B namne o chaliil 48 L " WQ https://ntrs.nasa.gov/search.jsp?R=19930082131 2020-06-17T21:28:48+00:00Z
- )/3 Wb/ 178
E..

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICES

£ -
-~y

g
——
-

NACA TN No. 1478

TECHNICAL NOTE

No. 1478

WIND-TUNNEL INVESTIGATION OF THE STABILITY AND CONTROL
CHARACTERISTICS OF A COMPLETE MODEL
EQUIPPED WITH A VEE TAIL

,“ ¥ By Edward C. Polhamus and Robert ]J. Moss

, L Langley Memorial Aeronautical Laboratory
Langley Field, Va.

TR

Washington
November 1947

BUSINESS, S(,kt‘NL)_.:’.
& TECHNOLOGY DEF'T.




NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

'TECENICAL NOTE NO. 1478

WIND-TUNNEL INVESTIGATION OF THE STABILITY AND CONTROL
CHARACTERISTIOS OF A COMPTATE MODEL
EQUIPPED WITH A VEE TAIL

. By Bdward C. Polhamus end Robert J.: lMoss
STUMMARY

A wind-tumnel investigation was conducted to determine the low--speed
gtablllity and control cheracteristics of a compleie model equipped
with a vee tail. Tail dihedral angles of 35°, 47°, and 55° wers
tested and the results comparsd with results of tests of & conventional-
tall arrangement used. with the same wing-fuselage combination. The
area of the vee tall wan slightly greater than that of the conventional-
tall assembly (approx. 2 percent), and the vee tail was mounted on a
small dorsal trunk (10 ncrcent of vee-tail area). The total wetted
area of the vee-teil assembly, therefore, was approximately 12 percent
greater than that of the conventional-tail agsembly. The aspect ratio
of the vee tail wos equal tc that of the horizontal teil but greater
than that of the vertical tail.

The 47° vee tail was the best of those testod when both longl-
tudinal and lateral stability were concermed, and it contribubed

L0 percent more longitudinal and directional stability and 90 percent

more Cihedral effect than the conventional tail.

The increase in directlonal stability was due o the dorsal
teunk and to the fact that the vee tail had a greater asmect ratio
then the vertlcal taile.

The - increase in longitudinal stability was caused by the increase
in stabilizer effectiveness and the decrease in the rate of change of
effective downwash with angle of attack duc to the high tail position
and the fevorable effect of gidewash at the tail. A method of
vredicting the sidewash effect is presented in an appendix.
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TITRODUCTION

Interest has been displayed in vee tails, particularly for high-
speed aircralt, because of: (1) the DOSSibllLbV of a reduction in
drag of the emoennafﬁ dus to an improved tail~fugelage juncture and
due to a reduction in tail arsa and (2) the location of the tail
out of the wing waeks without encountering difficult structural
problems. The isolated-tail theory (wreference 1) indicates that an
isolated vee-tail surface producing stability paramsters equal to
these produced by an isolated conventional-tall assembly (an% heving
egual effective aspect ratios) must have an area equal to that of the
conventional-tail ageenmbly. When the vee tall is used with a wing-
fuselage combinatlion, additional factors such as the downwash and
sidevazh associated with the w‘ng—fuselage vortex pattern must be
congidered. Lnaumuch as the effects of these factors are difficult
to evaluate theors tlcallo, en experimental investigation was made of
a vee tall uged v;th a wing-fuselags combination. This vee tail had

the same taill ’enguh and. d)JYQKl’ﬁwle the same total area as the
sum of the horizontal and vertical tall surfaces of a conventional
tail that was previously investigated with the same wing-fuselage
CO%bLP&thd. The vee tail, however, was mounted on a small dorsal

trunk, the area of whloh was annrox1ﬂatelJ 10 percent of the area of
the voe tail. The eifect of this dorsal trunk on lateral stebllity
should. be considered when comparing the vee and conventional tails.
The aspect ratio of the vee tail was equal to that of the horizontal

£

tail bub was greater than that of the vertical tail.

