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V — SYMHRTRICALLY TAPERED WING WITH A CIRGULAR

FUSELAGE EAVING A HOBRIZONT.:.. AND A VERTICAL TAIL

By Arthur RE. Wallace and Thomes R. Turner
SUMMARY

Tests were made in the LMAL 7~ by 10—~foot tunnel to
determine tke effect of a horizontal tall on the lateral-
8stabllity characteristices of a high—wing, a midwing, and
a low—wing monoplane, The model combinatlions comsisted
of a circular fuselage, an NACA 23012 tapered wing, and
an NACA 0009 bhorizontal tatl surface. Xach wing-fuselage
combination was tested w%th a partial—span eplit flap
neutral and deflected 60  and with and without a single
vertical tall. Tests were also nade of the fuselage with
and without the tall surfaces.

The offect of the horizontal tall is 3hown in the
presentation of the results in the form of increments of
the rate of change in the coefficients of rolling moment,
yYawing moment, and lateral force with yaw caused dy wing-
fuselage interference. The coefficlents at high angles
of yaw for all model configurations are presented. The
data are compared with data from similar model combina—
tions without the horisontal tall.

The addlition of the horizontal %all wus found to
refluce tho variation of the wing—fusolage interferencs and
the change in the offoct of wing-fuselago interference on
the vortlcal taill with vortical position of the wing on
tho fuselaga. Tks pruosonco of the horizontal taill increasod
the effectlive mespect ratio of the vertical %ail by 20 %o 6C
percent, depending on the angle of attack. For angles of
yaw larger than about 15° the horiszontal taill slightly re—
duced the effectiveness of the vertical tail.




" INTRODUOT ION

Conosiderable data are avallable for the evaluation

of the effect of aerodynamic interference between wing,
fuselage, and vertical tall on lateral—stabillity charac—
terietics (references 1, 2, and 3). These data indicate
that the vertical—tall effectiveness is greater with the
wing in a low position on the fuselage than with the wing
in g high position. Air—flow surveys in the reglon of
. the vertical tail showed that the change -in tall effective—

ness wlith wlng position resulted from a side flow the
meagnitude and direction of which were functione of wing
poeition (reference 4). Because the data of referencee 1
to 4 were obtained for models without a horilzontal tall,
the question arises as to whether =a horizontal tail will
modlfy these results., The Lorizontal tail has been known
to increase the effectiveness of the vertical talil by mct—
inz as =2n.end plate., A theoretlical analysis of this end-
plate effect was made in reference 5.

Tho present report continues the -lnvestigation of
latoral—stabvility characteristics by adding a fourth part,
the horizontal tail, to the previouns model consisting of
a wing, fuselage, and vertical tall. The purpose of the
present report is to determine to what extent the hori-
gontal tall influences the effect of wing—fuselage inter—
ference on the vertical tall and to determine experimen—
tally tho end~plate effect of the horlzontal tail on the
vertical taill, :

MODEL AXD APPARATUS

Tne tests were made in the LMAL 7— by 10-foot tunﬁel
with the regular mix—component balance. The tunnel and the
balance ere described 1in references 6 and 7.

Tho model (fig. 1) was identiocal with the circular
fuselage snd symmetrically tapered wing model of refer--
ence 1 excopt for the addition of the horizontal tall sur—
face. For the midwlng combination the chord lins of the
wing was placed on the center line of the fuselage. For
the high— and the low—wlng combinatlons the surface of the
wing was made tangent to the surface of the fuselage. The
wing was set at 0" incidence with respect to the fuselage
center line for all cases.



-~ -‘The. 331 symmetrically tapered.wing used in the tegts
was previously used in the investigatlion reported in ref—
erence 1., It has an NACA 23012 sectlon and the maximum
upper—surface ordinastes are in one plane, w%th the result
that the chord plane has a dihedral of 1.456°, The wing
tips are formed of guadrants of approximately similar
ellipses., The sweepback of the locus of gquarter—chord
points 18 4.76°, the aree is 4.1 square feet, and the as—
pect ratio is 6.1.

