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EXPERIMENTAL INVESTIGATION AT ILOW SPEED OF EFFECTS OF
FUSELAGE CROSS SECTION ON STATIC LONGITUDINAT, AND
LATERAT, STABILITY CHARACTERISTICS OF MCDELS
HAVING 0° AND 45° SWEPTBACK SURFACES

By Williem Letko and Jemes L. Williams
SUMMARY

An experimental investigation at low speed was made to determine the
effects of fuselage cross section on the static longitudinal and lateral
stability characteristics of midwing airplane models having O° and 45°
sweptback surfaces. The results indicated that the main effects of fuse-
lage cross section on the longitudinal and directional stability character-
istics of the models at low angles of attack are caused by the direct con-
tributions of the fuselage. At the high angles of attack, in addition to
the direct contributions of the fuselage, wing-fuselage interference
(sidewash) with the tail decreases the tail contributions to the direc-
tional stabillity. The configuration consisting of the wing and deep fuse-
lage produced the most detrimental effect, and the configuration consisting
of the wing and shallow fuselage was the least detrimental in this respect.
For the complete configurations tested, fuselage cross section had little
effect on the range of linearity of the curves of yawing moment against
sideslip angle for the angles of attack and sideslip investigated. In
general, the configuration with the deep fuselage had the poorest direc-
tional characteristics of the models investigated.

INTRODUCT ION

Most of the main components of airplanes have undergone design changes
in order to meet the demands of high-speed flight; not the least of these
is the airplane fuselage. Various jet-engine installations in fuselages
and in wing-fuselage Junctures have resulted in a variety of fuselage cross-
sectional shapes. Although there are numerous data on configurations with
bodies of ecircular cross section such as those presented in references 1,
2, and 3, little data of systematic nature are available for other shapes.
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‘In order to provide data on the effect of fuselage cross section on
airplane static longitudinal and lateral stability characteristics,
several fuselages with interchangeable wing and tail surfaces have been
tested in the Langley stability tunnel. The fuselages tested were of
round, square, and rectangular cross sections. The fuselages of square
and rectangular cross sections had rounded corners. The wings and tails
tested successively on the fuselages had 0° and 45° sweepback. All the
configurations were tested with the wing in the midwing location. Pre-
sented herein are the static longitudinal and lateral stability character-
istics of these configurations. .

SYMBOLS

The data presented are referred to the stability system of axes with
the origin at the projection on the plane of symmetry of the calculated
aerodynamic center of the wing. Positive directions of forces, moments,
and angular displacements are shown in figure 1. The coefficients and
symbols are defined as follows:

Cy, lift coefficient, L/qSy

Cp drag coefficient, D/qSW

Cy lateral-force coefficient, Fy/qu

Cy rolling-moment coefficient, MX/qSWbW
Cm pitching-moment coefficient, MY/quEW
Cn yawing-moment coefficient, MZ/qSwa
L 1ift

D drag

Fy lateral force

My rolling moment

My ‘ pitching moment

Mg yawing moment
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Ct

[¢)]

ZV or ZH

dynamic pressure, %pV2

free-stream velocity

mass density of air

aspect ratio, b2/S

span, measured perpendicular to fuselage center line
surface area

chord, measured parallel to plane of symmetry

root chord
tip chord

o, w2
mean aerodynamic chord; for example, Cy = gak/ﬁ Cy dy
0

coordinate along Y-axis, measured from plane of symmetry

tall length, distance parallel to fuselage center line from
mounting point to Ev/h or EH/h

perpendicular distance from fuselage center line to Ev/h
(tail root chord coincides with fuselage center line)

ordinate of circular fuselage
fuselage corner radius, R/3
local half-width of square or rectangular fuselage

local half-depth of square or rectangular fuselage; for
square fuselage, d =w

longitudinal distance along fuselage center line

taper ratio, cy/c,,

angle of sweepback of quarter-chord line, deg

angle of sideslip, deg
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¥ azimuth angle, deg
o angle of attack, deg
_ oCy
Ig ~ SB—'
3¢,
CnB = -a?-
3¢,
Gy = ——
s~ 3

