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SUMMARY

An investigation was made in the Langley high-speed 7- by 10-foot
tunnel of the effects of horizontal-tail height at high subsonic speeds
and O° angle of attack on the aerodynamic characteristics of a tail
assembly in sideslip. The horizontal and vertical surfaces were of
unswept, untapered plan form and were of aspect ratio 4.5 and 2.16,
respectively.

Results indicated that above a Mach number of 0.7, abrupt changes
in 1ift coefficient occurred with increase in Mach number for all
horizontal-tail positions. The lowest values of minimum drag coefficient
throughout the Mach number range were obtained for the low horizontal-
tail position with the fuselage acting as a fairing in the intersection
of the horizontal and vertical surfaces. Pitching-moment coefficient
increased positively with horizontal-tail height and with Mach number
for all configurations except that with the horizontal tail at 26 per-
cent vertical-surface span. The variation of lateral-force coefficient
with sideslip increased with Mach number up to a Mach number of O.7.
The highest variations of lateral-force coefficient with sideslip were
obtained for the low and high horizontal-tail locations (O and 100 per-
cent vertical-surface span, respectively) with somewhat lower and gen-
erally equal values obtained for the intermediate tail positions (26 and
59 percent vertical-surface span). The lowest variation of rolling- ]
moment coefficient with sideslip up to a Mach number of 0.70 was obtained
for the low horizontal-tail position. Nonlinear Mach number effects
apparent at the low Reynolds numbers of these tests were minimized with
the horizontal tail in the low position. Generally good agreement was
obtained between theory and the experimental results of this paper.
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INTRODUCTION

Increase of operational flight speeds into the high subsonic and
transonic ranges has emphasized the necessity of quantitative deter-
mination of the aerodynamic characteristics of the tail as they affect
the stability of the airplane and the loadings on the tail at these
flight speeds. The National Advisory Committee for Aeronautics has:

therefore undertaken a comprehensive research program designed to furnish
a complementary theoretical and experimental insight into the nature and
magnitude of the stability contributions and loadings of the tail as they
are affected by the various design parameters and maneuver attitudes. As
part of this program, experiments were made in the Langley high-speed

T- by 10-foot tunnel to determine the effects of high subsonic speeds of
vertical location of an unswept, untapered horizontal tail on the aero-
dynamic characteristics in sideslip of an unswept, untapered tail assem-
bly. (These tests are similar to, and complement, the low-speed tests of
ref. 1.) Configurations investigated included the fuselage alone, fuse-
lage plus vertical tail, fuselage plus horizontal tail, and the fuselage
plus vertical tail with the horizontal tail located at 0, 26, 59, and

100 percent vertical-surface span.

Tests were made at 0° angle of attack through a sideslip range
of -2° to 20° and over a Mach number range of 0.5 to 0.94%. Reynolds
number for the tests, based on the mean aerodynamic chord of the ver-
tical tail, varied from 1,500,000 to 2,000,000 for tests at the higher
Mach numbers. Where applicable, experimental results are compared to
theoretical calculations.

COEFFICIENTS AND SYMBOLS

The data presented herein are in the form of standard NACA coef-
ficients of forces and moments referred to the stability system of axes
with the origin coinciding with the intersection of the fuselage center
line and the quarter-chord line of the vertical tail (fig. 1). The
coefficients and symbols are defined as follows:

X longitudinal force

Y lateral force

L : rolling moment about x-axis
M : pifching moment'aﬁout y-axis
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N yawing moment about z-axis
Cr 1ift coefficient, Lift
aSy
Cx longitudinal-force coefficient, —g—
Py
. . _ o)
CDmin minimum drag coefficient (CDmin = -Cy at 0C angle
of attack and sideslip)
Cy lateral-force coefficient, 21
aSy
C rolling-moment coefficient, L
L Syby
Cn pitching-moment coefficient, M_
aS,Cy
Ch yawing-moment coefficient, N
aSyby
S tail area, sq ft
b tail span, ft
gy mean gerodynamic chord of vertical tail, ft
h horizontal-tail height (measured from fuselage
center line), ft
h/by ratio of horizontal-tail height to span of the
vertical tail-
A aspect ratio, b2/S
\' free-stream air velocity, fps
P mass density of air, slugs/cu ft
qQ free-stream dynamic pressure, 'l/ZQVE, 1b/sq ft
M Mach number
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@ angle of attack, deg

