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SUMMARY

An investigation has been conducted in the Langley stability tunnel
to determine the effects of horizontal tails of various sizes and at
various tail lengths when located at the center line of the fuselage on
the low-speed static longitudinal stability and the steady-state rotary
damping in pitch of a complete model with wing and tail surfaces having
the quarter-chord lines swept back 45° and aspect ratios of L. :

The results of the investigation show that, in agreement with ana-
lytical considerations, the contribution of the horizontal tail to
static longitudinal stability is directly related to the tall size and
length; whereas the contribution to the rotary damping in pitch is
directly related to the tail size and square of the tail length.

‘For low angles of attack the downwash of the wing reduced the
effectiveness of the tail in contributing static longitudinal stability
by approximately one-half; whereas the wing had practically no effect
on the effectiveness of the tail in contributing to the rotary damping
in pitch. For the tail positions investigated herein, the static longi-
tudinal stability was slightly greater near the stall than at an angle
of attack of OO; whereas the damping in pitch was somewhat less near the
stall than at an angle of attack of 0°.

At an angle of attack of about 10°, the static longitudinal sta-
*bility of the wing-fuselage combinations changed adversely. The magni-
tude of this change was slightly increased by the addition of tail area
at the shortest tail length but was decreased by addition of tail area
at the longest tail length.
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INTRODUCTION

Requirements for satisfactory high-speed performance of aircraft
have resulted in configurations that differ in many respects from previ-
ous designs. As a result of these changes, the designer has little
assurance that the low-speed characteristics will be satisfactory for
any specific configuration. The low-speed characteristics of wings,
suitable for high-speed flight, have already been investigated quite
extensively. The contributions of other component parts of the aircraft,
or of the various combinations of component parts for high-speed alrplane
configurations, however, are not well-understood. In order to provide
such information; a series of investigations of models having various
interchangeable component parts is being conducted in the Langley sta-
bility tunnel. The rotary derivatives are being determined by the
rolling- and curved-flow techniques (see references 1 and 2) and the
static-stability characteristics are being determined by conventional
wind-tunnel procedures.

An investigation of the effects of vertical location of the hori-
zontal tail relative to the wing on the low-speed static longitudinal
stability and on the steady-state rotary damping in pitch for a swept-
wing configuration is reported in reference 3. The present investi-
gation, which is also for a swept-wing configuration, is concerned
with the effects of horizontal tails of various sizes and at various
" tail lengths (when located on the fuselage center line) on the low-
speed static longitudinal stability and on the steady-state rotary
damping in pitch; some effects of fuselage fineness ratio and wing-
fuselage interference also are considered. The rotary damping in pitch
specifies the damping resulting only from curvature of the flight path,
such as that obtained durilng a steady-pitching maneuver in which the
radius of flight-path curvature is constant. For a pitching oscillation,
the rotary damping derivative represents only a part of the total
damping, since additional contributions may result from unsteady aero-
dynamic phenomena such as the lag of downwash between the wing and
horizontal tail (references 4 and 5).

The model used in the present investigation had 45° sweptback wing
and horizontal-tail surfaces with aspect ratios of 4. The model con-
figurations tested for the present investigation represent certain spe-
cific combinations of the component parts of the general research model
used in the investigations'of static lateral stability derivatives
reported in references 6 and T.
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SYMBOLS

The data presented herein are in the form of standard NACA coef-
ficients of forces and moments which are referred to the stability
system of axes, with the origin at the projection on the plane of sym-
metry of the quarter-chord point of the mean aerodynamic chord of the
wing. The positive directions of the forces, moments, angles, and angu-
lar velocities are shown in figure 1. The coefficients and symbols are
defined as follows: , ‘

C,  lift coefficient (L/%pves“)

