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EFFECT OF HORIZONTAL TAIL ON LCW-SPEED STATIC LATERAL

STABILITY CHARACTERISTICS OF A MODEZ HAVTNG

45° SWEPTBA(X WtNG AJIDT~ SURF’ACIB

By Jack D. Brewer and Jacob H. Liechtenstein

An investigation has been conducted in the Langley stability
tunnel to de%emine the effects of changes in horizontal-tail size end
location on the qtatic lateral stability characteristics of a complete
model with wing and tail mrfaces having the quarter+hord line swept
back 450.

Available Procedures, based on analyses of unswept-tail configu-
rations! for predicting the effect of the horizontal tail on directional
stability, were found to be unreliable when ap@ed to swept-tail
configurations.

When the horizontal tall was located at the base of the vertical
tail, displacement,of the horizontal tail rearward increased the
favorable contribution of the horizontal tail to directional stability
at low angles of attack; at high @es of attack, the contribution of
the horizontal tail was unfavorable regardless of the horizontal loca-
tion. When the horizontal tail was located near the top of the vertical
tail, the contribution of the horizontal tail was highly favorable at
low an@es of attack; at high angles of attack, the lkrgest favorable
effect was obtained with the horizontal tail in a forwmd location.

The trends obtained with the wing on were similar to those obtained
with the wing off, but a large decrease occurred in the favorable effect
obtained at large angles of attack with the horizontal tail in the upper
position=; a probable explanation was the detrimental effect of the wing
wake arising from flow separation over the wing,

-

IXTRODUCTIOT7

Recent advances in the understanding of
speed flight have led to si~ificant changes

the principles .ofhigh–
in the design of the major
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component parts of airplanes. In many instsnces, consideration is
given to configurations which me beyond the range covered by available
desi@ information regarding stability characteristics. The effects of
changes in wing design on stability characteristics have leen exten-
sively investigated. In-order to provfde information on the influence
of other parts of the complete airplane, an investigation of a model
having various interchangeable component parts is being conducted in
the Langley stability tunnel. As part of this investigation, the effect
of changes in the size and location of a swept horizontal tail on the
static-lateral+!tabilltyderivatives was determined.

T!heeffect of the horizontal tail has been rather extensively
investigated previously for airplanes having unswept wing and tail
surfaces. As a result of en analysis of test results of several models,
some simple rules for estimating the contribution of ccmplete tail con-
figuration have been proposed in reference 1. Results showing the effect
of horizontal-tail size and location on the vertical-tail contribution
=e presented in reference 2.

The present investigationwas made, therefore, to oheck the validi~
of the earlier enalyses when applied to configurations incorporating
swept wing and tail surfaces.

SYMBOLS

The data presented herein are in the form of standard HACA coef-
ficients of forces and moments which are referred to the stability
system of axes with the origin at the pro$ectlon on the plane of &ym-
metry of the calculated aerodynamic center of the wing. The positfve
directims of the forces, moments, and engular d@iLacements are shown
in figure 1. The coefficients and symbols are defined a$ follows:

CL Mft coefficient (L/@3)

C* longitudinal-force coefficient(X/q~); Cx =4D at ~ = O

%
lateral-force coefficient (y/q~)

cl rollhg+noment coefficient (L’/q~~)

cm pitchin&mment coefficient (M/q~)

% yawin~nt coefficient (I?/q~~)

.

u
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L lift

longitudinal force; X = + “at * =-O

Y lateral force

Lt rolltng moment

M pitching moment

N yawing moment

dynamic pressure

sxea

b spen, measured perpendicular to fuselage center line

chord, measured paraU.el .tofuselage center linec

E mean aerodynamic chord

chordwise distance frcxnleadtig edge of wing root chord
to quarter chord of wing mean aerodynamic chord

chordrise distance from leading edge of vertical-tail
local chord to 6H/4

d

chordwise distence from ‘~/4 to 6H14

z

,.
A

tail length, distence from model mounting point

aspect ratio (32/S)

effective aspect ratio, corresponding
I_ift+urve.slope

taper ratio

sngle of attack

angle of yaw

Ae to theoretical

..
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(f%JHfcJ&r
incrementnmmult ing from addition of horizontal tail

()%$ ~
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for exemple,
(%,)= = (%,)Mdel ~ti ,
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- ‘# Model tithout H

