REPORT No. 705

WIND-TUNNEL INVESTIGATION OF EFFECT OF INTERFERENCE ON
LATERAL-STABILITY CHARACTERISTICS OF FOUR NACA 23012
WINGS, AN ELLIPTICAL AND A CIRCULAR FUSELAGE
AND VERTICAL FINS

By Rurus O. Houss and ARTEHUER R. WALLACE

SUMMARY

A wind-tunnel investigation of the effect of wing-
fuselage interference on lateral-stability characteristics
was made in the NACA 7- by 10-foot wind tunnel. Four
NACA 23012 wings were tesied in combinakion wiih fwo
fuselages and two fins, representing high-wing, low-wing,
and midwing monoplanes. The fuselages are of circular
and elliptical cross section. The wings have rounded
tips and, in plan form, one i8 reclangular and the other
three are tapered 8:1 with various amounts of sweep.

The rate of change in the coefficients of rolling moment,
yawing moment, and lateral force with angle of yew is
gizen in a form to show the increment caused by wing-
fuselage interference for the model with no fin and the
éffect of wing-fuselage inierference on fin effectiveness.
Results for the fuselage-fin combination and the wing
tested alone are also given.”

The results showed that wing poesition had a pronounced
effect on lateral-stability characteristics. Wing-fuselage
inierference increased the effective dihedral in the order
of 8° for the high-wing monoplane; a corresponding
decrease in effective dihedral was obtained for the low-wing
combination. With flape meutral the marimum infer-
ference effect was sufficient fo balance as much as 60
percent of the unstable yawing moment of the fuselage.
For some cases with the flaps deflected the inferference
effect was of sufficient magnitude to balance the entire
unstable yawing moment of the fuselage. Large changes
in fin effectiveness were caused by wing-fuselage inter-
ference, the fin effectiveness being decreased about 40
percent for the high-wing monoplane and increased about
80 percent for the low-wing monoplane. Flap deflection
increased the fin effectivencss as mauch as 50 percent.

INTRODUCTION

Mathematical equations defining the lateral-stability
characteristics of airplanes have been available for
many years. Charts based on these equations offer a
means of rapidly estimating the characteristies of a par-
ticular airplane (reference 1). In order to use either
the equations or the charts, however, a knowledge of
certain basic physicel quantities, called stability derive-
tives, is required. These derivatives are dependent
upon s large number of variables and, as a result,
progress in their isolation has been slow. Some of the
variables affecting the stability derivatives are wing,

fuselage, and fin forms and the aerodynamic interference
between these parts.

The stability derivatives are functions of certain
aerodynamic factors and of the amount and the dis-
tribution of the mass of the airplane. The aerodynamic
factors can be divided into three general classifications:
those depending on yaw or sideslip, those depending on
yawing velocity, and those depending on rolling velocity.

The aerodynamic factors that depend on yaw have
been the subject of an extensive investigation by the
NACA. The effect on lateral-stability characteristics
of various changes in wing variables, such as plan form,
taper, sweep, and dihedral is considered in references
2 and 3. A theoretical prediction of some of the lateral-
stability characteristics for wings is given in reference
4, and some of the effects of wing-fuselage interference
are given in reference 5.

The present investigation is a continuation of the
study of the effects of wing-fuselage interference. The
wings described in reference 3, the fuselage of circular
cross section described in reference 5, and a fuselage
of elliptical cross section were used. The combinations
tested represented high-wing, low-wing, and midwing
monoplanes. Some results from references 3 and 5 are
included for comparison.

APPARATUS AND MODELS

The tests were made in the NACA 7- by 10-foot wind
tunnel with the regular six-component balance. The
tunnel and the balance are described in references 6
and 7.

