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EXPERIMENTAL VERIFICATION OF A SIMPLIFIED VEE-TAIL THEORY AND ANALYSIS
OF AVAILABLE DATA ON COMPLETE MODELS WITH VEE TAILS

By Paus E. Purspr and Joan P. CaMPBELL

SUMMARY

An analysis has been made of arailable data on vee-tail sur-
faces. Previously published theoretical studies of tee tails hare

been ertended to include the conirol effectiveness and conirol

forces in addition to the stability. Tests of two isolated tail
surfaces with various amounis of dikedral provided a check of
the theory. Methods for designing vee lails were also developed
and are given in the present paper.

The analysis indicated that a vee tail designed tfo provide
values of stability and conirol parameters equal to those pro-
vided by a conventional tail would probably provide no reduction
in area unless the conrentional vertical tail is in @ bad canopy
wake or unless the ree tail has a higher effectire aspect ratio
than the concentional vertical and horizontal tails.

The analysis also indicated that a possible reduction in con-
trol forces (or in the amount of control bglance required) ean
be made by the use of a ree lail, provided large deflections of
the control surface do not cause a large decrease in the effective-
ness and increase in hinge-moment coefficient per degree deflec-
tion of the control surface. If large-chord control surfaces must
be used in order to keep the conirol deflections small, the control
forces (or the amount of control balance required) on the vee
tail are Ukely to be equal to or greaier than those for the con-
ventional tail assembly.

The analysis further indicated that the vee tail could have
the following advantages over the conventional tail assembly:

(1) Less drag because the ree tail has fewer fuselage-tail
Junctures

(8) Less tendency toward rudder lock

(8) Higher location of tail surfaces, which tends to reduce
elerator deflection regmred for take-off and landing, to keep the
tail out of spray in flying-boat tale-o_ﬂ‘, and to reduce po.m-
bilities of tail buffeting from the wing and canopy wakes in
high-speed flight

(4) Fewer tail surfaces to manufaciure

On the other hand, the analysis indicaied the following dis-
advantages that a tee tail might hare when compared with
conventional tails:

(1) Possible interaction of elevator and rudder control forces

(8) Possible interaction of elevator and rudder trimming
when tabs are at fairly large deflections

(8) Afore complicated operating mechanism

(4) Greater loads on tail and fuselage, which would tend fo
require increased weight

The tests of the isolated vee tail indicated that the simplified
theory deceloped for rea tails was ralid for dikedral anglee up
to about 40°.

The relative merits of the vee tail and conrentional tails for
spin recovery hare not been established, but it appears that the
vee tail should be af least as good as the conrentional tail as-
sembly in this respect, except possibly in cases in which simul-
taneous full deflection of both rudder and elevator is regquired
for recorery from the apin.

INTRODUCTION

Early investigations of vee-tail surfaces were reported in
1932 and 1938 (references 1 and 2). The principal advan-
tage claimed for the vee tail was a reduction in drag which,
when compared with the total airplane drag, was fairly
small. As the values of total eirplane drag coefficient have
decreased, however, a given reduction in tail-surface drag
coefficient has become more important. In the last few
years more attention has therefore been given to vee-tail
surfaces and three investigations have been made by the
NACA. One of these investigations included both theo-
retical and experimental results end was reported in refer-
ence 3; the other two investigations were wind-tunnel tests
of complete models with various teil-surfece arrangements.

The present paper extends the theory of reference 3 fo

include control effectiveness end control forces as well as

stability, summarizes the results of the two complete-model
investigations, and reports tests of two isolated tail sur-
faces with various amounts of dihedrel. A method for
designing vee tails is also given.

COEFFICIENTS AND SYMBOLS

The coefficients and symbols used herein are defined as
follows:

C lift coefficient (Z/gS)

Cp, resultant-drag coefficient (X/gS)

Oy lateral-force coefficient (¥/gS)

C: rolling-moment coefficient (L/qS5)
On pitching-moment coefficient (Af/gSc)
C. yawing-moment coefficient (N/gSh)
(s hinge-moment coefficient (H/gbc")

T. effective thrust coefficient (7./oV2D")
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forces along axes defined in figure 1
moments about axes defined in figure 1
hinge moment of control surface

effective thrust
dynamic pressure (%pV’)

actual (not projected) area

mean geometric chord  _

root-mean-square chord of control surface behind
hinge line

actual (not’projected) span

airspeed

propeller diameter

mass density of air

angle of attack of thrust line for complete models
and of chord line at pla.ne of symmetry for
isolated tails measured in plane of symmetry,

degrees _
angle of yaw, degrees
angle of sideslip, degrees (—v)
angle of stabilizer with respect to fuselage center

Y

Fravze 1.—8ystem of axes and oontrol-surface hinge moments and defleetions.

Arrows Indioate positive directions.

line measured in plane of symmetry, degrees;
posifive when trailing edge is down

3 confrol-surface deflection measured in plane nor-
mal to chord plane of tail surface, degrees

L tail length; distance from center of gravily to

hinge line of control surface

€ angle of downwash, degrees

o angle of sidewash, degrees

de/da rate of change of downwash angle at tail with
angle of attack

do/dp rate of change of sidewash angle at tail with angle

of sideslip
A aspect ratio (b*/S)
1y taper ratio; ratio of tip chord to root chord
F stick or podal force

The symbols used in the development of the theory of

_vee tails are defined as follows:

G, lift coefficient of tail measured in planc of
symmetry
o angle of attack of tail measured in plane of
—  symmetry, degrecs
Oy, lateral-force coefficient of tail measured normal
' to plane of symmetry
B. "~ angle of sideslip of plane of symmetry
s, elevator deflection or clerudder deflection when

elerudder surfaces are deflected upward or
downward together, degrees

5 rudder deflection or clerudder deflection when
elerudder surfaces are deflected equal and
opposite amounts on the two sides, degrees

Ser deflection of single elerudder surface, degrees;
subscripts R and L denote right and left ele-
rudder surfaces, respeclively