ACYﬂ: Aﬁﬁﬁ contribution of the tail group to derivatives; that is,
for the wing on,

i

ACyg = (CYs)W+F+v+H - (CYB)W+F

for the wing off,

Alyg = (CYB)F+V+H B (CYB)F

and for a wing-tail configuration,

Ay, = (CYB)me ) (CYB)W

Subscripts and abbreviations:

F fuselage; used with subscripts 1 to 4 to denote various
fuselages (see fig. 2)

H horizontal tail; used with subscripts 1 and 2 (see fig. 3)

v vertical tail; used with subscripts 1 to 6 to denote various

vertical tails (see figs. 3 and L4)

W wing; used with subscripts 1 and 2 (see fig. 3)
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APPARATUS AND MODELS

The tests were conducted in the 6- by 6-foot test section of the
Langley stability tunnel.

The models were designed to permit tests of the wing alone, the
fuselage alone, the wing-fuselage combination, or the fuselage with any
tail configuration with or without the wings. Drawings of the component
parts of the models tested are given in figures 2 to 4 and in table I.

A side view,.cross section, and designstion of each fuselage is given in
figure 2. The coordinates of the circular-cross-section®fuselage are
given in table I. The coordinates of the square and rectangular fuse-
lages were determined so that the variation of the cross-sectional area
of each fuselage along the longitudinal axis was the same as that of the
circular fuselage. The equations used to determine the coordinates of
the square and rectangular fuselages are given in table I. The rectangu-
lar fuselage was tested both with the major cross-sectional axis vertical
(fusela§e 3) and with the major axis horizontal (fuselage 4). (See

fig. 2.

The configurations had both swept and unswept wing and taill surfaces.
The quarter-chord lines were swept back 0° and 45° for the unswept and
sweptback surfaces, respectively. The wings had a taper ratio of 0.6
and an aspect ratio of 4. The tail surfaces also had a taper ratio of
0.6. The aspect ratio and other geometric characteristics of the various
tail surfaces as well as those of the wings can be found in table II.
Drawings showing the geometric characteristics of the wing and tail sur-
faces are given as figures 3 and 4. All the configurations were tested
with the wing in the midwing location. All 1ifting surfaces were set at
0° incidence with respect to the fuselage center line.

The models were mounted on a single strut support at the quarter-
chord point of the wings which were located with respect to the fuselage
and tall surfaces as shown in figure 5. For tests of the complete-model
and fuselage-tail configurations, the vertical tail was mounted so that
the vertical-tail root-chord line coincided with the fuselage center line.

For the wing-tail configurastions, the tail was mounted at an appro-
priate tail length on a steel tube of small diameter which was fastened
to the wing. The isolated tail was mounted on the same tube which was
then attached to the model support strut. For the wing-taill and isolated-
tail tests, the tail area included the portion normally enclosed in the
fuselage.

Forces and moments were measured by means of a conventional six-
component mechanical balance system.
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TESTS AND CORRECTIONS

Tests were made at a dynamic pressure of 24.9 pounds per square foot,
which corresponds to a Mach number of about 0.13 and a Reynolds number of

about 0.71 X 106 based on the mean aerodynamic chord of the wings. The
models were tested through an angle-of-attack range from -4° up to and
beyond maximum 1ift (of wings alone) at angles of sideslip of 0O° and *5°.
Tests of the complete configurations were also mede at angles of attack
of 0%, 10°, 20°, and 26° through & sideslip range from -20° to 20°.

"Approximate corrections based on unswept-wing theory for the effects
of jet boundaries (ref. 4) have been applied to the 1lift, drag, and
pitching-moment coefficients. No corrections have been applied to the
data for the effects of blockage or support-strut interference.