Plan views and elevations of the four wings are shown
in figure 1. The tip plan form of the rectangular wing
is composed of two quadrants of similar ellipses; for
the other three wings, which are tapered 3:1, the ordi-
nates of the ellipses have been expanded in proportion
to the taper of the individual leading or trailing edges.
The NACA 23012 profile is maintained to the ends of
the wings and, in elevation, the maximum upper-surface
ordinates are in one plane. The uarea of the rectangular
wing is 3.917 square feet and the aspect ratio is 6.383;
for the tapered wings, the area is 4.101 square feet and
the aspect ratio is 6.097. The sweep angles of the
tapered wings are —4.75°% 4.75° and 14.00°. The
wings were set at 0° incidence to the fuselage center
line in all positions.
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FIGURE 1.—Plan views and elevations of the NACA 23012 wings.

The two fuselages used are shown in figures 2 and 3
and the dimensions are given i table I. The maxi-
mum cross-sectional area of the two fuselages is the
same. The circular fuselage, which was used for the
tests reported in reference 5, was made from dimensions
obtained from reference 8.

The fins were made to the NACA 0009 section and,
in plan form, are representative of fins now -in use.
The area of the fin of the circular fuselage is 53.7 and
that of the elliptical fuselage is 56.2 square inches.
These areas are given to the center of the fuselage.
The aspect ratios of the fins of the circular and of the
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FIGURE 2.—Drawing of NAC A 23012 wing in comblination with circulur fuselage and
fin of NACA 0000 section.
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FIGURE 3.—Drawing of NACA 23012 wing In combination with elliptieal fusclage
and fin of NACA 0009 section.

distance from the assumed position of the center of
gravity of the model to the trailing edge of the fin is
0.455 times the wing span.

The split flaps were made of ¥¢-inch steel plates and,
for the flap-deflected condition, were attached to the
wing at an angle of 60°, The flaps have a chord 20
percent of the wing chord, are tapered with the wing
chord, and extend over the inboard 60 percent of the
span. For the midwing and the high-wing positions,
the center section of the flap was cut away to allow for
the fuselage. The gap between the flap and the fuselage

elliptical fuselages are 2.20 and 2.26, respectively. The

wasg sealed for all tests.
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(d) Rectangular wing; A, 0°; elliptical faselage, -

{c) Tapered wing: A. 14.00%; cirenlar fuselsge.

FIGURE 4,—Continued.
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- (o) mapeced wing; A, 14.00%; circuler fuselags.

(b) Tapered wing; A, 4.75%; circular fnselage.

Fraorx 5,—Continued.
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(e) Tapered wing; A, 4.75°; elliptical fuselags,

(d) Raectangular wing; A, 0°; elliptical fuselage,

Fiaure 5—Caoneluded.
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(b) Rectangular wing; A, 0°, elliptical fnselage.

{8) Tapersd wing; A, 4.75%, cironlas foselage,’

F1aurk 6.—Lift, drag, and pitohing-moment coefficients of complete model a3 a midwing monoplane
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TESTS

The tapered wings were tested with the
circular fuselage, the rectangular wing
baving been previously tested in combinsa-
tion with this fuselage (reference 5§). The
rectangular wing in combinstion with the
circular fuselage had been tested with 0°
and 5° dihedral ; for all other combinations,
the wings were tested with 0° dihedral.
The rectangular wing with no sweepback
and the tapered wing with 4.75° sweepback
were tested with the elliptical fuselage.
Each fuselage was tested alone and in
combination with the wings as a high-
wing, a low-wing, and 2 midwing mono-
plane. For each combination, tests were
made with and without the fin and with
the flaps deflected 0° and 60°.

Tests were made with the model yawed
—5%, 0°, and 5° through an angle-of-attack
range from —10° to 20°. In addition,
tests were made at angles of attack 1° and
4° below the stall through a yaw range of
—10° to 15° to obtain additional informa-
tion in the range of angles of attack shown
to be critical in reference 5. All tests
were made at a dynamic pressure of 16.37»
pounds per square foot, which corresponds
to an air speed of about 80 miles per hour
under standard conditions. The test
Reynolds number was about 609,000
based on a wing chord of 10 inches.

RESULTS

The data, with primes to indicate wind
axes, are given in standard nondimensional
coefficient form. The coefficients for the
fuselages are based on the dimensions of
the tapered wings.