T. dihedral angle of tail surface measured from

. XTY-plane of vee tail to cach tail pancl, degrees

Cry tail lift coefficient measured in plane normal to
chord plane of cach tail panecl

Cu’ sum of changes in tail lift cocfficient normal to

cach tail panel when tail is yawed; equal and
opposite span load distributions overlap so
that Cp,’=KC:,, where values for K are
presented in figure 2

X ratio of sum of lifts obtained by equal and oppo-
gite changes in angle of attack of two semispans
of tail to lift obtained by an equal change in
angle of attack for complete tail (see fig. 2)

k constant of proportionality

ay angle of attack mecasured in plane normal to
chord plane of each tail pancl, degrees

GI,‘N slope of tail lift curve in pitch measured in plane

dC,
normal to chord plane of cach tail panel (ba‘:)

C, ' slope of vee-tail lift curve when lift and angles of
attack are measured in planes normal to chord
planes of two tail panels while angle of attack of
tail a; is held constant and tail is sideslipped

0,.,,’)
bay




VERIFICATION OF VEE-TAIL THEORY AND ANALYSIS OF DATA ON COAIPLETE MODELS WITH VEE TAILS

239

IHustrative /oad curves
84 P ’/"‘\
/7 Cr
f
80 -
K= %‘ri. 4/
L / —
| | / //
5 72 N ,/ — /// '/'/
’ \ 50 |
\\\ P / // J /
p _ el
7 //
/ P
L~
54 //
/ g
o 7 2 ] 4 5 . 6 7 8 9 . io
Aspect ratlo, A
FIGURE 2.—Values of K for computing slope of Ifft curve of vee tl.!l in yaw. (Derived from data for roond-tipped wings In fig. 3 of reference 4}
Cyy glope of tail Iateral-force curve measured normal | basic assumptions usuelly made for & wing with dihedral
’ Cy, are used to derive feirly simple expressions for the stability,
to plane of syrumetry _ap,) control, and control-force parameters for vee tails. The
. Cey, PC, span load distributions computed by use of lifting-line theory
T control-effectiveness parameter (DM_ / aaw) for wings with no dihedral and no sweepback are assumed to
Subscripts: be valid for wings with dihedral and are assumed to be un-
w wing affected by interference at the point” where the dihedral
t tail changes. The assumption is also made that, when the
h horizontal tail effective angles of attack of the two panels of a wing with
r vertical tail dihedral are chenged equal and opposite amounts by side-
ree vee tail slipping, the changes in lift coefficient normal to each panel
é elevator are equal and opposite in sign and are equel in magnitude
r rudder to the changes resulting from equal and opposite changes
er elerudder in angle of atteck of the two panels of a wing with zero
f flap dihedral. The assumptions of course become less valid

B, ¥, §, « denote partial derivatives of coefficients with
respect to angle of sideslip, angle of yaw,
control-surface deflection, and angle of attack,

respectively; for example, orp_aa(;r

SIMPLIFIED THEORY OF VEE TAIL
BABIC ABSUMPTIONS

As indicated in reference 3, an isolated vee tail may be
considered a wing heving a large amount of dihedral. The

as the dihedral increases.

In order to simplify the analysis further, the longitudinal
and directionsl characteristics are considered independently
and the lift and hinge-moment characteristics are assumed
to be linear in spite of the lerge control-surface deflections
that are required with vee tails when full elevator and rudder
control are applied simultaneously. Considering the longi-
tudinal and directional characteristics independently and not
accounting for the nonlinearity in the various coefficient
curves results in idealized solutions that must be modified
in practicel applications. The degree of modification will
of course depend on the characteristics of the control surfaces
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and eirplane under comsideration. The solutions derived
herein are presented only fo indicete the general approach
to the problem and to present some idea of the comparative
characteristica of vee and conventional tails in the idealized
case.
With these assumptions as & basis, the following relation-
ships were developed and are illustrated in figure 3: '
(1) For smell angles of attack, the angle of attack meas-
ured in the plane normal to each panel of a vee tail is equal
to the angle of attack measured in the plane of symmetry
multiplied by the cosine of the tail dihedral angle (fig. 3(a)).
Thus

sin Q===

a
or
. _ b _
=5 a;
. _e
8in ay=_
or
—_C ..
sin ay
If a; and oy are small
_b_¢
a; ay
or
C oy
-5 a;
But
[
'5'=008 T
Therefore
2N —cos T
(-1}
or
ay=c;co8 T (1)

(2) For small angles of sideslip, the changes in angle of
attack measured in the planes normal o each panel of the
vee tail are equal and opposite in sign and are squal to the

angle of sideslip multiplied by the sine of the tail dihedral

angle (fig. 3(b)). Thus -
sin ﬂl=£
aor
__b
@ sin S,
[
sma,=—a-
or

Ifﬁ.a.nda,,aresmdll

or
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But
-§=sin r
Therefore
%sin r
or
ay=8;8in I (2)

(3) The lift coefficient measured in the plane of symmetry
is equal to the lift coefficient measured in the plane normal
to each panel of the vee tail multiplied by the cosine of the
tail dihedral angle (fig. 3(c)). Thus

01,‘= GLN cos I (3)

(4) When the vee tail is sideslipped, the changes in liff
coefficient normal to each panel are equal and opposite in
sign and the lateral-force cocfficient of the vee tail is equal
to the sum of the changes in lift coefficient normel to cach

" panel of the vee tail multiplied by the sine of the tail diliedral

angle (fig. 3(d)). Thus
' Oy,=Cp,/ ain T (4)

STABILITY AND CONTROL PARAMETERS

The stability and control parameters for an isolated veo
tail correspond to the lift and lateral-foree parameters for
& wing with dihedral and can be developed from equations (1)
to (4) as follows:

- (1) Longitudinal stability as measured by C’;.,‘:

C bC’;,, b(O;_,, cos I‘)
L‘I ba. o .