RESULTS AND DISCUSSION

Presentation of Results

The static longitudinal stablility characteristics of the models are
given in figures 6 to 10, and the static lateral stability characteristics
are presented in figures 11 to 26. A summary of the configurations investi-
gated and of the figures that present the basic date for these configura-
tions is given in table ITI.

Static Longitudinal Stability Characteristics

Complete model.- The statlic longitudinal stability characteristics
of the complete configurations are given in figure 6. In the low angle-
of-attack range the square- and circular-fuselage configurations have
about the same stability and are more stable than the configuration with
the shallow fuselage (fuselage 4) and less stable than the configuration
with the deep fuselage (fuselage 3). At angles of attack above 8° and
below about 18° there is a large increase in the stability of all the
unswept configurations and a large decrease in the stability of all the
swept configurations regardless of fuselage cross section. At angles of
attack above 18° the reverse is true in that a large decrease in stability
occurs for the unswept configurations and, with the exception of the con-
figuration with fuselage 4, a large increase in stability occurs for the

swept configurations.

Although the horizontal tail for the unswept configurations generally
does not provide adequate stability at low angles of attack for the
center-of-gravity positions used, the main purpose of the paper, which is
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‘to provide an indication of the effects of fuselage cross section, is
not affected.

Differences caused by body cross section on the 1lift and drag are
generally small at low angles of attack but become larger at the high
angles of attack. The configuration with the shallow fuselage (fuse-
lage 4) has the highest 1ift and drag at the high angles of attack.

The reason for the low values of drag coefficient up to an angle of attack
of 8° for the complete configuration with. fuselage 3 is not clear since
the data for the wing-fuselage combination do not show this effect

(fig. 7).

Wing-fuselage configuration.- In general, the comments concerning
the static longitudinal stability characteristics for the complete model
also apply to the wing-fuselage configurations. (See fig. T.)

Fuselage and fuselage-tall configurations.- In figures 8 and 9 are
presented the static longitudinal stability characteristics of the fuse-
lage and fuselage-tail configurations. There are two sets of pitching-
moment date for the fuselage alone since the center of gravity was
slightly different when the fuselage was used 1n conjunction with swept
and unswept wing-tail surfaces. This difference in center-of-gravity
location caused only a smell difference in the longitudinal stability
of the fuselages. (See fig. 8.) The fuselages are a little more unsta-
ble with the center-of-gravity location used for the swept configurations
(rearward location) than for the center-of-gravity location used with the
unswept configurations.

The effect of cross section is, of course, the same for both center-
of-gravity locations with the shallow fuselage (fuselage 4) being the most
unstable and the deep fuselage (fuselage 3) generally being the least
unstable. At low angles of attack there is little difference in the
longitudinal stability obtained for the circular and square fuselages;
however, the unstable contribution of the circular fuselage is less at
the high angles of attack than that of the square fuselage. The shallow
fuselage (fuselage 4) has the highest 1ift and drag at the high angles
of attack.

Adding the tail unit to the fuselages results, of course, in stable
pitching-moment curves at the low angles of attack (fig. 9). The con-
figuration with shallow fuéelage and tail is the least stable. For all
fuselages and for the unswept tail, the slope of the curves of Cy

plotted against « 1s practically zero at the high angles of attack for
the test center-of-gravity position.

Wing, tail, and wing-tail configurations.- The longitudinal stability
characteristics of the wing, isolated tail, and wing-tail configurations
are given in figure 10. The details pertaining to the mounting of the
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tail for the wing-tail and isolated-tail tests are given in the section
entitled "Apparatus and Models."