Cy, lift coefficient (L/gS)

Cp drag coefficient (D/gS)
Cy’ lateral-force coefficient (¥*/¢S)

39

Cy’, partial derivative of Oy’ with respect to y'

C¢ rolling-moment coefficient (L’/¢Sh)

Oy, partial derivative of €y’ with respect to ¢’

C,, pitching-moment coefficient (A£/¢Se)

C.’ yawing-moment coefficient (N*/¢.Sb)
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Fiater 6.—Concluded. i
¢ dynamic pressure (1/2 pV'?%)
¥ tunnel air velocity
o air density
S wing area
b wing span
¢ average wing chord
¢’ angle of yaw, degrees
and

C,, partial derivative of C,” with respect to ¥’

where
L lift
D drag
Y lateral force
L’ rolling moment
MM pitching moment
N’ yawing moment

a angle of attack
A angle of sweep, degrees

T dihedral angle between plane of maximum upper-

surface ordinates and the X-Y plane
&y flap deflection

A; change in partial derivatives caused by wing-

fuselage interference

A, change in tail effectiveness caused by wing-

fuselage interference



40

REPORT NO. 705—NATIONAL ADVISORY COMMITTEE FOR AHRONATUTICS

.03 - I | I
. Wing /ocla'hon
3 o, Zeg H/gh M/d Low
t .02 T L
AEEE N
3 . —for oty
3 AT 17 -1 b L — T
N . 1
E = - / ]
§ AT | L1
g =3 S o oyt ik -=
e e R %Wﬁ.ﬁ‘ —
—&F
.$ 4 _,/XE’ By . / 1
Oc:’-_gf* T = x—Sﬁ/
, (a) ' o . (b) ' .
-0 -5 g 5 10 /5 -0 -5 o 5 9 15
Angle of yaw, ¢, deg
(a} Without fin, (b) With fin.
FIGURE 7.—Varlation of rolling-moment coeffiofent with yaw, Xlliptice! foselage and rectangular NAOA 23012 wing; T, 0°.
.02 Wing location
. o,deg Hrgh Mid Low
J ] 9 af -
5 : - AR
I - o -
¥ 0/ .\\ 4—to—+ 3—x
3 [¥N 2 D I IR
3 | damcfemteodm o TSR '
8 L 1L L | e R -
w 0 = N B2 % — v . :
5 = ~o-F oL %
- ——t= | - I=
E ” - & a0
£ T TR S
&-0/ : Sl e
N A
3 S R
9 ) S
-02 a S
(a) . . () , !
1 1 - 1
=10 -5 [} 5 i, 15-10 -5 ] 5 {5} 5
Angle of yow, ¢', deg
(s)Without fin. . (b) With fin.
FIaURE 8.—Varlation of yawing-moment coefielent with yaw. Eliptical fuselage and rectangular NACA 23012 wing; T, 0°.
12
Wm% /ogaAz:’/%nL
. o ,de id Low
S o8 ' /9, 7 ’i : ) 7%
- " - = ~"1 -- oz
5 ' _ /_/} : /2 - o |- //1,/
3 SMPSZ r4—tot 1% W 7
S Py AL i
o ) Vid
04 T
8 L | 4222
v Pr.Za 42_& s o
Y A o d BT
v é;,fg?%?%
Q ] |
Ay =1 ’ .
X A#‘B‘tﬁ/ .
] L~ /’ . /D
i 04 . d ,'/
8- _ VP _
N7 ' i
(a) (b)
=08, L ; 4 - L
o -5 o- 5. 10 7510 -5 0 5 o 15
Angle of yaw, v, deg
(a) Without fin, (b) With fin,

FicuRE 9.—Varlation of lateral-force coeficient with yaw. ELjptical fusclage and rectangalar NACA 23012 wing; I, 0°.



INVESTIGATION OF EFEFECT OF INTERFERENCE ON LATERAL-STABILITY CHARACTERISTICS 41

The forces and the moments have been given with
respect to the wind-tunnel system of axes that intersect
in the model at the center-of-gravity location shown in
figures 2 and 3.