The investigation included. stability and control tests, w1th and

without wing flaps, for tail dihedral angles of 350, L(O and. 55°

SYMBOLS

The svastem of exes used for the presentation of the data
together with an indication of the sense of the nesitive forces
and moments is presented in figure 1. All moments are presented aboutb
the center of gravity. Pertinent symbols are defined as follows:

Cr, 1ift coefficient (Lift/qS)

Cp  drag coefficient (Drag/aS)
Pitching moment

Cyy pitching-noment coefficient =
gse

w
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Rolli vh
Cq rolling-~moment coefficient (?olllng mumerE)

_ aSbh
5 yawing-moment coefficient Yawing momenf)
. qSh
Ak 1 force
Cy lateral-force coefficient Latar rcL)
; v qs:
5 wing area, square feet
b wing span, feet
¢ wing mean aerodynamic chord (M.A.C.), feet
< /.V2

q dynamic pressure, pounds per square foot kP /2
8] mass density of air, slugs per cubic foot
v free-~stream velocity, feet per second
M Mach number
o angle of attack of fuselage center line, degrees
€ angle of downwash, degrees
€g effective dovmwash (downwash that alone has same effect as

dowvnwash and sidewash)
ig stebilizer setting (engle between line of intersection of

tail nanels and fuselage center line), degrees
Y angle of yaw, degrees
o) control-surface deflection with reference to fixed surface

and. measured in plene normal to fixzed surface, degrees
Ft tall dihedral angle with reference %o horizontal, degrees
Subscripts:
t tail
e elevator
i rudder
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A flap

m measured value

ze

6? denote partial derivative of a coefficient with reapect to 3
2 " s Yii

a %, it, 9., @, ¥, wrespectively; for sxsuple, Cp, = ?g%

5) Bk,
v

MODEL AND APPARATUS

The model equipped with & 47° vee tall is chown mounted in

the Langloy 300 MPH T7- by 10-foot tunnel in Tigures 2 and 3 and a
three -view drawing of the model ag tesled is presented in figure *
‘ 5 details ol

7

the conventional~tail assembly ere shown in Tigures 6 apd Ts

.

Eas)

The model was constructed of wood atbached to metal reinforcing
members with Cycdeweld cement except for the all-metal control
surfaces. The tail-control surfaces and wing flaps were 20-percsns-
chord plain flaps and the ailerons were 15-percent-chord plain flaps.
All controls werc flat-sided from the hinge line to the trailing edge
and all control gaps were sealed.

Specific model configurations referred to herein are as follows:

(a) High-spced configuration
Flaps retracted
Tending goar retracted

(v) Landing configuration
Flaps deflected 60°
Landing gear extended
The tests were conducted in the Langley 300 MPH 7- by lO0-foot tunnel,
which is a closged rectangular tunnel with a contraction ratioc of 14:l
and is powered by & 1600-horsepower gynchronous motor.

TESTS

-

Tests in the ‘high-speed configuration were run at dynamic
pressures of 88.5 and 165.2 nounds per square fcot. Tests in the
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landing configuration were run at a dynamic pressure of 33.5 pounds
per square foct. The corresponding approximate values of Mach number
and Reymolds number (based on a wing mean aerodynamic chord of

1.202 £t) were as follows:

Dynamic pressure

(1b/sq £t) Mach number | Reynolds number

« 6
33.5 “ 0415 . * 1.28 % 10°

The Reynolds nuber was compuﬁed ﬁsing & turbulence Tactor of unity.
The degree of turbulence of the tumnel is not known guantitatively
but is believed to be small because of the high contraction ratic.