The swept and unswept wings used in the present investigation have
been reported on in several other Iinvestigations such as references 5,
6, and T, and there is little need, here, to discuss in detall the char-
acteristics of the wings:

Figure 10 shows that adding the wing to the isolated tall causes a
decrease in longitudinal stability at low angles of attack which is much
larger for the unswept wing than that obtalned with the swept-wing con-
figuration. The decrease in longitudinal stability obtained is caused
by wing downwash. For both the swept and unswept configurations, the
general variation of pitching-moment coefficient with angle of attack for
the wing-tail configuration is very similar to the variation obtained for
the complete configurations. For the complete configurations there is,
of course, a difference in Initial slopes at low angles of attack, mainly
because the unstable contribution of the fuselage varies with the fuse-
lage cross section,

Static lateral Stability Characteristics

Complete model.- The static lateral stability derivatives CYB’ CIB,
and Cpg (obtained from data at f = £5°) for the complete model con-

figurations are given in figure 11. For both the swept and unswept models,
there is little difference in the values of CnB for the configurations

with the circular or square fuselage at low angles of attack. However,
the values of Cp, obtained for the configurations with shallow fuse-

lage (fuselage 4) were appreciably greater (indicating greater directional
stability), and the values of CnB for the deep-fuselage configuration

were appreciably less than those obtained for the circular- and square-
fuselage configurations. This difference in the values of an at the

low angles of attack can be attributed mainly to the difference in the
fuselage contributions. Except for the deep-fuselage configuration
(Wi + F3 + V) + Hl), the values of CnB are positive and fairly constant

throughout the angle-of-attack range for the unswept models. The values
of CnB for ‘the deep-fuselage configuration are positive up to an angle

of attack of about 20° after which CnB‘ becomes negative. The swept
configurations have positive and nearly constant values of CnB through-
out the low angles of attack. For all fuselage configurations, CnB
becomes negative at the higher angles of attack and remains negative for
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the test angle-of-attack range except for the square-fuselage configura-
tion which has positive values of CnB above an angle of attack of about

27°. The values of CnB for the configurations with the deep fuselage

become negative at an angle of attack of only 3°. It should be pointed
out that, although the values of CnB for the circular and square con-

figurations are nearly the same at low angles of attack, they differ
appreciably at higher angles of attack for the swept models.

As was already mentioned, the difference in the values of Cpn, &t

low angles of attack is due mainly to the different contributions of the
fuselages. This i1s illustrated clearly in figure 12, which presents
ACnB (the increment due to the tail) obtained by subtracting the value

of CnB for the wing-fuselage cambination from the value of C for

g
the complete configuration. For comparison purposes, the values of CnB
for the isolated-tall group are also presented. - From figure 12 it can

be seen that, generaslly, the fuselage cross section does not affect the
tall contribution to CnB appreciably except at angles of attack above

about 10°. The large differences between the values of ACnB for the

complete configurations and the values of CnB for the isolated tail at

angles of attack above 10° illustrate the large interference effects (due
to sidewash) of the wing and fuselage on the vertical-tail contribution
to CnB. Generally, -the interference effects appear to be larger for the

unswept configuration.

In order to illustrate better the effects of fuselage cross section
on the variation of CnB with angle of attack for the complete configura-

tions, additional tails were designed so that the values of CnB for the

deep- and shallow-fuselage configurations would be more nearly equal to
those obtained at zero angle of attack for the configurations of round-
and square-cross-section fuselages.. The required tail sizes of the modi-
fled talls were estimated by currently available procedures with the aid
of references 8 and 9. The values of CYB’ ClB’ and CnB for the deep-

and shallow-fuselage configurations with the redesigned vertical tails
are compared with the square-fuselage configuration having the original
tail in figure 15. From the data for the unswept configuration it can be
seen that, even though the values of CnB for all configurations are

nearly the same at zero angle of attack, the values of CnB still become

negative for the configuration with the deep fuselage; however, the angle
of attack at which Chﬁ changes sign is increased from about 20.5°

to 24.5°. For the swept configurations (fig. 13(b)), the redesigned tails
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decrease the angle of attack at which CnB becomes negative for the

shallow-fuselage configuration, and increase the angle of attack 'for the
deep-fuselage configuration so that the angle of attack at which
CnB = 0 1is nearly the same as that obtalned with the original tail and

square-fuselage configuration.

