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RESEARCH MEMORANDUM 

ESTD1ATED TRANSONIC FLYING QUALITIES OF A TAILLESS 

AIRPLANE BASED ON A MODEL INVESTIGkTION 

By Charles J. Donlan and Richard E. Kuhn 

SUMMARY 

An analysis of the estimated flying qualities of a tailless airplane 
with the wing quarter-chord line swept back 350 in the Mach number range 
from 0 .40 to 0 .91 has been made, based on tests of a model of this air­
plane in the Langley high- speed 7 - by 10-foot tunnel. 

The analysis indicates longitudinal-control position instability at 
transonic speeds but the accompanying trim. changes are not large. Control­
position maneuvering stability , however, is present for all speeds. 
Longitudinal and lateral control appear adequate , but the damping of the 
short-period longitudinal and lateral oscillations at high altitudes is 
poor and would probably require artificial damping. 

INTRODUCTION 

Stability and control tests of a tailless-type swept-wing airplane 
model have been conducted in the Langley high-speed 7- by 10-foot tunnel 
through the Mach number range from 0 .40 to 0 .91. The flying qualities 
that might be expected from such an airplane have been estimated from 
these data for assumed wing loadings of 24 and 34 pounds per square foot 
at sea l evel and at an altitude of 40,000 feet. All computations are 
based on a center-of-gravity position of 17 percent of the mean aero­
dynamic chord. 

The estimated flying qualities of the airplane are presented in the 
body of the paper and in figures 1 to 23. A discussion of the wind­
tunnel tests is presented in the Appendix and the data are presented in 
figures 24 to 41 . 

COEFFIC IENTS AND SYMBOLS 

The system of axes employed, together with an indication cf the 
positive forces, moments, and angles, is presented in figure 1. 
Pertinent symbols used in this paper are defined as follows: 
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lift coefficient (Lift / gS) 

drag coefficient (Drag/gS ) 

pitching-moment coefficient (Pitching moment/gSc) 

rolling-moment coefficient (Rolling moment/gSb) 

side-force coefficient (Side force/ gS) 

yawing-moment coefficient (Yawing moment/gSb ) 

free - stream dynamic pressure) pounds per sguare foot ( P~) 

wing area 

wing mean aer odynamic chord (M .A. C. ) (c 
chord) parallel to plane of symmetry 

wing span 

air vel ocity ) feet per second 

rolling velocity ) degrees or radians per second 

yawing ve l ocity) radians per second 

pitching velocity) r adians per second 

speed of sound) feet per second 

Mach number (V /a) 

Reynolds number (p:c) 

absolute viscosity ) pounds-seconds per sguare foot 

mass density of air ) slugs per cubic foot 

angle of attack) measured from X- axi s to fuselage center 
line) degrees 

angle of attack of model under no- load conditions 

control deflection) measured on chord line parallel to the 
plane of symmetry ) degrees 

angle of yaw) degrees 
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€ 

L/D 

W/S 

dCy 
CY1jr = d1jr 

Cl 
dC l 

= d(~~) p 

cn 
dCn 

p 
= d(~~) 

Cy 
dCy 

= 
p ?iJ~) 

Cl 
dC l 

= d(~~) r 

angle of sideslip, radians 

angle of attack of principal loneitudinal axis of airplane, 
positive when principal axis i s above f light path at the 
nose, degrees 

angle between f ueselage center line and principal axis of 
inertia, positive when fuselage center line is above 
principal axiS, degrees 

angl e of flight path to horizontal aXiS, positive in climb, 
degrees 

lift- drag r atio (CL/CD) 

wine loading (Weight/S) 
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Cnr 
dCn 

= 

~~~) 

CYr 
dCy 

= 

d(~~) 

CL 
dCL 

a. = ~ 

Cmq 
dCm 

~~~) 
kx 

0 
radius of gyration in roll about body axes , feet 

ley 
0 

radius of gyration in pitch about body axes , feet 

kz radius of gyration in yaw about body axes, feet 
0 

Subscripts : 

