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REPORT 1049

EXPERIMENTAL INVESTIGATION OF THE EFFECT OF VERTICAL-TAIL SIZE AND LENGTH
AND OF FUSELAGE SHAPE AND LENGTH ON THE STATIC LATERAL STABILITY
CHARACTERISTICS OF A MODEL WITH 45° SWEPTBACK WING
AND TAIL SURFACES '

By M. J. Quewo and Warter D. WoLHART

SUMMARY

An investigation was made to determine the effects of vertical-
tail size and length and of fuselage shape and length on the
static lateral stability characteristics of a model with wing and
vertical tails having the quarter-chord lines swept back }5°.
The results indicate that the directional instability of the
various isolated fuselages was about two-thirds as large as that
predicted by classical theory. A reduction in area of vertical
tails (geometric aspect ratio kept constant) attached to a given

Suselage resulted in an increase in the effective aspect ratio of

the vertical tail for the range of tail sizes considered. Simple
analytical considerations indicate, however, that for tail sizes
below the range investigated the opposite effect would be expected.

For the fuselage-tail combinations investigated, the tail
effectiveness usually decreased with increasing angle of attack,
with the greatest rate of decrease occurring at angles of attack
greater than about 16°.

The wing~fuselage interference for the midwing arrangements
investigated was only slightly affected by the shape of the fuselage
and tended to increase slightly the directional stability of the
combination. The interference effects of the wing tended to
decrease the vertical-tail effectiveness, particularly at high angles
of attack. The large effects observed were attributed to a par-
tially stalled condition of the wing.

INTRODUCTION

Recent advances in the understanding of the principles of
high-speed flight have led to significant changes in the design
of the principal components of airplanes. Two of the more
important changes have been the incorporation of large
amounts of sweep of the wing and tail surfaces and the ele-
vation of the horizontal tail to a higher position. Much
information is available on the influence of the wing, fuszlage,
and tail geometry on the static stability characteristics of
the more conventional airplane designs (for example, refer-
ences 1 and 2); however, little information is available on
the influence of the various airplane components on the
characteristics of airplanes having wings and tail surfaces
with large amounts of sweep. In order to provide such

| information, a series of investigations is being conducted in

the Langley stability tunnel with a model having various
interchangeable parts. The effects of changes in the size and
location of the horizontal tail on the low-speed static lateral
stability characteristics have been reported in reference 3.
The effects on the static-lateral-stability derivatives of varia-
tions of vertical-tail size and length and of fuselage shape
and length are presented herein. The data also have been
used to determine interference effects between the wing and
fuselage and the interference effects of the wing-fuselage
combination on the vertical-tail effectiveness.

SYMBOLS AND COEFFICIENTS

The data presented herein are in the form of standard
NACA coeflicients of forces and moments which are referred
to the stability axes, with the origin at the projection on the
plane of symmetry of the quarter-chord point of the mean
aerodynamic chord or at the midpoint of the fuselage. The
positive directions of the forces, moments, and angular dis-
placements are shown in figure 1. The coefficients and
symbols are defined as follows:

A aspect ratio (b%/S)
b span, measured perpendicular to fuselage center line,
feet
Lift
Lateral force
4
¥
Pitching
Rolling moment
'rr'v’rr(‘:z“l‘_ |
-—X 3 (l( T |
B, )
e orag

-

Relofive wind

Yawing
moment

7
v

FIGURE 1,—System of axes used. Arrows indicate positive direction of angles, forces,
and moments,

1 Supersedes NACA TN 2168, ““ Experimental Investigation of the Effect of Vertical-Tail Size and Length and of Fuselage Shape and Length on the Static Lateral Stability Characteristics
of a Model with 45° Sweptback Wing and Tail Surfaces” by M. J. Queijo and Walter D. Wolhart, 1950.
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chord, measured parallel to plane of symmetry, feet
root chord, feet

tip chord, feet

wing mean aerodynamic chord, feet

= 2 e 9 I )
Cw = cwdn
( " =5, ), W J,

fuselage diameter at longitudinal station of aero-
dynamic center of vertical tail, feet

fuselage length, feet

tail length, distance from origin of axis //2 to ¢/4 of
vertical tail, feet

. 1 72
dynamic pressure, pounds per square foot soV

area, square feet

projected side area of fuselage, square feet

maximum thickness of fuselage, feet

velocity, feet per second

volume of fuselage, cubic feet

chordwise distance from leading edge of root chord
to quarter-chord point of any chord, feet

chordwise distance from leading edge of root chord to
quarter-chord point of mean aerodynamic chord,

o 2 Vil
feet ("‘ W [‘ Cw Ty dy)
OwJo :

spanwise distance measured from the plane of sym-
metry, feet
spanwise distance to quarter chord of mean aero-

. = 20 [Romi/2 ‘
dynamic chord, feet (yw = Cw Yw dy)
S‘ur 0

perpendicular distance from fuselage center line to
aerodynamic center of vertical tail, feet
angle of attack, degrees

. fey
taper ratio{ —
Cr

angle-of-attack correction factors to effectiveness of
vertical tail in yaw
angle of sweepback of quarter-chord line, degrees
mass density, slugs per cubic foot
angle of yvaw, degrees
lift coeflicient (Ef—t
qSw.