.Corrections
All date have bheén corretted for tares caused by the model-

gupport struts. Jet-boundery corrections were computed as follows
(reference 2), where the subscript m refers to the measured values:

o= O.BECLm

Cny = Cp + 0.01280r, °

D L m

Cp = Cpy,, *+ 0.022201, (for flaps undeflected)
B = cﬂ%l4-o.0227ch (for flaps deflected)

B = 04,95
Lzl 0 ’chm

On = Cqy - 0.0173Cy Cr

All force and moment coefficients were corrected for blocking by

the method presented in reference 3. An increment in drag coefficient

has been added in order to account for the horizontal buoyancy effected
by the longitudinal static pressure gredient in the tunnel.
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RESULTS AND DISCUSSION

An outline of the Litur s presenting the recsulte ig as follows:

Basgic daﬁf: Figure
J».LUV Ol" t@f“‘ztﬂ S B & 8T e s e N e W R el et e el e e ‘ 8 "C,O 10
e eI s A s e h el e A e s O oo kel
TIORIEEE 66 bl b v Caroson B % KA b AR F e W R w A RN A

BA A tor e e e s o s e R A R DR O
LGteI‘al~138r3.m6 t@I‘ te Sbs . . . . . . . . . . . . . . . . . . . 18

Smxmprv data:
' a!-b ..L f‘ Oi. Cl"::(* “Ii‘t}l I‘ '!J Ll . . . . . . - | » - . Ll L . L] . l9

Vg
Variation of Cr‘qit wi th I 2 8RR e e e e e e 20
Var iat i on oxn 5.3 W 1 "'l';l'L ITJL-‘ ¢ € o @ ¥ ¥ C.a & P 3 8 ® B " & @ ?l
: V{i&:’ iati Ofl O C-le wil th it g L BRENELE; e SR Rel el Ke e & o s 8 e 22
\ )

J

Variatlicn of uuvtral points with Cp ¢ » o ¢« ¢ « s ¢ o o o o « 23

Val“ia‘l)iOn (,.‘f CJ‘IH”>' ?:’i'bh P.-. oW e e e e 8 e 8 &vE W s 98 ?)-l-

V)
.f"’ e g 3 41
(“n m_) _ and (CZ.,:, with
v/t t) L

Lift characterigticg.~ The 11ft Ch&TaCtDPJBCl”S of the model with

the vee tail are presented in figures 8 to 13 end are summurized In
| the following wtable:

5
g
e
o
i
e
9
a
O
[
3
-
N
\

‘ P-t, CLL“JB}C CL ’
| (deg) | trimmed o
8.!:» = OO
o A

32 0.76 | 0.085
.86 .088

1
5 .81 0535

S
W 135 » O 6
E:’:‘) 1018 OUL)_')

Hordizontal tail characteristicg.- Mean values describing the

effectivencss of the eluvauor and. stabilizer for the different

dihedral engles are plotted against tail dihedral angle in figures 19
D

kv
end 20, respectively. The values at Ty = 0° +hat are presented were
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obtained by multiplying the values obtained with a conventional
horizontal tail of the same aspect ratio (data obteined in the
Lengley 300 MPH 7- by 10-foot tunnel) on the seme wing-fuselage
combination by the ratio of tail areas. Also presented in these
figures are the theoretical variations based on the isoleted-teil
theory of reference 1. The experimental and theoretical results
are in fair agreement, but the general trend of the experimental
results seems to indicate that there may be a slight incresse in
effectiveness at the higher dihedral sngles over that predicted by
the theory. ?

Dotmwash at the tail.- The average effective-downwash values
for the various teil dihedrel angles are presented in figure 14.
These values were evaluated from tail-on and teil -off pitching
moments; end, since the pitching moment contributed by a vee tail
depends on sidewash gg well as downwash, the effective downwach, -
rather than the actual downwash existing in the vertical plane,
is obtained. The effective dovnwash is defined as the dovmwash that
alone would produce the same pltching moment as that produced by
the actual downwash end sidewash. A method of estimating the
effect of sidevash on effective downwash and longitudinal stability
is presented in the appendix.