B angle of sideslip, deg
BC.T
Cy = b 4
B OB
= (A1l slopes were taken at o = 0° through the linea
lg = 36 © range near B = 0°) :
oCn
C, = 21
Subscripts:
h horizontal tail

v vertical tail
MODEL AND APPARATUS

Sketches and dimensions of the models used in this investigation
are presented in figure 2 and table I. The horizontal and vertical
tails, of NACA 64A010 airfoil section and untapered, unswept plan forms
of equal chord, were made of steel and were originally equipped with
full-span, 0.20c trailing-edge control surfaces. For these tests, steel
trailing edges were welded in place to form solid surfaces. For maxi-
mum strength, separate models were built for each configuration, with
the horizontal tail mounted at 0O, 26, 59, and 100 percent vertical-
surface span. Aspect ratio of the vertical tails was 2.16 and aspect
ratio of the horizontal tails, while nominally designed for 4.5, actually
was 4.81 for the O-percent-vertical-span location, and 4.52 for the 26-,
59-, and 100-percent-vertical-span locations.

The tail models were directly mounted on a six-component electrical
strain-gage balance attached to the sting support system in the tunnel
with the horizontal surfaces in a vertical plane. The balance was
housed in a stub fuselage of circular cross section and a fineness ratio
of 10.9 in the original configuration. The original fuselage consisted
of a mahogany nosepiece, the ordinates of which are given in figure 2,
and a constant-diameter, sheet-aluminum. afterbody. For several tests
to determine the effects of fuselage nose shape, a modified nosepiece,
hemispherical in shape, was used (fig. 2). '
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TESTS AND CORRECTIONS

Most of the tests were made in the Langley high-speed T- by 10-foot
tunnel through a corrected Mach number range of 0.50 to 0.94. Brief sup-
plementary tests were made in the Langley stability tunnel at a Mach
number of about 0.2. Reynolds number, based on the mean aerodynamic

‘chord of the vertical tail, was approximately 0.6 X 106 for the tests

at M = 0.2, and varied from about 1.5 x 105 to 2.0 x 106 at Mach num-
bers. of 0.50 to 0.94 (see fig. 3). The models were tested at 0° angle
of attack through a range of sideslip angles of -2° to about 20°.

Blockage corrections, computed by the method of reference 2, were
- derived as an incremental correction to Mach number. Corrected Mach
number, because of differences of model configurations, varied some-
what between models..

Jet-boundary corrections, because of the relatively small area of
the "lifting" vertical surface, were negligible and were therefore not
applied. Drag data are presented with no base pressure corrections
applied to account for the difference in pressure at the base of the
model and that of static free stream.

The angle of sideslip was corrected for deflection of the sting
support system under load. Similar corrections to angle of attack were
negligible and were not applied. .

Deflection of the horizontal and vertical surfaces, when statically
loaded to anticipated aerodynamic load limits, was found to be negli-
gible, and no corrections were applied. .

Welding of the steel trailing edges at the 0.80-chord line of the
horizontal and vertical tails caused a possible airfoil camber change
equivalent to a maximum trailing-edge deflection of about t1©. No cor-
rections were made for these model inaccuracies.

RESULTS AND DISCUSSION

Experimental Longitudinal Characteristics

Lift coefficient.- The variation of 1ift coefficient Cy, with angle
of sideslip_ B at Mach numbers from 0.50 to 0.94 for all configurations
tested is presented in figure 4. A summary of the variation of Cy, with

Mach number at 0° angle of attack and O° and 12° anglé of sideslip is
presented in figure 5. The pronounced variation in absolute value and
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sign of Cj, for the various tail configurations at Mach numbers less
than 0.7, even at 0° angle of attack at which these tests were made, can
be attributed partly to model physical inaccuracies such as possible air-
foil camber changes caused by welding of the trailing edges, and partly
to the mutual flow interactions between the fuselage and the horizontal
surfaces at their various locations. Primary emphasis, however, should
be placed on the abrupt changes in value of Cj with Mach number above

Mach numbers of about 0.7 for all configuratlons with complete horizontal
and vertical tails (fig. 5). Such variations of Cy, of the horizontal

tail may cause appreciable longitudinal trim changes with Mach number
for a complete airplane configuration.