- Drag .
Ir oefficie .—),(' — — Oy at ¥v=0°
drag coeflicient (qu D yat ¢

i o Longitudinal force
longitudinal-force coefficient <~L = —7)
(ZSW

.. Lateral force
lateral-force coeflicient ( — )
(] ASW'

Pitching momont‘)
q Sy

pitching-moment coeflicient (

: : .. Yawing moment
05 vawing-moment coeflictent { ——c 75—
' q Sw bw
. . .. ‘Rolling moment
; rolling-moment coefficient (*—‘“’—)
i \ q Sy bu‘
0 O('r)
Yori—\em R
i a‘# ¥v=0

N
¢, =(3%),-s

RS
( = )¢=.,'

”i — a¢
@y : . :
(O ‘)‘_:<aﬁ(5’1)7‘4> , where (') is based on vertical-tail
. & (64 a=0°
area

increment of coefficients caused by wing-
fuselage interference; that is,

A, K0y, —(C7 ) yr—(Cr ) ) w—(Crile

-\l ( 'Y'.‘ y —\l (v”

)

increments of coefficients caused by wing-
fuselage interference on vertical-tail
effectiveness; that is,
Ay( Yy [( @ Y\L)"']'Ff v (( Y¢>w+f‘] =]
[(.( Yy)rev (\( Yy )l-]

Subseripts and abbreviations:

AQ(YY__, 4 A‘.‘('n, 3
-—\2('[‘,

W wing

V vertical tail; used with subscripts 1 to 5 to denote the
various vertical tails (see fig. 2)

F fuselage; used with subseripts 1 to 5 to denote the
various fuselages (see fig. 3)

S slat

e effective

s side area

APPARATUS AND TESTS

All parts of the models used in this investigation were
constructed of mahogany. Sketches of the parts of the
models are presented as figures 2, 3, and 4. The various
vertical tails and fuselages will be referred to henceforth by
the symbol and number assigned to them in figures 2 and 3.
All vertical tails had 45° sweepback of the quarter-chord line,
taper ratio of 0.6, and NACA 65A008 profiles (table I) in
planes parallel to the fuselage center line. The ratios of
tail area to wing area were chosen to cover a range repre-
sentative of that used for current high-speed airplane con-
figurations. The tails were mounted on the fuselages so that
the tail length was always a constant percent of the fuselage

ly N : : :
length (7'—:0.42 ) T'he tail length was varied by changing

the fuselage length. The three fuselages (fineness ratios of
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® Location of ¢y /4
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X

I
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/ /9// 13.9
/0' 8.9 { .
45 // T //
6./ e =
f—6.2— k—a87 ——J
@ (e)

(a) 4% (b) Va5 (e) Vs
Av,=1.0; Av,=1.0; ty;=1.0
Sv,=24.3. Sy, =48.6. Sy, =72.9.

(d) Vi €) L
Av=2.0; ly,=2.0
Sr,=48.6. Sv;=97.2

FIGURE 2.—Dimensions of vertical tails tested. A=0.6; A=45° profile, NACA 65A008. All dimensions are in inches.

5.0, 6.67 and 10.0) of circular-arc profile used in the investiga-
tion are shown in figure 3. Two additional fuselages having
the same fineness ratio as fuselage 2 (fineness ratio of 6.67)
were used to determine the effects of fuselage nose and
trailing-edge modifications. All fuselages had circular cross
sections and all had the same maximum thickness. The
coordinates of the fuselages are given in table IT.

The wing had an aspect ratio of 4.0, taper ratio of 0.6,
sweepback of 45° of the quarter-chord line, and NACA
65A008 profiles parallel to the plane of symmetry. The
wing was mounted on the fuselage so that the quarter-chord
point of the mean aerodynamic chord coincided with the
fuselage mounting point (fig. 4). A summary of the geo-
metric characteristics of the various model components is
given in table ITI. A full-span slat, fitted to the wing for
some tests with fuselage F,, had a chord which was 8 percent
of the wing chord. (See fig. 4.) The slat was made by
bending a strip of {%-inch-thick aluminum sheet to fit the

contour of the wing leading edge. Photographs of two of
the model configurations are presented as figure 5.