9. ail eron 

7, left 

r right 

MODEL AND AIRPLAl1"E 

The test model represented a tailless, swept-wing, jet-propelled, fighter - type airplane . The physical characteristics of the solid- steel model are presented in figure 2 , and pictures of the model mounted on the sting-support systems used for this investigation are presented in figure 3 . For the portions of analysis for which full - scale airplane dimensions were required, a model scale of 0 .08 was assumed . The control su-rfaces, which a l'e plain flaps with sealed gaps , are intended to be used for both longitudinal and lateral control . Rudder s were not simulated on the model . Air flow through the jet- intake ducts was permitted for all tests , and one of the exhaust ports, together with its mirror image, can be seen in figure 3 (a). 
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BASIS OF ANALYSIS 

The most recent specification for satisfactory flying gualities 
(reference 1) has been used as a guide in the present analysis . However, 
inasmuch as the analysis is restricted to the high- speed configuration 
without regard to control forces (no model hinge-moment data were 
obtained) and because much of the interest centers about the behavior 
of the airplane at speeds above those at which adverse compressibility 
effects are encountered, no detailed step-by- step comparison with the 
specifications has been attempted . 

The estimated characteristics of the aircraft at each Mach number 
are based upon the results of tunnel tests at the same Mach number but 
at the test Reynolds number indicated in figure 4 . The full-scale 
Reynolds numbers corresponding to flight at sea level and at an altitude 
of 40,000 feet are also shown in figure 4. No attempt was made to 
account for Reynolds number effects in interpreting the results . It is 
of interest to note, however, that a few unpublished tests made with 
transition fixed at the leading edge in order to simulate flow conditions 
at high Reynolds numbers were in good agreement with the basic free­
transition tests. This indicates that, although the bulk of the data 
was obtained with free transition, the model data were not obtained in a 
critical range of Reynolds number . 

RESULTS AND DISCUSSION 

Performance 

Flight conditions .- The variations with Mach number of the lift 
coefficient required for level flight for the various wing loadings and 
altitudes considered in the analysis are given in figure 5 and the 
corresponding angle - of- attack variation is given in figure 6. Figure 6 
is useful for estimatin the inclination of the principal axes of inertia 
for the different flight conditions . It will be observed that the angle 
of attack for level flight at sea level for the lighter wing loading 
becomes slightly negative at the highest Mach numbers . This condition, 
of course, is a result of the shift in angle of zero lift effected by 
the deflected elevator required for balance. 

Lift-drag ratios . - The variation of the untrimmed lift- drag ratios · 
at the various Mach numbers as a function of the lift coefficient is 
presented in figure 7 . It will be observed that the lift coefficient 
for maximum LID is essentially independent of Mach number, altho~gh 
the magnitude of the available LID maximum drops rather rapidly above 
a Mach number of 0 .80. The level- flight LID values associated with 
the trimmed-flight conditions defined in figure 5 are presented in 
figure 8 . The advantages to be gained by flying at high altitude are 
forcefully illustrated by this figure . 
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Longitudinal Stability and Control 

strictly speaking the elevator deflections for the various configu­
rations discussed in the following paragraphs are slightly in error (about 
1/3 of a deg too much dmm elevator) because the data used in the analysis 
were not corrected for the additional pitching-moment correction discussed 
in the appendix . 

Static l ongitudinal stability.- The static longitudinal stability 
of the airplane is presented in figure 9 in the form of the variation of 
the elevator pos ition required for trim with Mach number. Control­
position instability is first manifested at a Mach number of 0.90 at sea 
level and at a Mach number of 0 .85 at an altitude of 40,000 feet. The 
causes of the control-position instability exhibited above these Mach 
numbers are traceable to the rapid changes occurring in the basic 
untrimmed pitching-moment coefficient (fig. 10(a)) and to the changes 
in control effectiveness (fig. 10(b)). The resultant changes in trim, 
however, appear to be relatively gradual and of moderate magnitude, at 
l east t o a Mach number of 0 . 91 , and may not be objectionable. 

