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FREE~FLIGHT LONGITUDINAL-STABILITY
INVESTIGATION INCLUDING SOME EFFECTS OF WING ELASTICITY
FROM MACH NUMBERS OF 0.85 TO 1.34 OF A TATLIESS MISSILE

CONFIGURATION HAVING A 45° SWEPTBACK
WING OF ASPECT RATIO 5.5

By Richard G. Arbic and Warren Gillesple, Jr.
SUMMARY

A free-flight longitudinal-stablility investigation has been conducted
between Mach numbers 0.85 and 1.34 to obtain the aerodynaemic characteristics
of a long-range, Jjet-propelled, ground-to-ground missile having a wing of
aspect ratio 5.5, 45° sweepback, and taper ratio 0.4 mounted on a body with
& vertical tail but no horizontal tail. Two models were flown, one with a
wing of steel and the other with a wing of T5S~T6 aluminum alloy, to permit
determination of aerocelastic effects on the lift-curve slope and aerody-
namic center. Periodic pulse rocket disturbances in piltch permitted
obtaining the longitudinal stability characteristics in addition to zero-
1lift drag and trim.

Anslysis of data pertaining to longitudinal stsbility indicated the
following: Wing flexibility reduced the lift-curve slope and shifted the
aerodynamic center forward. The lift-curve slope was & maximum at Mach
nunber 0.95 and had & value of 0.102 at this Mach number when corrected to
the rigid-wing condition. Aerodynamic center corrected to the rigid-wing
condition moved rearwerd from 27 percent mean aserodynamic chord at Mach
number 0.9 to 46 percent at Mach number 1.1. Pitch damping decreased
severely neaxr Mach number 1 but had no large effect on the total damping.

INTRODUCTION

Tests have been conducted by the Langley Pllotless Aircraft Research
Division to evaluate the transonic aerodynsmic characteristics of a long-~
range, Jet-propelled, ground-to-ground missile designed to cruise at high
subsonic Mach numbers aniEto attain gupersonic Mach numbers during the
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terminal approach to the target. The missile has a wing and vertical tail
mounted on a body of fineness ratio 13.9&, but has no horizontal tail.
Longitudinal control surfaces are on the wing. The wing has 45° sweepback,
an aspect ratio of 5.5, and a taper ratio of O.t. The airfoil section is
6 percent thick streamwise, and 1s slightly drooped at the leading edge.

The testing progrem was designed to yleld the longitudinal stability
characteristics of the missile with controls fixed and undeflected. Some
effects of wing flexibility on the longitudinal stebility were determined
by flying two models, one with & wing of steel and the other with a wing
of T5S-T6 aluminum alloy. -

This paper presents the longitudinal stability, zero-lift drag, and
longitudinal trim characteristics of the missile configurstion as obtained
from two free-flight rocket-powered models. The results are compared with
those from a wind-tunnel test of the configuration presented in reference 1.

SYMBOLS -

ay longitudinal acceleration, positive forward, ft/sec2
an normal acceleration, ft/sec?
b wing span, ft B
c local wing chord, ft )
c wing mean aerodynamic chord, 0.82 ft

Way
Ce chord-force coefficient, - =5
Cp drag coefficient, C, cos o + Cy sin «
CL lift coefficient, Cy cos a - C, sin a

- L,

CLm lift-curve slope per degree, >
CLae elagtic-wing lift-curve slope per degree
Clur rigid-wing lift-curve slope per degree

R e &
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Ca pitching-moment coefficient,
Pitching moment about center of gravity
qsc
Cpy

Cmor. pitching-moment-curve slope per degree, -B_a._

w&n
Cn normal-force coefficient, —=

£95
CnB yawing-moment~curve slope per degree, gB—I-l
g acceleration due to gravity, 32.2 :‘."l:/sec2
Iy moment of inertia in pitch about center of gravity
Iy moment of inertie in yaw about center of gravity
L applied load, 1b
M Mach number
P period, sec

dynsmic pressure, 1b/ft2

q
R Reynolds number based on wing mean aerodynemic chord

2
S total wing area including portion in fuselage, 3.27 ft
17 wing airfoll thickness, £t
Ty /2 time for oscillstion to demp to one-half amplitude, sec
v velocity, ft/sec
W weight, 1b
y distance to any spanwise station fraom fuselage center line, £t
E% nondimensional spanwise station parameter
o/ angle of sttack, deg
. 1 da
& —— —, radians/sec

57.% dt
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e local wing twist angle produced by L, deg; also angle of
pitch, deg -
8 —L_ 48 ragiens/sec
57.5 dt
p alr density, slugs/ft3
(%) structural influence coefficient at spanwise center of pressure
ref — . .

