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RESEARCH MEMORANDUM

ESTIMATED TRANSONIC FLYING QUALITIES OF A TATLLESS
ATIRPIANE BASED ON A MODEL IRVESTIGATTION

By Charles J. Donlan and Richard E. Kuhn
STMMARY

An analysis of the estimated Tlying qualities of a tallless airplane
with the wing quarter—chord line swept back 35° in the Mach number range
from 0.40 to 0.91 has been made, based on tests of & model of this alr-
plane in the Iangley high-speed T- by 10-foot tumnel.

The analysis indicates longltudinal-control position instabllity at
transonic speeds but the accompanying trim changes are not large. Control-
position maneuvering stebility, however, 1ls present for all speeds.
Longitudinal and lateral control appear adequate, but the demping of the
short-period longitudinal and lateral oscillations at high altitudes is
poor and would probably reguire artificial damping.

INTROTUCTION

Stability and control testes of a tallless-type swept-wing airplane
model have been conducted in the Langley high-speed 7- by 10-foot tunnel
through the Mach number range from O0.40 to 0.91. The flying qualities
that might be expected from such an alrplane have heen estlmated from
these data for assumed wing loadings of 24 and 34 pounds per aquare foot
at sea level and at en altitude of 40,000 feet. - A1l computations are
based on a center-of-gravity position of 17 percent of the mean aero-
dynemic chord.

The estimated flying quallities of the alrplaene are presented In the
body of the paper and In figures 1 to 23. A discussion of the wind-
tunnel tests 1s presented in the Appendlix and the dsta are presented in
filgures 24 to k1.

COEFFICIENTS AND SYMBOLS

The gystem of axes employed, together with an Indlcation of 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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11ft coefficient (Lift/gS)

drag coefficient (Drag/qS)

pltching-moment cb’eff;cient (Pitching moment/qSc)
rolling-moment coefficient .(Rolling moment/gSbh)

side-force cqefficient (Side force/gS)

yawing-moment coefficient (Yawing mcment/qSb)

froe-giream dynamic pressure, pounds per sguare foot.(ggg) .
wing area o o b/é

wing mesn serodynemic chord (M.A.C.) <E = %JG 02d3>

chord, parsllel to plane of symmetry

wing span -

alr veloclity, feet per second

rolling velocity, degrees or radlans per second
yawing veloclty, radians per second

pltching velocity, radians per second

speed of sound, feet per second

Mach number (V/a) '

Reynolds nwmber Egé)

ebsolute viscosity, pournds-seconds per square fool

mess density of air, slugs per cublc foot

engle of attack, measured from X-axis to fuselage center
line, degrees

angle of attack of model umder no-load condltions

control deflectlon, measured on chord line parallel to the
plane of symmetry, degrees
angle of yaw, degrees

-
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angle of sldeslip, radlens

angle of attack of principal longitudinal axis of airplane,
positive when principal axis 18 eabove flight path at the
nose, degrees

angle between fueselage center line and principsl axls of
inertia, positive when fuselage center llne 1s above
principal sexis, degrees

angle of flight path to horlzontael axls, posltive in climb,
degrees

lift-drag ratio (GL/CD)

wing loading (Weight/S)
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aCy, -
Cnyp = Tb v
2V
3Cy
Cy,. = b
2V )
o 3,
o« - da
)
2V
kxo radlius of gyration in roll ebout body axes, feet
kYo radius of gyration in pltch about body axes, feet
kZ radius of gyration In yaw about body axes, feet R
o]
Subscripte: ¥
a alleron N
1 left
r right A

MODEL. AND ATRFLAWNE

The test model represented a tailless, swept-wing, Jet-propelled,
Tighter-type alrplane. The physical characteristics of the solid-steel
model are presented in filgure 2, and plctures of the model mounted on
the sting-support systems used for this investigatlion are presented in
figure 3. For the portions of analysis for which full-scale alrplane
dimensions were required, a model scale of 0.08 was assumed. The control
surfaces, which are plain flaps with sealed gaps, are intended to be used -
for both longitudinal aend lateral control. Rudders were not simulated on -
the model. Ailr 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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BASTS OF ANALYSIS

The most recent speciflcation for satisfactory flying qualities
(reference 1) has been used as a gulde In the present analysis. However,
inasmuch as the enalysis is restricted to the high-speefdl configuration
without regard to control forces (no model hinge-moment dats were
obtained) and because much of the interest centers about the behavior
of the alrplane at speeds sbove those at which adverse compressibllity
effects are encountered, no detalled step-by-step camparison with the
specificatlons has been attempted.