Most of the tests of this investigation were conducted in
the 6-foot-diameter rolling-flow test section of the Langley
stability tunnel. Tests of configurations with fuselages F,
and F; were conducted in the 6- by 6-foot curved-flow test
section of the Langley stability tunnel. All tests were
made at a dynamic pressure of 24.9 pounds per square foot,
which corresponds to a Mach number of 0.13 and a Rey-
nolds number of 0.71>10° based on the wing mean aero-
dynamic chord. The angle of attack of the model was
varied from about —4° to approximately 32° for yaw
angles of 0° and +5°.

CORRECTIONS

The angle of attack, longitudinal-force coefficient, and
rolling-moment coefficient have been corrected for jet-
boundary effects. No corrections have been applied for the
effects of blocking, turbulence, or support-strut interference.




& Origin of axes

t=6.0

L—'— 1=40.0

FIGURE 3.— Dimensions of fuselages; profile ordinates in table IT.  All dimensions are
in inches.

At relatively large angles of attack (above about 20°) the
vertical tail generally was in the wake of the support strut;
hence, data dependent principally on the vertical-tail con-
tribution probably are unreliable at angles of attack above
about 20°. This unreliability is particularly true for data
obtained with fuselage Fj, and therefore these data are not
presented.

METHODS OF ANALYSIS

The results of the present investigation are analyzed in
terms of the individual contributions of the various parts
and the more important interference effects. In accordance
with conventional procedures (for example, see reference 2),
the static-lateral-stability derivatives of a complete airplane

REPORT 1049— NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Origin of axes.

by =3.00

&,y = 0.926—>
&=y, =0.94/=>

“:04cy,

FIGURE 4.— Dimensions and location of wing and vertical tails. All dimensions are in fe et.

can be expressed as
(~’Y¢ = ((Vl'¢)p'+ (CW) w+ ((‘Y".ﬁ) 1'+A1CY¢+A9('Y¢ (1)
(v”w = ((V"\{«)F—*— ((V”.p) W+ (C"w) V'jl_Al 0"¢+A2(vw (2)
Gy = (('w)ri- (Clw)w‘*‘ ( 'lw) v“i‘Al(v’w’*'A?Cw (3)
The subsecripts F and W refer to the derivatives of the iso-
lated fuselage and of the isolated wing, respectively. In
the general case, the subscript V refers to the contribution
of the vertical tail when mounted on the fuselage and when
in the presence of the horizontal tail. The present tests
were made without a horizontal tail, since the effects of
various horizontal-tail sizes and locations were investigated
in reference 3. In the present report, therefore, the deriv-
atives with the subscript V include both the effectiveness of
the isolated vertical tail and the interference of the fuselage.
The vertical-tail contribution can be expressed analytically
as follows:

Y Y Sy
(Cr )= (Co) g 1 @
v Y l 4 S 7 =
(Cry)y=— (Cro)v b;, S:;- N (4)
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Configuration W+ Fy+ 17

FiGURE 5.—View of model in the Langley stability tunnel

b) Configuration W+ Fa+ 1

F1GURE 5.—Concluded
2y Ly Sy :
( COS a— Sin u) s (U N (6)
by by Sy il

where ((7 ), is the effective vertical-tail lift-curve slope
when the model is at zero angle of attack, and n, and 7y are
correction factors which account for the variation in tail
effectiveness with angle of attack. (A similar correction to
(', 1s neglected because it generally has been found to be
very nearly 1.0.) Equations (4) to (6) are similar to equa-
tions given in reference 4, except that in the reference the
factors 7y and 7y are neglected. The results of the present
tests are used for evaluating the factors ny and ny and the
effective aspect ratio A, , corresponding to the vertical-tail
lift-curve slope (%),

Perhaps the most consistent approach to the problem of
evaluating tail effectiveness would involve determination of
A, corresponding to ((7 ) . as determined from equation (4).

[n order to make use of such values of A, in the calculation

of (C', ). and (C,)) ., effective, rather than geometric, values
\ v/l v/ b

~/

of the tail length /- and of the tail height z, also would have
to be known.
most convenient to assume that the location of the vertical-

From practical considerations, it has seemed

tail center of pressure is given accurately by the geometric

lengths /- and z,-. Since the directional-stability parameter

(C'ny)y 1s considered to be the most important of the three
static-lateral-stability parameters, values of A, , correspond-
g to ((7 ), as determined from equation (5), are obtained
in the present analysis. The reliability of values of A4, so

determined, when used to calculate (Cy,), and ((',-¢)y. 1s

checked against the experimental results.
Since, at zero angle of attack, the factor gy is 1.0, equation
(5) can be rewritten as

o hH’ A ‘H'

(Cr)v=—Trg (Cayhs

a

Values of A, , corresponding to ((% ), may be obtained

o
irom theory such as that of reference 5.