A rigorous evaluation of the neutral-point l ocation (center-of­

gravity position for which ~ = 0) at these Mach numbers would indeed 

indicate that the control-fixed neutral point moves well ahead of the 
center-of-gravity position. However, the utility of the neutral-point 
concept l argel y vanishes when irregular and rapid changes in trim occur . 
The de s ired information on static l ongitudinal stability appears to be 
most directly conveyed through charts like figure 9. 

Maneuvering stability.- For tailless aircraft which possess very 

little damping in pitch, the factor (~~\ very nearly defines the 

s Lick - fixed "maneuver margin" - the distance, expressed as a fraction of 
t he chord, that the center of gravity is ahead of the Ilmaneuver point . II 
(The maneuver point is the center-of-gravity position for which the rate 
of change of control deflection with normal acceleration vanishes.) 

The variation of the maneuver-point location with Mach number is 
pr~sented for several lift coefficients in figure 11. It is evident 
t hat the maneuver point moves rearward, in general, at the higher Mach 
numbers. However, because of the nonlinearities involved in the evalu­
at i on of the maneuver point, its influence can be studied more con­
veni~ntly in conjunction with the evaluation of the effectiveness of the 
l ongitudinal control. 

Longitudinal-control effectiveness .- The amount of elevator control 
rf-quired for various accelerated-flight conditions is presented in 
LgL.l.'· 12 . For f light at sea level (figs. 12 (c) and 12 (d)), only 
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about 1
0 

8f elevator is required to produce a 6g acceleration at a Mach 
number of 0.85 . The elevator must always be moved in the desired 
direction) however) as would be expected from the maneuver- point movement 
previously discussed (fig . 11) . The minimum degree of stick- position 
maneuvering stability that can be tolerated will depend on the associated 
stick- force gradient . A small stick-position gradient) however) may make 
it difficult to design the control system to supply an adequate force 
cradient and still keep the maximum control force for other conditions 
within the capabilities of the pilot . At altitude of 40 )000 feet 
(figs . 12(a) and 12(b) ) ) much larger control defl ections are required for 
the accelerated- flight conditions which makes the design of the control 
system even more critical . 

~namic stability . - The characteristics of the stick- fixed short­
period longitudinal oscillation are presented in figures 13 to 16 . The 
computations are based on the formulas of reference 2 and the appropriate 
parameters in table I. While it is desirable that the short-period 
oscillation ~e damped to one - tenth amplitude in one cycle) it is obvious 
from figure 16 that this tailless design would not meet such a require­
ment at altitude . For the altitude case) it is seen that an oscillation 
of about 40 percent of the original amplitude still persists after one 
complete oscillation. At sea level) on the other hand) the damping of 
the oscillation appears to be adequate . 

The damping characteristics have been evaluated for the control­
fixed condition although the specifications are based upon free controls . 
However) if an irrevers i ble control system were used on this airplane) 
the fixed-control characteristics would dictate the behavior of the 
aircraft. 

Lateral Stability and Control 

Lateral stability parameters .- Because of the absence of any rudder 
data from which trimmed yawed conditions could be evaluated) the direc ­
tional and lateral stability will be adjudged from the stability parameters 
presented in figure 17. In general) the data indicate adequate static 
lateral stability . It will be noted} however} that the speed brakes 
decrease the directional stability and produce a sli ght negative dihedral 
effect (negative CI~) at the highest Mach numbers. 

Lateral control.- The lateral-control characteristics of the air­
plane a re presented in figure 18 in the form of the variation with Mach 

number of the wing-tip helix angle pb obtained with various total 
2V 

aileron deflections . The helix angle was computed from the simple 

relation ~ 
2V 

CI using the aileron rolling-moment data presented in 
C lp 

I 
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figure 34 and the damping characteristics given in figure 18 . The 
damping coefficients were estimated by the method of r efer ence 3. Some 
unpublished experimental CZp data indicate that for this wing plan 
form. the theoretical values are in good agreement with experiment . 