The estimated characterdstlics of the alrcraft at each Mach nmumber
are based upon the resulis of twmel tests at the same Msch number but
at the<*test Reynolds number indicated in figure 4. The full-scale
Reynolds numbers corregponding 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 e few unpublished tests made with
transgition fixed at the leading edge In order to simulate flow conditioms
at high Reynolds numbers were 1ln good agreement wlth the basic free-
transition tests. This Indicates that, although the bulk of the data
was obtained with free transition, the model data were not obtalned in a
critlical range of Reynolds mumber.

RESULTS AND DISCUSSION

Performance

Fllght condltlons.- The varliations with Mach number of the 1ift
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 estimating the Inclination of the principel axes of Inertia
for the different flight conditions. It wlll be observed that the angle
of attack for level flight at sea level for the lighter wing loadling
becames slightly negative at the highest Mach numbers. This condltlon,
of course, 18 a result of the shift In angle of zero 1ift effected by
the deflected elevator regquired for balance.

Lift-drag ratios.-, The varlation of the wmtrimmed lift-drag ratios
at the various Mach numbers as a function of the 1ift coefficient 1is
presented in figure 7. It will be observed that the 1ift coefficient
for maximm L/D 1is essentlally independent of Mach number, slthough
the magnitude of the avallable L/D meximum drops rather rapidly above
a Mach number of 0.80. The level-flight L/D values associated with
the trimmed-flight condltions defined in figure 5 are presented in
figure 8. The advantages to be gained by flying at high altitude are
forcefully 1llustrated by this figure.




6 = NACA RM I19D08

Longitudinal Stabllity and Control

Strictly epeaking the elevator deflections for the various conflgu-
rations discussed in the followlng paragraphs are slightly in error (about
1/3 of a deg too muéh down elevatar) because the data used in the analysis
were not corrected for “the additliomel pltching-moment correction discussed
in the appendix..

Statlic longitudinal stability.- The static longlitudinel stability

of the airplane 1s presented in figuwre 9 1n the form of the variation of
the elevator position required for trim with Mach number. Control-
position instabllity is first manifested et a Mach number of 0.90 &t sea
level and at a Mach number of 0.85 at an altitude of 40,000 feet. The
causes of the control-position Instabllity exhibited above these Mach
numbers are traceable to the rapld changes occurring in the basic
untrimmed pitching-moment coefficient (fig. 10(2))} 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
least to & Mach number of 0.91, and may not be obJectionable.

A rigorous evaluation of the neutral-polnt location (center-of-
gravlity position for which %ﬁ = CD at these Mach numbers would indeed
indicate that the control-fixed neutrsal point moves well ahead of the
center-of-gravity position. However, the utility of the neutral-point
concept largely vanishes when irregular and rapld changes in trim occur.
The desired Information on static longitudinel stability appears to be

most directly conveyed through charts like figure 9.

Maneuvering stabllity.- For tallless aircraft which possess very

little demping in pitch, the factar 55%) very nearly defines the
M

stick-fixed "maneuver margin" - the distance, expressed as a fraction of
the chord, that the center of. gravity is ahead of the 'meneuver point."
(The maneuver point is the center-of-gravity position for which the rate
of change of control deflection with normal acceleration vanishes.)

The varietion of the maneuver-point location with Mach number i1s
presented for geveral 11ft coefflclents in flgure 11. It 1s evident
that the maneuver polnt moves rearward, in general, at the higher Mach
numbers. However, because of the nonlinearitles lnvolved in the evalu-
ation of the mameuver pdint, its influence can be studied more con-
venlently in conJunctlon wlth the evaluation of the effectiveness of the
longitudinal contrel. S '

Longitudinal-control effectlveness.- The smount of elevator control

required for vaerious accelerated-flight conditions ig presented in
figure 12. For Fflight at sea level (figs. 12(c) amd 12(d)), only
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about 1° of elevator is required to produce a b6g acceleration at a Mach
mumber of 0.85. The elevator must always be moved in the desired
direction, howsver, as would be expected from the mansuver-polnt movement
previously discussed (fig. 11). The minimm 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 maks
it difficult to design the control system to supply an adequate force
gradient and stlll keep the maximum control force for other conditions
within the capebilities of the pilot. At altitude of 40,000 feet

(figs. 12(a) and 12(b)), much larger control deflections are required for
the accelerated-flight conditions which makes the deslgn of the control
system even more critical.