Longitudinal -force and minimum-drag coefficients.- The variation of
longitudinal-force coefficient Cyx with B 1s.presented in figure 6 with
a sumary of the minimum-drag characteristics of the various model con-
figurations presented in figure 7. (CDmin = -Cx at 0° angles of attack

and sideslip.) Above M = 0.7, at which Mach number the "force break"
occurred, CDmin increased with increase in Mach number for all config-

urations investigated (fig. 7(a)). The minimum drag coefficient Chpnin

(fig. 7(b)) was of minimum value for the model with the fuselage acting
as a fairing in the intersection of the horizontal and vertical surfaces
(n/by = 0), particularly above M = 0.8. Minimm drag for the hori-
zontal tail located at 26, 59, and 100 percent vertical-surface span
was generally of similar magnitude at all Mach numbers.

Pitching-moment coefficient.- The variation of pitching-moment
coefficient Cp with B is presented in figure 8 and the variation
of Cp with Mach number at B = 00 and 120 is presented in figure 9.
At 0° and 12° angle of sideslip, the positive value of Cp increased
with increase in Mach number and horizontal-tail height for all horizontal-
tail positions except h/by = 0.26 (fig. 9). Mutual flow interactions
between the fuselage and the low intermediate horizontal-tail posi-
tion, h/bv = 0.26, and possible model physical inaccuracies shifted
the direction of Cp, (see fig. 5) and probably account for the reversal
in sign of Cm. (It should be pointed out that the fuselage physical
characteristics may well be of importance in affecting the magnitude of
values of all of the aerodynamic characteristics of the empennage.)

Experimental lLateral Stability and Loading Characteristics

The yawing-moment, laterél-force, and rolling-moment coefficients
Cy, and C;, respectively, are generally considered to be aerodynamic
parameters. It is of interest to note, however, that for detached

o)
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empennage tests of the type presented in this paper, the parameters Chs
Cy, and C; may also be usefully considered as coefficients of torsion,

side force, and bending, respectively, of the vertical tail. In this
paper, therefore, these coefficients will .be discussed in the twofold
role. :

Yawing-moment coefficient.- The variation of yawing-moment coeffi-
cient C, with B 1is presented in figure 10. Higher variations of Cn

with B were generally exhibited for configurations with horizontal
surfaces at the intermediate positions (h/by = 0.26 and 0.59), than at

the end positions with h/by = O and 1.00, respectively.

Lateral-force coefficient.- Presented in figure 11 is the variation
of lateral-force coefficient Cy with B for all configurations inves-
tigated. An asymmetrical nonlinearity in the variation of Cy with
near 0° angle of sideslip (figs. 11(e), 11(f), and 11(g), respectively)
occurred at M = 0.80 and 0.86 for tail configurations with simple,
unfaired intersections between the horizontal and vertical surfaces
(h/by = 0.26, 0.59, and 1.00). This nonlinearity may probably be attrib-
uted to the critically unstable flow condition present on relatively
thick airfoil sections at the low Reynolds numbers of these tests, which
may be prematurely aggravated at Mach numbers of 0.80 to 0.92 by the
presence of the unfaired intersection. (A flow breakdown similar to
that apparently present in these tests at or near O° angles of attack
and sideslip may well account for the recurrent reports of transient
and unpredictable stability, loading, and control-force difficulties
experienced on some service aircraft at relatively low subsonic speeds.)
As is evident in figure 11(d), such effects are minimized on an empennage
with a faired intersection such as the tail configuration with the hori-
zontal surface mounted on the fuselage (h/by = 0).