The curves of ClB (fig. 11) show that generally the effect of fuse-

lage cross section on C; of the complete configurations is small. Up
to an angle of attack of about 4°, the values of CzB increase more

rapidlyiwith angle of attack for the swept configuration than for the
unswept configuration as was expected since ClB depends mainly on the

wing geometry.

The values of CYB for the deep-fuselage configuration (fuselage 3)

are generally more negative at low angles of attack than those obtained
with the other configurations tested and become much more negative at the
high angles of attack in contrast to the values for the circular-fuselage
configuration which become less negative with angle of attack. (See

fig. 11.) This holds true for both the swept and unswept configurations.
At the high angles of attack, fuselage cross section has a very large
effect on CYB of the models tested. The changes in tall size caused,

of course, greater differences in the values of Cy_ obtained for the
different configurations at low angles of attack (fig. 13).

The values of CYB, CIB, and CnB discussed up to this point were

obtained from the values of the coefficients at B = £5°. 1In order to
show for which range of angle of sideslip these values would apply, flg-
ures 1l to 17 are presented and show the variation of Cy, C3, and Cn

for angles of attack of 0°, 10°, 20°, and 26° for a range of angle of
sideslip B from -20° to 20°. TFor the unswept configuration, the varia-
tion of Cy, C,, and C; with p 1is nonlinear, even at an angle of

attack of 0°, with the curve of C, maintaining its initial slope for e
smaller range of angle of sideslip than the curves for CY and C;. The
range of sideslip angle for which CnB remains constant is decreased from

-10° to 10° at an angle of attack of 0° to roughly -5° to 5° at an angle

of attack of 26°. Although the initial slopes (slopes near B = 0°) of

the curves differ because of fuselage cross section, the range of linearity,
with some unimportant exceptions, is not affected appreciably by cross
section. This is especially true for C,. For the swept configurations

at zero angle of attack, the variation of Cy, Cp, and C; with angle
of sideslip is linear for nearly the entire sideslip range tested. For
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the higher angles of attack, the curves of Cy, C;, and C, generally

become more nonlinear. For the angles of attack of 20° and 26°, of
course, the variation of C, with B is unstable even near g = QC.
As was the case with the unswept configurations, there appears to be
little significant influence of the body cross section on the range of
linearity of the curves even though the initial slopes, near B = 0°,
vary because of fuselage cross section.

Wing-fuselage configurations.- The variations of CYB’ ClB, and C,

B
for the wing-fuselage configurations are given in figure 18. The values

of Cnﬁ are nearly constant negative values up to an angle of attack of

approximately 12° for both the swept and unswept configurations. At low
angles of attack the effects of fuselage cross section on C,_  are about

the same as those obtained for the complete configurations. At the higher
angles of attack for the unswept configurations, CnB became positive

except for the deep-fuselage configuration. This increase in directional
stability with angle of attack for the unswept-wing——fuselage configuration
is canceled, more or less, by the increase with angle of attack of the
wing-fuselage interference with the tail (fig. 12); and, as was noted
earller, the values of CnB for the complete configuration remain posi-

tive and nearly constant throughout the test angle-of-attack range
(fig. 11). The values of CnB for the swept-wing—fuselage configura-

tion do not become positive for the angle-of-attack range tested excépt
for the square-fuselage configuration which has positive values of CnB

for a small range at high angles of attack.

The variation of C;_, with angle of attack is similar to that
obtained for the complete configuration, since CZB depends mainly on

the wing characteristics. The effect of fuselage cross section on CIB

is small for both the swept and unswept configurations in the low angle-
of-attack range but becomes somewhat larger at the higher angles of
attack. As was noted for the complete configurations, CYB becomes very

large at the higher angles of attack for the deep-fuselsge configuration,
and the effects of fuselage cross section on CYB are very large at

these angles of attack.