_ON_
cos I

=0L"N‘ cos? T (5)
(2) Longitudinal conirol as measured by C‘,,,.:

_230;, d(Ciycos T)
Ca, s, day |

* =0L"N reos T (0)

(3) Directional stability as measured by C’,-,‘:

0 oCy, 0(C,/sinT)
T o >.98.
sin I
=—-Kaz,-"_ sin? T (7)
(4) Directional control as measured by Cy, :

c DOy‘ a(o:,"' gin I‘)
o 0d, day

=K01, "N“r sin T (8)

1—0;,."' rein I’
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FicteE 3.—Reletlons of angles and force coefficients for ves tall in pitch and sideslip.
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The relation between the stability parameters 0:.,‘ and
Cy, for vee tails may be obtained as
(?;1" --lift:ﬁgslv EiIl’I‘
z;;::==ij5‘uv CHJS’]? ’
=—Ktan?T (9)
The relation between the control parameters Cy, and
Cy, may be obtained similarly as

(?y]r IK]S&ﬁqu SjIl T

z:;;:l== ZIL“}VT cos 1
=K tan T

F

G,
Values of K (01' Z::L) for various aspect ratios and taper

Lay
ratios are presented in figure 2. The values were obtained
from extrapolation of values of X determined from figure 2
of reference 4 by graphically integrating the complete load

curves for 1.00 %: integrating the right-hand half of the load

curve minus the left-hand half, and taking the ratio of the
two values.

COMPARISON OF STABILITY AND CONTROL OF VEE AND
CONVENTIONAL TAILS
The relation between the total areas of an isolated vee tail
and an isolated conventional tail assembly that provide equal
stability can be obtained as follows:
For equel values of (Cw,); for the vee tail and the con-
ventional horizontal tail,

$1Cs, =S,

=80, cos T (11)
For equal values of (Cy,), for the vee tail and the conven-
tional vertical tail,

gec

fglcjfp‘.===£;lla(7Y,‘-.‘

=8:wKC,, sint T (12)

If the horizontal tail and the vee tail are assumed to have
the same aspect ratio,

‘:ah'q.=== (Zb¢ll

1f the effective aspect ratio of the vee tail, which for lateral-
force computations is lower than its geometric aspect ratio
because of the factor K, is assumed to be equal to the cffec-
tive aspect ratio of the vertical tail, which is higher than its
geometric aspect ratio because of the end-plate effect of the
horizontal tail,

Cr,, =KC,

The assumption of equal lift-curve slopes simplifies equations
(11) and (12) to

(10)
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Sy=8; co8? T (13)
and

S.=Su. Bin’ r (14)
When equations (13) and (14) arc combined,

Sv+8,=8:(cos* I'+sin? I' (15)
But
cos? T4sin® I'=1

8o that

Si+8,=8 (16)

An isolated vee-tail surfuce producing stability parameters
equal to those produced by an isolated conventional tail as-
sembly (and baving equal effective aspeet ratios) must there-
fore have an area equal to thai of the conventional tail
assembly.

If the areas of a vec tail and a conventional {ail assembly
are assumed to be made equal to give equal stability and if
equal values of the control-cflectiveness factor r are assumed,
the control parameters for the isolated vee tail are greater
than for the isolated conventional tail assembly by the fol-
lowing ratios: :

0"‘:,,, 1
-, 8T am)
and
C“rm 1
T EnT (17b)

For equal total areas and equal values of (C ), and C-’..,. for

the vea tail and the conventional tail assembly, the required
control-effectiveness factor r is smaller for the vee tail than
for the conventional tuils because

Toee
™ cos I {18a)

and
Tt —gin T (18b)

Ts

The foregoing analysis is based on the assumptions that
the control characteristics are lincar over the catire range of
control deflections and that a vee tail having values of the
control parameters C..,. and C'.,r equal to those for the

conventional tail could produce the same maximum control
as the conventional control surfaces by having a2 maximum
elerudder deflection equal to the sum of the maximum
rudder and elevator deflections with the conventional {ails.
In meny practical cases, however, these assumptions will
not be valid because control effectivencss per unit deflection
decreases at large deflections, and the vee tail will conse-
quently compare less favorably with the conventional {ails
than equations (18) indicate. In fact, if the conventional
elevator and rudder are already using the maximum practi-
cable control-deflection range, the vee-tuil clerudder deflee-
tion will also be restricted to this range and the vee tail will
consequently require a much greater control-effectivencss
factor » (and therefore a control surface of larger chord ratio)
than the conventional tails.
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COMPARISON OF CONTROL-FORCE CHARACTERISTICB OF VEE AND
CONVENTIONAL TAILS

A general solution releting the control-force characteristics
of vee-tail and conventional tail surfaces cannot easily be
obtained since, in the design of equivalent surfaces of the
two types, equal values of the longitudinal or directional
stability and control parameters may be obtained by several
variations of the geometrical relationship between the two
types of tail. Ususlly it will be impossible to obtain equal
values of all the parameters (Cu,), ., y (Cag)p 8nd C’

for the two types of tail. By considering the longltudmal

and directional characteristics independently and by making -

certain simplifying assumptions, however, expressions can
be derived that relate the longitudinal or directional control
forces for vee tails and conventional tails.

Elevator forces.—The elevator control forces of a vee tail
and a conventione! horizontal tail can be related by neglect-
ing the directional stability and control cha.racteristics and
by assuming equal values of (Cu)), Cw, J tail length,

aspect ratio, and gearing of elevator to control stick for the
two tails.