A pronounced 'break" in the variation of Cy with B occurred at

about 8° angle of sideslip up to a Mach number of 0.86 for all config-
urations equipped with the vertical surface (fig. 11). In order to iso-
late the effects of fuselage nose shape on the nonlinearity at B = 80,
tests were made with a modified fuselage nose at a Mach number of 0.2.
Substitution of a hemispherical nose in place of the elliptical nose of
the original test configuration (fig. 2) had no appreciable effect on
the variation of Cy with B at M = 0.2 (fig. 11(c)). The nonline-
arity at B = 8° is apparently, therefore, also a characteristic of the
airfoil section which may be aggravated by the interference effects of
the fuselage at the low Reynolds numbers of these tests.

At constant values of " B, the highest values of Cy were consis-
tently obtained for the high horizontal-tail position (h/bv = 1.00) as
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shown in figure 11. Somewhat lower values of Cy of the same general

order of magnitude resulted for the low and intermediate tail positions
(h/v, = 0, 0.26, and 0.59). :

Presented in figure 12 is a summary of the variation of CYB with

Mach number and with horizontal-tail position. Below a Mach number of
about 0.7, the Mach number at which the "force break" occurred for the
airfoils, CYﬁ increased slightly with increase in Mach number for all

configurations (fig. 12(a)). At Mach numbers of 0.80 and 0.86, the pre-
viously mentioned Mach number and viscous effects present at low angles
of sideslip for the configurations with h/bv = 0.26 and 0.59 became

manifest as a sharp reduction in the value of CYB with a similar but

lesser effect for h/by = 1.00. (It should be noted,‘howevef, that the
‘reduction in value of CYB at these Mach numbers is not indicative of

a reduction in the absolute value of Cy at the higher sideslip angles.)
At the higher Mach numbers, above M = 0.92 for most configurations, CYB

increased rapidly with increase in Mach number. Location of the hori-
zontal tail in the intermediate positions (h/by = 0.26 and 0.59) resulted

in consistently lower values of CYB (fig. 12(b)), than did location
at the outer tips of the vertical tail (h/bv = 0 and 1.00) or for the
vertical-tail-alone configuration.

Rolling-moment coefficient.- The variation of rolling-moment coef-
ficient C; with B is presented in figure 13 for all tail configura-
tions and Mach numbers investigated. The viscosity and compressibility
effects apparent in the curves of Cy against 8 (fig. 11), are also
evident in the variation of Cj, which is, of course, a function of the
lateral force on the vertical tail. (Scatter of the repeated data points
at M = 0.92 and 0.94 for the configuration with the horizontal surface
located at 59 percent vertical-surface span, (fig. 13(f)) is an indica-
tion of the unsteady data readings obtained and caused by the critical
loading conditions present at these Mach numbers.)

Presented in figure 14 are the experimental variations of ClB with

Mach number and with horizontal-tail position. A general trend of a
slight increase in magnitude of CZB with Mach number up to the "force

break"” Mach number occurred for all configurations (fig. 14(a)). Above
M = 0.7, a pronounced decrease in CZB is evident with a reversal in

trend and increase in ClB from M = 0.92 to 0.94. At the low Mach

numbers of 0.5 to 0.7, the parameter ClB increased with increase
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in horizontal-tail height (fig. 14(b)), the value of CZB at h/by = 1.0
being about 3 times that at h/by = O.

Between Mach numbers of 0.80 and'0.92, a marked decrease in values
of ClB occurred for the intermediate tail positions (h/by = 0.26

and 0.59) which is a result of the nonlinear viscous and Mach number
effects on the variation of C; with B near B = 0°. At the highest

Mach number tested, M = 0.94%, these effects were minimized and the
variation of C;B with horizontal-tail height was more linear, assuming

a trend somewhat similar to that at low Mach numbers. From the stand-
point of loads on the vertical tail, the low horizontal-tail position
(h/bv = 0), with consistently lower values of CZB, again appears as

the most satisfactory empennage arrangement.

Comparisc» of Experimental and Theoretical Results

Calculations to determine the theoretical span loadings of four of
the tail configurations investigated experimentally and presented in
this paper were performed using a finite-step method of replacing the
vertical and horizontal tail surfaces by a finite number of horseshoe
vortices. A discussion of the method used (ref. 1) and its application
to the various model configurations is contained in the appendix of this
paper. Calculations were made for the fuselage and vertical tail alone
and with horizontal surfaces mounted at O, 60, and 100 percent vertical-
surface span. Spanwise step loadings were calculated for each config-
uration at several Mach numbers by applying the Prandtl-Glauert trans-
formation. Integrated results of the span loadings, expressed as Cy

and CZB, are presented and compared in figure 15 with the experimental
results of this paper.

