposed area of 28.0 percent of the wing reference area. The large canard was 
tested in the chord plane of the wing (z/c- = 0.0) and in positions 18.5 percent of the wing 
geometric chord above and below the wing chord plane (z/ë = 0.185 and -0.185, respec-
tively). The small canard was tested in the high position and the chord-plane position. 
To obtain the configuration for canard II in the low position (z/ = -0.185), the model with 
canard H in the high position (z/ë = 0.185) was rotated 180 0. As can be seen from fig-
ure 3, there are two fuselage configurations: one with body fairings on the top side for 
the canards in the mid and high positions (z/ë = 0.0 and 0.185) and one with the body 
fairings on the bottom for the canard in the low position (z/ë = -0.185). The canard was 
untwisted and had uncambered circular-arc airfoil sections. The thickness varied 
linearly from 6 percent of the chord at the root to 4 percent at the tip. 

The moment reference point was taken to be at fuselage station 59.14 cm 
(23.29 in.). (See fig. 1.) 

APPARATUS, TESTS, AND CORRECTIONS 

This investigation was conducted in the Langley 8-foot transonic pressure tunnel 
which is a continuous-flow facility (ref. 9). Forces and moments were measured by two 
internally mounted, six-component strain-gage balances; the relative locations of these 
balances are shown in figure 1. There was a small unsealed gap between segments of 
the fuselage in order to prevent fouling. One balance measured the loads on the forward 
part of the body (shaded in fig. 1) and is called the canard balance. The second balance, 
which was housed in the aft section of the model, measured the total loads and is referred 
to as the main balance. 

Tests were made at Mach numbers of 0.70, 0.90 9 0.95, 1.03, and 1.20 corresponding 
to Reynolds numbers, based on wing mean geometric chord, of 1.35 x 106  1.52 x 106, 
1.54 x 106 . 1.58 X 106, and 1.61 x 106, respectively. Because flow separation is induced 
at the sharp leading edges of the canard and wing, the Reynolds number effect should be 
minimal. Tests were made at angles of attack from approximately _40 to 200 at 00 side-
slip. Angles of attack have been corrected for the effects of main balance and sting 
deflection due to aerodynamic load. All axial-force measurements obtained on the main 
balance were corrected to a condition of free-stream static pressure acting on the base 
of the model. All tests were made with boundary-layer transition fixed on the model by 
means of a narrow strip of carborundum grit placed on the body, wings, and canards, 
using the methods outlined in reference 10. 
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PRESENTATION OF RESULTS 

Table II defines the configurations and the results for each configuration are pre-

sented in table III.	 In addition to the tabulated data, the longitudinal data are presented 

in plotted form.	 An outline of the contents of these data plots is as follows:
Figure 

Effect of canard height on longitudinal aerodynamic characteristics 
for model with - 
Wing I,	 canard I	 ................................. 

Wing I,	 canard II ................................. 5 

WingII, canard I ................................. 6 

Wing U, canard U	 ................................ 
Effect of fuselage configurations 	 .......................... 8 

Effect of canard height on canard-wing interference for model with - 

WingI,	 canard I	 ................................. 9 

WingI,	 canard U ................................ 10 and 11 

Wing U, canard I .................................. 12 

Wing U, canard II	 ................................ 13 

Comparison of theoretical and experimental lift characteristics for 
model with - 
Wing I, canard II, 	 z/ë = 0.0	 .......................... 14 

Wing I, canard U,	 z/ë = 0.185	 ......................... 15 

Wing I, canard II, 	 z/ë = -0.185	 ........................ 16 

Wing U, canard U, 	 z/e = 0.0	 ........................... 17 

Wing U, canard II,	 z/ë = 0.185	 ......................... 18 

Variations of aerodynamic-center location with Mach number ......... 19 and 20

RESULTS AND DISCUSSION


Effect of Canard Location on the Total Longitudinal 


Aerodynamic Characteristics 

Wing I. - The effect of varying the canard location on the total longitudinal aerody-
namic characteristics at Mach numbers from 0.70 to 1.20 is presented in figures 4 to 7 
for the various canard-wing planforms tested. For the wing I configurations (figs. 4 
and 5), the largest increases in lift due to adding the canard were obtained with the 
canard above the wing chord plane (z/ë = 0.185). In figure 5, with the canard below the 
wing chord plane (z/ë = -0.185), the total lift of the configuration was equal to or less 
than the lift with the canard off at intermediate angles of attack (a 80 to 140). How-
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ever, at angles of attack above 140 where wing stall (based on nonlinearities in lift and 
pitching moment) was evident for the canard-off configuration, the canard did improve 
the total lift of the configuration. There is no indication of stall for the canard-on con-
figurations throughout the test angle-of-attack range. 