For equivalent longitudinel stebility and control and with
the same aspect ratio of the conventional and vee tails, it
has been shown (equations (13) and (18a)) that the area of
the vee tail is related to the ares of the conventional tail by
cos? T and that the control-effectiveness parameters of the
two types of tail are related by cosI'. For the horizontal
tail and a vee tail having the same aspect ratio, the following
expressions may be derived from equation (13):

ba

bru_m (19)
and

Cree= (20)

¥ ecos T

Equation (18a) indicates that, for a given value of Cu,,

the vee tail requires a control surface of smaller chord ratio
than the conventional horizontal tail but, since the over-all
tail chord is greater, the actual control-surface chord may be
greater or less. An analysis of the date of reference 5 indi-
cated that the required control-surface chord ratio is propor-
tional to some power n of the effectiveness. A logarithmic
plot of the effectiveness data in figure 1(a) of reference 5 and
figure 1(b) of reference 6 indicates thet an average value of
the exponent n is 1.7 for plein sealed flaps having chord ratios
between 0.10 and 0.60. Thus

c

L_—n=k‘r,'
and — -
Cor _
oo =KTie
Then
cm Gl ( )
or

T ()l ()

Therefore
1

=eos*'=cos*"'T
cos I

i

or :
(21)

The stick force is proportionel to some fector multiplied by
the product of the hinge-moment coefficient, the control-
surface span, and the square of the control-suriace chord.
Since the factor is the same for equivalent conventionel and
vee tails,

Ca=C, cOS™ 1T

F Ol.“ buocar
—FI —Ch, bite
b
_C'.,,, cos.I‘ (¢, cos*™! IT')®
= e

Ry ] Ce

Ay
;cos"" T %.L" (22) .

Yhen n=1.7, equation (22) reduces to

C
%‘-=cos°-‘ r Z"r“

(23a)

Since the value of the cosine is less than 1 for all values of the
dihedral angle except 0° (for example, cos®# 46°=0.87), the
stick force for a vee tail should be less than for an equivalent
conventional tail if the hinge-moment coefficients are equal.
Similarly, if the stick forces ere equel, the vee-tail control
surfaces generally do not need to be so closely balanced as
the conventional surfaces.

Different assumptions in the analysis will naturelly lead to
different results, some of which will be more favorable to the
vee tail and some of which will be more favorable to the con-
ventional tail. The present analysis, however, indicates that
some reduction in control foree or amount of balance required
cen be obtained by use of the vee tail.

Rudder forces.—In a similar analysis of rudder forces, it
was assumed that the mean chords of the two types of tail
are equel and that, for the average case, the resulting in-
creased aspect ratio of the vee tail offsets the end-plate effect
of the horizontel tail on the vertical tail and causes (%, ' to

he equal to (07‘)". The result of this analysis was
C
-Fés——sm‘ 4T —C‘;:E

which again indicates that the vee tail cen have lower control
forces or can require less balance for the same forces than the
conventional tail.

(23b)

LIMITATIONS OF PRESENT AN’.ALYSIB

In the previously developed formulas relating the control
forees of vee end conventional teils, the elevator and rudder
forces are consideted separsately and no account is taken of
the fact that the lift and hinge-moment curves of actual
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control surfaces are linear functions of angle of attack and
control-surface deflection for only small ranges of these
angles. In practical applications of vee tails, the simul-
taneous use of full rudder and full elevator control will
ususally place one of the surfaces at & deflection outside the
linear range of lift and hinge-moment characteristics. This
condition may be avoided by using control surfaces of larger
chord ratio and smaller deflections. The use of control
surfaces of larger chord ratio tends to counteract the de-
crease in control forces previously shown possible but the

smaller deflections required make possible the use of a more.

fayorable control-stick gearing, which might result in a net
decrease in control force. The final result will of course
depend on the amount of elevator and rudder control re-
quired in the specific case and on the degree of linearity of
the various characteristics of the particular control surfaces
being considered. In meany cases these practical aspects of
the application not only will cancel the gain in control force
shown possible by use of the vee tail but alsp. may even
increase the control force.

The preceding analysis, however, indicates thet, since in.

the idealized case the vee tail provides a reduction in control
force or balance, the choice of a tail for any given airplane
can be made only after a thorough analysis of the require-
ments of each application.

DESIGN METHODS FOR VEE TAILS
DESIGN FORMULAS -
The following formulas for the vee-tail stability and con-
trol parameters were derived by modifying equations (5) to

(8) for the isolated vee tail to apply to a vee tail installed
on an sirplane:

(0.,),=—9-'<1—g5‘)£;' C:, 'S‘ = 00g? T (24)
(Cog) = (1+ OL,N -’g- ot gint T
‘q“’(l"'aa FKOL,N-S'fsim r 25)
Coy,= —9— = GL,N oo T (26)
G, =—9- 5— ’%—sm T
=-—‘Lrb-Ko,-,,N3'—:sin r . @7)

When equations (24) and (25) are combined, the expression
for finding the dihedrel required for the vee tail is

o= (1=52) @,
K (1+33) (Cm0,

Equations (24) and (25) may be rearranged to give the
following expressions for the area required for the vee tail:

tan? I'= :(28)
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S, (Gﬂ-)z
and
Sm (O'ﬂ 1 (30)

Se @b oo\ .
-g— EKOI‘"N (1 +b_ﬁ) gin? I

Equetions (26) and (27) may be rearranged to give the
following expressions for the confrol-effectivencss factor =

-required for the vee tail:

= - 31
9151‘ e %’;‘—‘cosl‘ @1
and .
C
=,
= 32
g—%‘—KO;,‘Ng-'i‘-sinI‘ ¢

DESIGN PROCEDURE

The steps in designing & vee tail to produce desired values
of the stability and control parameters may be outlined as
follows:

(1) Decide on required values of (Ca,), (Cy) € i, and
0"" The vee tail probably should be designed to producc
higher values of 0',., and C,, than the conventional tails in

order that the elerudder deflections can be kept-in the linear
range of control effectivencss against dofiection. This point
is discussed more fully in the section entitled “General
Remarks.”

(2) Determine values of K from figure 2 of the present
paper and values of G';, from figure 3 of reference 7.

(3) Estimate values of dof0f and O¢/dax for an aver-
age vee-tail arrangement. Assume I'=35°, A4,=4.5, and
%=0.25. References 7 to 9 will be helpful in deaigning for
the power-off and windmilling conditions.