Agreement between the experimental and theoretical values of Cy

(fig. 15) up to the "force break" Mach number of about 0.7 is fair,
with the theoretical values being somewhat smaller than those obtained
from experiments. Above the "force break" Mach number, the combined
viscous and compressibility effects apparent in the variation of Cy

with B (fig. 11) caused a sharp reduction in the experimental values
of CYB with attendant divergence from the theoretical curve.

Good agreement is obtained, up to Mach number of 0.7, between the
experimental and theoretical values of CzB (fig. 15). Above M = 0.7,

the nonlinear viscous and compressibility effects apparent in figures 11
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and 13 again cause a sharp divergence between experiment and theory with
the theoretical values being larger

Generally good agreement between the experimental and theoretical
values of CYB and CZB (fig. 15) indicates that the calculated span-

wise step loadings obtained by means of the finite-step method are fairly
representative of the spanwise load distribution of the vertical and hori-
zontal tails, at least up to the "force break" Mach number. . At higher
Mach numbers, however, the first-order approximations of theory do not
take into account the nonlinear effects of viscosity and compressibility.
(The slight displacement, even at Mach numbers of 0.2 to 0.7, between

the theoretical curve and the experimental points for CYB is believed

to be mainly the result of the simpllfled representation of the fuselage
employed in the theoretical computations.) Of particular interest
(fig. 15) is the large change in CZB between the low and high tail

configurations. Representative sketches of the load distributions cal-
culated herein by means of the finite-step method and presented in fig-
ure 16 indicate the reasons for this change. For the low tail config-
uration, h/by = 0, the induced loading on the horizontal tail is such
as to reduce the total moment, or C;, of the combination. For the high

tail configuration, h/bv = 1.00, the reverse is true; that is, the

‘moment of the induced loading on the horizontal tail increases the total

moment, or Cjy, about the fuselage center line. Although the loading
and center-of—pressure location of the vertical tail influence the CIB

of the tail assembly, the dominating effect for a tail assembly having
a horizontal tail of this size is the Cy produced by the loading

induced on the horizontal tail. (See ref. 1.) (It is of interest to
note from figs. 11 and 13 that the ratio of C; to Cy at high side-
slip angles is in general similar to the ratio at low values of f, thus
implying that the calculated load distributions indicated in figure 16
are fairly representative of the loadings at the higher sideslip angles.)

CONCLUSIONS

From an investigation at high subsonic speeds of the effects of
horizontal-tail height on the aerodynamic characteristics in sideslip
of an unswept, untapered empennage, at 0° angle of attack the following
conclusions can be made:

1. Above a Mach number of about 0.7, even at 0° angle of attack,

abrupt changes in 1ift coefficient occurred with increase in Mach number
for all horizontal-tail positions.
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2. The lowest values of minimum drag coefficient CDmin were

obtained for the low tail configuration with the fuselage acting as a
fairing between the horizontal and vertical surfaces. The value of CDmin

was generally independent of horizontal-tail height at all Mach numbers
for configurations with simple, unfaired intersections between the hori-
zontal and vertical surfaces.

3. The positive value of pitching-moment coefficient Cp increased

with horizontal-tail height and with Mach number for all configurations
except that with the horizontal tail at 26 percent vertical-surface span.

L, The variation of lateral-force coefficient with sideslip angle CYB

increased slightly with increase in Mach number up to the "force break"
Mach number of about 0.7 for all configurations. Viscous and compressi-
bility effects, evidenced as a sharp reduction in the value of CYB at

Mach numbers of 0.80 and 0.86, were minimized for the low horizontal-
tail position with the fuselage acting as a fairing in the intersection
of the horizontal and vertical surfaces. Location of the horizontal tail
in the intermediate positions (26- and 59-percent vertical-span location)
resulted in consistently lower values of CYB than did location at the

outer tips of the vertical tail (0 and 100 percent span).
5. The variation of rolling-moment coefficient with angle of side-
slip CIB increased with Mach number up to the "force-break" Mach num-

ber. At constant Mach number ClB increased with increase in horizontal-
tail height.