Fuselage and fuselage-tall configuration.- The variation with angle
of attack of CYB, CzB, and CnB for the fuselages is shown in fig-

ure 19. Data are presented for two center-of-gravity locations; one loca-
tion corresponds to the center-of-gravity position for the unswept con-
figurations and the other to the center-of-gravity position used for the
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swept configuration. The fuselage with the more rearward center-of-
gravity position (used with the swept configurations) is slightly more
unstable directionally than that with the forward center-of-gravity
location. At low angles of attack, the shallow fuselage (fuselage 4)
is least unstable directionally, whereas the deep fuselage has the
grestest directional instability. The effect of fuselage cross section
on CnB varies considerably with angle of attack, and although the

values of CnB for the square and circular fuselage are nearly the same

at low angles of attack, there is a large difference at the higher angles
of attack. The same effects are observed for CYB.

At the high angles of attack, relatively large values of CYB are

obtained for the deep fuselage (fuselage 3) as was the case for configu-
rations with the deep fuselage discussed in previous sections. Also,
rather high values of CYB are obtained for the square fuselage.

For the fuselage-tail configurations, CnB is positive in the low
angle-of-attack range for all fuselage configurations; however, CnB

remains positive through the entire angle-of-attack range tested only
for the circular-fuselage configuration. (See fig. 20.) The deep-
fuselage configuration is the least stable initially, and the values of
CnB become negative at a lower angle of attack for this configuration

than for the other configurations. This angle of attack is only 4° for
the swept configuration. Both the square- and deep-fuselage configura-
tions have large negative values of CYﬂ at high angles of attack.

The wing-off interference or sidewash effects of the fuselage on the
tail contribution to CnB are illustrated in figure 21. Here the tail

increment ACDB obtained by subtracting the value of CnB for the fuse-
lage from the value of CnB of the fuselage-tail group combination is
plotted against angle of attack. Also plotted in figure 21 is the CnB

contribution of the isolated tail. Thé interference effects up to an
angle of attack of approximately 10° are generally small and there is
little effect of cross section on the interference in this range. At
the higher angles of attack, comparison of the tail-comtribution incre-
ments of the various configurations with the isolated-tail results indi-
cates that the circular fuselage has beneficiasl interference effects for
both swept and unswept tails. The effects of deviating from the circular
cross section are for the most part detrimental interference (sidewash)
effects which are generally large but vary with angle of attack. These
sidewash effects are modified,.of course, when the wing is added. (See
fig. 12.) In regard to the tail increment ACnB, the results obtained

in reference 10 are of interest. The data of reference 10, which were
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obtained at an angle of attack of 320, show a positive increment of Cp

for an unswept tall tested on a flat fuselage with major axes vertical
and a negaetive increment for a flat fuselage with major axes horizomtal.
This result is the same as that obtalned at an angle of attack of 320
in the present investigation for fuselages 3 and L4, respectively

(fig. 21); however, as can be seen from figure 21, the tail increment
varies considerably with angle of attack, and at some angles of attack
the results are opposite those obtalned st an angle of attack of %20,

Wing, tall, and wing-tail configurations.- The variation with angle
of attack of CYB’ CZB, and CnB for the wing, isolated-tail, and wing-

tail configurations is presented in figure 22. From a study of this fig-
ure it can be concluded that the wing, whether swept or unswept, decreases
the tail contribution to CnB of the wing-tail configuration at the

higher angles of attack. For the unswept wing, however, the values of
CnB for the wing itself are positive at the higher angles of attack and

approximately equal to the interference effect so that, for the unswept-
wing—tail configuration, the values of CnB remain virtually constant

throughout the angle-of-attack range tested. For the swept configuration,
the negatlve values of CnB for the wing itself and the wing interference

with the tail result in a decrease in effectiveness and, indeed, &
negative CnB contribution of the tail group at scme of the high angles

of attack.