(4) Determine I" from equation (28).

(6) Determine S, from equation (29) or (30).

. (6) Determine r from equations (31) and (32).

(7) Substitute the larger of the values of r oblained from
step (8) in equations (26) and (27) to determine final values
of Ony, 8nd Cy, . One of these two values probubly will be

larger t.han necessary since the two values of + determined

from equations (81) and (32) will usually not be identical.
(8) Use the value of r from step (7) with figure 1(a) of

reference 5 to determine the required value of ¢./cees.

TEST DATA

PRESENTATION OF DATA

In order to provide a check of the preceding development
of a simplified theory for vee tails, force tests of two isolated
tail surfaces (tail surfaces A and B of fig. 4) with various
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amounts of dihedral were made in the Langley free-flight
tunnel. A test was also made of tail surface B with one tail
panel removed to simulate an isolated vertical tail or the
condition approached by & vee tail with a dihedral angle
of 90°. These date are presented in figures 5 to 9.

Some of the date obtained in force tests of a complete
airplane model (figs. 10 and 11) in the Langley 7- by 10-foot
tunnel and in force and ﬁlght. tests of 2 complete model of a
fighter airplane (fig. 12} in the Langley free-ﬂlght tunnel are
presented in figures 13 to 20.

The results of the tests are presented in standard NACA
coefficients of forces and moments. The data are referred to
a system of axes in which the Z-axis is in the plane of sym-

—L37"
15.68"
I
i
] (4, L;J-l
! 165"
&35 )
|
T
Ml
| 34./10°
= ———1 T
~oi surfoce A
n'saecr ratio — A58
Taper ratio— a.39
drea. sq It .48
Confrol-surface a-ea behind hinge lne, sq fi——043
Airtoil sectiorr—— —NACA 0012
dhearal angles, deg————— —0. 19.5, 388, 5.5, 594
L 67"
275"

- | NE]

1
3.&L' L6 0 |
55 |-

725"
T
[} m ﬁl
— 3@_
—— o
~od surface B
Aspect ratio— 370
Tooer raotio - a56
Area, sq Ft - 1.78
Contfrol-surfaoce area bebind hinge fine, sg FI——050
~i~fof section NACA
Zhedral angles. deg ——————-0 300, 398, 50.3

F1etRE 4+ —Isolated tall surfaces A and B used In force teats In Langley free-
flight tunnel to check vee-tall theory.
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metry and perpendicular to the relative wind, the X-axis is
in the plane of symmetry and perpendicular to the Z-axis,
and the Y-axis is perpendiculaer to the plane of symmetry.
(See fig. 1.)

TEST CONDITIONS

The force tests of the two isolated tail surfaces A and B
were made in the Langley free-flight tunnel at 2 dynamic
pressure of 4.08 pounds per square foot, which corresponds
to an airspeed of about 40 miles per hour. The test Reynolds
numbers were ebout 199,000 for tail surface A based on the
tail mean geometric chord of 6.23 inches and 256,000 for
tail surface B based on the tail meen geometric chord of
8.01 inches. The effective Reynolds numbers, based on a
turbulence factor of 1.6 for the Lengley free-flight tunnel,
were about 319,000 for tail surface A and 410,000 for tail
surface B.
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The complete-model tests in the Langley 7- by 10-foot
tunnel were made at a dynamic pressure of 16.37 pounds
per square foot, which corresponds to an airspeed of about
80 miles per hour. The test Reynolds number was about
733,000 based on the wing mean geometric chord of 12.04
inches. Because of the turbulence factor of 1.6 for the tun-
nel, the effective Reynolds number was about 1,173,000.

The force tests of the fighter-girplane model were made in
the Langley free-flight tunnel at a dynamic pressure of 1.9
pounds per square foot, which corresponds to an airspeed of
about 27 miles per hour. The test Reynolds number was
about 166,000 based on the wing mean geometric chord of
7.76 inches. The effective Reynolds number, based on the
turbulence factor of about 1.6 for the tunnel, was about
265,000.

All coefficients for the data obtained in the complete-
medel tests are based on the area, span, and mean chord of
the model wing. All coefficients for the isolated-tail data
are based on the area, span, and mean chord of the complete
tail surface. The coefficients for the single panel of tail
surface B are also based on the area, span, end chord of the
complete teil surface in order that the data may be considered
to apply to e vee tail with a dihedral angle of 90°.
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CORRECTIONS

None of the data have been corrected for the tares caused
by the model support strut. Jet-boundary corrections have
been applied to the angles of attack, the drag coefficients,
and the tail-on pitching-moment coefficients from tests in
the Langley 7- by 10-foot tunnel. These corrections were
computed as follows:

Aa=57.3 (3,40.017¢) 5 C; (deg)
AODE=6- % 0:,’
. & . \SoCx 5
where
o jet-boundary correction factor at wing (0.119)
ir total jet-boundary correction at tail
(0.201—0.00083a)
—— Y !
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Frovee 7.—Variation of Ift and Isteral-foree parameter ratios with vee-fafl dthedral angle for
tsolated tall surfaces A and B.
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S model wing area (8.025 ft)
e model mean geometric chord (1.003 ft)
C tunnel cross-sectional area (69.59 sq ft)
?gg change in pitching-moment coefficient per degree
¢ change in stabilizer setting as determined in
present tests .
a4 ratio of effective dynamic pressure over hori-

zontal tail to free-stream dynamic pressure
(assumed to equal 1.0 for this model)

All corrections were added to the test data. No correc-
tions have been applied to the force-test data obtained in the
Langley free-flight tunnel, because the tunnel cross-sectional
area C is large in comparison with the wing area of the
models S and the corrections are negligible.

