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By Jonhn A. Axelson end Andrew Martin
SUIlIARY

A high-speed wind-tunnel investigation of the aero-
dynamic characteristics of a fullw-scale model of the Consoll-
dated Vultee lark indicates that the missile possesses satis-
factory longitudinal-stability and -control characteristics
throughout the Mach number range from 0.2 to 0,85, but that
the maximum 1ift coefficients developed are not hiigh enough
to insure interception of the target at high altitudes. A
reduction in wing loading appears advisable. Although the
static longitudinal stability at zero angle »f attack changes
with lMach number and with 1ift coefficient, satisfactory
control should be possible 2t all times as the tails retain

their relatively large effectiveness throughout the range of

Mach numbers and lift coefficients tested. Minimum stability

-

and maximum maneuverability occur ar~und 0.80 Mach number and

0.2 1ift coefficient, which corresponds to level flight
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2 CONFIDENTIAL JACA RM No, ABK19

conditions of the missile. The optimum ratio of tail-to-wing

deflection is O.L4.
INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, high-speed wind-tunnel tests were conducited to
determine the high-speed longitudinal-stability and -control
characteristics of a full-scale model of the Consnlidated
Vultee Lark, bearing the Navy designation KAY-1,

The model KAY-1l Ilark, a pilotless winged missile intended
for use as an anti-aireraft weapon, is shown in figure 1, It
is powered by two liquid-fuel rocket motors of 200- and 400-
pound thrust. The missile attains a speed corresponding to a
liach number of 0.8 and has a flight duration of approximately
4 minutes.

In the performance of a mission, several different condi-

tions of operation are encountered, These occur during the
various phases of flight as follows:

1. For the launching phase, the missile, supported on a
cradle, is catapulted into the air at an angle of 20° to 30°
and is assisted by two 1000-pound thrust jato units, The
missile and carriage accelerate to a speed of approximately
220 feet per second (150 mph) in approximately 0.55 second.
The carriage decelerates because of drag and drops free,

2., The transition phase is the period of flight from
the end of the launching to the attainment of controlled
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NACA RM No, A6K19 CONFIDENTIAL 3

flight conditions or jettisoning of the jato rockets which-
ever occurs later, The jato rockets Jjettison approximately
12 seconds after their start. For the remainder of the
transition phase the aireraft is accelerated to a speed suffi-
ciently high for maneuvering flight.

3+ During climb and approach to the target, the missile
is to be radio-controlled from the point of launching until
the target is within target-seeker operating range.

4, The pursuit phase starts when the aircraft target-
seeking equipment picks up the target. At this time the

target secker takes over in the missile and guides it on a
homing course towards the target. 'hen the missile is within
50 feet of the target, the fragmentation bomb in the nose is

detonated,
The missile is controlled in flight by vertical and

horizontal wings of variable incidence, each wing having
full-span, plain flaps of 20 percent chord, and by two tails
inclined at 45° to the horizontal. The wings, flaps, and
tails, being linked together, deflect simultaneously. The

wing and flap deflections bear the following relationship:

Wing incidence Flap deflection

0° 0°

2 5.6
4 Iled
6 16,5
8 21.8
10 26.9
32 32
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4 CONFIDENTIAL NACA RM No. ABK19

The ratio of tall deflection to wing deflection has been
tentatively set at O.4, but additional deflection of the tail
is provided for in order to obtain balance., Small vanes
protruding from the fuselage midway between the nose and wing
actuate the tail mechanism to maintain zero angles of attack
and yaw, Intelligence equipment within the missile keeps the
horizontal wings level, preventing any roll, The vertical
and horizontal wings operate independently. Aileron control
is provided by differential operation of the vertical wing
flaps. All turns are made at a set rate of turn; that is,
for a desired angle of turn a definite time of application of

control is required.
MODEL AND APPARATUS

The full-scale model of the Consolidated Vultee lark was

furnished by the Consolidated Vultee Aircraft Corporation,

The dimensions of the model are presented in figure 1 and
listed 2s follows:

Wing al"ea, Squal"e fOCt . . . . . . . . . . . - . . ° ° 8.75

Wing icherd (oonstanit), feet 1 wid aaelivs dob and 1ebar BaBe2
Wing ‘Bpan, B@EB 25568, WLl ¢+ o o v widoeldnad. nadlue 15860
Flap area aft of hinge line (one flap),

gauare £80t% Lledd . b & ¢ @ W eR @ e ol ik vk BEERT

Plep vhord aft, of hinge Jline, T0Ol o w'e & « & w s b <, O3l
Tall chord, Teet oo ¢« o o/ 5 » o o0h 4 % s o #wiw % o' s L4825

Patd Gpar, L6l . « 5 el v hia mwlte w e Rk A A D
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Tall ‘erchisbgupme Soatl v &% e wded o sb s e w0 s w Wl Beb9
The model in its standard configuration included the
horizontal and vertical wings, horizontal and vertical flaps,
fuselage, tail, tail conc, and control fairings, The control

fairings were raised portions on the lower sides of the
fuselage extending from stations 48 to 159, The rocket of
the missile was not simulated in these tests, so the blunt
tail of the fuselage was modified in order to avoid the
separation which would otherwise nccur in the absence of the
jet. A tail cone was added aft of station 194.5 to minimize
this gseparation but was short enough to have 1little effect
upon the stability of the model, Twn jato units were also
tested as shown in figure 2, The model was constructed of
steel, dural, and wood. The wings and tails consisted of
steel spars covered with dural sheet., The center section of
the fuselage was fabricated from a steel tube, while the nose
and tail cone were of wood,

The deflections of the vertical wing and flaps were
remotely controlled and indicated. The horizontal wing and
flaps had to be set manually during tunnel shutdown, Both
wings were individually tested up to an incidence of 12°,
while the flaps were tested up to deflections of 60°., The
tail settings were remotely controlled and indicated and were
deflected simul®taneously to give & resultant vertical force.
The tails were tested through a range of deflections from
-10° to 10°.

CONFIDENTIAL



6 CONFIDENTIAL NACA Rl No. A6K19

Hinge moments were measured on both sets of tail
surfaces, the vertical wing, and the vertical-wing flaps.,

The hinge moments were evaluated by measuring eleetrically
the strain of a cantilever beam subjected to the hings-moment
load,

In figure 2 are photographs showing the Lark model
mounted in the Ames 16-foot high-speed wind tunnel., The
model was supported in the wind tunnel by four 5-percent-
thick front struts and one 7-percent-thick rear strut, the
latter being tapered over the upper 25 inches from a 20-inch
chord to a 10-inch tip chord. The ftrunnion fittings were
mounted 56 inches apart on the 3&-percent—-chord line of the
horizontal wing. Since the fittings protruded outside of the
wing contour, it was necessary to house them in wooden
fairings on both the upper and lower surfaces of the wing.,.

Tests were conducted through a lMach number range from

0.20 to 0,875 corresponding to a Reynolds number range from

2.2 ®120%:b0 6,31% 108,
SYMBOLS

C, 1ift coefficient (1ift/qS)
Cp drag coefficient (drag/qS)

Cm pitching-moment coefficient about the 3&8-percent-chord

pitching moment
asSc

line of the wing <

Cn,, wing hinge-moment coefficient about the 3&-percent-chord

line of the wing <hinge moment
gsSc
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M

wing flap hinge-moment coefficient (‘hinge moment)
> gSror

tail hinge-moment coefficient about the 15-percent-

chord line of the tail (EZLRES moment>

qStCt
dynamic pressure (%pVa),pounds per gquare foot

wing area, square feetl

wing chord, feet

wing span, feet

flap area, aft of hinge line, square feet

flap chord, aft of hinge line, feet

tall area, square feet

tall chord, feet

incidence of the horizontal wing relative to the
fuselage, degrees

incidence of the vertical wing relative to the
fuselage, degrees

deflection of the horizontal-wing flap relative to
the horizontal wing, degrees

deflection of the vertical-wing flap relative to
the vertical wing, degrees

tail deflection, degrees

angle of attack of the fuselage, degrees

Mach number, ratio of the free-stream velnclty

to the velocity of sound

CONFIDENTIAL
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RESULTS AND DISCUSSION