6. Theoretical calculations of the parameters CYB and CIB by

the finite step method reasonably agreed with the experimental values
‘up to the "force-break" Mach number.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., October 7, 1953.
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APPENDIX
%HEORETICAL COMPUTATIONS FOR THE TATL ASSEMBLY

Basic considerations.- The finite-step method used herein to evalu-
ate the subsonic span loadings on the vertical and horizontal tails for
several of the tail-assembly configurations indicated in figure 2 is par-
ticularly well known from its application to the problem of determining
the span loading on wings. Reference 3, for example, uses the method
for determining span load distributions on several wings of unusual plan

form and in addition presents a detailed mathematical derivation of the
method as applied to wings. In connection with intersecting surfaces,
reference 1 employs the finite-step method for calculating the side-
slipping span load distributions for a somewhat geometrically similar
tail-assembly model.

The finite-step method involves replacing the vertical and hori-
zontal tail surfaces by a finite number of horseshoe vortices that are
distributed in a spanwise direction across the tail surfaces with the
bound portion located at the quarter-chord line. The velocity normal
to the surface arising from the complete vortex system is then calcu-
lated at the three-quarter-chord line for the midcspan location of each
horseshoe vortex. At each of these control points, the requisite bound-
ary condition of tangential flow is satisfied by equating the expres-
sion for the normal velocity resulting from the complete vortex system
to the component of the free-stream velocity normal to the surface.

For the vertical tail the free-stream component is VB and for the
horizontal tail it is Vo which is zero since a was held at zero for
the experimental tests. The expression for the normal velocity at a
given control point contains the unknown circulations of all horseshoe
vortices used to define the configuration and when the expressions for
all the control points are solved simultaneously, values of the unknown
circulations and hence the span loadings are obtained. For a more
detailed discussion see references 1 and 3.

Application of method.- Calculations to determine the span loadings
were performed for four of the tail configurations investigated experi-
mentally. These configurations are the fuselage—vertical-tail combi-
nation alone, and with the horizontal tail at vertical locations of O,
60, and 100 percent of the vertical-tail span. Since the vertical-tail
span was considered in the experimental investigation to extend from
the tip of the vertical tail to the fuselage center line, five equal-
span horseshoe vortices were distributed across the vertical tail with
the bound portion located at the quarter-chord line. Using this vortex
span, which is approximately equal to the fuselage radius, resulted in
the use of five horseshoe vortices on each panel of the horizontal tail
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for the mid and high horizontal-tail locations (0.60 and l,OOh/bv, respec-
tively). For the horizontal tail in the low position, however, it was
necessary to include a half-span vortex at each tip of the horizontal tail
to approximate more closely the dimensions of the tail-assembly model. An
approximation of the effect of the fuselage was also incorporated into the
computations in the manner of reference 1, which simply considers fuselage
depth as an extension to the vertical-tail span and fuselage width as an
end plate. Since the original horseshoe vortices were about equal to the
fuselage radius in span, this approximation required only three additional
vortices: one to account for the remaining fuselage depth and two to
account for the fuselage width. Sketches of the four horseshoe vortex
configurations considered herein are presented in figure 17.

The solution of the expressions for the normal velocity at the con-
trol points to obtain the span loadings was obtained by use of an elimina-
tion procedure in conjunction with a relay-type computing machine. The
actual number of simultaneous equations necessary to solve for the dif-
ferent configurations could be reduced since the loadings in sideslip
on the two panels of the horizontal tail were equal in magnitude but of
opposite sign. This condition is also applicable to the representation
used for the fuselage width. ) :