Cp  drag coefficient <D/ %QVQSW>

Cp pitching-moment coefficient (M/%pvesw6w>

Ch yawing-moment coefficient (H/%pveswbw>

L 1ift, pounds

D drag, pounds

M pitching moment about Ew/h, foot-pounds

N yawing moment about Z-axis, foot -pounds

p mass density, slugs per cubic foot

v velocity, feet per second

S area, square feet

b spaﬁ, measured perpendicular to fuselage center line, feet

c chord, measured parallel to axis of symmetry, feet
e D

& mean aerodynamic chord, feet §J£b c< dy

1 tail length, distance from Cy/k to &g/

A aspect ratio <b2/ S)
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y spanwise distance from plane of symmetry, feet
A taper ratio, ratio of tip-chord to root chord
a angle of attack, measured in plane of symmetry, degrees
Vi fusélage volume
Lp fuselage length
dp maximum fuselage diameter
€ effective downwash angle, degrees
v angle of yaw, degrees
q pitching angular velocity, radians per second
%% pitching-velocity parameter (based on Ew)
o = L
o - Cm
T 3
_
q d qc
v
_ Cn
oy = S

(AC ’ QAC ) increment resulting from addition of horizontal tail
Ma)g’ \ Mg

Gor example,

™ o s ™ (%)
RY5: 9/Model with H 9/Model without H

Alcmq, Alcma increment resulting from interference effect of wing

and fuselage éor example,

ny G - (- o)
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Subscripts:

W wing

F fuselage

v vertical tail
H horizontal tail
r | radlan measure

APPARATUS, MODELS, AND TESTS

The general research model used for the pf%sent investigation was
designed to permit tests of the wing alone, fuselage alone, or the fuse-
lage in combination with any of several tail configurations - with or
without the wing. A sketch with some dimensions of the complete model
with one particular tail configuration is shown in figure 2. A list of
the pertinent geometric characteristics of various component parts is
given in table I. All the parts were constructed of mahogany.

Three fuselages and three horizontal tails were used for the tests
in various combinations with and without a wing. For convenience, each
component 1s designated as follows: '

P 8

« « « «» Fuselages

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
-
.
.
-

Fi, Fp, F3
Vertical tail *

/2 T

Horizontal tails

Hy, Hp, Hy

A complete list of the configurations investigated is presented in
table II.

The three fuselages (fig. 3) were bodies of revolution having
circular-arc profiles and fineness ratios of 5 for fuselage 1, 6.67 for
fuselage 2, and 10 for fuselage 3. The wing and the three horizontal-
tail surfaces all had aspect ratios of 4.0, taper ratios of 0.6, and
NACA 65A008 airfoil sections parallel to the. plane of symmetry; the
quarter-chord lines were swept back 45°. Ordinates for the NACA 65A008
airfoil section are given in table III. The horizontal tails, the inci-
dence of which was kept at 0° for all tests, differed from each other
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only in area and are designated as H;, Hy, and H; (in order of
increasing size) in figure 4 and table I. The vertical tail had an
aspect ratio of 1 and the quarter-chord line swept back h5°. Detailed
dimensions of the vertical tail, however, are not considered pertinent
to the present investigation.

A drawing of a complete model configuration is presented in fig-
ure 5 to illustrate the test setup in the tunnel. The model was rigidly
mounted on a three-support-strut system with the pivot point U4 inches
rearward of the quarter-chord point of the mean aerodynamic chord.
Forces and moments were measured by means of a conventional six-component
balance system.

The tests were made in the 6- by 6-foot test section of the Langley
stability tunnel. The dynamic pressure for the tests was 24.9 pounds
per square foot, which corresponds to a Mach number of 0.13 and to a
Reynolds number based updn the wing mean aerodynamic chord of 0.71 X 106.
The angle of attack was varied from about -6° to 30° for the tests. 1In
addition to the straight-flow tests the tunnel flow was curved to obtain
values of qc/2V -of 0.008, 0.017, and 0.022. The method of curving
the flow consists in curving the tunnel walls to obtain the proper air-
stream curvature and inserting, upstream of the test section, screens
which give the proper velocity gradient across the test section.

CORRECTIONS

The angle of attack and drag coefficient have been corrected for
the effects of Jet boundaries. The moment data have been transferred
from the mounting point to the 25-percent point of the wing mean sero-
dynamic chord. The damping-in-pitch data have been corrected for the

‘effects of the cross-tunnel static-pressure gradient associated with

curved flow. The data have not been corrected for blocking, turbulence,

. or support-strut interference since, for the parameters with which this

paper is concerned, these effects are believed to be negligible.