In general, there were only small differences in pitching moment for the configu-
rations with the canard in the high and coplanar locations (figs. 4 and 5) except for Mach 
numbers of 0.70 to 0.95 above an angle of attack of 18 0 where significant differences 
occur in the pitching-moment curves. For Mach numbers of 0.70 to 0.95 the low canard 
configuration produced a more stable and more linear pitching moment than the high and 
coplanar configurations. 

The lowest values of drag due to lift were obtained with the high canard configura-
tion, as would be expected. Since this was a symmetrical wing with a sharp leading edge 
and thus no leading-edge suction is developed, the drag is dependent on the lift and angle 
of attack. (See ref. 11.) Thus, the configuration with the highest lift at a given angle of 
attack would produce the lowest drag due to lift. 

Wing II. - It should be noted that the canard in the low position (z/ë = -0.185) was 
not studied with wing U; however, it is believed that the trends found for the low canard 
with wing I will be true for wing II also. The effect of canard height on lift for the wing II 
configuration (figs. 6 and 7) was not as pronounced as for the wing I configuration. At 
Mach numbers below 1.0 the lift curves for the configuration with the canard above and 
in the wing chord plane were essentially the same; however, at Mach numbers greater 
than 1.0 the high canard configuration has a slightly higher lift-curve slope. In general, 
the effect of canard height on pitching moment was small for the wing II configurations at 
angles of attack less than 100 at subsonic Mach numbers and throughout the angle-of-
attack range at the supersonic Mach numbers. In the angle-of-attack range above 100 at 
subsonic Mach numbers, the pitching-moment curves for the high canard (z/ë = 0.185) 
and the mid canard (z/E = 0.0) were significantly different from each other. The same 
effects on drag noted for the wing I configurations were obtained for the wing H 
configurations. 

Fuselage effects. - In view of the differences in pitching moment between the high 
and low canard configurations (fig. 5), tests were made to determine the effects of fuse-
lage cross section on the longitudinal aerodynamic characteristics of these two configu-
rations. The low canard configuration, as mentioned previously, was obtained by rotating 
the high canard configuration 180°. Therefore, the fairings in the vicinity of the canard 
(fig. 3) produced a different fuselage cross section for the upright and the inverted case 
(high and low canard configurations). A comparison of the lift and pitching moment for 
the fuselage alone, upright and inverted, is presented in figure 8. Based on these data, 
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it is concluded that no significant fuselage-shape effects are present in the data of fig-
ure 5. This does not mean that the different fuselage cross sections did not induce dif-
ferent flow fields in the vicinity of the canard which could in turn account for some of the 
difference in pitching moment between the various canard heights. 

Effect of Canard Location on Canard-Wing Interference 

In order to better understand the effect of canard height on the total lift (cLM), the 
lift on the canard-forebody (CL c) and the lift on the .wing-a1terbody (CLM - C L ,C) have 
been plotted separately in figures 9 to 13. The lift on the total configuration is also shown 
for reference. In general, there is a favorable effect of the upwash from the wing on the 
canard lift at angles of attack greater than about 80 at the subsonic Mach numbers for 
the canard in the high and mid positions (see figs. 9, 10, 12, and 13). When the canard 
is in the low position (see fig. 11) there is essentially no lift interference of the wing on 
the canard at a Mach number of 0.70 but there is an adverse wing-on-canard lift inter-
ference at a Mach number of 0.90 that becomes larger as the Mach number is increased 
to 0.95. The interference effects of the wing on the canard diminish as the supersonic 
Mach numbers are reached; at a Mach number of 1.20 there is no interference of the 
wing on the canard. 

Figures 9 to 13 indicate that the canard downwash on the wing reduces the lift on 
the wing (ref. 8). A larger loss in lift due to the canard is noted for wing I than for 
wing II (compare figs. 9, 10, and 11 with 12 and 13). This difference may be in part due 
to the different locations of wing I and wing II leading edges in relation to the canard 
trailing edges. There is very little effect of Mach number on this interference effect for 
wing I, whereas the interference effect is more pronounced for wing II as Mach number 
is increased. 

Comparison of Experimental and Theoretical Lift Characteristics 

A comparison of the experimental lift with theory is presented in figures 14 to 18 
for the wing alone, for the wing in the presence of the canard, and for the canard alone. 
The lift curves for the potential case (CLP) were predicted by using the vortex-lattice 
program of reference 12, and the vortex-lift cases (CL,v+p) were predicted by the method 
of reference 13. 