Corrections

Corrections have been applied to the results in this
report to account for tare, tunnel-wall, and constriction
effects. In determining the tare corrections for the four
front struts the model was first tested with the two lower

front gtruts removed and then with all four front struts in

place, The increments of 1lift and drag between the two sets
of results were doubled tec account for the effects of four
struts., Since the struts were not vertical but were inclined
and because the attachment points were near the wing tips,
1ift on the horizontal wings of the model induced 1lift on

each of the four struts. The vertical components of the 1lift
on the four struts were additive, To compensate for this
effect, all 1ift derived from the horizontal wing was reduced
accordingly. The tare corrections for the lower rear strut were
obtained from tests of the model suppnrted by the upper rear
strut shown in figure 2(a) with and without the standard lower
strut in place. The Tunnel-wall corrections were calculated
by the method of reference 1., The constriction corrections

were evaluated using a method analogous to that developed in

reference 2, except that the blockage due to the fuselage was

assumed to vary as (1-112)3/2,

CONFIDENTIAL
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Order of Presentation

Because of the many control surfaces on the model, there

were & great number of possible combinations of control-

surface deflections and l{ach numbers., Where possible, the
effect of each variable was determined, and then only those
combinations which might be directly applicable to the
performance of the missile were tested. The results have
been divided into three main sections: the basic data, the
wing-flap linkage data, and the balance linkage data. The
basic data include the effects of varying independently the
angle of attack, the wing incidence, the flap deflectinn, the
tail setting, and the lMach number on the 1lift, drag, pitching-
moment, and hinge-moment charactcristics of the model. Also
in this section are the component effects of the tail cone,
control fairings, and jatos. The wing-flap linkage data
include the 1ift, drag, pitching-moment, and hinge-moment
characteristics of the model with thc wing and flaps
deflected according to the ratio cstablished by the linkage
and with the model at an angle of attack of 0°. The balance
linkage data present a complcte summary of the aerodynamic
characteristics of the model at conditions which night be
encountered in flight throughout the lfach number range from
0,20 to 0.875. For ell these rcsults the angle of attack and
pitching moments are zero, the 1ift being developed by linked
deflections of the wing, flaps, and tails.

CONFIDEZNTIAL



10 CONFIDENTIAL NACA RM No. A6K19

Basic Data

Lift and drag.- The effects of varying independently the

angle of attack and the flap deflection on the polars for the
model with the tail surfaces removed and for the complete
model are shown in figures 3% and 4, respectively. Higher
lift-to-drag ratios are obtained by varying the angle of
attack than by varying the flap deflection, Because the Lark
is to maintain zero angle of attack in flight, polars for
simultaneous variations of angle of attack, wing incidence,
and flap setting are not shown., However, for considerations
of range, it is noteworthy that in the determination of the
maximum lift-to-drag ratios the polars must represent balance
conditions, and the large effect due to the tail setting must
be considered.

The variations of 1ift coefficient with angle of attack,
wing incidence, and flap deflection for the model with the
tall surfaces removed are shown in figure 5. These results
were obtained with the horizontal wing and flaps deflected.
Since each wing was pivoted in order to vary its incidence,
gaps existed between the inboard ends of the wings and the

fuselage. The gaps on the horizontal wing were sealed by the

insertion of felt pads glued to the inboard end of the wing.
At the larger wing incidences, however, gaps developed at the
leading and trailing edges. Since hinge moments were measured
on the vertical wing, demanding a minimum of friction, the gap