)

(%)A
V+E

incrementresulting from combination of vertical tail

and horizontal tail
(( )

‘$ Model.with tail

()
- %lv Model tithout tail
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Subcri_pts:

w

F

T

H

r

t

horizontal-tail+ea correction factor

wing

fuselage

vertical tail

horizontal tail

root

tip

JIPI?ARATUS,

The general reseerch model
designed to permit tests of the

MODELS, AND WTS

used for the present
wing alone, fuselage

investigation was
alone, or the

fuselage in combination with say of several tail configurations –with
or without the wing. A sketch of the complete model with one particular
tail configuration is shown in figure 2. A list of the pertirien.t
geometric characteristics of vsrious component psrts is given in
table I. KU parts were constructed of mahogsny.

—

,

.
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The fuselage was a body of revolution having a circular-arc
profile (fineness ratio 6.67). The wing and horizontal-tail surfaces
had an aspect ratio of k.0, ata~er ratio of 0.6, and anNACA 65AO08
profile (in sections parallel to the plane of synauetry);the quarte-
chord line was swept lack 45°. The vertical tail was ofithe same
sweep, tayer ratio, end section but had an aspect ratio of 1.0.
Ordinates for the NACA 65AO08 airfotl section are given in table II.

.

r

For the yresent investigation,horizontal tails of three different
areas were used, These tails are designated as ~sH2, ~H3 (in tie

order of increasing area) in table I and figure 3. Horizontal tails
%.

end H3 were tested in only one location (the low middle location).

Horizontal tail H2 was tested at three horizonta3 locations for each of’

three vertical positions, as illustrated in figure 4. b referring to
the horizontal-tail configurations, the letters L, C, andU indicate
the vertical position as being lower, center, _orupper, respectively;
and the letters F, M, and R indicate the horizontal location as being
forward; midtie, or re~, respectively. (Ahorizmh.1 tail
designated (~)~, therefore, represents the horizontal tail of inter-

mediate area mounted in the central vertical positian end in the forward
.

horizontal location.) Most of the fuselage-tail combinations were
tested with and without the wing mountedon the model. A complete list R
of the configurations investigated-isyresentqd in table III. —

The model was rigidly mounted on a single strutiat the point-shown
in figure 2. Forces and moments were measured by meens of a conven-
tional six-component balance system.

A photograph of a complete configuration is presented as figure 5.

In order to obtain the lift-curve slope of the isolated vertical
tail, the tail was mounted on a small rod above the strut. The mounting
arrangement fo~this configuration is shown in figure 6.

Tests were made at a dynamic pressure of 24.9 pounds per square
foot, which corresponds to a Mach number of 0.13 and to a Reynolds
number of 0.71 x 106, based on the wing mesm aerodynmnic chord. The
angle of attack was varied from about ~“ to 30° for sngles of yaw
Of-oo snd &5°. The horizontal-tail incidemce was kept at 0° for all
tests.

.
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CORFUKTIONS

7

●

☎

The angle of attack, longitudinal-force coefficient, pitchin~
moment coefficient, and rolling+mment coefficient have been corrected
for the effects of Jet boundaries. The data are not corrected for
blocking, turbulence, or sup~rt-strut interfererice.

RESULTS AND DISCUSSION

Presentation of Data ,

Results of the investigation are given in three parts. The first
~, co~iflt@3 of fi~es 7 tO 10, presents the longitudinal end
lateral stabillty characteristics of certain basic configurati~,
includ~ the fuselage alone, the wing done, tie wfn@’u~e~~ ca.
bination, and one complete configuration. The second part (figs. U. ‘ .
and 12) shows the effects on the lateral+tability derivatives of
v~iations in the area of the horizontal tail (when located in
the Imposition). The effects on
of variations in the vertical and
intermediate-size horizontal tail

(figs. 13 to 18).

