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COMPARISON OF VER-TYPE AND CONVENTIONAL TAIL
SURFACES IN COMBINATION WITH FUSZLAGE
AND WING IN THE VARIABLE-DEN3SITY TUNREL

By Harry Greenderg
SUMMARY

The pitching and the yawing moments of a vee-tiype
and a oonventional type of tail surfaoe were measured.
The tests were made in the presence of a fuselage and a
wing~fuselages comdbination in such a way as to determine
the moments ocontributed by the tail surfaces., The re-
sults showed that the vee-type tail tested, with a dihe-
dral angle of 35.3%, was about 71 percent as sffective in
pitch as the conventional tail and had a yawing-moment to
pltching-moment ratio of 0.3. The conventional tail, the
Panels of which were all congruent to those of the vee~-
type tail, had a yawing-nmoment to pitching-moment ratilo
of 0.48, These ratios are in fair agreement with values
calculated by methods shown in this and previous reporte,
The values of the measured moments were reduoced from 15
to 26 percent of the calculated value by fuselage inter-
ference.

INTRODUCTION

A vee~type of tall surface consists essentially of
two panels forming an angle less than 180°; that is, it
is & horisontal tail eurface with dihedral. Such a tail
surface might replaoce a "conventional® three-panel sur-
faoe coneisting of a vertical fin and two horizontal sur-
faoes placed end to end. The vee-type tail has been used
(reference 1), but 1ittle quantitative information on its
performance has been pudlished., Important data requirad
for design are the rate of change of pitching moment with
angle of attaok and the rate of change of yawing moment
with angle of sideslip.




NACA. Technioal ¥ote No. 815

In order to obtain results for comparison, a vee-type
and a conventional typs of tail surface were tssted in the
variable-dsnsity wind tunnel to dstermins the ratss of
ohange of moments. Ths tail surfaces were tested with a
fuselags and with a wing-fusslage combination. A dihedral
angle of 35,3% was used; the value was determined by a
very approximate calculation as the angle that would give
a rate of change of yawing moment with angle of sideslip
eqwal to half the rate of ciange of pitehing moment with
angle of attack, This ratio of rates will be called in
this paper the "moment" ratio. The value is ardbitrary and
was sslected because the conventional tail had yawing mo-
ments that were about half the pitching moments.

The slopes of the curves of pitehing moment against
angle of attack for the vee-type tail surface and for the
conventional tail surface were obtained for the fuselege-
tall combination and the wing-fuselage-tail combination.
The slopes of the curves of yawing moment against angle
of sideslip for the two tail surfaces were obtainsd only
for the fuselage-tail combination. The wing and fuselage
interferernce was determianed for both tail surfaces. The
interfersiuce results are an extansion of the wing-fuselage~-
tail interference tests regorted in refererce 2,

A msthod of calculating the charactsristics of a vee-
type tail is presented and a comparison of the calculated
characteristics is made with the measured characteristics
obtained in the tests.

APPARATUS AND MODELS

The tests wsre made in the variadble-dsnsity wind tun-
nel, which is dsscribed in reference 3.

The complste model of tine wing, ths fuselage, and
the vee-type tail is shown in figure 1. Ths wing-fuselage
arrangement ips the sams as combination 306 of reference 2,
that 1s, a high-wing position with tapsred fillets., The
wing has a taper ratio of 2:1, an aspect ratio of 6, an
area of 150 squars inches, and no swsepback. The ssction
varies from NACA 0018 at the root to NACA 0009 at the tip,
The fuselage-tail combinations are shown in figure 2{a)
and figure 2(b). Both types of tail surface are composed
of tail panels of the shape shown in figure 2(ec). Ths two
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‘tall surfaces tested are therefore not equivalent aero-
dynamicallr because the conventional tail surface had 1
times as much wetted area as the vee~type tail and had =
span 1,23 times greater than the vee-type tail.

TESTS

Measurements of 1ift, drag, and pitching moment were
made for each of the combinatione and partiel combinations
through an angle-of-attack range from below the anglewof=
gero 1ift to beyond the stall. Yawing moments were meas-
ured on the pitching-moment balances by rotating the model
through 90° about the longitudinal axis. These meaaure-
ments were made only on the fuselage-tail combdbinations.
All the tests were mads at an "effective” Reynolds number
of approximately 8,000,000.