A7 for the effect of the horizontal tail can be obtained from

A correction to
reference 3.

The increments prefixed by A, and A, express, respectively,
the interference of the wing-fuselage combination and the
interference of the wing-fuselage on the vertical-tail effective-
ness; for example,

Az(')'w = ('(')'Vy)”. ~l"—I(('Y\L)”'_}_(("V)l"‘
and

Al "‘¢ i [(( "'\L‘)u' LRLT T (l v‘M)u' ~}-‘l i l(( .5'¢)1v, = ( 'Y¢‘)Fi
The 1nterference incremeats usually are assumed to apply to
airplanes having conficurations which are somewhat similar
to that of the model used in evaluating the increments. Of
the various factors which affect the magnitudes of the inter-
ference increments, the height of the wing, relative to the
center line of the fuselage, previously has been found to be
one of the most important (reference 2). Since, for the
present investigation, the wing was located on the ceater
line of the fuselages, the results are considered applicable
only to midwing or near-midwing arrangements.

RESULTS AND DISCUSSION

PRESENTATION OF RESULTS

The basic data obtained in this investigation are presented
in ficures 6 to 14. The longitudinal characteristics of the
wing alone and of the wing with slat are given in figure 6.
The static-lateral-stability parameters of the various con-
figurations investigated are given in figures 7 to 14. A sum-
mary of the configurations investigated and of the figures
that give data for these configurations is given in table IV.
Most of the remaining figures (figs. 15 to 30) were made up
from the data of figures 7 to 14 and present the data in a
form more suitable for analysis.
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F1GURE 8.—Effect of vertical tail on the static lateral stability characteristics. Wing off; Ay=1.0.




e o

Angle of attack, @, deg

(b) Fuselage 2 (medium).
F1GURE 8.—Continued.
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WING CHARACTERISTICS

The longitudinal aerodynamic characteristics of the wing
alone (fig. 6) have been given in reference 3; hence, they are
reviewed only briefly in this report. The plain wing stalled
at about 24° angle of attack (C,=1.0) and showed an
aerodynamic-center position of 0.25¢,. The theory of refer-
ence 5 predicts an aerodynamic-center position of 0.26¢.
Addition of the 0.08¢y slat delayed the stall to about 26°
angle of attack (C,=1.1) but had no appreciable effect on
the position of the aerodynamic center at low angles of
attack. The slat caused an appreciable reduction in drag
at angles of attack greater than about 8°.

Many of the aerodynamic parameters of a complete air-
plane are dependent to some extent on the character of the
flow over the wing; hence, some consideration must be given
to the angle-of-attack range over which flow does not separate
from the wing. As pointed out in reference 6, an indication
of the limit of this range can be obtained by locating the
(6%

TAy

A plot of this increment for the plain wing and for the wing
with slat is given in figure 15. The figure shows breaks in
the curves at about 7.7° and at about 16° for the wing alone
and for the wing with slat, respectively. Corresponding
breaks in the curves of the aerodynamic characteristics of
combinations involving the wing and the wing with slat are
to be expected at about these same angles of attack.

Investigations involving Reynolds number as a variable
have shown that for smooth wings increases in Reynolds
number tended to extend the angle-of-attack range before
which initial breaks occurred in plots of aerodynamic param-
eters against angle of attack. For this reason, results ob-
tained for configurations with slats might be expected to be
somewhat similar to data for the plain wing at a higher
Reynolds number than the test Reynolds number.

initial break in the plot of C',— against angle of attack.

FUSELAGE CHARACTERISTICS

The important characteristics of the various fuselages are

summarized in figure 16. In general, the parameters con-

sidered (Cy,), and (C,), varied 01.1]_\‘ slightly w1tb a.ngle of

attack, and therefore the analysis has been limited to
characteristics at a=0°.

In order that the results obtained may be applied con-
veniently to arbitrary arplane configurations, coefficients in
terms of fuselage dimensions rather than wing dimensions
are needed. This manner of expressing the coefficient is

accomplished by plotting the quantities (Cy,) O and
: = vr g,

Swbw . : 2
(Cn,) —EVF" against fuselage fineness ratio. The quantities

plotted, therefore, are effectively a lateral-force coefficient
based on fuselage side area S, and a yawing-moment coeffi-
cient based on fuselage volume V.