Dynamic gtebility.- The charascteristics of the stick-fixed short-

period longitudinal oscillation are presented I1n figures 13 to 16. The
camputations are based on the formulas of reference 2 and the appropriate
parameters in teble I. While 1t 1s desirable that the short-period
ogcillation be damped to ane-tenth emplituds In ome cycle, 1t 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 4O percent of the original smplituds stlll persists after ome
complete oscilliation. At sea level, on the other hand, the damping of
the oscillatlion appears to be adsquate.

The damping characteristice have been evaluated for the control-
fixed condition although the specifications are based upon free controls.
However, if an lrreversible comirol system were used an this alrplane,
the fixed-control charscteristics would dlctate the behavior of the
aircraft. : - - —

Lateral Stability and Control

Latersl steblllty parameters.~ Because of the absence of any rudder
data from which trimmed yawed conditiones could be evaluated, the direc-
tional and lsteral stablility will be adjudged from the stability parameters
presented in figure 17. In general, the data indlcate adequate statlc
lateral stebility. It will be noted, however, that the speed brakes
decrease the directlional atabllity and produce a slight negative dilhedral
effect (éegative ClW) at the highest Mach numbers.

Lateral control.- The lateral-control characteristics of the air-
plans are presented in figure 18 in the form of the variztion with Mach

number of the wing-tip hellx engle %’; obtained with various total

aileron deflections. The helix angle was camputed from the simple

relation g% = -%l- using the aileron rolling-moment date presented in
A
P
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figure 34 and the damping characteristics given in figure 18. The
damping coefflcients were estlimated by the method of reference 3. Some
wapublished experimental _Cz data indicate that for thils wing plen

form the theoretlcal values are 1n good agreement wlth experiment.

The rate of roll expressed in degrees per second ls presented 1in
figure 19. Aerocelastic distortion effecis would undoubtedly decrease
the rates of roll from those Indicated in figure 19, but in any event
the rates of roll should be extremely high. It will be nobted that, as
in the case of longitudinal control, lateral-control effectlveness beglns
to decrease rapidly at the highest Mach numbers.

It 18 evident from the extremely rapild rates of roll posslble on
this airplane that the limiting rate of roll will probably be condlitioned
by the pillot's ability to withstand the angular accelerations imposed.

Dynamic stebility.- Using the parameters presented In table I, the
characteristics of the control-fixed lateral osclllations have been
evaluated by the method of reference L4-and are presented in flgures 20
to 23+ The values of CZP presented in this table are slightly differ-
ent from those given in figure 18, but the effect of this difference an
the dynamic stability characteristics was found to be negliglble.

Tt will be noted from figure 23 that the damping of the oscillation
is marginal for the sea-level conditions and is definitely umeatisfactory
for the altitude conditions according to the desired demping criterion
set forth in reference 1. If flight tests on airplanes of this type
subsequently demonstrate the real need for additionel demping, the
simplest way to provide for 1t would be to introduce artificial demping
into the system in the form of rudder control coupled to a gyroscope
sensitive to yawlng velocity as discussed, for example, in reference 5.

A check on spiral stability was also madée for the conditions stated
in filgure 20. It was found that splral Instebility was present at a
Mach number above 0.9, but the degree of splral Instebllity 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 h minutes at
sea level.

CONCLUSIONS

An asnalysis of the transonic flying gqualities ‘o be expected from
a tallless alrplane in the Mach number range from O. 40 to 0.91 based on
a model investigation Indicates the following conclusions:

1. The airplame would exhibit longltudinal control-position

instabillity et transonic speeds but the accompanying trim changes at
these spseds should not be large.
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2.. Control-position maneuvering stability would be present at all
speeds Investigated although the control-position gradlent 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.

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

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

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Alr Force Base, Va.
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APPENDIX

WIND-TUNNEL INVESTIGATION

Tesats

Scope.- The tests covered a Mach mumber range of 0.40 to 0.91 and
an angle-of-attack range of 0° to 10°. Yaw tests were conducted through
+4° at 0° and 6° engle of attaeck. Longltudinal-control tests were con-
ducted for -L.4° to 9.5° elevator deflection.through the angle-of-attack
and Mach mumber renge, and ailercn-control tests covered -1.8° to 18.9°
deflection of the left alleron through the angle-of-attack and Mach number
range. The effect of the fins, canopy, and speed brakes on the longitudinal
and lateral stebility and control was also investigated.