The rate of r oll expressed in degrees per second is presented in 
figure 19. Aeroelastic distortion effects would undoubtedly decrease 
the rates of r oll from those indicated in figure 19, but in any event 
the rates of roll should be extremely high . It will be noted that, as 
in the case of longitudinal control, lateral- control effectiveness begins 
to decrease r apidly at the highest Mach numbers . 

It is evident from the extremely rapid rates of roll possible on 
this airplane that the limiting rate of roll will probably be conditioned 
by the pilot's ability to withstand the angular accelerations imposed . 

Dynamic stability .- Using the parameters presented in table I, the 
characteristics of the control-fixed lateral oscillations have been 
evaluated by the method of reference 4 and ar e presented in figures 20 
to 23 . The values of CZ p presented in this table are slightly differ -

ent from those given in figure 18, but the effect of this difference on 
the dynamic stability characteristics was found to be negligible . 

It will be noted from figure 23 that the damping of the oscillation 
is marginal for the sea- l evel conditions and is definitely unsatisfactory 
for the altitude conditions according to the desired damping criterion 
set forth in r efer ence 1. If flight tests on airplanes of this type 
subse quently demonstrate the r eal need for additional damping, the 
s implest way to provide for it would be to introduce artificial damping 
into the system in the form. of rudder control coupled to a gyroscope 
sensitive to yawing velocity as discussed, for example, in r eference 5. 

A check on spi r al stability was also made for the conditions stated 
in figure 20 . It was found that spiral instability was present at a 
Mach number above 0 .9 , but the degree of spiral instability was so slight 
that the time required for the angle of bank to increase 10 percent was 
of the order of 1 minute at an altitude of 40,000 feet and 4 minutes at 
sea level . 

CONCLUSIONS 

An analysis of the transonic flying qualities to be expected from 
a tailless airplane in the Mach number range from 0 .40 to 0 .91 based on 
a model investigation indicates the following conclus i ons : 

1 . The airplane would exhibit Ion itudinal control- pos i tion 
instability at transonic speeds but the accompanying trim changes at 
these speeds should not be large . 

- ----------------- ----

- l 
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2. Control- position maneuvering stability would be present at all 
speeds investigated although the control-position gradient may be as 
high as 6g's per degree of elevator deflection at low altitudes. 

3 · The damping of the short- period longitudinal oscillation at 
high altitudes would be less than desired. 

9 

4. The damping of the lateral oscillation at high altitude would be 
very poor and would probably require artificial damping . 

5. Longitudinal and lateral control appear to be adequate at all 
speeds investigated . 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va . 
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WIND~ INVESTIGATION 

Tests 

Scope.- The tests covered a Mach number range of 0.40 to 0.91 and 
an angle - of-attack range of 00 to 100. Yaw tests were conducted through ±4° at 00 and 6P angle of attack . Longitudinal-control tests were con­ducted for -4.40 to 9.50 elevator deflection through theangle-of-attack and Mach number range, and aileron-control tests covered -1.80 to 18.90 
deflection of the left aileron through the angle-of-attack and Mach number range. The effect of the fins, canopy, and s peed brakes on the longitudinal and lateral stability and control was also investigated. 

The variation of test Reynolds number with Mach number for average te st conditions is presented in figure 4. The size of the model used in the present investigation resulted in a corrected t unnel choking Mach number of about 0.94. Experience has indicated that, with thi s value of choking Mach number, the data should be reliable up to a corrected Mach number of about 0 . 91. 

Support system. - The model was supported by a sting extending from 
the rear of the fuselage to a vertical strut l ocated behind the model. A photograph of the model supported on this system is shown in figure 3(a). The tare forces and moments produced by the center sting were determined by mounting the model on two wing supports which were also attached to the vertical strut and testing the model with and without the center sting (fig. 3(b)) . For wing-alone tests the method that was employed to obtain pit ching-moment tares was found to give unreliable results. Conse~uently, no pitching-moment data for the wing alone are presented in this report. Angles of attack and yaw were changed by the use of interchangeable couplings in the stings behind the model. Deflections of the support system under load were determined from static-loading tests. 