For all subsonic Mach numbers (M = 0.70 1 0.90, and 0.95) the vortex-lift theory 
gives reasonably good agreement for the wing-body with canard off up to an angle of 
attack of about 12° for wing I (fig. 14) which closely corresponds to the angle of attack 
for vortex breakdown on a 60° swept delta wing (ref. 14). For the wing in proximity to 
the canard, the vortex-lift theory gives fair agreement over the angle-of-attack range for 
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the canard above and below the wing chord plane (z/ë = 0. 18 5 and -0.185) but overpre-
dicts the interference effect of the canard on the wing for the canard in the mid position 
(z/E = 0.0); therefore, the lift on the wing-body in the presence of the canard is under-
predicted. The effect of Mach number changes this disagreement only slightly. (See 

fig. 14.) 

In the case of the lift on the canard body, both theories overpredict the lift of the 
canard alone and the canard in the presence of the wing for all three canard positions. 
These effects are assumed to be associated with the fuselage interference effects. As is 
seen in figure 14, the potential theory gives a reasonably good prediction of the lift incre-
ment due to the wing upwash up to an angle of attack of about 150 for the canard in the 

chord plane of the wing (z/ë 0.0). 

The calculated and experimental lift for the wing II configuration is presented in 
figures 17 and 18. Calculations of both potential and vortex lift are shown although at 
the sweep angle of wing II (A = 44°) the development of vortex lift would not be expected 
on the wing-body (ref. 14). It is interesting to note, however, that for wing II in the 
presence of the canard the calculated lift curve for the full vortex lift on the wing-body 
agrees well with the experiment for the canard above the plane of the wing (z/ë = 0.185) 
throughout the angle-of-attack range (fig. 18) and that the theory, as for wing I, under-
predicts the experimental lift on the wing-body for the canard located in the wing chord 
plane (z/e = 0.0) (fig. 17). 

A satisfactory explanation of the effect of the canard on the wing-body lift, fr both 
wing I and wing U, has not been shown in this paper and may be due to some phenomenon 
other than the development of a full leading-edge vortex throughout the angle-of-attack 
range.

Stability-Level Variations 

The effect of configuration and Mach number on the variation of (aCm/aCL)CL...o 
is presented in figures 19 and 20. (The supersonic data for a Mach number above 1.60 
were obtained from ref. 4.) For this comparison the stability level of the wing I configu-
ration has been adjusted by adding 0.121 so that the wing I and wing II configurations 
have the same stability level with the canard off at M = 0.70. The typical effect of 
sweep angle is shown for the canard-off configuration in that the high-sweep wing (wing I) 
has less aerodynamic-center shift with Mach number than the low-sweep wing (wing U). 
Adding the canard had a larger effect on the stability level for the wing I configuration 
than for the wing II configuration. In the transonic Mach number range the aerodynamic-
center shift with Mach number for the wing I, canard-on configurations (fig. 20) is con-
siderably less than that for the wing II configuration. A satisfactory explanation of the 
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rearward shift in aerodynamic center around a Mach number of 0.95 is not available at 
this time. However, as indicated in figure 20, it occurs for all canard configurations 
tested with wing I. 

The effect of canard height on the variations of (acm/acL)CL...o with Mach num-
ber is shown in figure 20. Although the high canard has a.greater contribution to lift than 
the mid and low canards, it does not cause the largest stability-level change, but rather 
the mid canard does. Further investigations are needed to determine the cause of this 
effect.

SUMMARY OF RESULTS 

A generalized wind-tunnel model, typical of highly maneuverable aircraft, was 
tested in the Langley 8-foot transonic pressure tunnel at Mach numbers from 0.70 to 1.20 
to determine the effects of canard location and size on canard-wing interference effects 
and aerodynamic-center shift at transonic speeds. The major results of this investiga-
tion may be summarized as follows: 

1. The largest benefits in lift and drag due to adding the canard were obtained with 
the canard above the wing chord plane for the two wing planforms tested (wing leading-
edge sweep angles of 600 and 440), although the effect was not as pronounced for the 440 
swept wing as for the 600 swept wing. 

2. The low canard configuration for the 600 swept wing was more stable and pro-
duced a more linear pitching-moment curve than the high and coplanar canard configura-
tions for the Mach number range of 0.70 to 0.95. 

3. In general, there is a favorable effect of the upwash from the wing on the canard 
lift at angles of attack greater than about 80 at the subsonic Mach numbers for the 
canard in the high and mid positions. When the canard is in the low position, there is 
essentially no lift interference of the wing on the canard at a Mach number of 0.70, but 
there is an adverse wing-on-canard lift interference for Mach numbers of 0.90 and 0.95. 