CONFIDENTIAL
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between the vertical wing and fuselage was not sealed.
Further, an annular opening existed around the entrance of
the vertical-wing shaft into the fuselage. The leakage
resulting from the gap and annular opening effectively
reduced the aspect ratioc of the wing. Figure 6 presents a
comparison of the 1ift coefficients measured independently on
the horizontal and vertical wings. The reduced lift-curve
slope, higher maximum 1ift, and smaller change with Mach
number are all characteristics of wings with very low aspect
ratios., The 1ift characteristics of the horizontal wing,
however, are subject to effects of the struts, the fairings
over the strut fittings, and leakage through the junction,
the combined effect of which is to cause earlier stall and a
reduction in the maximum 1lift coefficients,

The variations of 1lift coefficient with angle of attack,
horizontal-wing-flap deflection, and tail setting are presented
in figure 7. The 1lift coefficients in figure 7(c) are based
on the wing area and indicate the extent to which the rela-
tively large tail surfaces affect the 1lift of the model.

Variations of drag coefficient with Mach number are
presented in figures & and 9 for the model with the tail
surfaces removed and for the complete model, respectively.
The Mach number <f divergence at zero 1lift is around 0,83.

Pitching momsnt.—- The variatlions of pitching-moment
coefficient with angle of attack and with horizontal-wing-
flap deflection are presented in figure 10 for the model with

CONFIDENTIAL
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and without the tail surfaces, The pitching-moment coeffi-
cient, being measured about the 3&8-percent-chord line of the
wing, increases rapidly with increasing angle of attack for
the model with the tail surfaces rcmoved, The pitching-moment
coefficients for the complete model do not exhibit a linear
variation with angle of attack above 0.7 Mach number because
of the effects on the tail of the changes in the wake and
downwash from the wing, The variation of pitching-moment
coefficient with flap deflection for the model with the tail
surfaces removed indicates forward motion of the center of
pressure at the larger deflections duc to separation from the

flaps. For the complete model, the pitching-moment coeffi-

cients increase with flap deflection because of the 1ift
induced on the tails and fuselage by the downwash from the
flaps. Figure 11 presents the variation of pitching-moment
coefficient with tail deflection and indicates little varia-
tion in tail effectiveness throughout the Mach number range
from 0,20 to 0,875.

Hinge moments.- The variation of wing hinge-moment coef-

ficient with wing incidence for the vertical wing is shown in

figure 12. The increase in hinge-moment coefficient with Mach

number at a given wing incidence correspnnds to the increase

in 1ift coefficient already shown in figure 5. The variations

of wing and flap hinge-moment coeffilcients with deflection of
the vertical flaps are presented in figure 13. Figure 14

presents the variation of tail hinge-moment coefficient with

CONFIDENTIAL
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tail deflection for several angles of attack. Since the
tails were mounted at the 15-percent—chord line, the nose
portion served as an aerodynamic balance, the effectiveness

of which increased with Mach number as indicated by the
changes in the slopes of the curves, The nose balance also
produced an increase in the paramneter dCh/da with increas-—
ing Mach number as is evident from the wider spacing of the curves.

Rolling moments,- No rolling-moment data are shown in

this report, However, a preliminary investigation indicated
reduced rolling effectiveness due to the reversed rolling
moments produced by the downwash on the large tall surfaces
and by the 1ift induced on the hnorizontal wing by the alleron
motion of the vertical wing flaps. Further investigation of
the rolling moments is advisable.

Effects of components.- Thec increments of drag due to the

tail cone and control fairings are presented in figure 15,
The removal of the tail cone resulted in an increase in drag
of the model because of the separation from the blunt tail of
the fuselage., As the Mach number was increased, the boundary
layer along the fuselage thickened so that even with the tail
cone attached some seperation devecloped at the higher lach
numbers. The increments of drag due to the control fairings
were small, but it should be pointed out that when the
fairings were recmoved, four small attachment lugs for the
jatos were exposed and probably added some drag.

The increments of 1lift, drag, and pitching-moment

CONFIDZNTIAL
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coefficients produced by the addition of the jato units to the
model with the taill surfaces removed are shown in figure 16
for various angles of attack, wing, and flap settings. The
results indicate relatively large interference effects at 12°
wing incidence because of the close proximity of the wing and
jatos., The increments of 1ift, drag, and pitching-moment

coefficients due to the addition of the jato units to the

complete model are shown in figures 17, 18, and 19, respec-
tively, for several angles of attack and tail settings. The
increments at any given angle of attack and tail setting are
the differences between the results for the model with and

without the jatos at the same settings of control surfaces and
angle of attack., The data for the model with the jatos
attached may be obtained by adding the increments to the basic

data for the complete model. The variation of tail hinge-

moment coeffilcient with tail deflection at several angles of

attack for the model with the jatos 1s presented in figure 20.