Effect of compressibility.- In order to indicate the effect of Mach
number on the calculated results, the Prandtl-Glauert transformation
which accounts for the effect of compressibility was applied to each of
the four configurations of the tail assembly considered. In accordance
with the rule (see ref. 4) each configuration was stretched in the chord-

wise direction in the amount of the ratio —Xi The configurations

2

l-M
were then replaced by the corresponding horseshoe vortex representation
of figure 17. Loadings were calculated for the vortex representations
as if in incompressible flow and the results were considered to be
carried on the undistorted tail configuration at the Mach number in
question. Computations to determine the loadings were performed herein
for each. of the four horseshoe-vortex representations of figure 17 at
Mach numbers of 0, 0.60, 0.80, and 0.90. '

Effect of section lift-curve slope.- Satisfying the boundary con-
ditions at the three-quarter-chord line for the finite-step method, as
enumerated herein, indicates that the theoretical thin-airfoil-section
lift-curve slope of 2n/57.3 is assumed. Before a comparison between
theoretical and experimental results can be effected, a correction
accounting for the difference between the actual and theoretical values
of section lift-curve slope must be applied to the calculated results.
For the case where the actual section lift-curve slope Cla is about

constant across the span and where only a small correction is needed,
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it appears sufficient to reduce the calculated values by the
ratio 57.3c1a/2n. For more exact computations, the position of the

control point may be shifted relative to the three-quarter-chord line
to account for variations in ¢ . (See refs. 2 and k.)

For the tail-assembly model investigated experimentally, both the
vertical and horizontal tails had NACA 6L4AO10 airfoil sections. Airfoil-
section data of reference 5 indicate that the section lift-curve slope
for an NACA 64AO10 airfoil section is about L4 percent less than theoret-
ical. Accordingly, all the calculated values were reduced in proportion
to the ratio 57.3c1a/2n, including the values obtained for the horseshoe-

vortex representation of the fuselage.

Some comments on effect of fuselage.- Although several simplifying
assumptions were made in the use of the finite-step method and in the
manner of reducing the calculated values to results comparable with
experiment, the use of the simplified representation of the fuselage is
believed to have enough influence to account for a large portion of the
difference existing between experimental and calculated results for Cy

shown in figure 15. Good agreement was obtained between experimental
and calculated results of reference 3 for CYB where the fuselage was

represented in the same manner as was done herein; however, the fuselage
of the present investigation is widely different from that of reference 3,
particularly in one of the more important geometric parameters, the ratio
of body diameter at the tail to vertical-tail span (d/by). The fuse-
lage of reference 3 had a d/bv value of 0.25 while the fuselage of the

present investigation had a d/bv value of approximately 0.39. The
accuracy of the results for CYB’ of course, would be expected to decrease

as d/bv increases. On the basis of some preliminary comparisons of
experimental and calculated results for CYBA for a normal-length fuse-

lage model with a normally located tail, the method of references 6 and 7
appears to provide reasonable accuracy for the estimation for the effect
of the fuselage. The method of references 6 and 7 would probably be an
improvement over the simple representation used herein in that it attempts,
although not rigorously, to approximate the boundary conditions of the
fuselage. A
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TABLE I.- ORDINATES OF FUSELAGE NOSE AND NACA 64A010 AIRFOIL SECTION

[Ell ordinates in inché%]

NACA RM 1L53J19

y re Jf
: v L
1 {
Airfoil section ordinates Fuselage nose ordinates
x y Xp Te
0 .0 0 0
.0%0 .048 .06 .16
.045 .058 .20 .32
.075 0Tk A1 49
.150 .101 .81 .73
.300 .140 1.28 .95
450 .168 1.95 1.19
.600 .192 , . 3.05 1.49
.900 .229 4.16 - 1.73
1.200 .256 5.44 1.95
1.500 276 6.73 2.12
1.800 .290 7.93 2.23
2.100 .298 9.10 2.32
2.400 .300 : 10.23 2.37
2.700 .294 11.38 2.42
3,000 .281. 12.74 2.46
3.300 : .263 14.15 2.48
3.600 2h1 15.50 2.49
3.900 .216 16.86 2.50
4 .200 .188 24.00 2.50
4.500 157
4.800 .126
5.100 .095
5.400 .06k
5.700 .033
6.000 .001
L.E. radius = 0.041 in.
T.E. radius = 0.001 in.
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Figure 1.- System of stability axes. Positive directions of forces,
moments, and angles are indicated by arrows.
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(a) Fuselage alone.
Figure k.- Variation of Cy with angle of sideslip.