Coefficients of lift, drag, end pitching moment are
given In figures 4 to 6 for the high-wing, the low-wing,
and the midwing combinations, respectively. The
values of @ and Cp given in these figures were corrected
to free air. The rolling-moment, the yawing-moment,
and the lateral-force coefficients were corrected for
initial asymmetry by deducting the values obtained
without yaw from the values obtained with yaw;
figures 7 to 9 are sample plots. The values of « given

It should be noted that the pitching-moment coeffi-
clent was not zero for most of the tests. For such
tests a correction to C/, should be made by means of

the following equation:
C,=CY cos ¢+§0,, sin
for small angles of ¥
Ci=C/+5Cn ¥
By differentiation
C,,=C/,+0.0029C

As an aid in the analysis of the results, it was thought
desirable to isolate as far as possible the effects of wing-
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FIGURE 10.—Varlation of Cx’f, C'.’i, and C‘y" with angle of attack. Circular and elliptical fuselage with and without fin.

in these and subsequent figures were not corrected;
the data are therefore comparable with those of refer-
ences 3 and 5.

The subseript ¢ is used to denote the partial deriva-
tives of the coefficlents with respect to yaw angles.
Thus CY,, Ci',, and ', are used instead of the more
cumbersome .expressions oC/foY’, dC./[W’, and
o0CY foY’'. The values of these derivatives were
obtained from data measured at values of yaw of —5°
and 5° (« variable) by assuming that the coefficients
had a straight-line variation for the yaw range of —5°
to 5°. 'This method of obtaining slopes has been shown
to be within the practical limits of accuracy except for
angles of attack near the stall (reference 5). The slopes
of C/,, G/, and Cy’, are given in figure 10 for the
fuselages; in figures 11 to 13 data for the wings are
reproduced from reference 3.

fuselage interference. The data were therefore reduced
toincrementsof ¢/ ,C,’,, and Oy, caused by interference.
The increments are subsequently called A, and A, and are
written A, O " 00 ¢ etc. The value of A, is the differ-
ence between the values for the wing-fuselage combina-
tion without the fin and the sum of the values for the
wing and the fuselage tested separately. Thus A, is the
change in CY,, C/,, and Cy’; caused by wing-fuselage
interference for the model without the tail. (See figs.
14 to 16.) The change in tail effectiveness caused by
wing-fuselage interference is given by A,. As an
example, A,C,’, is the change caused by wing-fuselage
interference in C,’, produced by the fin. The quantities
8,07, and A,Cy’, are analagous to A,C',. (See figs.
17 to 19.)

In order to express the change in fin effectiveness
caused by fuselage-fin interference, a third increment,
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4,, is necessary. The value of C,’, for the complete
model is then given by the following equation:
On’¢,= Ou’.‘, (Wi-ng) + Cn,‘p (fuselage)
+On’\g (fin) -+ A+ A4 A,
It was impossible to evaluate A; because no tests
were made of the fin alone. If the value for the com-

plete model is desired, the following equation may be
used instead of the equation just given:

Gy ,=0C.', (wing)+0,’, (fuselage and fin)
+ A4
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Values of €/, and Cy’, for the complete model may be
obtained in a similar manner.

DISCUSSION

The application of theory to the problem of the in-
fluence of wing-fuselage interference on lateral-
stability characteristics is difficult because of the com-
plex flow involved. Several components of the flow
and their probable effects will, however, be considered
in a qualitative manner.
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Change in span load distribution is believed to be an
important factor in wing-fuselage interference. Both
the unsymmetrical flow resulting when the fuselage is
vawed and the flow over and under the fuselage con-
tribute to a change in the load distribution along the
span of the wing.

A region of increased pressure exists on the side of
the fuselage toward the wind and a region of decreased
pressure exists on the down-wind side. The flow about
the wing will be modified depending on the position of
the wing on the fuselage. With the wing in the high
position, there will be an addition of lift on the side
toward the wind and a corresponding reduction in lift
on the down-wind side. Thus & rolling moment should

result that tends to raise the leading wing tip. It is
easily seen that, with the wing in the low position, the
change in loading would be such as to produce a rolling
moment in the direction opposite to that obtained with
the wing in the high position. ith the wing in the
midposition, this effect should be a minimum.