The fuselage 18 circular in cross sectlon and was
made to ordinates given in reference 1. Both tall sur—
faces are of NACA 0009 section and have areas which ar-
bitrarlly include a portion through the fuselage, as

shown in figure 1. The horizontal—tall area is 97.8 square

inches and the span is 20 inches, which gives a geometrilc
aspect ratio of 4.1. The incidence of the horizontal tall
was 0° with respect to the fuselage center line for all
cases, The vertical—tall area 1s 653.7 square inches and
the span measured to the center line of the fuselage 18
10.87 inches, which givesa geometric aspect ratio of 2.2.

The split flaps, of 20 percent chord and 60 percent
8pan, vere made of 1/16—~inch steel, For the high—ying
and the midwing combinations, the flaps were cut to allow
for the fuselage and the gaps between the fuselage and

the flaps were sealed. The flaps were attached at s 60°
deflectlion,

TESTS

The test procedure was similar to that descridbed in
references 1, 2, and 3. Tests were made of the fuselage
alone, of the fuselage with horizontal tail, of the fuse—
lage with vertical tall, and of the fusselage with both
tall surfaces. Similar tall varlations were tested with
wing—fuselage combinatlons representing high-wing, mid—
wing, and low-wing monoplanes. All wing-fuselage combi-
nations were tested with and without flaps. The comblna—_
tions were tested at angles of attack from -10° to 20°
with the model yawed —5°, 0°, and 5°, A yaw range of
~16° t0 50° wag.investigated for most wing—fuselage combi~
nations at an angle of attack 2° less than the angle of
attack for maximum 1ift at 0° yaw.



A dynamic pressure of 16,37 pounds per square fooet,
which corresponds to a velocity of about 80 miles per
hour, was maintained in all tests. The Reynolds number
based on a mean wing chord of 9.84 inches was about
609,000, Based on a turbulence factor of 1.6 for the
LMAL 7~ by 10-foot tunnel, the effective Reynolds number

was about 97%75,000.

RESULTS

The data are given 1in standard nondimensional coef-
ficlent form with respect to the center—of—gravity loca—
tlon shown in figure 1. The resulits are referred to a
system of axes in which the X axis is the intersection of
the plane of gsymmotry of tho model with a plane poerpen—
dicular to the plane of symmetry and parallel to the rela—
tive wind direction, the Y axis is perpendicular to the
rlane of symmetry, and the 2 axis is in the plane of sym—
metry and perpendicular %o the X axis.

The coefficients for the fuselage alone and for the
fuselage wlth tail surfaces are based on the wing dimen—
slons, The coefflcients are defined as follows:

C1, 1ift coefficient (1ift/qB)

Cp drag coefficlent (D/q5)

Cm pitching-moment coefficient (H/qcS)
Oy lateral—force coefficient (Y/qS)

OYW slope of curve of lateral—force coefficient against
vaw (3Cy/dV)

Cy rolling-moment coefficient (L/qbS)

slope of curve of rolling—moment coefficient agalnst

v yaw (3Cy/ov)
Cn yawing-moment coefficlent (X /qbS)

an slope of curve of yawing—moment coefficlent against



X

'~ change in partial derivatives caused by wlng-

fugelege interference. (Designates incraments
of Oy , an, or GYW)
change in vertical—tall effectlveness caused by

wing-fuselage interferencs (Designates incre-—
nents of ch'-an' or ch)

rolling moment

dreg

lateral force
pltching moment
vyaewling moment
dynamic rressure (1/2 pPY23)
turnel-—alr velocity
alr demsity

wing area
Tertical—taill aren
wlng span

average wing chord

effective aspect ratio of vertical tail

anglo of ettack corrected to free stream, degrees
uncorrected angle.of attack, dezrees

angle of yaw, degrees

angle of flagp deflection, degrees



The subseript f refers to the vertical tall, except
when used with 8.

Lift, drag, and pitching-moment coefflclents for the

various wing—-fuselage arrangements are presented in fig—
ure 2. The values of "a, Cp, and Cp shown in this

figure wore corrected to free air, but in all subsequent
figures no corrections were made,

The correctlione were computed as follows:

Aw = 57.3 &y % c;, (aeg.)

ACH = By % g2 ‘

~ q_/qO it
where
By jet—boundary correction for wing (0.117)

8m total Jet—boundary correctioan at tail (0.179)

B wing area (4.1 sq ft)

c tunnel cross—secilonal area (69.59 Bq ft) -

1. ratio of dynamlc pressure at tall to free—streanm

%o dynamic pressure; assumed to be unity

oC

—a change in pitchins—moment coefficlent per degree

01y - change in stabilizer setting as determined in
tests

All corrections were additive. .