Comparisons are made with the theory presented in refer-
ence 7. Although the theory, which is based on potential-
flow cousiderations, predicts no side force, the experimental
results show a positive side force which increases as the fine
ness ratio is decreased. The variations in fuselage shape
considered, for a constant fineness ratio, have a negligible
effect on the value of a lateral-force coefficient based on
fuselage side area.
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The experimental results obtained for the directional-
stability parameter (), of the biconvex fuselages show
about the same trend with variation in fineness ratio as
that predicted by theory, although, quantitatively, the
magnitude is only about two-thirds of that predicted by
theory. For a constant fineness ratio, the variations in
fuselage shape considered produced a rather large change in
the magnitude of the directional-stability parameter based
on fuselage volume. An increase in volume near the fuselage
nose increased this parameter; whereas an increase in volume
over the rear half of the fuselage decreased this parameter.

VERTICAL-TAIL EFFECTIVENESS

Effective aspect ratio.—As explained in the section
entitled “Methods of Analysis,” the effective aspect ratio of
the vertical tail is obtained by calculating the tail lift-curve
slope from experimental values of (Cy,), and then obtaining
the corresponding aspect ratio from a theory of plain wings.
The theory of reference 5 has been used herein, although it
is realized that a swept vertical tail represents an unsym-
metrical configuration to which the theory is not strictly
applicable. The relationship, given by reference 5, between
lift-curve slope and aspect ratio for wings having a sweep
angle of 45° and a taper ratio of 0.6 is reproduced in figure 17.
The results of the effective-aspect-ratio determinations are
presented in figure 18 in the form of the ratio A, /Ay plotted
against by/Dyfor a=0°. The quantity by/Dy is the ratio of
vertical-tail span to the fuselage diameter at the longi-
tudinal location of the vertical-tail aerodynamic center and
is regarded as a significant parameter for determining the
influence of the fuselage on the vertical-tail effectiveness.
An average curve is drawn through the data obtained with
the tails of aspect ratio 1.0, and another curve, through the
two points obtained with the tails of aspect ratio 2.0. The
fairing of the average curve at low values of by/D has been

.08
.06
Sl |
CL,,
.04
“~-..Reference 5
.02
0 / = 3 4 5

Aspect ratio, A

FIGURE 17.—Variation of lift-curve slope with aspect ratio for 45° sweptback wings with
taper ratio 0.6.

guided by the shape of the calculated curve which represents
reasonable maximum values of A, /Ay for given values of
by/Dy. The calculated curve was determined by an equation
derived on the assumption that the fuselage acts as an
infinite end plate on the portion of the vertical tail pro-
truding outside the fuselage. The equation of the curve is

1 220
é‘ 1_)\‘ (‘)
- DF 1+k‘

A reduction in area (geometric aspect ratio kept constant) of
vertical tails attached to a given fuselage resulted in an
increase in the effective aspect ratios of the vertical tails
for the range of tail size investigated. The calculated curve
indicates that for smaller tails the opposite would be true.

The experimental data show that the ratio A., /Ay ap-
proaches the value 1.0 as by/Dr becomes large. This
variation is to be expected since an increase in by/Dy repre-
sents a decrease in the size of the end plate relative to the
vertical tail. For very large values of by/Dp, the effective
and geometric aspect ratios should be approximately equal.
The values of A, /Ay given in figure 18 depend to some

extent on the curve of (', against A from which the values of
Ao

were obtained. The values of A,
slightly different had some variation of (7, ~with A other

might have been

than that of reference 5 been used. The data show some
scatter at low values of by/Dy; this scatter indicates that
factors other than b,/D; enter into the determination of
A.,/Av. The vertical-tail contribution to (’w and ('W
at «=0° is shown in figure 19. Also shown in the figure
are calculated curves of the parameters as determined by
equations (4) and (5) and the use of average values of 4, to
Ratios of A, /Ay of 1.25 and 1.45 were
used for vertical tails having geometric aspect ratios of 1.0
and 2.0, respectively. The fact that reasonably good

determine (('La)v.
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agreement between the calculated curves and the experi-
mental values of (,, was obtained is of only incidental

interest, since the experimental results shown were originally
used to determine appropriate values of the ratio A4, /A,
The scatter of the experimental points is indicative, however,
of the accuracy that might be expected by use of average
values of AeV/AV for arbitrary arrangements. The agree-
ment between the calculated and experimental values of
(Cy,), also is reasonably good. Therefore, the values of
AeV/AV calculated from increments of (C, W)V appear to be
usable for predicting (Cy ,)y With reasonable accuracy at

least for the arrangements investigated.
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a=0°.

The vertical-tail contribution to the derivative , can be
separated into two parts as given by the two terms of the
following equation:

(C‘lﬁ)v e V SV

For small a,ngles of attack the equa,tlon can be written as

4; S; S; (24
(CL (OLa)V b SW (CLG)V m

The first part of the equa.tion is the increment of (C) *)V at

* (O, oos T gﬂ (Cuy, sin @

a=0° and the second part shows that the variation of
(), with ais given by
by Sy (Cra)y

o C’««)V 2313
oe 3 by Sy 5713

In analyzing the contribution of the vertical tail to
consideration has been given to the increment of (Ci o)y at
zero angle of attack and the rate of change of (())  with
angle of attack. The experimental and calculated results
for both of these effects are shown in figure 20 to be in fairly
good agreement.