Corrections.- The test results have been corrected for tare forces and moments produced by the support system. However, there are small additional corrections to the pitching-moment and rolling-moment coefficients which have not been incorporated in the data. These corrections, which are inherent in the balance system, were determined subse~uent to the completion of the present investigation, but the data of this paper can be corrected as follows: 

(C l ) = (C l ) - 0.0008 corrected presented 
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The jet-boundary corrections to the lift and drag were computed by 
the method of refer ence 6 . The jet-boundary corrections to other 
components were considered negligible. 

The drag has been corrected for the buoyancy produced by the small 
longitudinal static -pressure gradient in the tunnel . All coefficients 
and Mach numbers were corrected for blocking by the model and its wake 
by the method of reference 7 . 

RESULTS AND DISCUSSION 

The r esults of the wind- tunnel tests are presented in the follOWing 
figures . The pitching-moment coefficients are presented about a center 
of gravity located at 17 percent of the mean aerodynamic chord . 

Basic Force Data : 
Longi tudina l -

Pitch tests, effect of control deflection, speed brakes, 
fins, canopy, and wing- alone data 

Lift- curve (s~~!\ 
Curves of ~LJM 

Control effectiveness parameter . 
Lateral -

Yaw tests, effect of speed brakes, fins , canopy, and 
wing- alone data . • .... 

Lift coefficient of yaw tests . 
Lateral- stability derivatives • . .• • •. 
Later al- control tests . . • . . 
Effect of aileron deflection on drag 
Effect of fins on aileron effectiveness • 

Miscellaneous Data : 
Tuft studies of flow over wing 
Speed-brake configurations -

Drawing of fuselage brakes 
Tuft studies . . . . 
Effect on lift, drag, and pitching moment 
Drag increments . . .. . •.. . 

Figure 

24, 2 5, 26 
27 

28 

29 

30 , 31 
32 
33 
34 
35 
36 

37 

38 
39 
40 
41 

Longitudinal stability and control .- The aerodynamic characteristics 
in pitch of the model and various components are presented in figures 24, 
2 5, and 26 . For these tests a cluster of static and total head tubes 
was installed in the right duct to measure the flow during tests. The 
inlet- vel ocity ratios measured were small compared to those which might 
be expected in flight ; however, calculations have indicated that only a 
small pi tching moment results from turning the inlet air through the 
angle of attack at the duct inlet . 
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Visual observation of tufts indicated no external flow separation 
from the duct inlets at any Mach number at low angles of attack . At the 
highest angle of attack) however) a local separation from the upper 
surface of the duct lip was observed at Mach numbers as low as 0 .45 
(fig . 37) . 

The elevator effectiveness parameter Crne (fig . 10 (b) ) was deter­
mined from cross plots of the data from figure 24 and is defined as the 
slope of the pitching-moment coefficient plotted against elevator­
deflection curve at zero elevator deflection . The pitching-moment coeffi ­
cient was found to vary linearly with deflection through the deflection 
ran e at the lower Mach numbers . At large deflections the effectiveness 
was somewhat reduced at the higher Mach numbers . 

The effectiveness parameter (~m) (fig . 29) is based on 
0 0 to 4 . )+0 

data obtained from elevator deflections 00 and - 4 .40 only . 

Lateral stability .- The variation of lateral- stability characteristics 
with Mach number (astatic = 00 and 60 ) for several configurations of the 
model are presented in figures 30 and 31 . During the test runs in which 
these data were obtained) the lift coefficient varied as indicated by the 
curves in figure 32 . The an le- of- attack change from the wind- off static 
values (astatic = 00 and 60 ) was caused by the deflecti on of the suppor t 
system under aerodynamic load and is i ndicated by the values of the 
actual angle of attack shown in figure 32 . 