Linkage Data

Lift, drag, and pitching moments.— The 1lift and drag

characteristics of the model with the horizontal wing and
flaps deflected according to the established linkage ratio
are presented in figure 21 for the model with and without the
tail surfaces. The large effects of tail deflection on the
1ift and drag are evident. The lift-curve slope for the

tail-off configuratinon is greater than that for the complcte
CONFIDENTIAL
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model because 2f the negative 1lift induced on the tail

surfaces by the downwash from the wing. Figure 22 presents

the variation with Mach number of the lift-curve slopes over
the range of wing incidences for which the 1lift curves arc

almost linear. The parameter aC;/di,, is the ratio of 1ift
coefficient to wing incidence but with the horizontal flaps

also deflected.

The variation of pitching-moment coefficient with 1if?t
coefficient for linked deflections of the horizontal wing and
flaps is shown in figure 23 for the model with and without the
tail surfaces. It should be noted that the slopes of thesec
curves at zero pitching moment 4o not represent the static
longitudinal stability of the model, since all the data are
for zero angle of attack., Extrapolation of figure 23(g) indi-
cates that at 0,80 Mach number and 12° wing incidence, the
maximum 1lift coefficient at balance is about 0,97. Since the
missile will have a relatively high wing loading somewhere
between 90 and 130 pounds per squarc font during the pursuit
phase, a 1lift coefficient of 0,97 is not high enough to ingure
interception of the target at high altitudes. A reduction in
the wing loading appears desirable., There is an almost linear
relationship between the wing incidence and the tell deflec-
tion required for balance, The ratin of tail deflection to
wing deflection, however, changes with the location of the
center of gravity of the missile; the more aft the location
the greater the ratio. Figure 24 presents the variation with

CONFIDENTIAL
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1ift coefficient of the required tail and wing deflections for
balance in level flight corresponding to center-of-gravity
locations of 25 percent and 3& percent of the wing chord., It
is obvious that no single linkage will provide balance at all
1lift coefficients or center-of-gravity locations butl rather an
optimum linkage should be selected based on the conditions
expected in normal flight, A ratio of 0,4 appears to be the
optimum value., The angle-of-attack mechanism will automati-
cally provide the remaining control necessary for balance.

The variations of wing hinge-moment coefficient and of
flap hinge-moment coefficient with linked deflections of the
vertical wing and flaps are shown in figure 25, The tail
hinge-moment coefficients for the model with the horizontal
wing and flaps deflected according to the linkage ratio are

presented in figure 26,

Balance Linkage Data

Lift and drag.- Figure 27 and the remaining figures in

this report present the data for which the model is balanced
(zero pitching moment) and represent the conditions which the
missile might actually encounter in flight. The polars are
shown in figure 27, while the maximum lift-to-drag ratios and
the corresponding 1ift coefficient and wing incidences for
maximum lift-to-drag ratio are summarized in figure 28. The
variations of drag coefficient with Iliach number for several

horizontal-wing incidences and the corresponding flap deflections

CONFIDENTIAL
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are shown in figure 29.

Hinge moments.— The variations of horizontal wing and

flap hinge-moment coefficients with 1ift coefficient at
balance are shown in figures 30 and 31, The variations of
the tall deflection and the tail hinge-monent coefficient with
1lift coefficient at balance are presented in figures 32 and

%3, It should be noted that these tail data are applicable
throughout the large range of 1lift coefficients regardless of

the fact that the flight path may be curvilinear, because the
damping moments would be very small due to the relatively short
tail length of the missile. Consequently, the additional tail
deflection 1s small enough to be neglected.