Angle-of-attack correction.—In the preceding section, the
effective aspect ratio of the vertical tail mounted on the
fuselage was determined at zero angle of attack. The
effects of variations in angle of attack are now evaluated
in terms of the correction factors to the vertical-tail contri-
bution to (W and C,,'L, ny and ny, respectively.

The variation of the factor ny with angle of attack is
shown in figure 21 for three values of the ratio /y/by. In
each case an average curve is drawn through the data. The
ratios ly/by and Sy/Sy seem to cause no appreciable change
in the variation of 5y with « for values of « less than 6°.
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FiGUrE 20.—Effect of tail area and length on the vertical-tail contribution to ¢,. a=0°,
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At higher angles of attack, however, both Iy/bw and Sy/Sw
appear to affect the variation of 5y with «, but not enough
data were available to establish a definite relation between
the various parameters. The effects of fuselage shape and
vertical-tail aspect ratio on the variation of ny with a are
shown in figure 22. Also given in the figure is the average
curve from figure 21(b). Tt is seen that the curve fits the
data reasonably well and that the variations in fuselage shape
considered have very little effect on the variation of »y
with a. Changes in vertical-tail aspect ratio appear to have
some effect on the variation of 5y with a; nevertheless, the
general trend shown by the average curve is still fairly
accurate.

In general, it appears that the vertical-tail contribution
to Cy, may be reduced as much as twenty percent as the
angle of attack is increased from 0° to 15° and that this redue-
tion usually increases rapidly at higher angles of attack.
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FioURre 21.—Effect of tail area and length on the angle-of-attack correction to the vertical-tail
contribution to (‘;w. Circuldr-are fuselages.

The variation of the factor ny with « is shown in figure
23 for several values of /by and Sy/Syw. Average curves
are drawn through each set of data. At low angles of attack
the area ratio Sy/S, appears to have a negligible effect on
the variation of 7y with «; however, it does have a large
effect at angles of attack greater than about 8° and the
effects increase with an increase of the /by ratio.  Fuselage
shape and vertical-tail aspect ratio appear to have some effect
on the variation of gy with « (fig. 24), but the effects are not
clearly defined by the data. Ta general, the average curve
of figure 23 (b) fits the data of figure 24 reasonably well.

Except for the smallest vertical tail (V;), the tail con-
tributions to (', tend to show a smaller decrease with angle
of attack than had previously been noted for the tail coutri-

bution to ('w.
INTERFERENCE EFFECTS

Wing-fuselage interference.—The lateral-stability data of
this investigation were used to determine wing-fuselage
interference incremeats by the procedure explained under
“Methods of Analysis.” The increments are presented in
figure 25 as functions of the angle of attack. Both 4,('y,
and A, show large variations with angle of attack and are
of large magnitude at high angles of attack. The inerement
A,Cy, is rather small for all fuselage shapes investigated and
tends to increase shightly the directional stability of the wing-
fuselage combination over most of the angle-of-attack range.
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Fioure 22.—Effect of fuselage shape and vertical-tail aspeet ratio on the angle-of-attack
correction to the vertical-tail contribution to Cy,
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The average value of ;\,(‘,,w is about —0.0002 up to 16° angle

of attack.

Wing-fuselage interference on vertical-tail effectiveness.—
Increments of 4,0y, A.C, and A,(;, are shown in ficures 26,
27, and 28, respec txvelv for various combinations of the
circular-are fuselages and the vertical tails of aspect ratio 1.0.
The data are divided into groups of constant //by ratio. An
average curve was drawn through each set of data. In
general, the data show little scatter about the faired curves.
The addition of the wing almost invariably reduced the tail
contribution to the directional stability for the arrangements
investigated (fig. 27). The effect was negligible at very
small angles of attack, but at 20° angle of attack a value of
A,C, , of about 0.0020 was obtained with the largest fuselage
(F3.) The large interference effects noted at high angles of
attack probably result from the partially stalled condition of
the wing at these attitudes. If stalling could be avoided, the
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FIaURE 23.—Effect of tail area and length on the angle-of-attack correction to the vertical-tail
contribution to Cn; Circular-are fuselages.

interference effects undoubtedly would be considerably
smaller.

The effects of fuselage shape on the increments of Cy
C,,, and (’W caused by wing-fuselage interference on the,
vertical-tail effectiveness are indicated in figure 29. Also

. : " ly
given in the figure are the average curves of the 5—=0.464
w

data of figures 26 (b),27 (b), and 28 (b). The figure indicates
that variations in fuselage shapes considered have little effect
on the interference increments and that the average curves
fit the data quite well.