TESTS OF ISOLATED VEE TAILS

Results of tests of isolated vee tails are shown in figures
5 and 6, in which lift and lateral-force parameters are plotted
against dihedral angle for tail surfaces A and B. The results
are generalized es variations of lift and lateral-force parame-
ter ratios with dihedral angle as shown in figure 7. The data
in figures 5 to 7 indicate that the simplified theory developed
in preceding sections of the present paper is adequate. The
principal discrepancies between the thearetical and experi-
mental results occur for the lateral-force-curve slopes at
dihedral angles greater than 40°. Such a result is to be
expected since, as the dihedral angle approaches 90°, the
two panels gradually approach the condition of one panel of
one-half the area and aspect ratio. This condition is illus-
trated in figures 6 and 7 by the test point at T'=90° for one
panel of tail surface B.

The data presented in figures 8 and 9 show that the angles
at which the lift and lateral-force curves for the vee tail
depart from linearity are considerably larger than the angles
at which the curves for the normal teil depart from linearity.
This result is to be expected, because for vee tails the section
angle of attack (or angle of sideslip) is smaller than the angle
measured in (or normal to) the plane of symmetry by the
cosine (or sine) of the dihedral angle.

The experimental deta of figures 8 and 9 give results sim-
ilar to those obtained in the analysis, which indicated that
a vee-tail surface producing stability parameters equal to
those produced by a conventional tail assembly would have
an area equal to the area of the conventional tail assembly.
This result can be illustrated by the slopes of the curves as
follows:

Blope | Cenventlonal 407 vee tall
ce, I coa 0.040 (from fig. 8)
C‘r‘ —0 —018 (from fig. 0)

where all coefficients ere based on the area of two tail panels.
These values of (%, and Cy, for the conventional tails ere
about 1.5 times as large as the values for the vee tail, but
the conventional tail assembly also has 1.5 times as much
area as the vee tail because it is made up of three panels
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identical with the two panels of the vee tail. It therefore
follows that, if this vee teil is scaled up so that its area is
equal to the total area of the conventional teil assembly, the
stability parameters produced by the vee tail will be ep-
proximately equal to those produced by the horizontal and
vertical tails

The experimental data of figures 8 and 9 indicate that
since C'y,=0.048 (based on area of verticel tail} and KC:.,N=

0.67X0.061=0.041, the effective aspect ratio of the vertical
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FIGURE 8.— Varfation of [t coefficlent with angle of altack for fachted horizontal tall snd 0°
vee tall. Tell surface B; 4 =3.70; Am0.55.

tail was greater than the effective aspect ratio of the vee tail
in sideslip, even though the vertical tail was tested in the
isolated condition and did not have the beneficial end-
plate effect of the horizontal teil. This result is attributed
to the fact that the geometric aspect ratio of the vertical tail

was relatively higher than usual (one-half that of the vee . _

tail) and to the fact that the effective aspect ratio of the
vertical tail was higher than its geometric aspect ratio,
possibly because of an end-plate effect of the streamline
fairing. In practicel cases, the vertical tail and vee tsil
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probably will have approximately the same effective aspect
ratio because the vertical tail will usually have an aspect
retio less than one-half that of the vee tail elthough it will
benefit from the end-plate effect of the horizontal tail.

For the isolated tail, no reduction in total arez appears
to result from the use of a vee tail unless a higher effective
aspect ratio is used for the vee-tail surfaces than for the
conventional tail surfaces. For the two complete models
tested to date, the vee-tail surfaces have had much higher
geometric aspect ratios and probably higher effective aspect
ratios. For the fighter-airplane model tested in the Langley
free-flight tunnel, for example, the values of geometrie
aspect ratio were 5.1, 3.9, and 1.1 for the vee, horizontal,
and vertical tail surfaces, respectively. A higher aspect
ratio appears to be the principal factor contributing to the
reduction in total tail erea found possible for a ves tail and
is of course not an inherent characteristic of a vee tail.
Part of the reduction, however, might heve been caused by
the higher location of the vee tail, which places it in a region
of less downwash particularly for high power conditions, or
by the shape of the vee teil, which places it away from the
weake of the cockpit canopy.

TESTS OF COMPLETE MODELS

Data from tests of complete models in the Langley
7- by 10-foot tunnel and in the Langley free-flight tunnel
are presented in figures 13 to 20.

Tegts in Langley 7- by 10-foot tunnel.—A three-view
drawing of the complete model and details of the tail sur-
faces tested in the Langley 7- by 10-foot tunnel are shown
in figures 10 and 11. In these tests the only unususl result
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FIGURE 10.—Complete model with vee tall tested In Langley 7- by 1000t tunnel.
Wing ares, 8.025 square feet.

to be noted is that the longitudinal stability contributed by
the vee tail, which from equation (24) should have been
equal to that contributed by the conventional tail, was
about 10 percent greater (figs. 13 to 16). The increased
effectiveness was probably caused by improved tail-fuselage
junctures. Similarly, the vee tail was about 10 percent
more effective in yaw than a theoretical comperison of the
two tails indicated.

The effects of rudder deflection on the model with the
vee tail and with the conventional tail at high and low
angles of attack (@=0.1° and 8.7°) are presented in figure 15.
Some asymmetry of the pitching moments due to the
vee tail in yaw was noted when the elerudders were deflected
differentiaily as rudders. The asymmetry, particularly at
=8.7° (fig. 15 (b)), occurs because in the positive angle-of-
attack range the slope of the curve of lift coefficient against
angle of attack is greater when a plain flap is at a large
negative deflection than when the same flap is at a positive
deflection. Thus, since the effective angle of attack of the
vee tail varies with yaw and since the tail was already at
a positive angle of attack, the left-hand half of the teil,
which hed a negative deflection, was operating in a range
in which the slope of the lift curve was higher than that for
the right-hand half, which had a positive deflection. The
change in pitching moment with rudder deflection &t zero
yaw was & result of simple nonlinearity in the curve of lift
against deflection.
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The data of figure 15 also show that the ratio of adverse
rolling moments to favorable yawing moments produced by
rudder deflection is greater for the vee tail than for the
conventional vertical tail.