Longitudinal stability.- The static longitudinal stability

and the stick-fixed neutral-point locations are summarized in
figure 34 for the model at or near zero angle of attack. The
missile becomes increasingly stable at high 1ift coefficicnts
and higher Mach numbers and similarly the neutral point moves

further aft, Minimum stability occurs around 2° wing inci-

dence slightly above 0.8 Mach number, which approximates level
flight of the missile and which promotes maximum maneuver-
ability so cssential to the performance of the missile, The

veriations in stability should not be detrimental because the

tail retains its large effectiveness throughout the wide

ranges of lMach numbers and 1ift coefficients,
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CONCLUSIONS

The high-speed wind-tunnel tests of the full-scale model
of the Consolidated Vultee lLark indicated the following:

1. The maximum 1ift coefficient obtainable at 0,80 Mach
number with the missile balanced at zero angle of attack is
around 0,97. For successful operation of the missile at high
altitudes, it appears that a reduction in wing loading will Dbe
necessary.

2., The static longitudinal stability at zero angle of
attack changes with wing incidence and with Mach number, but
these changes should not interfere with the performance of the
missile because the tails retain their large effectiveness
throughout the range of Mach numbers and 1lift coefficients
tested. The minimum stability occurs around 0,80 Mach number
and a 1lift coefficient of 0.20 which corresponds to level
flight of the missile where maximum mancuverability is desirablc.

3, The optimum ratio of tail-to-wing deflection is 0.k,

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif, 4
gﬂrg/a A Celoors_

” John A, Axelson,
Mechanical Engineer.

Andrew Martin,
Aeronautical Engineer.

Apnroved///
//{7 (%7LA4<(, Z%é:rC:

Donald H, Wood,
Aerornautical Engineer.

CONFIDENTIAL



NACA Rl Nn. ABK19 CONFIDENTIAL 19

REFERENCES

Silverstein, Abe, and White, James A.: Wind-Tunnel
Interference with Particular Refcrence to Off-Ccnter
Prgitinns of the Wing and t» the Downwash at the Tail,

NACA Rep. No. 547, 1935,

Thom, A.: Blockage Correctinsns and Choking in the R.a.E,
High Speed Tunnecl. Rep. No. dero. 1891, R.A.E.
(British-U.S, Confidential), Nov. 1943.

Anon.: Summary of the lodel KAY-1 lark, lMonthly activity
as of October 31, 1945. Consnlidated Vultee aircraft

Corporation, Nov, 1945,

CONFIDENTIAL



CONFIDENTIAL NACA RM No. AGK19

FIGURE LEGENDS

Figure 1l.- Three-View drawing of the full-scale model of the
Consolidated Vultee lLark showing alternate configuration
with the jato units attached.

Figure 2.- Photographs of the full-scale model of the Consoli-
dated Vultee ILark in the Ames 16-foot high-speed wind
tunnel. (a) Front view of the model with the upper rear
strut used in the evaluation of tares. (b) Rear view of
the model with the upper rear strut.

Figure 2.~ Concluded., (c) Front view of the model, less tail
surfaces, with the Jjatos attached and with the standard
lower rear strut., (d) Rear view of the model, less tail
gurfaces, with the jatos attached and with the standard
lower rear strut.

Figure 3.- Variation of drag coefficient with 1lift coefficient
for the full-scale model of the Consolidated Vultee lark,
less tall, (a) Variable angle of attack., iy , iy, Of.,
8y, 0°. x o

Figure 3%.- Concluded. (b) Variable horizontal wing flap
deflection. a, 1y, iy, 8fy, 5 L

Figure L.- Variation of drag coefficilent with 1lift coefficient
for the Consolidated Vultee lark.