A comparison is given in figure 30 between the interference
increments A,C, , and A,C,, for a model configuration with
and without the wing slat. The model configuration was
made up of the wing, fuselage F,, and vertical tail V.. The
increment A,(,, for both configurations varied erratically
with angle of attack and indicated no definite trends. The
increment ./.\2(",%,, for the model with the slat was larger
(more positive) than for the wing without the slat up to
about 20°, after which the opposite was true.

It should be pointed out again that the interference
increments presented herein can be expected to apply fairly
accurately only to midwing or near-midwing configurations
since the height of the wing relative to the fuselage center
line has been found to be an important factor in determining
interference increments (reference 2).

CONCLUSIONS

The results of an investigation to determine the effects of
vertical-tail size and length and of fuselage shape and length

T T T T T T T
Average curve of figure 23(b)
: <

1.0 ¢<\$\ I ‘-’é,‘ Il ~ =
[ $ + ‘\
8
! ‘
Ty
Fuselage
.6 o F,
B F b
o Fs
(a)
4
T

T T
Average curve of figure 23(b),
| | &

1.0 Q] < } !
L | oreae
"N ‘T Ver‘ficva/ tail J’ ¢ \+
i

.8 Ay,
o "V,
[mjt 17 2
6 (o) O Vs 2
o 4 8 /2 16 20 24

Angle of attack, d, deg
(a) Effect of fuselage shape; vertical tail 7.
(b) Effect of vertical-tail aspect ratio; ru~elﬂge Fa.

FiGUre 24.—Effect of fuselage shape and vertical-tail aspect ratio on the angle-of-attack
correction to the vertical-tail contribution to (‘,.,




26 REPORT 1049

i |
3 ¢ i NS
-.002
> Fuselage
Qo o Fl
< D F,
-.004
o Fy M
FaN Fq
4 Fs
- 006 ]
.00/
- A ]
S 0 =
- A A
< o)
i
(o]
=00/
.002 3
k-
.00/ /
74
& B /
4q
o) I
2o p F; 12 76 20 24

Angle of atfock, e, deg

FI1GURE 25.—Variation of increments of ('r\h C,.‘l'und (',y, caused by wing-fuselage inter-
ference with angle of attack.

on the lateral static stability characteristics of a model with a
45° sweptback wing indicate the following conclusions:

1. The directional instability of the various isolated fuse-
lages was about two-thirds as large as that predicted by
classical theory.

2. A reduction in area (geometric aspect ratio kept con-
stant) of vertical tails attached to a given fuselage resulted
in an increase in the effective aspect ratio of the vertical
tails for the range of tail sizes considered. Simple analytical
considerations indicate, however, that for tail sizes below the
range investigated the opposite effect would be expected.

3. For the fuselage-tail combinations investigated, the
tail effectiveness usually decreased with increasing angle of
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FIGURE 26.—Effect of the tail area and length on the increment of ('y»,, caused by wing-fuselage
interference on vertical-tail effectiveness. Circular-arc fuselages.

attack, with the greatest rate of decrease occurring at angles
of attack greater than about 16°.

4. The wing-fuselage interference for the midwing arrange-
ments investigated was only slightly affected by the shape
of the fuselage and the interference tended to increase
slightly the directional stability of the combinations.

5. The interference effects of the wing tended to decrease
the vertical-tail effectiveness, particularly at high angles of
attack. The large effects observed were attributed to a
partially stalled condition of the wing.

LANGLEY AERONAUTICAL LLABORATORY,
NarroNnaL Apvisory COMMITTEE FOR AERONAUTICS,
Laxcrey Fiewp, Va., June 5, 1950.
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Fi1GURE 27.—Effect of tail area and length on the increment of (""L caused by the wing-fuselage
interference on the vertical-tail effectiveness. Circular-are fuselages.

interference on vertical-tail effectiveness. Circular-are fuselages.
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EFFECT OF VERTICAL TAIL:AND FUSELAGE ON STATIC LATERAL STABILITY CHARACTERISTICS

TABLE I.—COORDINATES FOR NACA 65A008 AIRFOIL

[Station and ordinates in percent airfoil chord]

Station Ordinate
0 0
.50 .62
.75 .75
1.25 .95
2.50 1. 30
5.0 1.75
7.5 2:12
10.0 2.43
15 2.93
20 3.30
25 3.59
30 3.79
35 3.93
40 4.00
45 3.99
30 3.90
55 3.71
60 3.46
65 3.14
70 2.76
75 2.35
80 1.90
85 1.43
90 .96
95 .49
100 .02