Figure 21 shows the effect of tail dihedral angle on the rate of
change of effective downwash angle with angle of attack. Two theo-
retical variations with dihedral angle are also included. One curve
takes into account the change in tail height and was determined from
the charts of reference 4 Dby assuming the tail height to be equal to
the height of the tall mean aerodynsmic chord. The other curve
includes both the effect of tail height and the effect of sidewssh
(see appendix) and ie in fair agreement with the experimental data.

Rudder effectiveness.- Values of the rudder-effectiveness
parameter Cna obtained from figures 15 to 17 are plotted against
i
tail dihedral angle I, in figure 22. The theoretical variation

of Cn8 with Ty, as estimated from the isolated-tail theory of
i3

reference 1, is also presented. The increase in effectiveness is

probably due to the rudder induced load carried by the dorsal

trunk. Also presented in figure 22 are the variations of C,

.
Op

and Czar/cnar with Iy + The ratio of adverse rolling moments to

favorable yawing moments produced by rudder deflection is greater for
the vee tail than for the conventional tail.

§§g§ig_;ppgiﬁggigg;_gjgp;;i;x.~ The neutral-point locations for
both the cruising and landing configurations are presented in figure 23,
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The tail-off neutral points and the assumed center-of -gravity position ;
at 25 percent M.A.C. &bout which the moments were measured are also
indicated. The curves indicate that the model with the vee tail has
greater longltudinal stability then the model with the horizontel
tail for the three tail dihedral angles tested. The 47° tail, which
according to isclated~tail theory should contribute the sanme
longitudinal stability as the horizontal tail tested, actually
contributes 40 percent more longitudinal stebility than the horizontal
tail. The variation of (C, with I, 1is presented in figure 2k,
= .
t : : :
For comparison, the horizontal-teill contribution (Ft = OO) was |
increased by the ratio of the vee-tail area to the horizontal -tail |
area. Also presented in this figure is the theoretical variation of
(Cm ) wvith T, and it cen be seen that the decrease in :
a &
t

longitudinal stebility with dihedral angle is overestimated. The
overestimated decrease in stability can be accounted for by the
increase in stabilizer effectiveness and the decrease in the rate of

change of. effective downwagh with angle of attack dve to the increased
tail height and the favorable effect of sldewagh. A method of
estimating this sidewash effect is presented in the appendix.

Static directional and lateral gtability.- The static lateral-
stability parameters determined from pltch tests at yaw angles
of 5° and -5° for both the high-speed and the landing configurations
are plotted against angle of attack in figure 18. In the high-specd
configuration a large amownt of directional and lateral stability
exigts for all three dihedral angles and the maximum stability would
appear to occur at some angle between 47° and 55°. In the landing
configuration the high static directional stability end the dihedral
effect are indicated for angles of attack below 6°. Above 6° there is
a slight loss of dihedral effect and a large loss in directional
gtability. It will be noted that the L9 vee tail, which is the best
" of those tested, contributed epproximately 40 percent more longitudinal
and directional stability and 90 percent more dihedral effect than
the conventional tail. The increase in directional stability, however,
is due to the fact that the aspect ratio of the vee tail is greater
than that of the vertical tail and due to the dorsal trunk upon which
the vee tail was mounted.  The effect of this trunk can be seen in
figure 25, waich presents the actuel and theoretical variations of
the tail contribution to directional stability (§nw> end to

v

dihedral offect - (?Ay) with tail dihedral anglc. The reasons for
]

‘the large contribution to directional gtability of this emall trunk ‘
(epprox. 10 percent of the vee-tail area) are that the trunk increases

the effective aspect ratio of the vee tail in yaw. Since tail

efTectiveness is proportional "to sinQPt,’this trunk is more ,

effective per unit area than the vee tail.
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The high dihedrel effect (equivalent to apnrox. 16.5° of
wing geometric dihedral for the L7° tail) is due to the high geometric
dihedral of the tail.