Figure 5.- Variation of 1lift coefficient with angle of attack,
wing incidence, and flap deflection for the full-scale
model of the Consolidated Vultee Lark, less tail. (a) Vari-
able angle of attack. iy , iw,, 8ry, 8y, 0%. (b) Variable
horizontal wing incidenceé. o, iy, 8fy, 8y, 0%

Figure 5.- Concluded. (c) Variable horizontal wing flap
deflection. @, iy, iy, 8f, L7y

Figure 6.- Comparison of the 1lift characteristics of the hori-
zontal and vertical wings of the full-scale model of the
Consolidated Vultee lark, less tail. a, 8r,s BOfy» 0°,

Figure 7.- Variation of 1lift coefficient with angle of attack,
horizontal wing flap deflection, and tail setting for the
full-scale model of the Consolidated Vultee lark. (a) Vari-
able angle of attack. iy, iy, 8fys Spn, 8t, 0°. (D) Vori-
able horizontal wing flapvdefggctiog. Q ¥ :
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Figure 7.- Concluded. (c) Variable tail setting. a, iy,
iWh’ va} th’ OO.

Figure 8.~ Variation of drag coefficient with Mach number for
the full-scale model of the Consolidated Vultee lark, less
tail,

Figure 9.- Variation of drag coefficient with Mach number for
the full-scale model of the Consolidated Vultee lark,

Figure 10.,~ Effects of angle of attack and horizontal wing-
flap deflection on the pitching-moment coefficient of the
full-scale model of the Consolidated Vultee Lark.

Figure 11l.- Variation of pitching-moment coefficient with
tail deflection for the full-scale model of the Consoli-
dated Vultee lark. a, iWV’ iWh’ SfV’ th’ 0°,

Figure 12,- Variation of wing hinge-moment coefficient with
wing incidence for the vertical wing of the full-scale
ggdel of the Consolidated Vultee lLark, «, Loy LF 8¢,

Figure 13,- Variations of wing and flap hinge-moment coeffi-
cients with flap deflection for the vertical wing of the
full-scale model of the Consolidated Vultee lark. a, Loy

iWh’ th, i
Figure 1ll4,~ Variation of tail hinge-moment coefficient with
tail deflection at various angles of attack for the full-
scale model of the Consolidated Vultee lark, iWV' Trnls
6f 0° (a) M, 0.2. (b)Y, OMu. (o) M, 0.6
M, 8 7« (e) ¥, &5  (FEIE O 175,

Figure 14,~ Concluded. (g) M, 0.80. (h) 14, 0.825.
(1) M, 0.85. (J) M, 0.875.

Flgure 15,- Variations of the drag increments of the tail
cone and of the control fairings with lfach number for the
full~scale model of the Consolidated Vultee lark. a,

lwys lwp, 85y, 8fy, 8t, 0°.
Figure 16,- Variation of the increments of 1lift, drag, and
pitching-moment coefficlents with liach number due to the

Jatos on the full-scale model of the Consolidated Vultee
lark, less tall. 1y , &f, e,

CONFIDENTIAL
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Figure 17.- Variation of the increments of 1ift coefTicient
with number due to the jatos on the full-scale model of
the Consolidated Vultee Lark. Lyrs iwh’ va, 8fh’ 0°,

Figure 18,.- Variation of the increments of drag coefficient
with Mach number due to the jatos on the full-scale modgl
of the Consolidated Vultee lark. iy, iy, 8z, &gy, O°.

Figure 19.- Variation of the increments of pitching-moment
coefficient with Mach number due to the jatos on the full-
scale modeloof the Consolidated Vultee lLark. iwv’ iWh’

va, th) o .
Figure 20,- Variation of tail hinge-moment coefficient with

tail deflection for the full-scale model of the Consoli-
dated Vultee lark with Jatos,.

Figure 21.- Variation of 1ift coefficient with drag coeffi-
cient and with linked deflections of the horizontal wing
and flaps for the full-scale model of the Consolidated
Nudtes LaPXioo e, 40585 5L 005 (el My~ DL8.

v v

Figure 21.- Continued. (b) 1, 0.4,

Figure 21.- Continued. (c) M, 0.6.
Figure 21.,- Continued. (d) M, 0.7.
Figure 21l.- Continued. (e) M, 0.75.
Figure 21.- Continued. (f) M, 0.775.

Figure 21.- Continued. (g) M, 0.8.

g
Figure 21.- Continued, (h) M, 0,825.
Figure 21.- Continued.