The lateral—stability derivatives for component
parts of the model appear 1n figure 3, which shows the
end—plate effect of the horizontal tail on the vertical
tail.
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. ..Another method illustrating the effect of the hori-
gontal tall on the vertical tail is to %reat the in—-
creased effectliveness of the vertical tall as an increase
in effective aspect ratio, as was done in referemce 6.
Thie method can be used by employing a relatlion between
aspect ratlo and slope of the 1ift curve. A formula for
giving this relation that gives one of the best agreements
with experimental velues is glven in reference 8.

Vhen solved for the aspect ratlo A, thils equation gives
an effective aspect ratioc which will be termed Ag

_A_e=_2'_L... (1)
ag — Ea

where

a, slope of 1ift curve for infinite aspect ratlo
(0.1 por degree is a representative experi-
nental value for an BACA 0009 airfoil)

a slope of 1ift curve for vertical tail (a =

S c ner dogree, where the srbdiltrary
S¢ Wg

selection of :Sp, 1s shown in fig. 1)

E ratio of semiperimeter to span of arn elliptic
plate of aspect ratio A

The value of ngf was obtained directly from the

force measurenents and also 1lndirectly from the yawing—
noment measurements by use of the equatlon

... 1
Ovye = Ompg T, (2)

where




c = Oy, (model with vertical tail) — Oy, (model with—
Tve Ty out vertical tall) W

ny, = .. (model with vertical tail) - qu,(model with—
g N out vertical tail)

b model wilng spen

le model %ail length arbitrarlly chosen to be measured
from nodel center of gravlity to aerodynamic
conter of vertical tail (fig, 1) along X axis

In tLese computations the dynamic pressure at the
tall w=8 assuned to te equal to free—stream dynamlic pres—
sure. The velues of Ag obtalned by the foregoing
method are given in filgure 4. The increase in effective
aspect ratlo of the vertical tall caused by adding the
horizontal tall 1s shown in flgure & as a ratio oif ef~
fective mspect ratlo with and without the horilgzontal tall.
The theorsetical value of the ratio, computed by methods
presented 1ln reference 5, 1s aleso shown in figure 5 for
comparison.

Inasuuch ue the results gilven in flgure 5 are pre—
sented as ratlose, they are believed to be valid for any
reasonable methods for obtalning tall area, slope of the
tall 1ift curve, tall length, and dynamic pressure at
the tail.

The incroements of partial derivatives with respect
to thne angle of yaw of rollling—moment, yawing-moment, and
lateral—force coefficients A; dwue to wing—fuselage in-
terferonce end 45 due to wing—-fuselage interference on
the vertical tall aro shown 1in flgures 6 to 11,

The incremeont 4; 1is the difference betweoen the
slope (GRU' th, and CYW) for the wing—fuselage combima-—
tion with the horizontal tall and the sum of the slopes
for the wing ani for the fuselage with horizontal tail,
each tested separately. Thus A, 1is the change in le,

0, . , and Oy caused by wirg-fuselage interference for
the modsl wi*hout the vertical tail,

~ The increment A; 1is the difference betweemr the
slope produced by thses vertical taill with the wing and the



~ -~ glope produced by the vertiocal tall without the wing.
The inocrement A, is, therefore, the change in effeco—

tiveness of the vertiocal tall caused by the addition of
the wing to the fuselage. The slope for the complete
model may be obtained by a summation of the slopes for
tho compongnt parts and the increments caused dy inter-
ference. 1If, for example, tho value of C for the

complete model is desired, the following equation may bde
useds .

Cp, = an (wing) + an (fusolage and both taill surfaces)

J

Values of G;w and sz for the complete model may be

obtained in a simllar manner.

The valuass of G;w, an' and Cy“, used to compute
A, and A; were obtalned from tests atb —5° and 6° yaw

by assumlng a straight—line varlation between those
points., Thia assumption haos been shown 1ln reference 9 to
be vzlld except sometimes at high angles of attack. .
Talled symbolse on the curves of figures 6 to 11 indicate
values of slopes measured from curves of figures 12 to 15.
The arrows in flgures 6 and 10 indicate the direction of
divorgence after the stall.