The pitch-damping derivatives are expressed as follows:

3¢ oc
(Calis = == (Ca)ss = ==
% o 2y

MODELS AND INSTRUMENTATION -

The two models tested were of metal construction and were identical
except for wing material. One model had a wing of solid 758-T6 aluminum
alloy and the other a steel wing plated with a layer of cadmium alloy for
ease of machining. The cadmium~-steel wing had a modulus of elasticity
2.15 times that of the dural wing. For simplicity, the T55-T6 wing will
hereafter be referred to as the dural wing and the cadmium-steel wing as
the steel wing. )

The wings had an aspect ratio of 5.5, taper ratio 0.4, and 45° sweep-
back of the 0.406 streamwise chord line. The airfoil section was approxi-
mately 6 percent thick streamwise and was slightly drooped at the leading
edge. The wing was set at 0° incidence with respect to the fuselage cen-~
ter line. For the models of the present test, the body had a fineness
ratio of 13.94, whereas the wind-tunnel model of reference 1 had a body
fineness ratio of 12.9. The higher fineness ratlo body was obtalned by
lengthening the nose. The missile configuration has no horizontal tail
but has & vertical tail swept back 330 at the 40-percent-chord line.

A three-view drawing of the models ls shown in figure 1 and photo-~
graphs are presented as figure 2. The method of launching and boosting
the models is shown in figure 3. Table I gives the wing, body, and
vertical-tall ordinates and shows a sketch of the drooped-leading-edge
airfoil section. Table IT gives the dimensional and mess characteristics.

The models were equipped with pulse rockets located in the cylindri-
cal portion of the body rearward of the wing. These pulse rockets dis-
turbed the models in pitech.

Model instrumentation consisted of a total-pressure probe mounted
on a strut beneath the body, an angle-of-attack indicator mounted on a

W CONFIDENTIALY,
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boom shead of the body, two normal accelercmeters, a longitudinal accel-
erometer, and a transverse accelerometer. A six-channel telemeter located
in the nose was used to transmit quantities measured by the instruments.

TESTS

The dural and steel wings were static tested to obtain structural
influence coefficients by application of loads at five spanwise stations
along the 25-percent-stresmwise-chord line for the dural wing and along
the 25- and 4O-percent-chord lines for the steel wing.

The models were boosted to meximum velocity by an ABL Deacon rocket
motor. After drag-inertia separation, the models decelerated through the
Mech number range while experiencing short-period oscillations following
the disturbances from the pulse rockets. A telemeter ground station
recorded the six continuocus channels of information. Model velocity was
obtained by use of the CW Doppler radaer unit and was corrected for the
effect of winds at altitude and for flight-path curvature. An NACA modi-
fied SCR 584 radar tracking unit was used to obtain model trajectory data.
Free-stream temperature and static pressure, and the wind velocity at
altitude were obtained from & radiosonde balloon tracked by the 584 rader
unit.

Reynolds number and dynamic pressure of the tests are shown as &
function of Mach number in figure k. TFor comparison, Reynolds number and
dynamic pressure for the smaller wind-tunnel model of reference 1 are &lso
presented. For the present tests, Reynolds number, based on the model
wing mean serodynamic chord of 0.82 foot, varied from spproximately

3.5 X 106 to T X 106, and the dynamic pressure range was approximately
750 to 2,300 pounds per square foot.

The dural and steel wing models were flown with respective center-~
of -gravity locations of T78.8- and 31.5-percent mean aerodynamic chord
forwerd of the leading edge of the mean aerodynamic chord.

Flight tests were conducted at the Pilotless Aircraft Research
Station, Wallops Island, Va.