The model configurations are
system of abbreviations explained

.

the lateral-stability derivatives
horizontal location of the

(~} we presented in the third ~art

identified in the figures by
in

Characteristics of Some

The pitching~nt results for

table III. - -

Basic Configurations

the wing alone, yresented
figure 7, show the aerodynamic center to be located-at 0.25~

the

in
which

is in good ageement with the theoretical value given in refer-
ence 3 (o.26~). The isolated fuselage is shown to give the expected

unstable value of
%

but the win~fusel.age ccmibjnationhas about the

same value of C& (at’ti eagles) as the wing clone. The stability

obtained with the win~fuselage combinaticm is in qualitative a~eement
with results of an unpublished analysis made by Schllchting and is
attributed to the loss in load over the wing near the w-fuselage
juncture and to the alteration in fuselage loading effected by the
upwash in front of the whg. (See, for example, reference 4.)
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In interpreting data otionfigurations including a ting, consid-
eration must be given to the angle+ f+ttack range over which the flow
does not separate from the wing. As pointed out in reference 5, an
indication of the limit of this range canbe o%tainedby locating the

CL2
initial break in the plot of CD -— against angle of attack.

%
Figure 8 presents a plot of this increment for the wing tested; the
curve is shown to break at an angle of attack of approximately ~.
Corresponding breaks for the wing-alone tests are shuwn in the pitching-
moment curves and Mf%coefficient curves in figure 7 and in the plots
of Cyv and c~v (fig. 9). A change in the wing=weke characteristics

would also be expected at--thisangle, and the resultant effects of the
vertical and horizontal tails would probably be somewhat erratic.

Results for a complete configuration show that negative values of
CnV are provided up.to an engle of attack of .19°. (See fig. 9.) The

tendency to become unstable at higher angles is attributml both to the
basic instability of the wing at those angles and to the decreased
effectiveness of the vertical tail due to the wing and fuselage wake.
An increase in Reynolds number or use of a device that would delay
separation from the wing protably would improve thtiirectional stability
of the complete model at high angles. The positive increase for the
complete model in Ct

$
at a= 0° is provided mainly by the vertical

tail; as the angle of attaok is increased, the moment arm decreases, so
that-the increment and consequently the slope of %* against a
decreases.

The llft+umve slopes of the wing and-of the isolated verticaLtail
are compared with theory in figure 10. Test-swere made on the verticsl
tail alone (see fig. 6) to eliminate any interference effacts produced
by the fuselage or horizontal tail. The experimental lift<urve slope
of the vertical tail (0.027) is shown to be about 13 percent higher
than that predicted by the theory. Other tests (for example, refere-
nce 6) have shown that C& for sweptback surfaces of-low aspect-ratio

is generally underestimated by the theory. The experimentally determined
value of C% for the wing (0.054) is in fairly close agreement with the

theoretical.value (0.052).

Effect of.Horizontal-Tail Area

The effect of a change in area of the horizontal tail (Hw) with

the wing off is shown in figure U. With the vertical tail off, the

.

.
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effect of the horizontal tail on the static—lateral-stabilityp&meters
generally was negligible except at very high angles of attack where
increasing area had a beneficial effect on the directional stability.
With the vertical tail on, an increase in horizontal-tail area had a
favorable effect on Cnv, at small angles of attack. At large angles.

of attack an increase in area generally had a detrimental effect,
probably because of flow separation at the juncture of the horizontal
tail.

The increments in CnV effected by the horizontal tail and by the

combination of the vertical tail and the horizontal tail are presented
in figure 12(a) for engles of attack of 0°, 10°, and 20°. In order to
make these data comparable with data on unswept surfaces the increment
in Cny was converted to a lift-curve slope by means of the relation

and the corresponding effective aspect ratio of the vertical tail
obtained from figure 10. The directional-stability parameter CnW

rather than CYV, was used since it is considered the more hrporkk, as

well as the more reliable, parameter. It appears prolable that the
presence of the horizontal tafl and fuselage changed the flow charac-
teristics in the region of the vertical tail, thereby altering the
effective tail length somewhat; consequently, the lift-curve slope
detemined from the increment in Cn

*
could be expected to be different

from one detemined Yy the increment in C
%“

Some inconsistency between

‘ncremnts ‘f Cny and increments of Cy
*

results from the nature of

the precision of measurement. An increment determined by the difference
of two quantities, each of which is large relative to the increment in
question usually cannot be evaluated with high accuracy. In this respect,
en aaalysis based on cn~ is considered to be more reliable than an

analysis based on Cyw, since the model fuselage reduces the values

of cn~ but increases the values of Cy$. The effect of horizontal–

tail a~ea on the effective aspect ratio of t e vertical tail for a = 0°
is given in figure 12(b). The lower curve