RESULTS AND DISCUSSION
Presentation of Results

The basic data obtained in the present investigation are presented
in figures 6, 7, and 8. The effect of fuselage fineness ratio on the
static longitudinal stability of the fuselage is summarized in figure 9;
whereas the effect of tail size and tail length on the static longi-
tudinal stability and damping in pitch contributed by the horizontal
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tail is summarized in figure 10. The effect of wing-fuselage inter-
ference on both the static longitudinal stability and damping in pitch
is shown in figure 11. '

An index to the data for the configurations investigated is given
in table II,

Static Longitudinal Stability

The static longitudinal stability characteristics for the wing and
one complete model configuration are presented in figure 6. Inasmuch as
these results are very similar to those presented in reference 6 and
adequate analyses of the results are given in that reference, they are
not discussed in this paper.

Data are not presented for the lift and drag of the model with each
fuselage and horizontal tail investigated since the results showed that
the 1ift and drag were only slightly affected by the changes in fuselage
and tail. The 1ift and drag data presented in figure 6 for the configu-
ration W + Fp + V + H, are representative of the 1lift and drag results

for all the complete model configurations.

The pitching-moment characteristics of the three isolated fuselages
are presented as a function of angle of attack in figure 7 and are sum-
marized for a = 0° in figure 9. In order that the results obtained
may be applied conveniently to arbitrary airplane configurations, coef-
ficients in terms of fuselage dimensions rather than wing dimensions

are needed. This manner of e ressing the coefficient is accomplished
by plottiﬁg the quantity <ém:3 SwCw against fuselage fineness

F VF '
ratio a;. The quantity plotted, therefore, is effectively the pitching-

moment coefficient based upon fuselage volume Vp. For a body of revolu-

' ¢
tion at a angle of attack of Oo, the value th> Sﬁ L is the same as
F 'F

énw> EEE!; therefore, the results from the present investigation can
F

be cogpared with the directional stability data presented in figure 16
of reference 7. The data from the present tests show the same trend as
the data of reference 7 but are somewhat larger in magnitude. The
difference probably results from the different methods for supporting
the models in the tunnel. Comparison of the test data with calculations
made by the classical theory of reference 8 shows that, although the



8 NACA TN 2382

variation with fineness ratio is generally similar, the magnitude of
the test values is only about four-fifths of that predicted by theory.

Addition of any of the fuselages to the wing had little effect on
Cma’ as can be seen by comparison of figures 6 and 8. The fact that

the wing-fuselage combination had approximately the same longitudinal
stability as the wing alone may be attributed to the loss in load over
the wing near the wing-fuselage juncture and to the alteration in fuse-
lage loading effected by upwash in front of the wing.

The contribution of the horizontal tail to the static longitudinal
stability can be expressed by the following conventional relation, if
variations in dynamic pressure and fuselagg interference are neglected
and provided that the downwash parameter 3§ can be evaluated:

<_Acm“>H ) @L“>H< - §> %H -5% (1) |

As can be seen from equation (1), the tail contribution to static
longitudinal stability is proportional to the geometric quantity
5g 3
quantity in figure 10(a) for an angle of attack equal to 0°. The dashed
curves in figure 10(a) were calculated by means of equation (1) by

J¢

assuming various arbitrary values of the downwash parameter . In
the calculations, the tail 1ift-curve slope <bL ) was assumed to have
o
H

the experimental data have accordingly been plotted against this

the value of 0.054 obtained for the wing alone (fig. 6) since the wing
and tail have the same plan form and section. From the date in fig-
ure 10(a), it can be seen that, for the wing-off configurations, the

experimental points nearly fall on the g& = 0 curve. The slight

difference between these points and the curve indicates that the fuse-
lage probably had some influence on the tail effectiveness. With the

wing on, however, the data indicate that o€ for the range of model
’ > S

configurations considered in this investigation is about 0.52. This
value is only slightly affected by changes in tail length and size. The
data in figure 10(a) also show that, as indicated by equation (1), the
contribution of the horizontal tail to static longitudinal stability
varies linearly with tail area and tail length.