The laternl—stabllity characteristics of the compo—
nent parts of the model at high angles of yaw are gilven
in figure 12,and the characteristics of the three wing-
fuselage combinations with various $all arrangements at
high angles of yaw are shown in figures 13 to 15.

DISCUSSION

General Comments

The 11ft, the drag, and the pitching-moment coeffi-
clents of the several model combinations are shown in
figure 2. As is to bPe expected, the high—wing combina—
tions have more statlc stability in pitch than the low-wing
comblnations. Inasmuch as the teats were made without
wing fillets, the data for the low-wing combinations show
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the effect of the burble a% the wing—fuselage Juncture
(reference 2). The:pitching—moment—coefgicient curve
for the midwing combination when 6 = 0 has 2 hump

between —2° and 6° angle of attack. Comparison with
figure 6 of reference 1 shows that the hump probably 1
a wing—-fuselage effect and not the effect of the wing
wake on the horizontel tall.

Lateral Stability at Small Angles of Yaw

'.Component.gérts.— The wing—alone data giver in

figure 3 were taken from figure 3 of reference 3, which
glves also a brief discussion of the wing aerodynanmic
cheracteristics.

The addition of the horisontal tall to fuselage alone
has very little effect on lateral—stabllity characteris—
tics, but the addition of this surface to the fuselage
with vertical tail has a pronounced effect (fig. 3). The
effectiveness of the vertical taill is increased by the
end—plate effect of the horilzontal tail. This increased
effectiveness is shown in the CZW , an,.and GYW curves

"(fig. 3). The increase 'in effective aspect ratio of tae

.. vertical tell resulting from the presence of the horigon-—

tal tail, computed from équation (1), 1s shown in figure 4.
Figure 5 shows the ratio of effective aspect ratios with
and without horizontal tall for comparison with theoreti-
cal valuo talken from reference 6. A considerable varia—
tioa ¢f end-plate offect with angle ¢ attack ie shown.
Ingsnucih as the results include the interfurence betwseen
the fuselage and the vertical tall ae well as the end—
platc effect, it is not certaln whether it 13 the end-—
plate effect or the fuselage—tall interference that varies
with angle of attack. Although the proesence of the fuso—~
lage ropresents the practical case, few sairplanes have a
crosn—aeactlionnl erea as large et che tall sa thet repre—
sented by thils ncdels ‘hence, for these resulits on exaggoera—
tion of fusaslage-btall iIntoerference is to ba exzpoucted,
whatever efifect the interference may have, ir cpplication
to design thas angle of attack as given in figures 4 and 5
should be considered tall angle of attack rather than
angle of attack of the airplane.

Yew dats were -taken for all fusslage—tall results
because poor correlations resulted when an abteupt was
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K made-to compare the fuselage~tall data of references 1,

2, and 3 with the asdditional data.taken for this report.
Not only were comparable fuselage data taken under the

.same conditlons, but also an improved procedure for tests

and an improved method of measuring the yaw angle were
used. This fact amaccounts for the dlfferences exlating
between some’'of the fuselage data in the present report
and data 1ln previqus reporte of this series.

8 int e . ith horizo
nlace.— .The values of Alc;‘ » 4,0p, » and A;Gyw were
changed only small amounts %} the addition of the héri-
zontal tall to the wing—fuselage combilnations, as shown
by 2 comparison of figures 6, 7, and 8 with figures 4, b5,

and 6 of reference 3. In general, however, the interfer-—
ence was fdecreased.

The wing—fuselage interference with horizontal tatl
in place contributes about 2° effective dlhedral for the
high wing, 3/4 for the midwing, and —14° for the low
wing (in fig. 6, =& of 0.0002 being considered equiv—
alent to an effective ihedral of 1°, reference 9), with
flaps retracted. With flaps deflected 60°% the effective
dihedral 18 increased 1/2° to 2°

The values of Aacnw are, in general, negative;

therelfore tlhe horilzontel tall increased the weathercock
stabillity (fig. 7). With flaps deflected 60° tke values
of Alonw are also negative and, for the low wing, the

tendency toward weathercock stability is conslderably
lncreased.