An additional change in span loading is brought about
by local changes in wing angle of attack caused by the
flow over and under the yawed fuselage. With the
wing in the high position, the angle of attack of a
portion of the wing near the fuselage is increased on the
side toward the wind and is decreased on the down-
wind side. An opposite change in angle of attack
prevails with the wing in the low pesition; with the wing
in the midposition, the change should be small.

Thus, when the model is yawed, the two interference
factors considered should give an increment of rolling
moment tending to raise the leading wing tip of 2 high-
wing monoplane and to lower the leading wing tip of &
low-wing monoplane. Longitudinal position of the
wing on the fuselage should be an important factor in
the change in span loading just discussed because of the
fuselage load distribution.

The presence of the wing exerts an appreciable
influence on the flow about the fuselage. VWith either
the high-wing or the low-wing monoplene in yaw the
wing acts as & modified end plate, which should cause
an increase in lateral force. The presence of the wing
should also change the fuselege load distribution. Thus
the longitudinal position of the wing on the fuselage
should affect both the magnitude and the center of
pressure of the lateral force and, conmsequently, the
magnitude of the unstable yawing moment of the fuse-
lage. The vortex field is apparently affected by inter-
ference, which results in an induced lateral flow at the
tail. YWhen the fuselage alone is yawed, vortices are
shed at the top and the bottom of the fuselage some-
what like the tip vortices of 2 wing, the strength of
these vortices increasing with increase in lateral force.
If a wing is placed on the fuselage in the high or the
low position, the lateral force should be increased
because of the end-plate effect and the vortices should
increase in strength. With the wing in the low position,
however, the vortices shed from the bottom of the
fuselage are so affected by the wing that the induced
lateral flow near the bottom of the fuselage is greatly
reduced. Similarly, with the wing in the high position,
the induced lateral flow is decreased at the top of the
fuselage. These characteristics have been noted in
visual observations of the flow by means of tufts. .
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A diagrammatic sketch showing a probable distribu-
tion of the vortex field caused by interference is given
in figure 20 for the low-wing monoplane.

From the foregoing discussion, it is seen that the
induced lateral velocity acts to increase the effective
angle of attack of the fin of a low-wing monoplane and
to reduce the angle of attack of the fin of a high-wing
monoplane.
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COMPONENT PARTS

Fin and fuselage.—The values of C ¢ Oy, and Gy’ “
for the fusclages with the fins are given in figure 10.
The results for the circular fuselage were obtained from

reference 5 and are included here for comparison with
the data for the elliptical fuselage. The value of Oy’ "
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was computed for & wing of the same aspect ratio as
the fin from the data given in figure 4 of reference 9.
The increase in Cy’, produced by the fin is about 10

percent greater than this computed velue. The change
in CY, with angle of attack is of the order expected

from the change in Cy’, produced by the fin and the
vertical-tail position; the change in C,’ , broduced by
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the fin is in the order of 80 percent of that expected
from the change in O¢’, and the tail length.

The relationships of €7, C.',, and Cy’, previously
given apply also for the elliptical fuselage and the fin
except that the value of C,', produced by the fin is
about equal to that ecomputed from the increase in
Cy’, produced by the fin and the tail length.

Angle of attack is an important factor in determin-
ing the stability characteristics of the elliptical fuse-
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lage. At 0° angle of attack, the values of Cy’, and
C.', for the elliptical fuselage are nearly twice as large
as those for the circular fuselage. At this angle of
sttack, Cy', is & minimum and C,'; is & maximum. A
change in angle of attack in either direction from 0° is
accompanied by a marked increase in €y, and by an
appreciable reduction in unstable yawing moment,

indicating & movement of the center of pressure toward
the rear.
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- wings.