!AeVh on/?~)H off ‘hews ‘
the effect of the horizontal tail, including the contribution of the
tail itself and its end-plate effect. A similar ratio is presented in
figure 17 of reference 2 for unswept horizontal+ail surfaces. Although

.
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the results of reference 2 appear to agree well with the swept-tail
results, they may not actually le comparable because the curvee of
reference 2 are representative only of a configuration having the root
chords of’the vertical and horizontal tails equal, whereas the present
results represent--configurationsin which the root-chord of the hori-
zontal tail was considerably shorter than that ‘ofthe vertical tail.
The effect of a change in horizontal-tail chord on the end-plate effect
is not known. The middle curve

((%V~H on/@%)v isokted) ‘hows the
effect-scontrilmted ly the horizontal tail and also those contributed by
the fuselage. Reference 1 indicated that–a usual value for this ratio
was 1.55 for unswept tail surfaces. This VSLUS is seen to be greatly
in excess of the present values obtained with swept surfaces. The
upper curve

(t%), O@)
accounts for (in addition to the effects of

the horizontal tail and t%selage) the limitatims of the theory for
predicting (C%),. The difference between the upper and middle curves

in~icates the error that would be obtained if the theoretical C~ were

used for this aspect ratio. It is expected that this error will decrease
as the aspect ratio of the surface increases.

It should be pointed out that a chamge in horizontal-tail incidence
would be expected to affect the horizontal-ta~l contrlbuticm; however,
the effect of change in tail incidence was not investigated in the present
tests - the tail having an incidence of 0° on all configurations.

.

Effect of Horizonta14?ail Displacement

The effect on the lateral~tability derivatives of-longitudinal
displacement of the horizontal tail for each of three vertical positions
is shown in figure 13 for the model with the @n& off and in figure 14
for the model with the wing on. The lateral stability characteristics
for the model with horizontal tail removed are presented in figure 15 in
order that the incremmtal contribution of the-horizontal tail may be “
determined. The effects o~variations in the horizontal-tail location
are shown most clearl by mean of the lots presen+fidin figure 16 of
the increments

(~& (%4!HJ ‘d rAc4K ‘esdting ‘rem ‘he
addition of the horizontal tail. The abscissa scale indicates the
longitudinal location of the aerodynamic center of the horizontal tail;
the vertical-location of the abscissa scale shows the vertical level of
the horizontal tail.

Because the magnitudes of the increments considered generally are
small, complete consistency of the results caunot be expectedj however,
the trends resulting from systematic variatims in the tail configuration
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are considered to be reliable.
( V) H-’(%)H

Of the increments ACy

the latter is believed to provide the more reliable in~cation of the
influence of the horizontal tail on vertical-tail effectiveness, as was
pointed out in the previous section.

wing off.- With the wing off, rearw~d movement of the tail (in the
lower position) resulted in an increase in directional stability
and Cyq at low angles of attack. (See figs. 13(a) and 16.) This

result is in qualitative agreement with results obtained in reference 2
for unswept horizontal.tails. At higher angles, the directional stability
approached zero regardless of the longitudinal location of the tail. The
beneficial result of the rearwsrd movement is attributed partly to an
increase in the end-plate contribution of the horizontal tail, for when
the horizont~ tail is mounted in a region where the fuselage is rather
thick, it is umable to produce much additional end-plate effect to that
already supplied by the fuselage.. tithe more rearward positions, where
the fuselage is thin, the end-plate effect of the horizontal tail Is more
apparent. The change in Cy$ and C% with an increase in angle of

attack is also not unexpected; as the angle of attack increases, the
effective sweep of the vertical tail increases and, since the lift-curve
slope of a lifting surface usually decreases with an increase in sweep,
a 10ss in Cy

v ( )
and CnV WCLD?S, The loss becomes greater at the higher

angles where the fuselage boundsry layer envelops the lower portion of
the vertical tail; shielding by the horizontal tail proba%ly causes a
further decrease in the vertical+ail effectiveness.