Additional problems involved in simultaneous operation of
the controls are the change in elevator stick force when &
Jarge rudder deflection carries one surface out of the linear
range, and vice versa, and the possible chenge in trim about
one axis when large tab deflections are required for trim
about the other axis. Tho magnitude of all these effects will
of course depend on individual airplane characteristics such
as the amount of ¢ontrol or trim required, the length of the
linear range of control-surface and tab characteristics, and
the relative magnitude of a given change in hinge-moment
coefficient when translated into stick or pedal force. :
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The curves for results of {eata of the vee tail in general are
more regular and are smoother than the curves for results of
tests of the conventional tail, particularly at «=0.1°. For
a=0.1°, the conventional fin stalls rather abruptly at
angles of yaw of +15° and then regains effectivencss whercas
the yawing-moment curves for the vee tail form a relatively
straight line for values of ¥ up to +40°. This character-
istic results probably because the section angle of attack of
the vee tail is & function of the sine of the anglo of yaw and
thus the vee tail would be expected to stall at greater angles
of yaw than the conventional fail. The inherent tendeney
of the vee tail toward later stalling is also illusirated in
figures 8 and 9. )
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36° vee tail and the conventional {ail tested on Ltho

model are also given in figure 12. The model was

tested with vee-tail dihedral angles varying from

32.4° to 45°.

The results of force lests to delermine {he

3
®
g
4‘5

longitudinal stability characteristics of (he model

» with the conventional Lail and the 36° vee (ail
are shown in figure 17. The data in figure 17

exhibit no unuauel characteristics, and the flight-

test data presented in figure 18 provide another

quantitative indication that the static longitudi-

nel stability cheracteristics were essentially equal

il

with the vee and conventional tails. The vee-

a0/

tail arrangement showed less change of trim with
power and flap defleetion, probably because of its

higher location. During the flights of the model,

o

the pilot could detect no differencés in (he dy-
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LIt coefficient, C;

-L0 =8 -8 =4

F1eUnk 16, —Efloct of 8 vee tall and a conventional tail on the vuriation of lateral-stabiiity
parameters with Hit coefficlent for en afrplane model tested In the Langley 7- by 10-foot
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Fiounx 17—Lift, drag, and pliching-moment characiéristios’ of fighter-ahrplane model
tested In the Langley free-flight tummel., Flaps retracled; To=0; 5,=r0°.

The plot of the lateral-stability and directional-stability
derivatives in figure 16 indicates that neither the vee teil nor
the conventional tail appreciably affects the variation of
these slopes with lift coefficient. One interesting point is
that the vee tail contributed about 1X%° more effective
dihedral than the conventional tail although the values of
0., and Cy, were approximately equal for the two tails.

Tests in Langleyfree-flight tunnel.—A three-view drawing
of the complete fighter-airplane model tested in the Langley
free-flight tunnel is shown in figure 12. Dimensions of the

.8

L namic stability and handling characteristics with

the two teils.

A summary of the stability and control charac-
teristics meusured in force tesis of the various
_ vee-tail arrangements is presenled in figure 19.
The scatter of the data in figure 19 is caused partly by
the slight variations in area, aspect ratio, and percen{age of
movable area for the different vee tails as well as in dihe-
dral angle. These results indicate fairly zood agreement
between experimental and theoretical results except for the
values of (Cu), at dihedral angles greater than 36°. Sim-
ilar results were noted previously for the isolated-tail tests,
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FieuRe 18.—Elevator deflections required to trim Jiy-scals fighter-alrplane modol st wwrionn
alrspeeds with conventional and 36° vee tafls, Tests made in Langley free-flghit tunnel.
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The fighter-airplane model wes elso tested in the Langley
free-flight tunnel on a test stand on which it was free to yaw
but was restrained in roll and pitech. An indication of the
rudder-force-reversel characteristics of the model with con-
ventional and 43° vee tails was obtained with this setup
from the trim angles of yaw produced by different fixed
rudder deflections. The results of these tests are presented
in figure 20. The tests showed that with the vee tail the
model would trim only at fairly small angles of yaw even
with full rudder deflection. With the conventional tail,
however, the model yawed to lerge angles with left rudder
deflections greater than 13°—an indication that rudder-force
reversal or rudder lock probably exists for the airplane with
the conventional tail. From these data, therefore, rudder
lock appears to be less likely to occur with a vee tail than
with a conventional vertical tail. The previously noted
facts that the vee tail stells at e higher angle of sideslip and
may require a control surface of smaller chord ratio than
the conventional vertical tail also indicate less tendency
toward rudder lock with the vee tail.
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FIGURE 20.—~Trin angles of yaw cbtalned with wvarigus rudder-pedal positions for the com-
plete fighteratrplane model tested In the Langley [ree-flight tunnel with convenfional and
vee tafls. Btlekneut:m.l; 5r=(®; a=§®; g=1.04 pounds per square foot: T,=0.52.

GENERAL REMARKS
STABILITY AND CONTROL CHARACTERISTICS

The foregoing analysis of vee-tail theory and test data has
indicated that a vee tail can have the following charac-
teristics relative to those of a conventional tail producing the
seme values of stability and control parameters:

.(1) Approximately equel area unless the conventionel
vertical tail is in & bad canopy wake, unless the usually
higher Iocation of the vee tail places it in a region of greatly
reduced downwash, or unless the vee teil has a higher
effective aspect ratio than the conventional horizontal and
vertical tails. .

(2) Possible inadequacy of controls and interaction of
control forces when simulteneous full deflection of both
controls is required. This difficulty is likely to be en-
countered if the vee tail is designed to give values of 0.,‘

and C.,r equal to those provided by a conventional tail
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assembly. It is apparent that, if maximum rudder and
elevator deflections of 25° or 30° are used with the con-
ventional tails, elerudder deflections of at least 50° or 60°
would be required with the vee tail. At such large deflec-
tions, the elerudder would be operating in the nonlinear
range of control effectiveness egainst deflection and might
possibly be in the range where the control effectiveness per
unit deflection either remained constant or decreased with
increasing deflection. One method of avoiding this con-
dition is to use a large balanced elerudder surface that
produces larger values of Cu, and C",.,r than the conventional-
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tail control surfaces and therefore. produces the required
pitching or yawing moments with smaller deflections—not
over a total of 30° or 40°—with simultaneous full deflection
of both rudder and elevator controls.