ANATLYSTS

Time histories of the coasting portion of flight following separation
of the model from the booster were snalyzed to obtain lift, zero-lift drag,
and static stabllity characteristics for each model. Separation from the
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booster and the periodic firing of the pulse rockets produced -pitching
oscillations at intervals along the flight path permitting analysis of
both trimmed flight and pitching flight. )

Trimmed Flight

The zero-1ift drag coefficient was calculated by two independent
methods. One method made use of accelerations obtained by differentiation
of the Doppler determined velocity-time curve. The second method made use
of chord-force measurements from the longitudinal accelerometer since the
models trimmed at virtually zero normal force. In & similar manner, trim
normal-force coefficient was obtained from measurements by the normsl
accelerometers. Trim angle of attack was read directly from the telemeter
trace of angle of attack.

Pitching Flight i _ ..
The angles of attack measured while the model was pitching were cor-
rected for flight-path curvature and rate of pitch about the model) center
of gravity as described in reference 2. Lift coefficilent was determined
by transferring the normal-~ and chord-force coefficients measured at the
model center of gravity to the stability exes. The lift-curve slope was
then obtained from plots of 1ift coefflclent agalnst angle of attack using
the three highest smplitude cycles of the osclllation produced by each
disturbance. The lift-curve slope determined from each of these cycles
of the oscilletlion was then plotted agalnst the average Mach number for
the cycle.

The total demping was obtained from the envelope of the decaying
oscillations and the sum of the pitch-damping derlvatives (pm)é_
c

v -

81
Y f0.6 5T-3CL,pVSe
(C)gs * (m)ys = - = - -

-
o3 vse= \T hw
ov oV PYSETN 1/2

and (bm)&E was determined from the expression: av

Static longitudinel stability was obtained from a relation between
model moment of inertia in pitch and the périods and dsmping of the
oscillations. The relationship can be written as follows:

o _._ % f[w® o0.480
Yoo STsese\P2 o 2
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From low-amplitude latersl oscillations induced when the. models
pitched, the yewing-moment coefficient due to sideslip CnB was obtained

from the relationship:

hy2T
c Z

"B 57.3¢50P2

This expression is approximate in that it does not include damping, but
the damping term is small and contributes little to the value of CnB.

A more detailed description of the method of analysis and general
limitations of the pulse technique is presented in reference 3.

Aeroelastic Calculations

Aercelestic calculations to obtain the lift-curve slope and center
of pressure for a model with a rigid wing were made by assuming & span
load distribution from the theoretical charts of reference 4 and calcu-
lating the ratio of elastic to rigid lift-curve slope and incremental
static stability as described in the appendix of reference 5. The method
used herein differed from the method of reference 5 in that a slx-point
load distribution was assumed for the total helf span rather than a five-
point distribution for the exposed half span. This was done to obtain

C
the ratio of EEEQ for the camplete model slince the wing-alone 1lift was
Lar
not measured. Inertia loading effects were included in the calculations
since these were found to be apprecisble for the models of the present
test.

ACCURACY

It is difficult to calculate the exact limits of accuracy of all the
various quantities and coefficients obtained from free-flight models, since
these are often determined from measurements of a combination of several
instruments of varying degrees of accuracy and reliability. However,
experience from tests of identical models and Investigations of the relia-
bility of the various instruments have resulted in accepted ranges of
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accuracy. On thls basls, the estimated maximum errors in some of the
data for the models of the present tests are stated below:

= 0.9 M=1.25

Mach number . . . e e e e e e e e e e ... *0.008 10.005
Angle of attack, deg e o 0.4
Drag coefficient. . o » v o u oo c e ¢ e .. . F0.001 %0.0007
Normal-force coefficient . « + v o« ¢ o o o v o . to 015 *o0.004
Lift-curve S1ODE .« « o + o o v o v v o v v . . .¥0.0020 *o0.001

RESULTS AND DISCUSSION

The experimental data obtained during coasting flight of the two
models are presented in figures 5 to 10, and results of the aercelastic
calculations are presented in figures 11 to 13.