The theory presented in reference 2 indicates that little or no end-
plate effect should he expected from the horizontal tail when it is in
the central vertical position. The present results show that the hori-
zontal tail, when mounted in this position, had even a slightly adverse
effect in most instsmces; that is, the combination of the vertical tail
and the horizontal tail prcduced s~ler increments in the parameters
than the vertical tail alone. (See fig. 16.) There was tiost no change
in vertical-tail effectiveness with increasing angle of attack (until
large eagles) probably because the downwash of the horlzontql tail itself
tended to counteract the unfavorable effect of the increased sweep%ack.
(See fig. 13(b).) At high angles of attack, a loss occurs in CY*

and C
V

as it did for the lower positions, presumably because of adverse

effects of the fuselage boundary layer over the lower portion of the
vertical tail and shielding by the horizontal tail.

When the horizontal tail is mounted in the upper positions, the full
end-plate effect of the horizontal tail is realized in addition to the
effect supplied by the fuselage. The most favorable increments in Cy

$



1.2

and Cn , therefore,

positimvs (fig. 16).
with angle of attack

NACA TN 2010

are obtained for the horizontal tail in these

The variation of the increments h Cy~ and Cn~

was found to be slightly favorable for the hori-
zontal tail in the upper positions; at l~ge angles, the effectiveness
of the vertical tail did decrease, but less rapfdly then when the hori-
zontal tail was mounted in either of the lower positions. (See fig. 13(c).)
At zero angle of attack, a c-e in lmgitudinal locatim (for the upper
vertical position) had little effect on the increments; but at higher
angles the most favorable longitudinal positio&– from the standpoint of
directional stability- was found to be the one farthest forward, for,
with the horizontal tail in the rearward l~ation, presumdly only a
portion of its downwash can counteract the effects of the ticreased
effective sweep of the vertical tail (brought about by the increase b
angle of attack). In the forward location, however, the portion of the
vertical tail affecte~ by the dwnwash should be greater and more favorable
values of the Cy

* ‘d cn~ result; the horizontal tail probably also

supplies the greatest end-late effect in this location, since it covers
the portion of the vertical tail where the pressure difference between
the two surfaces (and consequently the tip flow) is greatest.

Wing on.-The trends obtained with the wing on (figs. 14 antL16) are
.

generally the same as those obtained with the wing off, but the advantages
of the upper positions at high angles of attack appear to be greatly *
diminished, ~robably because of the wake behind the wing which is partly
stalled at those angles. The favorable results obtained with the wing off
probably could la more nearly obtained if a device (for example, slats)
was installed on the wing to prevent flow separation.

General.- The results would appear to indicate that%he optimum
location for the tail was farther rearward (at low angles) for the lower
positions and farther forward (at-him angles) for the upper positions
than the extreme positions investigated herein. Therefore, brief tests
(not presented) were made with the horizontal tail mounted in the lower
position and in a location farther baok than the rearmost location

( )
presentwd so that g= 0.4 . The results showed a decreaae in tail

Cy

effectiveness at a = 0°, the values of the increments being approxi-
d

mately equal to those obtained for =0 (fig. 16). No additional—~

tests were made in the upper positions, bu&it-is doubtTul that much
additional effectiveness could be attained at a = 20° by moving the
horizontal tail farther forward because .ofthe possible loss of end-
piate effectiveness.

.
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As the horizontal tail is moved up
increment in CZV tends to change in a

due, in part, to an upward shift in the

(at lowsngles of attack} the
positive direction. This may be

center of pressure of the vertical
tail. It is prolable, however, that a more important effect results from
the antisymnetrical load induced onthq horizontal tail by the tip
vortices associated with the load carried by the vertical tail; With
the horizontal tail in the l&er position, the tip vortex at the base of
the vertical tail would be expected to have the predominant effect and
would tend to produce a negative increment in C2 . The opposite effect

*
(positive increment in C2V) would be expected wh& the tail is in the
upper position.

The changes in vertical+ail effective aspect ratio (determined

()
as described previously from the increment N nV = given in fig. 16)

are shown in figure 17.
‘e ‘a’at’on ‘f PW)H on~eVJ= off ‘ith

horizontal displacement is substantially greater tk that obtained
with unswept-tail surfaces (reference 2). The values

0’ t~)~on/?eVl isolated’
which include the effect of fuselage

interference, are seen tobe generally less than the value of 1.>5
suggested for unswept tail surfaces in reference 1.