For configurations including the wing, a destabilizing change in
the slope Cma generally occurs at an angle of attack of about 10°.

For the shortest tail length (fuselage Fq, fig. 8(a)) the magnitude of,



NACA TN 2382 9

this change in slope apparently was increased slightly as the horizontal-
tail area was increased. For the longest tail length (fuselage F3,

fig. 8(c)) an increase in tail area caused a decrease in this destabi-
lizing change in slope; in fact, this change apparently was eliminated
by the addition of the two largest tails (HQ or H3). This effect of

tail length on the manner in which addition of tail area affects the
longitudinal stability appears to be primarily a matter of geometry,

in that, for a given location of the tail relative to the fuselage
center line, the tail length determines the vertical location of the
tail relative to the wing wake at a particular angle of attack. The
destabilizing tendency for the wing-fuselage combination at an angle

of attack of about 10° results from tip stalling, and, as a result of
this stalling, the wing trailing vortices move inward with an associated
increase in downwash in the wake at the plane of symmetry. For the
short tail length the tail is sufficiently close to the wake at an angle
of attack of 10° to experience destabilizing effect. For the longest
tail length, however, the tail has emerged sufficiently from the wake

to avoid the effect of the increased downwash.

The data in figure 8 show that the static longitudinal stability
was generally greater at angles of attack near the stall than for any
other part of the angle-of-attack range.

Damping in Pitch

The steady-state rotary damping in pitch for the wing.alone is
presented in figure 6. The values of Cmq are generally in good agree-

meﬁt with theoretical values determined by methods presented in refer-
ence 9 and the variation with angle of attack is of little significance.
Addition of a fuselage'to the wing did not affect the value of Cn

q
appreciably for angles of attack up to the stall (compare figs. 6 and 8).
This effect was similar to that found for the static longitudinal
stability of the model.

The demping-in-pitch results presented in figure 7 for the isolated
fuselages are considered to be of qualitative value only, since the
accuracy of the measurements is not considered sufficient to yield
results of a reasonable percentage accuracy for damping values as low
as those given by the fuselages. The indications are, however, that
the fuselages produced damping of the same sign as that normally
expected for a horizontal tail and that the variation of the fuselage
damping with angle of attack was not particularly significant.
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At low angles of attack, the increment in the rotary damping in
pitch due to horizontal tail can be expressed by the formula developed
in reference 3 as follows, if variations in dynamic pressure and fuse-
lage interference are neglected and provided that the downwash-due-to- -

pitching parameter éfﬁ can be evaluated:

o

L g dey 5312
Mg | = -114-6{cr, ) (1 - ; v (2)

where ¢, 1s downwash angle in radian measure. As indicated by equa-
tion (2), the tail contribution to the damping in pitch is proportional

2
S
to —E<¥%> , and the experimental data have, accordingly, been plotted

Sy \C

W \-W.
against this quantity in figure 10(b) for an angle of attack equal to 0°,
The dashed curves were calculated by means of equation (2) by assuming

_8_6_1:. The value of GL> was assumed equal
(o8
H

%

to 0.054 as discussed in the preceding section.

arbitrary values of

The fact that the experimental points obtained with the wing
removed do not coincide exactly with the curve for 8€€ 0 1indicates
53 |
that the fuselage probably had some influence on the tail effectiveness.

The data in figure 10(b), however, indicate that, in general, the down-
wash had practically no effect on the steady-state damping in pitch so

l

v ‘
for the wing-on conditions relative to those for the wing-off conditions
indicate, in fact, that the wing contributed a slightly negative value

E?; thus, an increase in the tail effectiveness for damping in

\' . :
pitch resulted. A slight increase in tail effectiveness due to the
presence of the wing might be expected as a result of the unusual down-
wash pattern behind a sweptback wing in pitching flight as is explained
in reference 3.

o€
that —— can be assumed to be zero. The positions of the test values

of
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The data in figure 10(b) also show that, as indicated in equa-
tion (2), the contribution of the horizontal tail to the rotary damping
in pitch varies linearly with tail area and with the square of tail
length.