)
)
) M, 0.85.
) ¥, 0,875.

3l

(
Figure 2l.- Concluded. (

L 577

Figure 22.- Variation with Mach number of the lift-curve slope
for linked deflections of the horizontal wing and flaps for
the full-scale model of the Consolidated Vultee lark. a,

iwv, 8fv, OO.

Figure 23.,- Variation of pitching-moment coefficient with coef-

ficient for linked deflections of the horizontal wing and
flaps of the full-scale model of the Consolidated Vultee
Lark. a, iy, 8f, QPLu1 (&) M- 0.2,

Figure 23.- Continued. (b) M, O.L,
CONFIDENTIAL
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Figure 23.- Continued, (c¢) M, O.6.
Figure 23.- Continued. (d) M, 0.7.
Figure 23.- Continued. (e) M, 0,75.
Figure 23.— Continued. (f) M, 0.775.
Figure 23.- Continued. (g) M, 0,8.
Figure 23.- Continued. (h) M, 0,825,
Figure 23%.,- Continued. (i) M, 0,85.
Figure 23.- Concluded. (Jj) M, 0.875.

Figure 24.- Variation of the ratio of tail deflection to wing
deflection for balance for the full-scale model of the
Consolidated Vultee lark,

Figure 25.- Variation of wing hinge-moment coefficient and of
flap hinge-moment coefficient with linked deflectiong of
the vertical wing and flaps for the full-scale model of
the Consolidated Vultee Lark. a, iy, 8r,, 0°

Figure 26,.,~ Variation of tail hinge-moment coefficient with
tall deflection at various linked deflections of the hori-
zontal wing and flap of the full~scale model of the
Consolidated Vultee Lark. a, iwy, 8fy» 0% (2) M, 0.2,
(o) M, 0.4, (c) M, 0.6, (&) ,0 7 “(e) 1, 0.75.

(£) M, 0.775.

Figure 26,- Concluded. (g) M, 0.8, (h) M, 0,825,
(1) M, 0.85. (J) M, 0.875.

Figure 27.- Variation of drag coefficient with 1ift coeffi-
cient at balance (Cm = O0) with linked deflections of the
horizontal wing and flags for the full—scale model of the
Consolidated Vultee Lark. a, iy, 8fy. 0°,

Figure 28,.- Variation with Mach number of the maximum lift-to-
drag ratios and the corresponding lift coefficients and
wing incidences at balance (Op = O0) Tfor the full-scale
model of the Consolidated Vultee Lark with the wing-flap
linkage. a, iy, 87, 0%

Figure 29,.,- Variation of drag coefficient with lMach number at
balance (Cp = 0°) for linked deflections of the hori-
zontal wing and flaps for the full-scale model of the
Consolidated Vultee lark. «, iwv, o ov3
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Figure 30.~ Variation of wing hinge-moment coefficient with
1ift coefficient at balance (pitching moment = 0) for
linked deflections of horizontal wing end flaps for the
full-scale model of the Consolidated Vultee Lark. o, 1y,

6fv, Ooo

Figure 31.~ Variation of flap hinge-moment cnefficient with
1ift coefficient at balance (Cp = O) for linked deflec-—
tions of the horizontal wing and fleps for the full-scale
model of the Consolidated Vultee lark., a, iw,, 8y, 0°.

Figure 32,~ Variation of tail deflection with 1lift coefficilent
at balance (Cp = O) with linked deflections of the hori-
zontal wing and flaps for the full-scale model of the
Congolidated Vultee lark. a, iy, 8r,, 0°

Figure 33.- Variation of tail hinge-moment coefficient with
1ift coefficient at balance (Cp = O0) with linked deflec-
tions of the horizontal wing and flaps for the full-scale
model of the Consolidated Vultee Lark, a, iwy, 8fy, 0°.

Figure 34.- Static longitudinal stability and neutral-point

location at balance (Cp = O) for the full-scale model of
the Consolidated Vultee lark. a, iy,, 8f, 5 gl
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