The increment of Cy’, produced by the fin is very
nearly the same for both fuselages at 0° angle of attack.
An increase in angle of attack causes a decrease in the
effectiveriess of ‘the” fin of the elliptical fuselage. A
study-of the air flow by means of tufts indicated that
this effett is probably the result of a partial blanketing
of the fin by the fuselage. This effect becomes more
pronounced ‘as the angle of attack is increased. These
results show that fuselage shape may be an important
factor in determining the effectiveness of the fin.
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Fi6TRE 18.—Eflect of wing-fuselage interference on C.'* dus to fin. NACA 23012
wings.

Wings.—The results for the wings alone are taken
from reference 3 and the general conclusions given
therein will be briefly reviewed. (See figs. 11 to 13.)
An increase in dihedral causes an increase in (Y, of

about 0.0002 per degree, has little effect on C,’ # and
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wings.
causes & decrease in Cy’,. Increasing the sweepback
increases the effect of Oy on CY,. It should be noted
that, for the tapered wing with the leading edge straight
(A=—4.75°), Oy, decreases with an increase in C;
while, for the other wings, 0/, increases with increase
in €y. The most important effect of deflecting the
flaps is algebraically to decrease C,, and C¢’,; decreas-

ing O, increases the stable yawing moment of the
wings.
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WING AND FUSELAGE

Increment of €}y caused by wing-fuselage inter-
ference.—Values of A,C/ " equivalent to an increase in
dihedral from 2° to 6° were obtained with the wing in
the high position; with the wing in the low position, the
effective dihedral was decreased from 2° to 5°. The
change in effective dihedral with the wing in the mid-
position was 1° or less. (See fig. 14.) These results
are in agreement with the theory previously given.

The reversal of the curves of A,C/ v for the low-wing
monoplane is of interest. The values of AIO,", are

negative for the range of low angles of attack but, as the
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angle of attack is increased, the curves change slope
sharply and become positive. This characteristic ean
be explained by the interference burble mentioned in
reference 8. The interference burble is evidenced by a
premature stalling of the portion of the wing near the
fuselage. When the model is yawed, the interference
burble appears first on the down-wind side of the fuse-
lage because of the large pressure gradient. As the
stall spreads, the value of A,C/,, which originally was
negative, becomes smaller and then changes sign. The
angle of attack at which the interference burble occurs
is the angle at which the change in slope of the curve of
4,0/, becomes apparent.

The date given in figures 4 to 6 were compared with
the data of reference 3 for wings alone (figs. 11 to 13)
to. find the angle at which the interference burble oc-
curred. These angles checked in every case with the

1 angles found in figure 14. The angle at which the inter-

ference burble occurs is probably dependent on the
scale of the tests.

Reference 8 shows that the interference burble caused
by a poor wing-fuselage juncture on a low-wing mono-
plane may be eliminated by filleting. It may therefore
be inferred that the irregularities in the lateral-stability
characteristics induced by the interference burble may
be delayed by the use of suitable fillets; no fillets were
used on the present models.

Of the other variables, fuselage shape for a given
cross-sectional area appeared to have an appreciable
effect on the value of A,C/,, much larger values being
obtained with the elliptical than with the circular fuse-
lage (fig. 14). Inasmuch as the yawed elliptical fuse-
lage develops more lateral force than the yawed circu-
lar fuselage, the larger values of A;C/, obtained with
the elliptical fuselage are consistent with the theory of
the change in span loading.

The effects of wing taper and of longitudinal posi-
tion of the wing on the fuselage are interdependent
because. each of the wings was tested at a different
longitudinal position in order to locate the mean
aerodynamic center of the wing at the assumed center
of gravity of the model for all combinations. In general,
the absolute values of A0/, increased as the sweep

was increased. This change is believed to be largely

Frourx 20.—Vortex field caused by Interferencs for the low-wing monoplane.
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caused by the change in longitudinal position of the
wing rather than by the change in sweep since the
wings were moved forward on the fuselage as the
sweep was increased. Further tests are planmed to
determine the separate effects of sweep and longitu-
dinal position. Larger values of 4,0/, were ob-
tained with the rectangular wing than with the tapered
wing. The rectangular wing was higher on the fuselage
than the tapered wings, which might account for part
of the increase in A,CY,.

Dihedral appesrs, in general, to increase the value
of AC/, except for the low-wing monoplane with
flaps neutral (fig. 14 (a)).