Trimmed Flight

Trim drag coefflcient, normal-force coefficient, and angle of attack
are presented as a function of Mach number in figure 5. The trim drag
coefficient shown is essentially the zero-lift drag coefficient since
the models trimmed to virtually zero normal force. From & subsonic value
of 0.0127, the drag coefficient increases sharply between Mach numbers 0.95
and 1.1 and then more gradually to a maximum value of 0.03%25 at Mach num-
ber 1.35. The drag coefficlent from the wind-tunnel test of reference 1
1s seen to be lower subsonically and slightly higher supersonically than
that of the present test posszibly due to basic differences in the models
and test Reynolds numbers. The trim normal-force coefficient and trim
angle of attack plotted as a function of Mach number show that the slightly
drooped leading edge of the wing results in & positive angle of attack of
approximately 0.6° subsonically and 0.85° supersonically for essentially
zero normel-force coefficients of -0.004 and 0.00L.

Pitching Flight

Lift.- Baslc data curves of 1lift coefficilent against angle of attack
are presented in figure 6 for the durel snd steel wing models at various
Mach numbers. The variation of 1lift coefficient with angle of attack is
linear for the range of 1ift coefficients covered.

Lift-curve and pitching-moment-curve slopes.-~ The effect of Mach num-
ber on the derivatives Cﬁm and Cmm is shown in figure 7. The maximum

vaelue of cLu occurs near & Mech number of 0.095. At_yach number 0.9 the
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steel wing shows an lncrease of 17.7 percent in cLa over that of the

more flexible dural wing, and at Mach number 1.25 the increase is

25.0 percent. These results compare favorably with the solid-steel wing
wind-tunnel model of reference 1 at Mach numbers 0.85 and 0.92. For
these Mach numbers the dynamic pressures of the test of reference 1 are
comparable to those of the present test (see fig. 4). At the higher
Mech numbers of 1.3 and 1.4 the wind-tunnel dynamic pressures were con-
siderably lower than those of the present test and this probably accounts
for the greater difference in CLu between the wind-tunnel test and the

present test at the higher Mach nmumbers. Aerocelastic calculations (dis-
cussed more fully in a later section) indicate thet for the dynamic pres-
sures of the present test a rigid-wing configuration should have lift-
curve-slope increages over the steel wing model of 13.8 percent at Mach
number 0.9 and 25.1 percent at Mach number 1.25. The corresponding
increases over the dural wing model are approximately 34.0 and 53.8 percent.

The pitching-moment derivative Cmm in figure T(b) 1s shown for the

respective centers of gravity of the dural and steel wing models of T78.8
and 31.5 percent mean aerodynamic chord forward of the leading edge of
the mean aerodynemic chord. The pitching-moment derivetive is greatest
neer Mach number 1.0 and decreases gradually for lower and higher values
of Mach number. Increasing wing flexibllity results in decreased static
stability with increasing Mach number and slightly lowers the Mach number
for maximum static stability.

Longitudinal period and serodynamic center.- The variations with
Mach number of the period of the longitudinal short-period oscillation
and of the aerodynamic-center location are shown in figure 8. Periods for
both models decrease uniformly with increassing Mach number and reach a
minimuwm velue nesr Mach number 1.3.

Aerodynamic-center location plotted as a function of Mach number in
figure 8(b) shows that the aerodynamic center moves rearward between Mach
numbers of 0.9 and 1.1 and then begins a gradual forward movement. The
forward movement sbove Mach nmmber 1.1 is more pronounced for the dural
wing model. For this model the rearward movement of the serodynsmic
center is from 1l to 27 percent of the mean aerodynamic chord, and the
corresponding values for the steel wing model are from 22 to 37 percent.
Aercelastic calculations to obtain the aerodynemic center for a model
with a rigid wing show a disagreement between test models of about 4 per-
cent of the mean serodynamic chord at Mach number 0.9 but are in good
agreement at the higher Mach numbers. The rearward movement of the aero-
dynemic center for a rigid wing is from 27 to 46 percent. The aserodynamic
center obtained from reference 1 is approximaetely 5 percent more rearwsrd
than these rigid-wing values. The reason for this difference is not known.