Lateral control .- Most of the test results presented ar e for the 
complete model configuration conSisting of the wing) fuselage ) canopy ) 
and vertical tails (figs . 34 and 35) . Several test s ) however) were made 
with the vertical tails removed (fig . 36) and these data ar e uncorrected 
for the small changes in angle of attack of the model caused by deflection 
of the sting- support system . The data) however ) can be compared with 
those of figure 34 inasmuch as the lateral char acteristics are not 
particularly sensitive to angle of attack in this range . 

It is of interest to note that at low angles of attack ther e is an 
appreciable favorable yawing moment accompanying the lar ge negative 
aileron deflections at all Mach numbers and that this yawing moment 
decreases with increase of angle of attack . A study of the data indicates 
that this favorable yawing moment is attributable to the side force on 
the vertical fins induced by the deflected aileron . The decr ease in 
yawing moment with increase in angle of attack is probably caused by the 
variation with angle of attack of the incremental-drag coeffic i ent 
produced by the aileron . (See fig . 35 ·) 

Speed-brake modifications .- Tuft stUdies of the flow over the model 
with the original speed brakes (fig . 39 (a )) indicated bad separation of 
the flow over the vertical fins) particularly the inboard surface ) over 
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most of the Mach number r ange . In an effort to improve this condition, 
other speed-brake configurations (fig . 38) wer e tested. On the basis of 
these tuft obser vati ons (figs . 39 (b), 39(c ), and 39 (d)), i t appeared 
that all the modifications tested eliminated the poor flow conditions 
evident at the vertical fin with t he original configuration. 

The effect of these speed-brake configurati ons on t he ae r odynamic 
char acteristics in pitch is presented in f i gure 40 for a static angle 
of attack of 1.80

• The variation of the drag increments (6CD), produced 
by the various speed br akes , with Mach number is pr esented in figure 41 . 
It is evident f r om these data that the modified wing brakes produced 
considerably larger drag incr ements t han the fuse l age brakes. 
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vis Altitude M 1] CL 

24 Sea level 0 .4 1·75 0 .1 
24 Sea level ·5 .85 .067 
24 Sea level .6 .4 .046 
24 Sea level ·7 .25 .038 
24 Sea level .8 .1 .025 
24 Sea level .85 0 .021 
24 Sea l evel .875 -.05 .020 
24 Sea level ·9 - .1 .019 
24 Sea level ·91 0 .019 

24 40,000 feet .6 4.23 .243 
24 40,000 feet ·7 2.9) .181 
24 40,000 feet .8 1-95 .138 
24 40, 000 feet .85 1.60 .122 
24 40,000 feet .875 1.45 .115 
24 40,000 feet ·9 1 ·35 .llO 
24 40,000 feet ·91 1.)~0 .107 

34 Sea level .4 2.60 .142 
34 Sea level ·5 1·55 .092 
34 Sea level .6 ·90 .064 
34 Sea level ·7 ·50 .046 
34 Sea level .8 ·30 .035 
34 Sea level .85 .2 .030 
34 Sea level .875 .1 .028 
34 Sea level ·9 .05 .026 
34 Sea level ·91 .1 .026 

34 40, 000 feet .6 6.20 ·345 
34 40, 000 feet ·7 4 · 30 .2 53 
34 40,000 feet .8 2 .85 .195 
34 40,000 feet .85 2·35 .173 
34 40,000 fee t .875 2 .14 .163 
34 40,000 feet ·9 2 .00 .155 
34 40,000 feet ·91 2 .00 .151 

TABLE I 

PARAMETERS USED IN DYNAMIC STABll."ITY COMPUTATIONS 

G = 0; "/ = 0 ; CyP = 0 ; Cyr = ~ 

Longitudinal 

kyo kxo kZo Cmq Cma. Cl Clr C b b P 

-0 ·724 -0·312 0 ·575 0.145 0 .243 -0.240 0 .0228 
- ·756 -· 313 ·57:5 .145 .243 -.245 .0152 
-·787 - ·314 ·575 .145 .243 - .251 .0104 
- .835 - ·322 ·575 .145 .243 - .256 .0085 
- ·918 -·341 ·575 .145 .243 - .265 .0055 
- ·972 - ·3791 ·575 .145 .243 - .269 .0046 