CONCLUSIONS

From low~speed wind-tunnel tests of a complete model equinved
with a vee tail having tail dihedral angles of 35%, 47°, and 55° and
from couparisons with tests of a conventional tail used with the
sarme wing-fueselage combination, the following conclusions with regard
to static stability and control were reached:

1. The b7° vee tail appeared to be the best of those tested
when both longltudinal end lateral stebility were concerned.

2, The 47° vea tail, the area of which was approximately the same
(2 percent greeter) as the conventional tail assenbly but was mounted
on a small dorsal trunk (10 percent cof vee-tail area), contributed
4O percent more longitudinal and directional stebility and 90 percent
more dihedral efiect than the conventional tail.

3. The increasge in divectional gtability was dve to the dorsal
trunk and to the fact that the vee tail had a greater aspect ratio
than the wvertical tail.

4. The increase in longlitudinal stability was caused by the
increase in stabilizer effectiveness and the decrease in the rate
of change of effective downwash with angle of attack due to the high
tall position and the favorable effect of sidewash at the tail.

50 The measured variations of stabilizer and elevator effectivenecs

with tail dihedral angle agreed feirly well with the isolated-taill
Theory .

Lengley Memorial Aeronautical ILaboratory
National Advisory Comaittee for Aeronautics
Lengley Field, Va., July 31, 1947
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- ABPENDIX

METHOD OF LSTIMATING SIDMWASH EFFECT N LOUGITUDINAL S'.’?ABILITY.

Syrbols

=}

ansle of attack of airplane in plane of syummstry

angle of attack of tail panel in plane ncrmal to chord
plene of tall suwrface

indvced angle (downwach) in plane of syrmetry

induced angle in plane normal tc chord nlane of tail

suriace
AiTt coefficient of tail meagursd in nplane of symmetry

lift-curve slope of tall in plane normal To chord plane
of tail surfacs

dihedral angle of -tall swrrace
airplane pitching moment duwe to tail 1ift

gpan of one ves-tall nanel

.

M.,A.C. of wing

© M.AC. of tail

3= b |

local chord of tail
tail length measvred from C.g. to O i
actval (not pi‘o;‘;ected)' a.:=:"pa of tail
wing area

free-stream dynamic pressure

effective dynamic pressurs at tail

total induced velocity in vertical oplans (WT + wp)
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W'I‘ velocity in wvertical plane induced by trailing vortices
(¢ovmwasgh)

W velocity In vertical plane induced by bound vortex
(dovmwash)

ey velocity in plane normal to vertical nlane induced by

trailing vortices (sidewash)

Ve total induced velocity in plane normal to tail panel
Wip velocity in normel plane indnced br trailing vortices
N
X tail length measured from cy/h to oy/b
8 wing vortex semigpan
v tangential velocity ¢f & vortex at Y for unit circulation
oy digtance from vortex ocwnbter Lo point in question
v velocity at tall parells)l to X-axis

Mothod

When the longitudinal stability contributed by a vee tall is
calculated, the effect of sidewash should be included. The following
derivation oi the longitudinal-stability equation includes this
eifect. The angle of attack in the plane normal to the tail panel
is as follows (see fig. 20): ‘

) ary = @002 T - ey (1)
L) ara = (C’T‘* )N €5 tazy 0% T @

By substituting eavetion (1) in equation (2)

(CI) Y GI"'L)N (o. cos Iy = GI\D co§ r. (3) .
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Now

o~
cite
(93]

r

i
2 bt
@ §i

(Cm o (CL)%,ail

€

and by stbstituting equation (3) in squation (L)

: . 1; Sy Q4
/£ - ~ -.4.,.\ 'C COE P' :& .a-Ll 221
Un)tasy = @ cos Ty CI“) &L"Dm g S,