10 e R NACA RM I53F18

Longitudinal damping.~- The time for the longitudinal oscillation to
demp to one-half amplitude, and the sum of the pitch-damping deriva-

tives (cm)éé + (CHQ&E are presented in figure 9. The time to damp to

2V 2v
one-half amplitude is less at supersonic Mach numbers than at subsonic
Mach numbers. Thils reduction continues at supersonic speeds for the
dural wing model but shows a tendency to decrease for the steel wing
model. The time to damp to one-half amplitude was less for the model
with the dural wing, probably due primarily to a more-forward center-of-
gravity location.

In figure 9(b) the sum of the pitch-damping derivatives is seen to
decrease rapidly near Mach number 1 and, in fact, is positive in this
region for the steel wing model which has the poorer damping character-
istices throughout the Mach number range. The lower pitch-damping values
for the steel wing model are thought to be due largely to the more rear-
ward center-of-gravity location for this model and indicate that the
rractical flight range of center of gravity locations would produce even
lower values of the pitch~damping coefficients. It is of interest to
note, however, that the poor transonic pitch-damping characteristics have
no large adverse effect on the total damping characteristics presented in

figure 9(a). Above Mach mumber 1 the value of (Cm)é- + (Cm)._ increases
8¢ fodd]

2v 2v
to a nearly constant value for the dural wing model, but for the steel
wing model rises to & peak near Mach number 1.l and decreases for the
higher Mach numbers. In view of this different trend for the pitch
damping at the higher Mach numbers, the deta were carefully reexemined
to confirm the validity of the test points at respective Mach numbers of
1.33 and 1.25 for the dural and steel wing models, but no clue as to the
reason for the different trends could be found.

Reference 6 presents a sumary of the pitch-damping characteristics
of several airplane and missile configurations as obtained from rocket-
model tests. The swept-wing—body configuration of figure 3 in this
reference is shown to have pitch-damping characteristics similar to that
of the present-test configuration. - . -

Lateral period and CnB.- The lateral period and "CnB obtained from

the Induced low-amplitude lateral oscillations are presented in figure 10
as & function of Mach number for the respective center-of-gravity ioca-
tions of the models. The test points show considerable scatter due to
the irregular nature of the cscillations. The period at Mach number 0.9
is approximately twice as long as at Mach number 1l.5. Values for the
yawing-moment coefficient due to sideslip CnB agree well with test

W w0, 38
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points at Mach numbers 0.85 and 1.4t from reference 1, corrected to the
center-of-gravity location of the dural wing model. For the present test
CnB should be lower than for the model of reference 1, due to & more

flexible magnesium vertical tail on the flight model.

Aercelastic Calculations

Results of the aeroelastic calculations, obtained in the manner
described in reference 5, are presented in figures il to 13. Inertia
loading effects were found to be appreciable for the models of the present
tests and were, therefore, included in the calculations.

The structural influence coefficients obtained for the steel wing
are presented in figure 11 as curves of G/L ageingt the spanwise station

parameter g§— for loads applied along the 25- and LO-percent-streamwise-
2

chord lines.

Figure 12 presents two ways of extrapolating the test data to obtailn
rigid-wing values of CL@' The independent variable for these plots is

the parameter qS.g vhere ﬂ)r is the structural influence coeffi-
T /ref L/ref

cient at the spanwise center of pressure of the rigid wing for a load
epplied at this spanwise location. Figure 12(a) shows a straight-line
extrapolation of the test data for the two models of the present test.

In figure 12(b) experimental data from the test of reference 1 were used
in conjunction with date from the present test. Since inertia loading
effects were not present in the wind-tunnel test, the lift-curve-slope
data from the present test were put on a comparable basis by teking out
the increment of Clu. due to inertia loading. This incremental reduction

of CLa is shown as the difference between the broken line and solid line

symbols in figure 12(b) and was obtained from figure 13 which shows the
effect of inertia loading on the calculated ratio CLae/bLar plotted

against the parameter C g. The rigid-wing values of C obtained
o, Lo

from the two methods of extrspolation are shown in figure 7(a). The ratio
of the flexible Cy, values to the extrapolated rigid values are shown
a

in figure 15. These values agree with the calculated results for loads
applied along the 0.25-chord line, Thig agreement of experimental and
calculated deta should indicate that the ratio cLug/bLar thus obtained