The variation of test Reynolds number with Mach number for average
test conditions is presented 1n figure 4. The size of the model used
in the present investigation resulted in a corrected tumnel choking Mach
mmber of about 0.94%. Experience has indicated that, with this value of
choking Mach number, the data should be rellable up to a corrected Mach
number of about 0.91.

Support system.- The model was supported by & sting extending fram —
the rear of the fuselage to & verticsl strut located behind the model.
A photograph of the model supported on thls system l1ls shown 1n 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
pltching-moment tares was found to glve unrellable results. Consequently,
no pltching-moment data for the wing alone are presented 1n this report.
Angles of attack &nd yaw were changed by the use of interchangeable
couplings in the stings behind the model. Deflectlons of the support
gystem under load were determlined fram static-loadling tests.

Correctlong.~ The test resulis have been corrected for tare forces
and moments produced by the support system. However, there are amall
additional corrections to the pltching-moment and rolling-moment coeffilcients
which have-not been incorporated in the data. These corrections, which
ere Inherent 1n the balance system, were determined subsequent to the
campletion of the present investigation, but the data of this paper can
be corrected as follows:

(Cm)corrected. B (Cm) presented - 0-003 L
C = (C - 0. .
( z)c;ox'z'ec>t<-n1 ( z)p::'esem;ed. 0-0008 1
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The Jet-boundary correctlions to the 1ift end drag were computed by
the method of reference 6. The Jet-boundary correctians to other
coamponents wers considered negligible.

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

RESULTS AND DISCUSSION

The results of the wind-tunnel tests are presented in the following
figures. The piltching-moment coefflcients are presented about a center
of gravity located at 17 percemnt of the mean aerodynamic chord.

Baglc Force Data: Figure
Longltudinal —~ : ' —_
Pltch tests, effect of control defiection, sperd brakes,
fins, cenopy, and wing-alone data « + « ¢ o+ . . . . .2k 25 26

Lift-curve slope . . e 4 s s s e s & s s e o a s 27
Curves of <. )M. e s e s e s e et e s w e e 28
Control effectiveness parameter . . « « &+ « ¢« ¢ o o o . & 29
Lateral - . -
Yaw tests, effect of speed brakes, fins, canupy, and
wing-alone data e e b e e e s e e s e e s e e e s e 30, 31
Lift coefficlent of yaw tegsts « - « « ¢ ¢ o ¢« ¢ ¢ o « & & 2
Lateral-stabllity derivatives « « « ¢ ¢« ¢ ¢ ¢ ¢ ¢ o 4 o« 3
Lateral-control tests « . . . . . e r e e e e e e e e 3k
Effect of aileron deflectlon on drag e e e e e e e e e e 35
Effect of filns on alleron effectiveness . . . . . . . . . 36
Miscellaneous Data:
Tuft studies of flow over wing .« . + « ¢« « ¢ « o & o « o & 37
Speed-breke configurations -
Drawing of fuselage brakes . « « « « ¢« + o « ¢ 2 o = o & 38
Tuft studies .« « « ¢ o« ¢ v o o . . . “ e e e s e e e 39
Effect on 1ift, drag, and pitching moment c e e e e e Lo
Drag INCTOmONEE + = o = + o o & + 0 « 0 o o C e e e e L

Longitudinal stability and control.- The aerodynamic characteristics
in pitch of the model and various components are presented in figures 2k,
25, and 26. TFor these tests a cluster of statlc and total head tubes
was installed in the right duct to measure the flow during tests. The
inlet-velocity ratios measured were small compared to those which night
be expected In flight; however, calculatlons have indicated that only a
small pltching moment results from turning the inlet alr through the
angls of attack at the duct inlet.
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Visusl 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 paremster Cmg (fig. 10(b)) was deter-
mined from cross plots of the data fram filgure 2L and is defined as the.
slope of the pitching-moment coefficient plotted egainst elevator-
deflection curve at zero elevator deflection. The pitching-moment coeffi-
cilent was found to vary limearly with deflection through the deflection
range at the lower Mach numbers. At large deflections the effectliveness
was scmewhat reduced at the higher Mach numbers.

The effectiveness parameter <——j> (fig- 29) is based ,on
A8/ 5o to 4.4©
data obtained fram elevator deflections 0° and -4.4° only.