N

/ Be N T4 S
= (cos I' - ~& /CL> cos J."JD :J-g ;-t i
dee ./ \ YN G

m 3
%/ tail

Since all aveilable theorstical and experimental induced angles are
presented ag downwash anglesg ¢, equation (5) will be reviged by

a€ . '3(:
replacing = ith

o ot
g
and ey = &,

and a correction factor. Since

A€

B

e
o XL W

By substituting cquation (&) in equation (5)

o3
F

Q
¢

Sh
A)'c

7 - e Wor ”

C, = /cor.! Iy = = -3\ CT,) cos I'y

Uy, y Y S, W QY Jor T
tail S P

-t
:':

A more convenlént form of equation (7) is

d¢ __ & 7 "
6L = (1l - &= ¢ ) cos<ly, = -
<‘J°)to.il da w cos Ty ) \ )y b oy Sy

=5
d<
L+U)

&

o i

()

(5)

(7)

(8)
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Values of - may be obtained from the cherts of reference U4 Dby
we of a tall height equal to the height of the M.A.C. of the tail.
VH
Values of ==——— may he obtained as follows:
w cos [y

Wy 4 Wg COs Pt P WTN

w coSs Ft W Ccos F'b W cos Pt
and.
vy T Iy Wip
L) 3 i
ot . T e .}. 3 ;
voos Iy ¥ Vi COB Rt
oxY
W W ‘-‘TT.,_, wR\’
—t O - P R T 2 (9)
w cog I W iy COB Iy W

Wy
An approximate value é? may be obtained from the following
W

equation which was derived from the equation for downwash due to the
bovnd and trailing vortices glven i reference 53

na

W, <}

10)

/
= \

v g2 + Xg + X2 ; e

Iguation {10) is for a point midway between the two treiling vortices
in the »lane of the horseshoc vortex but is sufficiently accurate for
these calculations.
Wl?_
The factor ~———tww (zquation (9)) mey be determinsd graphically
Wi COS Ly

ag follows: By assuming a horsechoe vortex of span equal to 90 percent
of the wing span (sve fig. 27), the induced velocitiss due to the
trailing vortices in the normal and vertical planes are obtained
at variocus spanwise stations of the tail. Inasmuch as only velocity
ratios are desired, the tangenticl velocity v of the vortex at the
first spanwise point investigated may be drawn to any convenient length,
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At any other point the velocity may then be easily drawn since 1t 1s
inversely proportionsl to the distance Y from the vortex center o
the point in question. At each spanwise station the induced

velocities WT,\T and. Wy COS Iy duwe to both trailing vortices sare
i W
obtained and then the factor 1

is weighted according to the
Wi GOS8 Iy
local chord and integrated over the span in order to obtain an
average value to substitute in equation (9). This procedure need
be done for only one panel since it will be the same for both.
Wi M
it can be seen that - is less than unity
Wn cos Iy
and. that the reduction is due to the sidewash wW..

~

From figure
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Figure 1.- System of axes and control-surface hinge moments and
deflections. Positive values of forces, moments, and angles are
indicated by arrows. Positive values of tab hinge moments and
deflections are in the same directions as the positive values for
the control surfaces to which the tabs are attached.
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260" & ; Wing area (including ailerons, flaps, fuselage), sq ft ........ 8.125
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Wing setting (root chord to center line), deg................ 2.5
Wing setting (tip chord to center line), deg ................. 155
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Figure 4.- Three-view drawing of the model.
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Figure 5.- Vee-tail panel. Area (total, not including trunk), 3.31 square feet; area
(dorsal trunk), 0.32 square feet; aspect ratio, 5.0.
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Figure 6.- Vertical tail. Area (total), 1.60 square feet;
aspect ratio, 1.74.
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Figure 7.- Horizontal tail. Area (total), 1.625 square feet; aspect
ratio, 5.0; trailing edge angle, 10°.
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Figure 14.- Variation of effective downwash with angle of attack.
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Figure 16.- Effect of rudder deflection in yaw of the model with the 47° vee tail.
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Figure 25.- Variation of tail contribution to lateral stability with
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