is of the correct order of magnitude. The ratio CLug/bLar obtained
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from figure l2(a) results in slightly higher experimental vslues than
those from figure 12(b) due to a different value of Ct, obtained for
O

the two-point extrapolation. It is interesting to note, however, that
these Clur values do not differ widely as evidenced by the plot of

these polints In figure T(a). This is due to the steeper slope of the
two-point straight-line extrapolation, arising largely from inertia
loading effects of the heavier steel wing, the heavier wing changing the
ratio of wing weight to model weilght In such & manner as to produce the
steeper straight-line slope. This fortunate. circumstance often permits
obtaining & reasonable value of CLur by a straight-line extrapolation

of experimental data from two models having wings of different stiffnesses.

A test of the correctness of the extrapolated values of CL mey be
Qp

obtained by calculating (as in fig. 13) the ratilo CLue/cLar from influ-

ence coefficients obtalned for the wing and dividing the experimental
values of CL@ by this ratio for the various Mach numbers. If the curve
e _ _
of CL is obtained in this menner for two or more wings of different
Oy
stiffness, and these curves agree, the resulting values of CLHT should

be correct. The broken-line curves of figure T(a) were obtained in the
above manner for the two models of the present test and show good agree-
ment together and with the extrapolated values of CLaT'

In figure 13, the data for the steel-wing model show that movement
of the center of pressure from the 25- to the 4O-percent-chord line results_
in an average decrease in CLa Clur of approximately 2 percent for the

test renge of CLarq. The experimental points of CLae/bLaT from fig-

ure 12 should show better agreement with the calculated 40O-percent-chord-
line deta than with the 25-percent-chord-line data at the higher values
of Clhrq' The better agreement of the experimental points with the

25-percent-chord-line curve indicates some inaccuracies in the calculated
and experimental data.

CONCLUSIONS

The results of free-flight rocket-model tests of two models of a
swept-wing missile configuration indicated the following conclusions:
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1. Due to wing flexibility, the lift-curve slope of the steel wing
model was 17.7 percent higher than that of the dural wing model at a Mach
number of 0.95, and 25 percent higher at Mach number 1.25.

2. Aerocelastic calculations and extrapoletion of the test data indi-
cated that a rigid-wing configuration should have lift-curve-slope
increases over the steel wing model of 13.8 percent at Mach number 0.9
and 23.1 percent at Mach number 1.25 for the dynamic pressures of the
test.

3. The maximum value of CL@ occurred near s Mach number of 0.95.

The lift-curve slope corrected to the rigid-wing condition increased
uniformly from 0.088 at Mach number 0.85 to a maximm value of 0.102 and
then decreased uniformly to 0.077 at Mach number 1.3.

4., Due to wing flexibility, the aerodynamic-center location for the
steel wing was 10 percent mean aserodynamic chord farther rearward than
that for the dural wing and approximately 6.5 percent farther forward
than that for a rigid wing.

5. The aserodynamic center moved rearward between Mach numbers of
0.9 and 1.1 and then forward at higher Mach numbers. For a rigid wing
the rearward movement would be from 27 to 46 percent.

6. The time to damp to one-half amplitude was less at supersonic
Mach numbers than at subsonic Mach numbers. The sum of the pitch-damping
derivatives decreased severely near Mach number 1 but had no large effect
on the total damping.