CONFIDENTIAL

a

940
9/ n
86 »
80 a
706
60 @

S0o

4 0 4 8 /2 6 20 24



NACA RM L53J19 CONF IDENTIAL

- B N

e —
6
4 S———— D
, H,
0 ————t— —
-2
4
-6

4 0 4 8 /2 16 . 20
A, deg
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Figure L.- Continued.
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Figure 4.- Continued.
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Figure 4.~ Continued.
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Figure 4.- Continued.

CONFIDENTTAL



NACA RM 153J19 CONFIDENT IAL

Q Q
?[7 ;
Ur
D
7

Q Q.
o
_ I
%_ﬂ
{
I D]

\ — /
Co s S N N
0 4~ L /
<>_<.,_<>/<>/’“*”/J>//l\:
0O 2 ' » 7
& o E}f—f‘}’—"ﬂ_—(]\—{l/ i / )/_\0
CF—«L——QF—4>\\$\‘{}////// )
2 '
4
-6

4 0 4 8 /2 16 20
B, deg

24

1 940

92w

86 »

1 80 A

709

50 0o

(f) Fuselage plus vertical tail plus horizontal tail. %1—- = 0.59.
‘ ‘ v

Figure 4.- Continued.
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Figure 5.- Variation of lift coefficient with Mach number for various
tail configurations. a = 0°,
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Figure 6.- Continued.

CONFIDENTIAL



30

CONFIDENTTIAL

o 4 g8 12 16 20
p, deg

(c) Fuselage plus vertical tail.

Figure 6.- Continued.
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Figure 6.- Continued.
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Figure T7.- Summary of drag characteristics for various tail configurations.
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Figure 8.- Variation of Cp with angle of sideslip. a = 0O°.
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Figure 8.- Continued.
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(c) Fuselage plus vertical tail.

Figure 8.- Continued.
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Figure 8.- Continued.
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Figure 8.- Continued.
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Figure 8.- Concluded.
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(c) Fuselage plus vertical tail.

Figure 10.- Continued.
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Figure 10.- Continued.
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Figure 10.- Continued.
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Figure 11.- Variation of Cy with angle of sideslip. a = 0°.
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Figure 11.- Continued.
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Figure 11.- Continued.
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Figure 11.- Continued.
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Figure 13.- Variation of C; with angle of sideslip. « = 0°.
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(b) Fuselage plus horizontal tail.

Figure 13.- Continued.
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(c) Fuselage plus vertical tail. (Flagged symbols
denote tests with modified fuselage nose.)

Figure 13.- Continue'd .
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(d) Fuselage plus vertical tail plus horizontal tail. il‘;

. Figure 13.- Continued.
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(e) Fuselage plus vertical tail plus horizontal tail. %L = 0.26.
v

Figure 13.- Continued,
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(f) Fuselage plus vertical tail plus horizontal tail. %L = 0.59.
v

Figure 13.- Continued.
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(g) Fuselage plus vertical tail plus horizontal tail. bL: 1.00.
v
Figure 13.- Concluded.. _
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Vertical Tail + Fuselage + Horizontal Tail at h/b, = 0.60
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Vertical Tail + Fuselage + Horizontal Tail at h/by, = 1.00 .

Figure 16.- Sketches of the calculated load distribution on the tail
assembly having horizontal tails at h/by values of 0, 0.60, and 1.00.
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Vertical Tail + Fuselage : ‘552::::i____

Vertical Tail + Fuselage
+ Horizontal Tail at h/bv =0

Vertical Tail + Fuselage Vertical Tail + Fuseiage
+ Horizontal Tail at h/by = 1.00 + Horizontal Tail at h/b, = 0.60

Figure 17.- Sketches of the four horseshoe-vortex representations of the
tail configurations calculated. Direction of rotation of each horse-
shoe vortex is indicated for positive circulation. Gaps between adja-
cent treiling vortices are shown to indicate the number of horseshoe
vortices used. All calculations were performed with adjacent trailing
vortices coinciding and extending to infinity.
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