4. In general, the canard downwash on the wing reduced the lift on the wing and 
was essentially independent of Mach number for the 600 swept wing, whereas this inter-
ference effect was more pronounced for the 440 swept wing as the Mach number 
increased.
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5. In the transonic Mach number range, the aerodynamic-center shift with Mach 
number for the 600 swept-wing configuration with canard on was considerably less than 
that for the 440 swept-wing configuration with the canard on. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Hampton, Va., March 15, 1974. 
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TABLE I. - GEOMETRIC CHARACTERISTICS 

Body: 
Length, cm (in.) ............................96.52 (38.000) 

Wing (wings I and II except when specified): 
A(b2/S) ...................................... 2.5 
b/2,	 cm	 (in.)	 ................................ 25.4	 (10.00) 
A, deg, of - 

Wing 	 ...................................... 60 
WingII	 ...................................... 44 
cm	 (in.)	 ................................. 23.31	 (9.18) 

Airfoil section	 ............................... Circular arc 
S	 (area extended to plane of symmetry), cm 2 (0)	 ......... 1032.2	 (160.00) 
Root chord, cm	 (in.) ........................... 29.80	 (11.73) 
Tip chord,	 cm	 (in.)	 ............................ 6.77	 (2.67) 
Maximum thickness, percent chord, at - 

Root ....................................... 6 
Tip ........................................ 4 

Canard I Canard II 
Canard: 

A	 (b 2/s)	 ......................... 4.73 4.12 
A,	 deg	 ........................... 51.7 51.7 

cm	 (in.)	 ...................... 11.99	 (4.72) 14.83	 (5.84) 
Airfoil section	 .................... Circular are Circular arc 
Sc	 (exposed area), cm 2	 (in2) 165.16	 (25.60) 288.73	 (44.75) 
b/2,	 cm	 (in.)	 ..................... 13.97	 (5.50) 17.25	 (6.79) 
Root chord, cm	 (in.) ................ 13.54	 (5.33) 17.92	 (7.05) 
Tip chord, cm	 (in.)	 ................ 2.71	 (1.07) 3.59	 (1.41) 
Maximum thickness, percent chord, at - 

Root ............................. 6 6 
Tip ............................. .	 4 4
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TABLE H. - TEST CONFIGURATIONS 

Configuration Wing Canard z/E 

1 I Off Body inverted 
2 I Off Body upright 
3 I I 0.0 
4 I I 0.185 
5 I II -0.185 
6 I II 0.0 
7 I II 0.185 
8 II Off Body upright 
9 II I 0.0 

10 II I 0.185 
11 II II 0.0 
12 II II 0.185 
13 Off I 0.0 
14 Off I 0.185 
15 Off II -0.185 
16 Off II 0.0 
17 Off II 0.185 
18 Off Off Body upright 
19 Off Off Body inverted
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TABLE III. - TEST DATA 

Symbols used in the tabulated data are defined as follows: 

CONFIG.	 configuration number (see table U) 

MACH NO	 Mach number 

Q	 free-stream dynamic pressure, lb/ft2 (1 lb/ft2 = 47.88 N/m2) 

BETA	 angle of sideslip, deg 

ALPHA	 angle of attack, deg 

CN	 normal-force coefficient, main balance 

CA axial-force coefficient, main balance 

CM pitching-moment coefficient, main balance 

CL lift coefficient, main balance 
\ 

CD drag coefficient, main balance 

L/D lift-drag ratio, main balance 

CLC lift coefficient, canard balance

CMC	 pitching- moment coefficient, canard balance 

CNC	 normal-force coefficient, canard balance

15 
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Figure 10.- Interference effects on lift for model with wing I and 

canard II above and in the wing chord plane.
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Figure 10.- Concluded.
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Figure 11.-Interference effects on lift for model with wing I and 

canard II below and in the wing chord plane. 
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Figure 11.- Continued. 
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Figure 12.- Interference effects on lift for model
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Figure 12.- Concluded.
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Figure 13.- Interference effects on lift for model 

with wing II and canard II. 

118



.6 

.5 

.4 

Wing z/E 

o	 U 

o	 fl 0185 

•

	

Off 0 

A Of 0.185

.3 

.2 
CLC

0 

-.1 

1.2 

1.0 

.8 

.6 
CL

.4 

.2 

0 

-.2 

-.4

in 
-8	 -4	 0	 4	 8	 12	 16	 20	 24


a,deg 

(b) M = 0.90.


Figure 13.- Continued.
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Figure 14.- Concluded.
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Figure 15.- Comparison of theoretical and experimental lift characteristics 

for model with wing I and canard IL z/ë = 0.185; M=0.70. 
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Figure 16.- Comparison of theoretical and experimental lift characteristics 

for model with wing I and canard H. z/ë = -0.185; M = 0.70. 
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Figure 17.- Comparison of theoretical and experimental lift characteristics 

for model with wing U and canard H. z/ë = 0.0.
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Figure 17.- Continued.
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Figure 17.- Concluded. 
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Figure 18.- Comparison of theoretical and experimental lift characteristics 

for model with wing Hand canard U. z/E = 0.185; M=0.70. 
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