For the wing-off configurations, as the angle of attack increases,
the damping in pitch contributed by the horizontal tail generally
decreases (fig. 7). With the wing on, however, the damping in pitch
reaches a maximum value at some moderate angle of attack, then decreases
with further increase in angle of attack such that, near the stall
(approximately 24°), the damping in pitch is less than at an angle of
attack of 0°. It is interesting to note that the angle of attack at
which maximum damping occurs generally decreases with increasing fuse-
lage length; this trend can best be seen by comparing the curves for
the large tail on the various fuselages (fig. 8). Since most of the
damping is due to the horizontal tail, any changes in the damping with
angle of attack which are caused by the tail are likely to become
greater with increasing tail size.

Wing-Fuselage Interference

The data obtained in the investigation of the horizontal-tail effect
also make possible an evaluation of the interference increments (AQCma

and aicmq) which enter into the following equations for total values of

the static-longitudinal-stability and damping-in-pitch derivatives for
complete airplane configurations:

Crdggrs = o)y * o), * oa%m ().

- ACp +
<CmQ>Total @mq)W * (CmQ>F t g <Acmq>H

where Q}Cm;) and Qﬁcmq) are the values for the horizontal tail in
: H H '

1}

the presence of the wing and fuselage. The values &C and AQCmq

m,
result from interference between the wing and fuselage (that is,

AlCmq = <Cm<1>W+F - (Cmq)-w - (Cmq> F) . The interference increments usually
are assumed to apply to airplanes having configurations somewhat similar
to that of the model used in evaluating the increments. The height of
the wing relative to the fuselage center line usually has a significant
effect on the magnitude of the interference increments. Since, for the
present investigation, the wing was located on the fuselage center line,
the results are considered applicable only to midwing or near midwing
arrangements.
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The increments are presented in figure 11 as functions of angle of
attack. Within the accuracy of the determinations there appeared to be
no consistent effect of fuselage length on either Aicma or Alcmq

and, for the purposes for which these values were intended to be used,
the use of a faired value to represent the effect of interference seems
reasonable. The variation of Aqua with angle of attack is small

below 16° and the average value tends to increase the stability. The
variation of &Cp - with angle of attack is not appreciable over the
q

entire angle-of-attack range and the average value tends to decrease
the damping.

CONCLUSIONS

The results of an investigation to determine the effect of
horizontal-tail size and tail length, when the tail is located at the
center line of the fuselage, on the static longitudinal stability and
the steady-state rotary damping in pitch of a complete model with wing:
and tail surfaces having the quarter-chord lines swept back 45° and an
aspect ratio of 4 indicate the following conclusions:

1. The contribution of the horizontal tail to static longitudinal
stability and damping in pitch was in agreement with analytic consider-
ations in that the contribution of the horizontal tail to static longi-
tudinal stability was related directly to the tail size and length,
whereas its contribution to damping in pitch was related directly to tail
size and the square of tail length.

2. At low angles of attack, the contribution of the horizontal
tail to static longitudinal stability was decreased by about one-half
by addition of the wing; whereas the contribution of the horizontal tail
to the rotary damping in pitch was almost unaffected by the addition of
the wing, regardless of the tail area or tail length.

3. The static longitudinal stability near the stall was slightly
greater than at an angle of attack of O°; whereas the damping in pitch
was somewhat less near the stall than at an angle of attack of 0°.
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k. At an angle of attack of about lO°, the static longitudinal
stability of the wing-fuselage combinations changed adversely. The
magnitude of this change was slightly increased by the addition of
tail area at the shortest tail length but was decreased by the addition
of tail area at the longest tail length.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Langley Field, Va., March 27, 1951.
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TABLE I

PERTINENT GEOMETRIC CHARACTERISTICS OF THE MODEL

Fuselage: Fy Fa F3
Length, inches . . . v . v ¢ v v v v v o o 30 4o 60
Fineness ratio . . . « « v v v v v v v o . . 5 6.67 10
Tail length, inches . . .. .. . .. .. . 12.53 16.70 25.05
Tail-length ratio, /ey . . . . . . . . .. 1.36 1.82  2.73
Volume, vy, cubic feet c e e s e e e ... 0.26T 0.350 0.526