RESULTS

Drag and moment polars for the complets model with
the vee-tyre tail are shown in figure 3. Comparadle data
from reference 2 for tae same models with no tail surface
and with a conventional horisontal tail surface are also
shown, (The absence of a vertical surface on the complete
model with the conventional tail wes a matter of experi-
mental convenience and is assumed to have a negligible of-
fect on the comparison of the pitching moments of the vee-
type end the conventional tail, The winglees model with
conventional tail surfaces, of course, included the fin,)

The regults for the fuselage-tall combinations are
expressed as moment increments duwe to the tail, taken
about the sane point as for the complete model (¥ on fig.
3(b)). A1)l moment coefficients presented in tlhis report
are based on an area of 150 square inches and a mean
chord of 5 inches. The chord, instead of the span, was
used as the refasrence length for yawing moments in order
to compare yawing and pitciiing moments by simply taking
the ratio of the coefficients, The moment incremente
due to the tail surfaces are shown in figures 4, 5, and
6 and are obtained by deducting the moments of the fuse-
lage alone from the moments of the fueelage-tail combina-
tions., This method eliminates the neceasity of tare
measurementa. )
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A comparison of the pitching moments of the vee-type
with the coanveatlonal tall surface 1in the presence of the
-fuselage 1s shown 1n figure 4. A siwmilar comparison with
the wing rresent 1s shown in figure 5. The data for the
wing present are tlotted against the angle of attack at
the tail, oy = 4 = €, where o 18 the angle of attack

and ¢ 18 the downwash angle. The downwash values for
the same wing-fuselage combination and the same horizontal
tail surface, determined in reference 2, wers ussd here
for €. Thnese values of the downwash were ugsed in odtain-
ing the effective angle of attack for both tall surfaces
0f the wing-fuselage cownbinations. Because the downwash

" wvalues used were obtained from measuremente on the model

with tiie horizontal taill, it might be expected that the
pair of curves showing the pitcaing moment due to the tail
plotted against the effective angle of attack of the tall
would shov better agreement for the couventionel tall sur-
face than for the vee-tyne tall surface. As may be seen
from figure 5, the curvesg *hat show the variation of cm'

with o - ¢ show better agreement for the conventlonal
tail surface.

The comparison of the variation of c“t with angle

&t sideulip' P 'for the two tyres of tail surface 1ies
_shown_1na figure 5.

. The principal maerodynamic cheracteristics of the wing
alones, the wing-~fuselage combination alone, and the two
arrangements with the conventional tail surfaces are given
4n refsrence 2.
DISCUSSION OF RESULTS
Comparison of Fitching Homents of Vee-Type

‘and Convertional Tail

"It is of interest to compare the ratio of the pitech-
ing moment of the vee-type tall with that of the conven-
tidnal tail, messured with and without the wing. The
second column of tadls I gives the slopes of tlie curves
. of pitcning moments of the tall surface plotted against

total 1ift for the complete medel. The third column
€ives the slopes of the curves of pltching momente plotted
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against angle of attack for the modals consisting of fuse-
lage and tail. The ratio of the two numbers in the second
column is 0,73; the corresponding ratio in the third col-
uma is Q.7?1. The agreement is not so good for higher
angles of attack, owing to the different manner in which
these slopee change as the angle of attack is increased.
(8ee fi1g. 5.)

Wake Bffectse

The taill factor, my. 1le defined as the ratio of

the moment increment due to the addition of the tail sur-
faos to a fuselage to the moment that would be produced

by the tall surface in the absaence of the fuselage. The
values of 7 for various tail surfaces presented in the

following table are based on calculeted valuee for the
moment produced by the tail surfeoe alone.

Eind of tall surface ng

Conventional tail 4in pitch Q.79
Vee-typs tail in pitch .86
Conventional teil in yaw .85
Vee-type tall in yaw .74

The pltehing moment of the conventional tail in pitch
can bs easlly cslculated from tha well-known theory of the
#lliptical monoplane wing, which has been well estadlisghed
By experiment. The pitching moment of the vee-type tail
in pitech and sideslip (which depends, of course, on the
1ift and the lateral force developed by a wing of a large
dihedral) 1s calculated in a later part of this report,
The yawing moment of the conventional tail in sideslip was
caloulated by the method of reference 4, The tail faotor
:- of the order of 80 to 90 percent for all thes tail sur-

agcee.

The wing wake, as determined by calculating the wake
position, had no effect on the horisontal tail and a neg~
l1igidle offect on the vee-type tail.
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OALOCULATION OF THEORETICAL LIFT AND LATERAL FORCE
OX A VING WITH DIHEDRAL

‘The folloiins symbols are used in the foportl
OL'" 11ft coefficient normal to each wing bnnol
L' 1ift normal to each wing panel
resultant 1lift coefficient
lateral-force coefficient
angle of attack
effective angle of attack on each wing panel
angle of sidesliyp
dihedral angle
E%E ‘piteching-moment coefficient due io te1il
;5; yawing~moment coefficient dne to tail

0 and V used as subseripts refer to the conven-
tional and the vee-type tail, respectively.