-1:005 -.447 ·575 .145 .243 - .271 .0044 
-1 .036 - ·565 ·575 .145 .243 - .275 .0041 
-1.049 - .654 ·575 .145 .243 - .278 .0041 

- ·787 - '·314 ·575 .145 .243 - .251 .0547 
- .835 - ·322 ·575 .145 .243 - .2 56 .0404 
- .918 - ·341 ·575 .'1.45 .243 - .265 .0305 
- ·972 -·379 ·575 .145 .243 - .269 .0268 

-1.005 - .447 ·575 .145 .243 - .271 .0251 
-1.036 - ·565 ·575 .145 .243 - .275 .0239 
-1.049 - .654 ·575 .145 .243 -.278 .0231 

- ·724 - ·312 ·575 .157 .240 - .240 .0324 
- ·756 - ·313 ·575 .157 .240 - .245 .0209 
- ·787 - ·314 ·575 .157 .240 - .251 .0144 
- .835 - ·322 ·575 .157 .240 - .256 .0103 
- ·918 - ·341 ·575 .157 .240 - .265 .0077 
- ·972 - ·379 ·575 .157 .240 - .269 .0066 

-1 .005 - .447 ·575 .157 .240 - .271 .0061 
-1-036 - ·565 ·575 .157 .240 - .275 .0056 
-1.049 - .654 ·575 .157 .240 - .278 .0056 

- ·787 -·314 ·575 .157 .240 - .251 .0776 
- .835 - ·322 ·575 .157 .240 - .256 .0564 
- .918 -·341 ·575 .157 .240 - .265 .0431 
- ·972 - ·379 ·575 .157 .240 - .269 .0381 

-1 .005 - .447 ·575 .157 .240 -.271 .0355 
-1.036 - ·565 ·575 .157 .240 - .275 .0336 
-1.049 - .654 ·575 .157 .240 - .278 .0326 

-_. 

Lateral 

~ C~ Clj3 

-0.0055 -0.0604 -0 .0344 
-.0037 - .0653 - .0172 
- .0026 - .0704 - .0086 
- .0024 - .0757 - .0057 
- .0018 - .0810 - .0040 
- .0018 - .0836 - .0023 
-.0018 -.0848 -.0011 
- .0020 - .0866 0 
- .0021 - .0881 0 

-.0139 -.0730 - .0688 
- .0113 - .0769 -.0487 
- .0101 -.0818 - .0372 
- .0102 - .0841 - .0258 
-.0104 -.0858 - .0201 
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Cnj3 Cy~ 
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TABLE II. COORDINATES OF SY~ICAL 

AIRFOIL SECTION 

~1 dimensions in percent of wing chord parallel 
to plane of symmetry of win~ 

- - -

Station Uppe:r-- and lower- surface 
ordinate 

0 0 
.5871 1.0958 
.8803 1.3226 

1.4661 1.6687 
2.9264 2.2597 
5.8297 2.9981 
8 .7103 3.4923 

11.5680 3.8626 
17.2154 4.3929 
22 .7728 4.7516 
28.2409 4.9951 
33.6203 5.1488 
38.9118 5.2322 
44.1160 5.2200 
49.2336 5·1300 
54.2654 4.9088 
59.2118 4.5506 
64.0736 4.0784 
68 .9587 3.5320 
73.5461 2.9550 
78.1583 2.3821 
82 .6881 1. 8395 
87 .1366 1. 3383 
91.5043 .8757 
95 .7921 .4408 

100.0000 .0206 

E==_ =_=~_=_ =_ =_ =~--=_ =~ ____ :=::::::::::-~-
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RelatIve wmd 

Plane cf 
y-e / It tire wind 

/----

z 

VIew A-A 

Figure 1.- System of axes and control-surface deflections. Positive 
values of forces, moments, and angles are indicated by arrows. 
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(a) Model mounted on the center sting. 

Figure 3.- Photographs of the test model. 
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(b) Model mounted on the tare stings with the center sting in place. 

Figure 3.- Concluded. 
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