Langley Aeronautical ILaboratory,
National Advisory Committee for Aeronauties,
Langley Field, Va., June 9, 1953.
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TABIE T
BODY, WING, AND VERTTCAL-TATI, ORDINATES
Wing ordinates Vertical-tail ordinates
Body ordinates percent chord’ percent chord ’
Station Radius Upper | Lower Upper and lower
in. from nose| 1in. 7 || station|grpace |sursace Station surfaces
0 0 0 -0.850] 0.850 0 0
l.h .380 |1 1.25 .200| 1.573 1.25 .960
2.0 .548 2.50 .610| 1.855 2.50 1.335
4.0 1.066 5.00] 1.120| 2.190 5.00 1.770
6.0 1.502 7.50| 1.h80] 2.k10 T.50 2.060
8.0 1.857 10.00| 1.773] 2.567 10.00 2.265
10.0 2.151 15.00| 2.2271 2.782 15.00 2.567
12.0 2.390 20.00} 2.532} 2.922 20.00 2.770
1%.0 2.575 25.001 2.747)] 2.998 25.00 2.907
17.0 2.770 30.00| 2.900]| 3.033 30.00 3.010
20.0 2.878 35.00} 2.980 3.040 40.00 3.120
22.0 2.900 %0.00} 3.010} 3.020 50.00 3.057
Straight line 50.00] 2.855] 2.860 60.00 2.810
65.0 2,900 60.00] 2.3801| 2.380 T70.00 2.395
68.0 2.875 T70.00| 1.812} 1.812 75.00 2.090
T70.0 2.810 80.001 1.233| 1.233 ||Straight line
T2.0 2.700 90.00 640 .61t0 100.00 .100
.0 2.545 100.00 .015 015
76.0 2.340
78.0 2.070
80.0 1.710
80.9 1.500
— (g)mx = 0.0603¢
Y
— _ - -
~—
DT — — |
- [ >|




16 NACA RM 153F18
TABLE IT
PHYSICAL CHARACTERISTICS OF THE DURAL AND STEEL WING MODELS
Dural wing Steel wing
model model
Wing: - : —.
Area (total included), sgft . .. . .. .. 327 3.27
Spen, ft . . e e e e e e .. bh.23 L.23
Aspect ratioc . . e e e e e e e .. 5.5 5.5
Mean serodynamic chord FE v e e e 0.82 0.82
Sweepback of O. %—chord line, deg . . e e e k5 45
Dihedral (relative to mean thickness line), deg. . 0 0
Taper ratio, tip chord/root chord . . . . . . . O.k 0.4
Vertical tail:
Area (extended to center line), sq ft 0.45 0.45
Height (above fuselage center line), ft . 1 1
Sweepback of O.k-chord line, deg . . . 33 33
Taper ratio, tip chord/rocot chord . . . 0.286 0.286
Fuselage: -
Length, £t e e e e e . 6.73 6.73
Meximm diameter, ft . . . . . 0.483 0.483
Fuselage fineness ratio, length/diameter . 13.9: 13.94
Nose fineness ratio . . e e . 4.1k b1k
Boattall fineness ratio . e e e 2.76 2.76
Weight and balance:
Weight, 1b . ... 8.7 111.8
Wing loading . . e 27.1 3.1
Center-of-gravity position (percent ¢ forward 78.8 31.5
of leading edge of mean aserodynamic chord) . .
Moment of inertia in pitch, Iy, slug-ft2. . . . 8.9 8.51
Moment of inertis in yaw, Ig, slug-£t2 . . 8.90 9.82

EEEIIEN
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All dimensions are 1n inches.
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- e
(a) side view. L-73202

(b) Top view. - s

Figure 2.- Photographs of model. L-75201




NACA RM L53F18

Figure 3.- Photogreph of model and booster on leuncher.
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NACA RM L53F18
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(b) Dynamic pressure.

Figure k4.~ Variation of Reynolds number and dynamic pressure with
Mach number.
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Figure 5.- Effect of Mach number on the zero-1lift drasg coefficient , btrim
normal-force coefficient, and trim angle of attack.
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Figure T7.- Effect of Mach number on the lift-curve and pi'bching—moment-
curve slopes.
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41, NACA RM 153F18
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(b) Aerodynemic-center location.

Figure 8.- Period of the longitudinal oscillation and aerodynamic-center
location.
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(v) Pitch-damping derivatives.

Tigure 9.- Damping charascteristics of the short-period longitudinal
oscillation.
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Figure 10.- Characteristics of the lateral oscillation.
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Flgure 11.- Streamwise angle' of twist of the steel wing due to a unit .
load epplied along the 25- and 4O-percent-streamwise-chord lines and.
at the spanwise statlions indicated. )
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(v) Three-point extrapolation.

slopes to obtain rigid-wing lift-curve slopes.
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Figure 12.- Two- and three-point extrspolation of experimental lift-curve
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Figure 15.- Calculated and experimental ratioc of elastic to rigid 1lift-
curve slope for the dural and steel wing models.

. -
F

%miﬁ_ﬂﬂw NACA~Langley ~ 8-7-53 - 325