From figure 7, if o 1ie 8mell,
a.fr s 0 cos Y

Llho .
Cg, = Cg! cos v

fiorc!orc

. ' .
‘—-&c - —-v-dc,L.-« da-—!—:-' = -S-L eoo' Y. .
da s da da,re -
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Aseune
40y °* _ a0
(#2) - (3%)

Therefore

(2‘%& -(%%)0 cos® vy
Thea

() (%o

d:: = :: = oos® v

(‘;;1)6 (-;a’*)c

beocatee the tail armes are eQual and the area of the vee~
type tail is equal to the area of the horiszontal surfacee
of the conventional tail.

If a vee-type wing is subjected to sideslip, the eof-
feotive angle of attack ie increased on one panel and de-
oreased by an equal amount on the other panel. If the
angle of attack of the wing am a whole is zero, as in
theee tests, the 1iftes on each panel will be squal and
opposite,as shown in figure 8.

The span loading will be assumed to be egqual to that
of the same wing without dihedral but with a sudden twist
at the center that makes the angles of attack on both
padels egual and opposite. This angle of attack will be
taken to be the effective angle of attack of the wvee~
type wing.which 1s, if § 4s small,

aeff = ﬁ sin Y.

" The load distribution for a wing with unit angle-of-
attaok ohange from root to tip (produced, for example, by
a full-span ailleron of constant chord ratio) is given in
?eference 6 for wings of thres different taper ratioe and
three different aspect ratios. The net 1lift on one panel
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due to equal and opposite angles of attaock on both panels
was found for the case of taper ratio 2:1 and extrapolated
to an aspeot ratio of 4.,5. The results were:

ac ac ac acy ! :
k= X x 280w ZZL | 4n® w = 0.049 sin®
4p  dager 4 dagre Y N

Therefore

ac.*

acy ) ac '
—t . 4 i " &
( i 5 ap )' - dagee sia” vy
mg
da }O —da- (v} -du. (1)

Q .949 .1.‘ v
=
ch dc! 0.071

and

N ( ax ) ac!
d g rng
[ v ( a8 Ky - 02048 tgn' v = 0,69 illa e /

( %u!:)v ( %%E 0,071

In figure 9 is stown the variation of 1ift=force
elope 4Cy/da and of lateral-force slope dCy/dd with

dihedral angle, as calculated by the foregoing formulas,
The ratic of the slopss of the yawing moment~angle of
sideslip curve to the pitching nmoment-angle of pitch
curve is given.on the same figure, Thls moment ratio 1ie
the sawe as the ratlic of dCy/df to ch/da because

both coefficients are based on the same area.
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?he points on figures 9 show that the measured ratic
of yawing to pitching moment is 10 percent lower than the
caloulated value at the one dihedral angle for which test
data are available, The actual values of the slope of
lift=angle of attack and latsral force-angle of sideslip
curves are from 15 to 25 percent less than the calculated
values, the discrepancy being attributed to fusslage
iaterference.

Another way of expressing the comparison is to give
the ratio of all moment-curve slopes to the slope of the
gurve of pitching moment againat angle of attack for the
sonventional tail. These ratios are given in the last
two oolumns of table I. Pair agreement is evident in all
cases. . .

A nethod of ecaloulating the end-plate effect of the
horisontal tall surface on the vertical tail surface 1e
€iven in reference 4. The calculated values of the ratic
of yawing moment to pitching moment of tlhe conventional
tail are in fair agreement with measeured :values as shown
in tadle I.

CONQLUSIONS

The following data apply to a vee=type tail surfaoce
with & 4ihedral angle of 35,3% and to a conventional tail
surface, the panele of which were oongruent to those of
the vee-type tail, -

The ratio .0of yawing moment to pitohing moment of the
vee~type tail surface was 0.3.

The ratio of yawing moment to pitching moment of the
conventional tail surfaoe was 0.48.

The ratio of pitching moment of the vee~type tail to
the pitcning moment of the conventional tail was 0,71,

The simple method presented in this report of calone
lating the yawing-moment to pitching-moment ratio gave a
value 10 percent higher than the measured value.
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The presence of a fuselage reduced the measured
moments from 16 to 25 percent of the values onlculutod
--vithout fuselnge 1ntorferonco. .

langley Memorial Aeronautical Laboratery,
N¥ational Advisory Committes for Aoronlutiol.
Langley Field, Va.

Anon,: The Rudlioki Ves Tail. Aircraft Engineering,
vol, IV, no, 37, March 1932, pp, 63~64.