Lateral stebility.- The varlatlon of lateral-stabllity characteristics
with Mach number (agtatic = 0° and 6°) for several configurations of the
model are presented in figures 30 and 31. During the test rums In which
these data were obtalned, the 11ft coeffilclent varled as indicated by the
curves In figure 32. The angle-of-attack change from the wind-off static
values (agtatic = 0° and 6°) wes caused by the deflectlon of the support
system under aerodynsmic load and 1s indicated by the values of the
actual angle of atteck shown in figure 32. :

Lateral control.~ Most of the test results presented are for the
complete model configuration consisting of the wing, fuselage, canopy,
and vertical teils (figs. 34 and 35). Several tests, however, were made
with the vertical talls removed {fig. 36) and these data are 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 characteristics are not
rarticularly sengiltive to angle of attack in this range.

It 18 of Interest to note that at low angles of attack there is an
appreclable favorable yawing moment accompanying the large negative
alleron 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 1s attributeble to the slde force on
the vertical fins Induced by the deflected alleron. The decrease in .
yawing moment with increase in angle of attack 1s probably caused by the
variation with angle of attack of' the incremental-drag coefficient
produced by the alleron. (See fig. 35.)

Speed-brake modificationsg .~ Tuft studlies 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 Iinboard surface, over
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most of the Mach number rangs. In an effort to improve this condition,
other speed-breke configurations (fig. 38) were tested. On the basis of
these tuft observations (figes. 39(b), 39(c), and 39(d)), it appeared
that all the modifications tested elliminated the poor flow condltions
evident at the vertical fin with the original configuration.

The effect of these spesd-brake configurations on the aerodynemic
characteristics in pitch is presented in flgure 4O for a static angle
of attack of 1.8°+ The variation of the drag Ilncrements (ACD) , Produced
by the various speed brakes, with Mach number is presented in figure 4l.
It is evident from these data thet the modified wing brakes produced
conslderably larger drag increments than the fuselage brakes.
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TAHLE I
FARAMETERS USED IN DYRAMIC STWBILIIT COMPUTATIONS