Wing:

Aspect ratio, A, e e e e e e e e e e e e e e e e e e k.o
Taper ratio, Ay « v v & v v v vt e e e e e e e e e e e 0.6
Quarter-chord sweep angle, degrees e e e e e e e e e e e 45
- Dihedral angle, degrees . . et e e e e e e e e e e e e . 0
Twist, degrees © e e e s e e e s e e et s e e e e e e 0
NACA airfoil section . . . . . . C e e e e e e e ee e . . . 658008
Area, Sy, square inches . . . . . . . .. ... ... .. 324
Span, by, inches . . . . . . ..o L Lol 36
Mean aerodynamic chord, &y, inches . . . . . . . . . . . . . 9.19

Horizontal tail: Hl H2 H3
Aspect ratio, Ag . o) k.o )
Taper ratio, Ay . . . . N 0.6 0.6
Quarter-chord sweep angle, degrees e e e e 45 45 45
Dihedral angle, degrees . . e e e e e e e . 0 0
Twist, degrees . e e e e e e e e e e e e 0 0 0
NACA airfoil section . . . + v + v . . . . . 65A008 654008 65A008
Area, Sy, square inches . . . . . . . ... 32.4%0 64.80 97.20
Span, by, inches . . . . . . . ... . ... 11.38 16.10 19.72
Mean aerodynamic chord, &g, inches . . . . . 2.91 k.11 5.0k
Area ratio, Sg/Sy . + .« v . . e i 4.0 .. 0.10 0.20 0.30

: Y v
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TABLE II

CONFIGURATIONS INVESTIGATED AND INDEX TO THE FIGURES

HAVING DATA FOR THE CONFIGURATIONS

Wing off Wing on
Configurationl " Figure Configurationl ‘Figure
___________________ W 6
................... W+F +V+H 8(a), 10
F1 +V + Hy 7(a), 10 W+F, +V+H | 8(a), 10
___________________ W+ Fy +V+Hg 8(a), 10
Fo 7(b) W+ Fp 8(p)
—m—m e e cmmem——- W+ Fs+V+H 8(b), 10
Fo + V + Hy 7(b), 10 W+Fo+V +H 6, 8(b), 10
S P W+ Fp+V+Hg 8(b), 10
Fy T(c) W+ Fay 8(c)
___________________ W+F3+V+H 8(c), 10
F3+V + H T(c), 10 W+ F3+V+H - 8(c), 10
___________________ W+ F3+ V+ Hg 8(c), 10
lNotation: Qﬂgg:v

W wing

F fuselage For details see figures 2 to 4.

v vertical tail Subscripts 1, 2, and 3 refer to size.
H horizontal tail
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TABLE III
ORDINATES FOR NACA 65A008 AIRFOIL

l%tations and ordinates in percent airfoil choré]

Statiop Ordinate
0 0
.50 .62
5 .15
1.25 .95
2.50 1.30
5.00 1.75
7.50 2.12
10 2.43
15 2.93
20 3.30
25 3.59
30 - 3.79
.35 3.93
40 k.00
45 3.99
50 3.90
55 3.71
60 3.46
65 3.14
70 2.76
[P 2.35
80 1.90
85 1.43
90 ' .96
95 : .49
100 : 02
L.E. radius: 0.408 .

“!ﬂ"!”
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Fuselage
see fig.3

Horzontal tail
. see fig4
.\\\\

"‘—6.75 —’l

Figure 2.- Dimensions of the complete model. All dimensions are in inches.




NACA TN 2382

20

UT sJa® SUOTSUSWIP TIV

*§9YOUT

*pa189y S93BI98NI YJ JO SUOTSUSWEC -°§ oINITJ

TR
IU 0 ua GQO
\ ¢ w\\\muyﬂ

5092+




NACA TN 2382 01

< 1972 ' >

Figure 4.- Dimensions of the horizontal tails tested. all dimensions are
in inches.
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L-69122

Figure 5.- Drawing of a complete model configuration as mounted in the

Langley stability tunnel for testing in curved flow.
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