Sherman, aAlvert: Interference of Tail Surfaces and
Wing and Fuselage from Tests of 17 Combinations in
the N¥,a,C,i4, Variadle-Density Tunnsl. BRep. No, 678,
NaCa, 1939,

Jaocobs, Eastman ¥., and Abbott, Ira H.: The ¥.A.C.a.
Variable-Density Wind Turnel. BRep. No. 416, NACaA,
1932,

Eatsoff, 8., and Nutterperl, William: The End-Plate
Effect of a Horirontal-Tall Surface on a Vertical-
Tail Surface. T.N. Fo. 797, NaCa, 1941,

Pearson, Henry A,, and Jones, Robert T.: Theoretical
Btability and Contrel Characteristice of W¥ings with
Yarious Amounts of Taper and Twist. Rep. No. 635,
Nala, 1938, . . -
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TABLE I

TAIL-MOMBNT SLOPES AND THEIR RATIOS WITH

RESPECT TO CONVENTIONAL TAIL IN FITCH

[Al1 moment coefficlents based on area
of 150 sq in. and cherd of 5 in.]

Kind of Wing fuselege Fueslage and tall Ratio of slope
tail surface and tall (per deg) to dcmt/da of

(dcmt\‘ C’c‘“t) Clc:t) _ conv::::.onal
40y, da d .

= - Meas~ | Calcu~
61=0 =0 B=0 | fed | lated

Conventional
tail in
pltech

Yee-type tail
in pitch <~~~

Conventional
tail in yaw -

Ves-type tail
in yaw

'Bned on data of reference 4.
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c

N

o
C—)L + Pitching-moment axis
__.__-i--" } © Yawing-moment axis

\J

(b) Conventional tail and fuselage.

Aerodynamic oenter

55 percent ohord behind
leading edge

—— 5.51"-
(o) Plan form of tail panel used in tail eurfaces
(NACA 0009 ssotion;panel area,13.5 sq in., in-
cluding 3.04 sq in. in fuselage).

Figure 3.~ Fuselage-tail ocombinations.




rafuresn; punos pue T10JITE 0-G100 YOV Desdey -BesEiins 19 SnOTIvA U31a WEcTiTEIQEoo Suia-giyy Jo 0973eTieismiwg) -°f esmdig
! T ‘ame 0133600 3371
[ [ 1 et 0t . [ » e (-] e y- - -
-,

‘suet0t33000
5
]

joomon-Ru IO 14

V/ow

®
&3

0L wolswuigme)

i —=
- —

[

> 2 smsiezex medg

£1c wotIwuiquop

-
-
-
2
4
<
L ]
|
n
= s0
L ]
&
8
&
p
1
Lo g
2
5.
&
B
-

85¢ UoTieaIqWa]y

——y

—d

BACA Teohniocsl Note No. N1S




("8 ©0USI0JEI WOI7 WY SONTPA USWAUAGQ
“SCIA YROITA TUW [ITA 6FUTESNF JO SDUESSI gfurseny jo sousseid uy eeowIINs YTy
uy se0wzI0e Tyey edii-eea puw od£3=eeAa PUW TWYROTIWSANCO O sjuewom Fugoiid jo uostIedmo)d -y eindyy
TPUCTIURAR0O 30 sjuemom Fuigolid =g exndyg
Sep'3-p = Ip'rTU; W oWy o oTfmy Ssp' D ‘0933w jo eTduy
[ 44 ] L4 [} - 8t | *

| TEE

- .-

Moty

-
.
[}

°
‘1193 Jo 10970137000 yuemom-FuTNOYTY

s odir-eey o |
TTe3 TYUOTAWGAROD ©

-
[
L3
-
"
"
=
o
-
H
-
o
=3
-
L
L
©
[ ]
-

‘-D

Buya 3noqIta -
o JRTA YATA o
o3 T
odiy-e0y TOUCTITSANOD

BACA Technical Hete ¥o. 815




NAGA Teobunical Note So

-1

Conventiomal tmil
Ves=type tail

4

]
- o

.I
L'}

Yaring-soment cosfficiemt of sall, u"

"-‘G -4 (] 4 1a 16 0
Angle of eideslip, p ,deg
Figure 8.~ cc?uhon of yaving momente 0f ocuveamticnal and vee-type tail
eurfaces in presence of fuselage.(Oa, based oa wing obord) .

Valuee messured in presence of fueelage
acy, a0y an
ao ap dp/ aa

+ x )

8%
=
b

o
-
|
i
4
|
[
3
i
-]
2
¥
=
L

i - A | | A 1 i - 0
- ] 50 [ ©
Dibedral angle, 7 ,deg

Pigure 9.~ Variation ef 1ift and lateral-force curve elopee,and momeas
ratie with dibedral of & vee=type tail.
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