In order to tie these results comparable with unswept-tail results,
the more general curves of figure 18 were determined (by interpolation
snd, in some cases, etirapolation of the curves of fig. 17). The the-
retical curve predicted by analyses of unswep+tail results (reference 2)
is included and shows consistently larger values for the ratio, although
the variation with vertical position of the tail was generally similar.
The curves presented are for am angle of attack of Oo only, and it has
been previously noted than an increase in angle of attack generally
decreases the directional stability in the lower and center positions
and consequently reduces the ratio. In the upper positions, an increase
in a results in an increase in the value of the ratio to a value
substantially greater than that predicted b theory (for example, in

the UF position the value of
F%JH on/@%TH off at a= 200

was 2.1). These results are further i~dications of the unreliability
of present methods (based on unswept~ail results at an sngle of attack
of 0°) in predicting the effect of swept-tail surfaces on the late~l—
stabflity derivatives.

Application to Design

—

Although the present investigation was conducted with specific
wing and tail plan forms and for a specific fuselage, the results
should be suitable for nwking estimates of the horizontal-tail
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contribution to the directional stability ofiany airplane having approx-
hately the configuration of the model tested. In the usual case, the
tail contribution to directional stability is expressed as

+2
where — is frequently referred to as the tailqolume coefficient,

%%

and the vertical-tail lift-curve slope
(%) P

msy be obtained from

theory (such as reference 3) when the sweep angle, the taper ratio, end
the effective aspect ratio A

%
axe known. The problem, therefore, is

to estimate the effective aspect ratio ~ of the vertical tail when

in the presence of the fuselage and horizontal tail. A possible
expression for the effective aspect ratio of.the vertical tail is as
follows:

[ 1‘% = F%)H off + % ~%)H on – ~%)H off

which also can be written

‘%= @V)H

in the

{

1
off

form

[

()‘%H on
+ %H

()‘%H off 1]–1 (1)

The effective aspect ratio of the vertical tail in the presence of the
fuselage

()‘W H off
was found, for the configuration investigated, to

be about 1.17 times the effective aspect ratio of the isolated vertical
tail. This factor, however, would be expected to depend on the shape
and size of the fuselage, particularly in the vicinity of the vertical
tail. The effect of

tem ~%)H ..

[‘) (+ H off

from figure 18. me

horizontal-tail size

the horizontal tall is expressed by the

1

- 1 where
(~JH on/p%)H off ~ be ‘btained “

curves of’figure 18 are presented for the specific
.
—

(
investigated that Is %

)
—= 1.33 and must be
‘%

.
—

corrected for any other size by the factor .
%

“If-variationsin

size of the horizontal tail are assumed to have the same relative
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effect on A
9

regardless of the horizontal-tall location, the

factor
%

cen be expressed as

[1()‘%H on

r~)H ‘ff %/% -‘

[1

()
A
eVHon

–1

(%) H off %—=1.33
%

This factor has been evaluatedfromthe solid curve of figure 12(b)
which represents the effects of variations in mea of the horizontal
tatl, when located at the base of the vertical tail. Values of

% >

determined in this memner, are presented in figure 19.

T!bedesign procedure indicated by the use of figures 18 snd19 in
conjunction with equatian (1) csm be expected to apply only at small
augles of attack. At higher angles of attack, for the horizontal-tail
locations below the mfdspan point on the vertical tail, the actual
horizontal–tail contribution would be
predicted. For horizontal tails neer
indicated procedure would be expected
at higher sngles of attack.

*

expected to be smaller than that
the top of the vertical tail, the
to lead to conservative results

CONCLUSIONS

The results of’en investigation to determine the effect of
horizontal-tail size end position on the static–lateral-stability
derivatives of a complete model with wing and tail surfaces having the
quarte~hord line swept back h~” indicate the followlng conclusions:

1. Available procedures (based on analyses of unswept tail con–
figurations) for predicting the contribution of a horizontal tail to

-..
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directional stability, have been found to be unreliable when applied to
a tail configuration having 45° sweptback surfaces. The effscts of
variations in area and vertical location of the horizontal tail could
be predicted qr&l.itatlve& at zero angle of attack. The longitudinal
location of the horizontal tail, except at the lower position, and the
angle of-attack were found to be imported additional factors that-
could not be accounted for by available procedures.

2. For the wing-off configurations, increasing the area of the
horizontal tail (when mounted at the base of the vertical tail) has a
stabilizing effect at low angles of attack, but at-high angles of attack
the effect tended to become destabilizing.