L. E. radius: 0.408

TABLE II.—FUSELAGE COORDINATES

djl
s/l
Fuselage 1 Fuselage 2 Fuselage 3 Fuselage 4 l‘ Fusclage 5
0 0 0 0 0 0
. 025 .010 . 007 . 005 . 033 .007
.050 . 020 .014 .010 . 045 014
075 . 029 .021 .014 .054 .021
.100 . 037 . 027 .018 . 060 .027
125 045 033 .022 065 .033
. 150 .052 .039 . 026 . 069 . 039
200 065 048 . 032 .074 048
. 250 .076 .057 .038 .075 .057
.30 . 085 . 063 . 042 .075 . 063
.35 091 . 068 . 046 075 . 068
.10 . 096 .072 . 048 .075 .072
.45 099 074 049 075 074
.50 .100 .075 .050 075 .075
.55 . 099 074 . 049 .074 075
. 60 . 096 .072 . 048 .072 .073
.65 .091 068 046 . 068 .072
.70 . 085 . 063 .042 . 063 . 069
.75 076 .057 . 038 . 057 . 066
.80 . 065 . 048 .032 . 048 . 062
.85 . 052 . 039 . 026 039 057
.90 .037 .027 .018 .027 . 051
.95 . 020 014 .010 .014 045
1.00 0 0 0 0 . 038

|

29

TABLE III.—PERTINENT GEOMETRIC CHARACTERISTICS

TABLE IV.—CONFIGURATIONS INVESTIGATED

Wing off ' Wing on "’
Configura- \‘ Configura-
tion | Figure tion Figure
(a) ! (a)
______________ w | 6.7
¥, WA b1
+ 7 '+ Fi+V; 2
Fiivs 8(a) W_*_Fh_‘,; 9(a)
Fi+V; W+Fi+Vs
Fa 8(b),12 | W+ F; 9(b), 13
Fr4+Vy 8(b) W+ Fot V) 9(b)
Frt-Va 8(b) W+ Ft+ V2 9(b)
Fot- Vs 8(b) W+ Fo+- Vs 9(b)
E AT
s+ Vi ) /4 Fst Vi
Fiv: | %@ wipiv, | 9O
Fs+ Vs W+ F3+Vs
Fy W+ Fy
Fbva | 0@ | pipgv, | 100
Fs W+ Fs
Fit- Vi 11(a) WA Fst Vi 11(b)
Frt-Vy ‘ 12 WHFot- Vi 13
Frt-Vs | W+Fr+Vs
______________ Ws 6,7, 14
______________ Ws+F» 14
.............. Ws+Fot+12 14

= Notation ‘for details, see table III and figs. 2 to 4):

W wing; with subseript S, wing with slat

F fuselage
V' vertical tail

U. S. GOVERNMENT PRINTING OFFICE: 1952

OF MODEL

Wing:
Aspectiratio PArptE LT S L e F e e 4.0
A periralio; Iy = S e A 0. 6
Quarter-chord sweep angle, Aw,deg_____________________ 45
Diledralfanglefde oSNNS LTS SRS S e s e 0
Twist,degi st M A Wl 0
INAC AT airfoilirection IPis sty ST . T8 0 Sl s 65A008
ATER,. Syp p SOt o 8 o NeE o R e e S 2. 25
Span, by Ml _Smad e e 3.00
Mean aerodynamic chord, ¢y, ft .. ___ . 0. 765

Fuselage: Fy Fy Fy Fy Fs
Length, ft_.-......_.__. 290 334 500 3.3 334
Fineness ratio. .~ 500 6.67 10.0 6.67 6. 67
Volume, Vi, cuft__-_____ 0.267 0.350 0.526 0.448 0. 385
Tail length, ly, ft (all tails) _ 1. 04 1. 39 2. 09 1. 39 1. 39
Tail-length ratio, ly/by, (all

tai]s) EEEE R 0.347 0. 464 0.697 0.464 0. 464

Side area, S,, sqft_ _______ 0. 833 1. 11 1. 67 1. 30 1. 25

Vertical tail: 7 V. Vs Vi Vs
ASpectiratio NI 1.0 1.0 1.0 2.0 2.0
Taperratio______________ 0.6 0.6 0.6 0.6 0.6
Quarter-chord sweep angle,

Ay, deg_ _ _____________ 45 45 45 45 45
NACA airfoil section_____ 65A008 65A008 65A008 65A008 65A008
Area Sy, isqftE I LS 0.169 0.338 0.506 0.338 0.675
Span:iby, i S 0.408 0.583 0.710 0.825 1.159
Mean aerodynamic chord,

Cy L 0.417 0.592 0.725 0.416 0. 592
Area ratio, Sy/Sw-- ... 0.075 0.150 0.225 0.150 _0. 300