Increment of Cy’, caused by wing-fuselege interfer-
ence.—The values of A0y y are positive for both the
high-wing and the low-wing monoplanes; for the mid-
wing combination, the values are small. (See fig. 15.)
When the high-wing or the low-wing monoplane is
yawed, the wing acts as a partial end plate, which
tends to increase the lateral force on the fuselage.
Larger values of 4,0y’, were obtained with the
elliptical than with the circular fuselage.

The effect of dihedral on ACy’, was largely de-
pendent on wing position (fig. 15 (a)). An increase
in dihedral was accompanied by a corresponding in-
crease in 4,0y’, for the high-wing monoplane; for
the low-wing model, the opposite effect was noticed;
and, for the midwing model, the effect of dihedral was
inconsistent.

Flap deflection acted to increase A,Cy’, with the
wing in both the mid position and the low position;
with the wing in the high position, however, the effect
of flap deflection was irregular. No consistent effect
of sweep, taper, or plan form appesared.

Increments of C,’, caused by wing-fuselage inter-
ference.—The values of A0’ are, in general, stable
and of considerable magnitude (fig. 16). For the ecir-
cular fuselage and the rectangular wing, flaps neutral,
A;(J,.ﬂIﬁ is from two to three times the value of .’ ‘ for
the wing alone and is of sufficient magnitude to balance
from 25 to 60 percent of the unstable yawing moment of
the fuselage. The maximum value of A;(,’, obtained
with the tapered wings and the circular fuselage was
about half that for the rectangular wing. Slightly
larger steble values of A;C,’, were obtained with the
elliptical fuselage except for the rectanguler wing in the
midposition. For some cases with flaps deflected the
values of A,C,’, are large enough to balance the entire
unstable yawing moment of the fuselage.

A comparison of the values of A,C,’, with those of

A10y" given in figure 15 indicates that the value of
4,C,’, is mainly dependent on the change in magnitude
and the change in the center of pressure of thelateral

force. As A,C), is stable and A,CY/, is positive for the
high-wing and the low-wing monoplanes, it is apparent
that the lateral force back of the assumed center of
gravity of the fuselage increases slgebraically and that
the center of pressure of the fuselage moves back when
the wing is added to the fuselage.

The effect of the interference burble is again evident
in the results for the low-wing monoplene with the
tapered wing having astraight leading edge (A=—4.75°).
(See figs. 14 (2) and 16 (a).) With the flaps deflected,
the interference burble causes a large loss in lateral
force on the fuselage and also a large reduction in un-
stable yawing moment because of the separation of
the flow along the down-wind side of the fuselage.
With the flaps neutral, the unstable moment decreases
with no loss in lateral force.

Inasmuch as the addition of the wing to the fuselage
changes the load distribution along the fuselage, the
longitudinal position of the wing on the fuselage appears
to be an important fector in the load distribution.

WING, FUSELAGE, AND FIN

Effect of wing-fuselage interference on tail effective-
ness.—The position of the wing on the fuselage has an
importent bearing on the effectiveness of the vertical
tail surfaces. The values of 4,0y, flaps neutral, are

about 0.002 or less for the low-wing monoplane, 40.001
for the midwing combination, and —0.003 or less for
the high-wing model (fig. 17). Comparing these values
with those for the fuselage and the fin (fig. 10} shows
that changing the position of the wing on the fuselage
may change the lateral force on the fin as much as 4-40
percent.

The changes in A,Cy’, shown by the results are
believed to be largely caused by a change in effective
angle of attack of the fin; such a conclusion is in agree-
ment with the explanation previously given. (See fig.
20.)

The values of A,Cy’, are algebraically increased as

much as 0.002 by flap deflection. Flap deflection
therefore appears to be about as important as the
position of the wing on the fuselage in determining the
magnitude of the wing-fuselage interference on the
vertical fin.