3. The contribution of the horizontal tail to directional sta-
bility at zero angle of attack was beneficial when the horizontal tail
was located at either the top or bottam of the vertical.tail with the
greatest benefit generally occuming for the top position. When
located at the center of the vertical tall the effect of the horizontal
tail generally was slightly adverse.

4. For the win~ff configurations,when the horizontal tail was
mounted at-the base of the vertical tail, the contribution of the hori-
zontal tall to directional stahilfty at small -es of attack became

● more favorable as it was moved toward the reer. At @es of attack
near 20°, the contribution of the horizontal tall was unfavorable,
regartiess of its horizonteJ location.

5. For the win~ff configurations,when the horizontal tail was
mounted near the top of the vertical tail, the contribution of the hori–
zontal tail to directional stability at small &les of attack was
favorable over the range of longitudinal locations investigated. At--
angles of attack near 20°, the largest favorable effect was obtained
with the horizontal tail in the forward locatia.

6. The trends obtained with the wing on were similar to those
obtained with the wfng off, but a large decrease dccurred in the favor-
able effect obtained at large angles of attack tith the tail in the upper
positions; a probable explanation
wake arising from flow separation

Lm@ey Aeronautical Laboratory

was the detrimental effect of the wing
over the wing.

—
National Advisory Committee for Aercmautics

_eY Alr Force Base, Vs., Septeniber1, 1949

.

r



ImM m 2010

.

.

1. Pass, H. R.: @dYsis of’Wind~el
and Control. NACA TN 775, 1940.

Data on Directional.Stability

2. =SY, -E=: Wind-Funnel Dvestigation of End-hate It?fectsof
Horizontal Tails on a Vertical Tail Compared With Available
Theorg.

..
NACA TN105O, 1946.

3. DeYoun$, John: Theoretical Additional Spen Loading Characteristics
of Wings wtth ArbitrW Sweep, Aspect Ratio end Taper Ratio.
NACA TN 1491, 1947. ‘

4. Jacobs, Eastman N., andWmd, Kenneth E.: interference of Wiw ad
Fuselage from Tests of 209 Combinations in the N.A.C.A. Variable-
DenBi@ Tunnel. NACA Rep. 540, 1935.

5. Goo&man, Alex, and Fisher, Lewis R.: IWestlgation at Low Speeds of
the Effect of Aspect Ratio and Sweep on Rolling Stabile@’
Derivatives of UhtaTered Wings.

6. Goodmsm, hex, and Brewer, Jack D.:
Effect of Aspect Ratio and Sweep
Derivatives of UlrtaperedWings.

NACA TN 1835, 1949.

Investigation at Low Speeds of
on Static -d Yawing Stability
NACA TN 1669, 1948.

.

.



18

OF

.

.

.

●

.

.
9
●

.

●

●

●

.

.
●

●

.

.

.

.

.

TABLE I.-

Fuselage:
Length, inches
Fineness ratio.

wing:

40.0
6.67

.

.

.

.

●

●

✎

✎

● ✎

● ✎

✎ ✎

✎ ✎

●

●

●

✎

.

.

.

●

. .

. .

,.

● ☛

●

●

●

✎

.

.

.

●

✎

●

✎

✎

✎

●

✎

●

✎

✎

✎

●

✎

✌

✎

✎

✎

✎

✎

✎

●

✎

✎

●

✎

●

✎

✌

●

✎

●

✎

✌

✎

✎

✎

●

✎

✎

●

✌

●

✎

✎

●

✎

✎

●

●

✎

✎

✌

☛

✎

✌

✎

☛

●

✎

✎

.

.

.

.

●

☛

✌✎

✎

✎

✎

●

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

●

✎

✌

●

✎

.

.

●

●

✎

✎

✎

✎

●

●

●

●

✎

✌

✎

●

●

✎

✎

✎

✎

.
●

✌

✌

●

●“

. .

.

.

.

.

.

●

.“

.

.

.

.

.

*

.

.
●

●

●

●

●

✎

●

✎

●

●

✎

✎

●

●

✎

✎

✎

●

✎

✎

.
●

✎

✎

✎

✎

●

“.
.

.

.

.

.

.

●

.

.

●

●

.

.

●

●

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

●

●

✎

✎

☛

●

✎

●

✎

.

.

●

✎

●

✎

✎

●

●

✎

●

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

%2

●

✎

☛

✎

●

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

●

.