(8) Possible interaction between longitudinal and direc-
tional trimming when tabs are at fairly large deflections.

(4) Less tendency toward rudder lock.

(6) Possible reduction in control forces or in amount of
balance required.

(6) More dihedral effect due to tail.

(7) Larger adverse rolling moments with rudder control.

(8) Less change in trim with application of flaps or power
because of the usually higher location of the vee tail.

Additional points not previously considered are that the
higher location of the vee tail may decrease the ground
effect on the elevator control required for take-off and land-
ing and should also meke it simpler to keep the tail out of
the spray for take-off and landing in flying boats.

DRAG CHARACTERISTICS

The aate from tests in the Langley 7- by 10-foot tunnel
shown in figure 13 indicate a decrease of 0.0015.in drag
coefficient from usc of the vee tail: tests of the same model
in the Langley two-dimensional low-turbulence pressure
tunnel indicated approximately the same drag reduction.
For the model tested, a large part of the reduction was
probably caused by a decreased fuselage-tail interference
with the vee-tail installation. A ves tail, however, has only
two fuselage junctures instead of three and somse reduetion
in drag thus is usually obtained.

COMPRESSIBILITY EFFECTB

For high-speed flight because the vee tail can be installed
with a better fuselage-tail juncture, the effects of compres-
sibility on tail drag should be reduced. This advantage,
however, tends to be canceled by the fact that, for vee tails,
the individual surfaces will probably be operating at higher
lift coefficients for trim and will almost certainly be canceled
if the tail is so installed on top of the fuselage that a sharp
vee is formed at the juncture. The location of the vee-tail
arrangement should place the surfaces farther from the wake
of the wing and canopy and thereby should tend to reduce
the possibilities of tail buffeting or roughness at high speed.

SPIN-RECOVERY CHARACTERISTICS.

Teats in the Langley 20-foot free-spinning tunnel of a model
of the same fighter airplane that was tested in the Langley
free-flight tunnel indicated that the vee-teil arrangement had
slightly better spin characteristics than the conyentional tail
assembly. The improved spin characteristics might have
occurred because, with the vee tail, there was no horizontal
surface to blanket the verticel tail. The data presented in
reference 2, although inconclusive, indicated approximately
the same spin characteristics for the two types of tail.

At present no general conclusions can be drawn concerning
the relative merits of the vee tail and conventiopel teils for
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spin recovery. Although available test dale indicate that
the vee tail may have beiter spin-recovery characlerislics
than the conventional tail, it is possible that if simultancous
full deflection of both rudder and eclevator is required for
spin recovery the vee tail might have less desirable spin-
recovery characteristics than the conventional tail assembly,

STRUCTURAL CONSIDERATIONS

Manufacture and maintenance should be simpler for the
vee tail than for conventional surfaces, since no vertical tail
surface must be manufactured, stored, or repaired. The
mechanism required to operate the conirol surfaces botl us
elevators and as rudders, however, is somewhat complicated
and naturally tends to offset this advantage.

The vee tail, because of its configuration, musi carry loads
that do not contribute to the stability and control. This
factor will result in higher tail and fuselage loads in both
pitching and yawing mancuvers, and increased structural
weight will be required.to carry the greater loads.

CONCLUBIONS

The following conclusions were drawn from the resulis of
the analysis of available data on vec-tail surfaces, from an
extension of previously presented vee-tail theory, and [rom
general comparisons of various characteristics of vee-{ail
and conventionel tail surfaces:

1. The use of a vee tail will probably provide no reduction
in area unless the conventional vertical tail is in a bad canopy
wake, unless the usually higher location of the vee tuil places
it in a region of greatly reduced downwash, or unless the vee
tail has a higher effective aspect ratio than the conventional
horizontal and vertical tails.

2. A possible reduction in control forces (or in the amount
of control balance required) was indicated by thoe use of a
vee tail, provided that large deflections of the control surface
do not. cause a large decrcase in the effectivencss and increase
in hinge-moment coefficient per degree deflection of the
control surface. _If large-chord control surfaces must be used
in order to keep the control deflections mmall, the control
forces (or the amount of control balance required) on the vee
tail are likely to be cqual to or greater than those for the
conventional tail assembly. _

3. The following advantages can be obtained with a vee
tail designed to provide the same values of stability and con-
trol parameters as a conventional tail assembly:

(a) Less drag because vee teil has fewer fusclage-tail
junctures

(b) Less tendency toward rudcer lock

(c) Higher location of tail surfaces, which tends to reduce
elevator deflection required for take-off and landing, to keep
the tail out of spray in flying-boat take-off, and to reduce
possibilities of tail buffeting from the wing and canopy
wakes in high-speed flight

(d) Fewer tail surfaces to manufacture

4. The following disadvantages tend to counteract {lec
advantages of the vee tail: o o
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{a) Possible interaction of elevator and rudder contro
forces :

(b) Possible interaction of elevator and rudder trimming
when tabs are at fairly large deflections

(c) More complicated operating mechanism

(d) Greater loads on tail and fuselage, which would tend
to require increased weight

5. The simplified theory of the vee tail is valid for dihedral
angles up to about 40°. For dihedral angles greater than
40°, measured directional stability and control parameters
were less than indicated by theory.

8. The relative merits of the vee tail and conventional
tails for spin recovery have not been established, but it
appears that the vee tail should be at least as good as the
conventional tail assembly in this respect, except possibly
in cases in which simultaneous full deflection of both rudder
and elevator is required for recovery from the spin.

LLANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,
LaxcrLey Fiewp, Va., Norember 14, 1944,
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