The values of Alcgw with flaps retracted are posi-

tive for the wing in the high and low poslitions but nega—
tive for t he wing in tho midposiilon (fig. 8). The wing
acts as a modified end plate when in the high or low
positions and thus lncreases the slde force profuced by
the fuselegz When flaps are deflected 60°, the value

of Alcyw 15 nearly zero except for the 1ow—w1ng combl~

nation, for which it 1s more positive than when flaps are
retracted.
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rather small and erratic (fig. 9). The values stay within
about 1° effective dihedral for the unstalled range of
angle of attack. This result is in good agreement with
A361w without horizontal tail (reference 3).

The increment A C is negative (increases weath—

ercock stability) for the low wing, but becomes less nega-—
tive (less weathercock stability) a8 the wing 1is moved up
to the middle position and becomes positive (decreases
weathercock stability) for some of the high—wing conditions
(fig. 10). Thils same trend for AzCny, 18 true for the

horlzontsl—tall—off conditlon, but it should be noted that
the difference between numerical values due to vertical
location of the wing i1s only about one—~half as' great when
the horigzontal taill is in place.

Tho reduction of the difference in the interference
between high— and low—wlng models 1is agairn apparent in
450y, wien the horizontal tall 1s present (fig. 11).

The early breal in the low-wing curves of A1°1¢ .
8,0, and Alny, for 8g = 0° at about 10° angle of

attack 18 caused by a burble developing at the wing—
fuselage Juncture as explalined in previous reports of this
series.

Iateral Stabllity at Large Angles of Yaw

Fuselage and tall combinations.~ Although rather

erratic, the Cj; curves (fig. 12) are consistent in that
those combinatlions which have weathercock stabllity have
more effective dihedral at low angles of attack; whereas
those combinations which do not have weathercock stability
have more effective dlhedrsl et high angles of attack.
Although the horizontal tall lmproves the effectiveness

of the vertical tail at small engles of yaw, a more sudden
break occurs in the curves at angles of yaw greater than
10°%; therefore, at large angles of yaw the vertical tail
is less offective wvhen the horlzontal tall is present, as
shown by the Cpn &and Oy curves.

Lonploele model.— The addltion of the horizontal tail
to the complete model has only small effects on (O} com—
pared with the effect of a change in the vertiocal position
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of the wing or tho asddition of tho vortical taill (fig,
13), The offect of those model changes'dn Cj has pro-—
viously beoen discussod in roference 3. .

Tho curves for O, with the wing present (fig. 14)
show again that the end—plate effect of horizontal tail
on the vertical tail 1s detrimental to the restoring moment
in yew for angles of yaw greater than abous 25°, The ad—
ditlon of the winge to the furvlage gavo a subetantial
increasce in trks reatoring mom:..%5 1in yvaw at large angles of
vyaw and incraessed the westhercock stabllity et emall an—

. gles of yaw (figs. 12 and 14).

A nronounced break in the Cn end Oy curves of the
fuselage withh the horizontal tall that occurred at a hizgh
angle of atback (fig. 12) between 26° gnd 30° yaw vanishes
when thoe wing 1ls added. The brealk may have been csasused by
the unstalling of the horigontal tall as its resulvant
angle of attack is reduced by yaw — that ls, the angle of
attack measured in a plene parallel to the plane of sym—
metry orf the unyawed model. When the wing 1s present, the
downwash vrovably prevents the tall from stalling for any
portlion of the yaw range,

Curves for Cy (fig. 15) show larger values at large
ansles of yaw when the horizontai tail is obsentj this
fact 1z 1in sgreoment with what has been shown by curvoes
for C, with tho wing and curves - on 0, cad Oy =—ithout

the wing;,

COI'CLUSIONS

The results of tests of a model consisting of a cir-
culer fuselage, tall surfaces, and a wing in high, middle,
and lov positions indicate that:

l. The offective aspect ratio of the vertical taill as
determined from lateral force on the vertical tall was in— .
croased from 30 to 60 percent by the addition of the hori-
gontal tall, depending on the angle of attack,

2, For angles of yaw greater than adout 15°, the pree—
ence of the horizontal tell d ecreased the restoring moment
ln yaw conitriduted by the vertical tail,

3, Thoe vertical—tall effectiveneas ilncressed as the
wing was moved from the high to the low position; the low—
wing comdbination therofore had the most weathercock stabil—
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ity. The addition of the horizontal tall reduced the
change in vertical—tail effectiveness with wing position
about 50 porcent, with the result that the hlgh— and low—
wing models possessed more nearly the same weathercock
stability.

Langley nomorial Aeronautical lLaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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