.

.

.

.
●

✎

✎

●

✎

✎

●

●

●

●

✎

●

●

●

✎

✎

.
●

●

●

●

✎

✎

●

✎

.

.

Lo
Q.6
45
o
0

Aspect ratio, ~

Taper ratio, ~

.

.

●

✎

✎

✎

✎

✎

✎

degreesQuerte~hor& sweey angle,
Dihedral eagle, degrees ~
Twist, degrees . . . . . .
NACA airfoil section . . .
Area, Sw, squere inches .

Span, bw, inches . . . . .

. . . .

.,..

. . . .
.0.0

.,..

6~A@J
.

. 36

. 9.19Mean aerodynamic chord, CW, Inches
-.

Vertical tail:
Aspect ratio, ~ . . . . .

Taper ratio, ~ . . . . .

Qusrte=hord sweep angle,
NACA airfoil sectian . . .
Azea, ~, square inches .

Span, ~, inches . . . . .

. 1.0
● 0.6

45
*65AO08
. 48.6
. 6.97
. 7.12

16.7
: 0.15

0.464

.

.

.

.

●

✎

●

✎

●

✎

. . . .

. . . .

degrees
..0.

,...

. ..*

Mesn aerodynamic chord, ~, inches

.*

.,

● ✎

✎✎ ✎

.0

.

.

.

,

●

.

.

.

.

.

●

✎

✎

✎

●

Tail length, 1, inches .
Area ratio, ~/~ . . .

Tail-length ratio, 1~

Horizontal tail:

Aspect ratio, AH . . . .

Taper ratio, kH . . . .

H~

4.0
0.6
45
0

6 +O~;
3 ,
19● 72
5.ok
0.30
2.00

4.0
0.6
45

-. 0
0

Lo
0.6
45
0
0

Quarter-chord sweep angle, degrees
Dihedral angle, de~ees ~ . . . .
Twist, degrees . . . . . . . . .
NACA airfoil section . . . . . . .

Area, ~, sq~e fnche~ “ ● ● c ●

spen,bH, ti~es s “ . . . “ s . ●

Meen aerodynamic chord, 6H, imhes

Arearatio, ~/Sw .9 . ...-”

Arearati.o, SH/~ . . . . ..s*
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0.67

.
.—.



NACA TN 2010 19

TABLE II.– ORD12JATES

[Station and ordinates

Station

o
.50
●75

1.25
2.50

R
10.0
15
20
25
30

:;
45
50
55
60
65
70
75
$0
@
90
95

100

FOR NACA 65Ao08 -on

in percent airfoil chordl

Ordinate

o
.62
.75
.95

1.30
1.73
2.X?
2.43
2.93
3.30
3*59
3.79
3*93
4
3.99
3.90

::E
3.14
2.76
2.35
1.90
1.43

.96

.49

.02

L. E. radius: 0.408

v

.
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TABLE III.- C?ONFIGURATZONSmTIGA!r!ED
.

wingoff wing on

Configuratica Figure Confi
(1) n

ation Figure
1

w 9
,F 9 W+F 9
F+V 15 W+ F-I-V 15

F + (%)IM
------------------ -----

F + (%?)Ill n(a) ------------------ -----

F + (H3)~ --------------..--- -----

F+V+(H~)~ ------------------ -----

F+ V+@)~ U(b) ------------------ -----/

F -t-V + fH3)w ------------------ -----

F+ V+ (H& W+ F+ V+ (E&

F +-V + (H&” 13(a) W+ F+ V+(~)~ lk(a)

F+V+~)~ W+ F+ V+(~)~

F+ V+(~)w W+ F+ V+(~)W

F+V+(~)w 13(3) W+ F+ V+(~)~ lk(b)

F+V+(~)~ W+ F+ V+(~)~

F+ V+&)~ W+ F+ V+ (H&

F + V + (H2)~ 13(C) o w+ F+v+(H2)~ 14(C)

F+V+(~)~ W+ F+ V+@)~

1
Notation:

‘=.Jj4z&A5J7’

w wing
F fuselage

\
For details, see figure 2.

v vertical tail
)

H horizcmtal tail; subscripts 1, 2, and 3 refer to size (see
fig. 3); letters L, C, and U refer to vertical location,
and letters F, M, and R refer to horizontal locatIon
(see fig. 4-).
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