The effect of dihedral is small and acts to decrease
8,0y, elgebraically (fig. 17 (a2)). A possible explana-
tion of this characteristic is a change in the vortex
field and a consequent change in the lateral flow at
the tail. When a wing having dihedral is yawed, an
unsymmetrical span load distribution results. The vor-
tices shed near the center of the wing, because of the
change in slope of the load-distribution curve, rotate
in such a manner as to reduce the effective angle of
attack of the fin as a result of the induced lateral flow.
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The values of A3Cy’, obtained with the elliptical

fuselage (fig. 17 (b)) increase” with increase in angle
of attack, which is not the case with the circular fuse-
lage (fig. 17 (2)). As previously mentioned, the effec-
tiveness of the fin on the elliptical fuselage decreased
with increase in angle of attack because of & partial
blanketing of the fin by the fuselage (fig. 10). Appar-
ently, wing-fuselage interference tends to reduce this
blenketing. '

The variations in A,Cy’, are, for the most part,
reflected in the values of A;C,/y (fig. 18). The inter-
ference acts to increase the stable moment produced
by the fin of the low-wing monoplane and values of
A,C',,", of —0.0013 or less are obtained. For the high-

wing monoplane, the values of A,C,’, are unstable;
the maximum value is about 0.0010. The values of
4;C,', are small for the midwing monoplane with both

the circular and the elliptical fuselage at zero angle of
attack. With the elliptical fuselage (fig. 18(b)), the
values of A,C,’, vary with angle of attack as did the

values of A;Cy’,, the model becoming more stable as

the angle of attack is increased.

Flap deflection is strongly stabilizing, but dihedral
tends to reduce stability in yaw.

Effect of interference on the rolling moment pro-
duced by the fin—The effect of interference on the
rolling moment produced by the fin is small (fig. 19).
Values of A;0Y, obtained were equivalent to a +1°
change in effective dihedral; in general, the effective
dihedral was increased with the wing in the low position
and decreased with the wing in the high pesition.

CONCLUDING REMARKS

It should be remembered that the model was tested
without a horizontal tail and that the horizontal tail
probably exerts an appreciable effect on the efficiency
of the vertical tail.

The results showed that wing position had a pro-
nounced effect on Ilateral-stability characteristics.
Wing-fuselage interference increased the effective di-
hedral in the order of 5° for the high-wing monoplane,
and a corresponding decresse in effective dihedral was
obtained for the low-wing combination. With flaps
neutral the maximum effect of wing-fuselage interfer-
ence was of sufficient magnitude to balance 60 percent
of the unstable yawing moment of the fuselage; with
flaps deflected the magnitude of the interference effect
was sufficient to balance the entire unstable yawing
moment of the fuselage.

The lateral force on the fuselage was increased when
a wing was placed in the high or the low position.

Fin effectiveness was influenced by the change in the
vortex field caused by wing-fuselage interference. The
fin effectiveness of the high-wing monoplane was de-
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creased as much as 40 percent and that of a low-wing
monoplane was increased a maximum of 80 percent.
Flap deflection increased the fin effectivencss as much
88 50 percent. Dihedral, in general, decreased the fin
effectiveness.

LanerLEy MEMORIAL AERONAUTICAL LABORATORY,
NarioNan Apvisory COMMITTEE FOR AERONAUTICS,
LanerEy Frerp, Va., August 8, 1940.
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TABLE I -
DIMENSIONS OF FUSELAGES
[All dimensions in in.]
Circular ElRiptical
Btatlon
Major MIinor
Diameter aﬂg axis

0 0 ¢
312 1.544 2.044 1.168
. .812 2.484 3. 288 1.878
1.3812 3.144 4.158 2,376
2 812 £,088 5 48 3,000
4,312 5,800 7.010 4,006
8.312 6.47¢ 8. 564 4,804
12,812 6.820 €.020 8. 154
16.813 6. 880 9. 100 8. 200
20,312 6.812 9.010 5. 148
24,312 6.538 8.046 4940
28,812 5. 680 7.910 £, 520
32,312 5.032 8. 6858 3.804
34.312 4,340 5.740 3.280
36.312 3.308 4,404 2,568
38.812 2,000 2.646 1.512
30,812 1.006 L. 460 828

812 ¢ 1} ) a