E“°37"°5°!p"°f°¥r'€l

QOT6T W VOVN

Longitudinal Iateral
Altitude M 7 oy, ¥y
I EIE I R RN R
Baa 1ave) | 0.4 1.5 |01 0.2k | «0.312 0.978| 0.45 | 0.2k3 | -0.2k0 | 0.0208 | -0.00%5 |-0.0604 | -0.03Mk | 0.0573 |-0.3T2
Ben love) | .5 G5 | 087 | -6 | 0313 S75| 45| 2h3 [ -.2ks | oue | -.0037 | -0653 ) -.Q) , 0%5} - 401
Sea lowel | .6 A 045 | -a87 | -.31% S8 k5| ok3 | -2m | W000% | -.0006 | -.070L | - . -.430
Bea lavel | .7 25 | 0¥ | -B35 | - JT50 A5 | 2h3 | -p56 | 0085 | -0k | -.om7 | -.0057 | .0k%8 | -.458
Som 1svel 8 1 025 [ -u918 | .3k ] .15 243 -.ag 0055 | -.0018 | -.0810 | -.00%0 Q573 | -487
Bea 1svel | B85 | o© 021 | -.972 | ~.3790|  s75| RS ] W3 | - W©Oohs | -.0018 | -.0836 | -.0023 | 0630 | -.516
Boa lavel | .B75| -.05 | 020 | -15005 { -.DAT s WS | Wek3 | ~2TL | ook | <0018 | -.0848 | -.0012 ) .0688 | -.%16
Baa ].BTBl -9 - -l 1019 '1‘036 = -56 l’r5 -M -2&3 - -275 -Oa‘l'l = -NEO ~ 00866 0 IW16 - 7
Bea lovel 91 [+) .019 *1-&9 - of! -ﬂ’ ll#j 121|-3 - IQTB -00‘!1 =0021 - 0881 4] -0'{!{5 - ulm
50,000 foot | +6 hey | 2h3 | -.787 | -3k S| s | wek3 | -em m -.0139 | -.073% | -.0688 | .0820 | -.k30
40,000 feat | .7 2.0 | Ja81 | -.835 | -.322 Arsl | eh3 | -aeme | -:0113 | ~.0769 | -.0W87 | .0%73 | -.h%0
40,000 fest | B 1.9% Q38 | -.918 | -~.341 S5 Wals ah3 | -2 035 | -~.0101. | -.0818 | -.03T2 L5731 [ ~eh8T
40,000 foet | 83 | L.60 | -lee | -.97R | -.379 s s ek3 | -a 0268 | 0102 | -.08h1 | -.005%8 | L0630 | -.506
40,000 feet [ 875 L.hs | 118 [ -1.009 | -.bAT o5 ks | by f -7l W02 | -.0l04 ( -.0858 | -.0201 | 0688 | -.
10,000 feet | .5 1.33 | .10 | -1.0 - ﬁ A7s| ks | ow3 | -275 | w0239 | -0m13 | -.0879 | -.0043 | WOTRS | -
40,000 fest | «GL | L.40o | 107 | ~1.089 | - S| abks | k3 | -.p78 0931 | -.0120 | -.0891 | -.omx5 | .OTHS | -.48T
3% | Bea laval | b 2.60 e | ~oph | -.32 57| M7 | eho | -0 | owb | -0078 | -0 - .0h Q573 | -
3 | Bea lovel o5 1.58 L0 -6 -.313 75 Jd57 240 ) 0209 | ~008L | =0 “ 0 oMb | - E(?)?.
b | Bea level | .6 .20 ot | -.787 | ~.3k ore| A5 | W20 | -eml | ok | -.0036 | -.0704 | -.0260 % ~.430
3 | Bea level | .T 50 | .0b6 | -835 | -.322 A3 .57 | «ehq | -e%6 | 0103 | -.09 | -0THT | -.0230 | . --:g_?
3% | Bomn lewel | 8- 30 [ 038 =18 | -3 sl oast | ke b -2 0077 | -.0eG | -.0810 §o-.017L | LOOTS | --
35 | Boa lovel | 8% £ 0% [ - .79 S5 s | Weho | -2 L0066 | -.000% | -.0836 | -.011y | 0830 | -.516
h | Bealevel | B3| 1 [ W28 | -1.005 | -LhT S| 57| b0 | -7l | w0061 | -.0005 | -.0B88 | -.0056 | .0688 | -.%16
3 | Sem lavel | .9 08 | W06 | -1.036 | - g;? S5 .AsT | 240 | -e75 | 00% | -.002T | -.0B69 | -.0029 | .OTM6 | -.4B7
W | Bea lovel | .50 .1 026 | -1.0k9 | . S| 57| welo | -8B | 0056 | -.ORD | -.0881 | -.00R9 | .OTHS | -.487
™ {40,000 feat | .6 6.20 a5 | -aB7 | -3k 575 Q57| 280 | -~emL | 076 | -.0L97 -.ggg ~.1003 0620 | =430
¥ (40,000 feet | .7 ha3o | 253 -.833 | -.32 B3| 5T | 2ko | -2% | - .0} ~078% | -.0888 | 0973 | -.458
3 140,000 foet | B 2.8 208 | -8 | -3k 578 1957 2% | -e65 Oh3l | -.0043 | -0829 | -.0%6 | 0973 | -.487
P {40,000 foet | B3 e.ia AT3 | =972 | -.379 am| asr | eho | -260 ) 0381 | -.004F | -.p848 | -.o0372 | 0630 -.516
3% |hO,000 feat | .B75| 2. o163 | ~1.00%8 | -BAT 575 a57 £40 | ~271 ] 0395 | -.048 [ -.0880 | -.0e87 0668 % .
3 150,000 foet | .9 2.00 1599 | ~1.036 | - }ga TS A57 | 20 | - 275 0336 | -.0158 | -.0890 | -.020L | 0716 | -.hBT
% [h0,000 feot | 1 | 2.00 | 151 | -1.089 | - S| 57| ek0 | -278 ) 036 | -.0L70 | -.0902 | -.0072 | .OThS | -.BBT
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TABLE IT. COORDINATES OF SYMMETRICAL
ATRFOIT, SECTION

E‘Ll dimensions 1n percent of wing chord parallel
to plane of symmetry of wing]

Station Uppexr- and lower-surface

ordlnate
o} 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 k.7516
28.2409 4,9951
33.6203 _ 5.1488
38.9118 5.2322
4)y 1160 5,2200
49,2336 5.1300
54 .2654 L ,9088
59.2118 4 .,5506
64,0736 h.o784
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 . 08
100.0000 .0206

. _ -
\ ‘_>——-—-
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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 eting in place.

Figure 3,— Concluded,
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