For comparison purposes, increments in CnB and CYB contributed

by the teil when the taill was tested in combination with the wing-fuselage
configuration, the wing (fuselage off), and with the fuselage (wing off)
are presented in figures 23 to 26. The increments contributed to CnB

by the tail when tested in combination with the wing and fuselage, for
example, were obtained by subtracting the value of CnB obtained for the

wing-fuselage configuration from that obtained for the complete configura-
tion (CnB)W+F+V+H - (CDB)W+F' Also presented in the figures are the values

of CnB obtained with the isolated tail tested, of course, at the proper

tail length. The approximate angle of attack for maximum 1ift coefficient
for each wing is also indicated in figures 23 to 26. A study of these
figures indicates that the separate effects of the wing and fuselage on
the tail contribution to CnB at the high angles of attack are not addi-

tive but are modified when the wing and fuselage are combined. The effects
depend somewhat on the wing sweep and on fuselage cross sectlon. It should
be noted that, even though the wing-off fuselage-tail interference effects
at high angles of attack for the circular-fuselage configuration are such
as to increase the tail effectiveness; addition of the wing results in
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I3

interference effects which greatly reduce the tail contribution to CnB
at these angles. ‘

CONCLUSIONS

An investigation at low speed to determine the effects of fuselage
cross section on the static longitudinal and lateral stability character-
istics of midwing alrplane models was made through an angle-of-attack
range from -4° ug to and beyond maximum 1ift (of wings alone) at angles
of sideslip of O and *¥5°. Some tests were also made at angles of attack
of 0°, 109, 20°, and 26° through a sideslip range from -20° to 20°. The
results of the investigation indicated the following conclusions:

1. The main effect of fuselage cross section on the static longi-
tudinal stability of models at low angles of attack is due to the direct
fuselage contribution, the shallow fuselage being the most destabilizing.
Generally, at the high angles of attack there is little significant dif-
ference caused by fuselage cross section in the variation of pitching »
moment with angle of attack for the different configurations.

2. The main effect of fuselage cross section on the directional sta-
bility of the models at low angles of attack is due to the direct contri-
bution of the fuselage. The deep-fuselage contribution is the most
destabilizing and the shallow-fuselage contribution is the least
destabilizing.

3. Wing-fuselage interference (sidewash) with the tail decreases
the tail contribution to directional stability at the high angles of
attack with the deep-fuselage—wing interference producing the most
detrimental effect and the shallow-fuselage—wing interference being
the least detrimental in this respect. Wing-off interference effects
of the circular-cross-section fuselage on the tail are beneficial at the
high angles of attack. Deviating from the circular cross section results
generally in large detrimental effects which vary with angle of attack
and which are larger then the combined wing-fuselage interference effects
for some angles of attack.

k. Except for the deep-fuselage configurations, the complete unswept
configurations have positive and nearly constant directional stability
through the angle-of-attack range because the direct wing-fuselage con-
tribution to directional stability is positive at the high angles of -
attack and compensates for the effects of sidewash. No like compensating
effect occurs for the swept configurations, and the directional stability
becomes negative at some angle of attack that depends on fuselage cross

section.
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5. For the complete configurations tested, fuselage cross section
has little effect on the range of linearity of the curves of yawing

moment against sideslip angle up to the maximum angle of attack investi-
gated (26°).

6. In general, the configurations with the deep fuselage have the
poorest directional characteristics of the models investigated. At large
angles of attack, the deep-fuselage configurations, when at an angle of
sideslip, had relatively large values of side force in addition to an
unstable variation of yswing-moment coefficient with sideslip angle.

Langley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., September 9, 1955.
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TABLE I.- COORDINATES OF THE CIRCULAR-CROSS-SECTION FUSELAGE AND

EQUATTONS FOR COORDINATES OF THE SQUARE- AND

RECTANGULAR-CROSS-SECTION FUSELAGES

I

Q__.:——/'

Circular-fuselage coordinates

X, in.

R, in.

BREREBREREEEER b oanrmo

ko
L2
4l
§5

. . . . o

BETLEILETITINIEERIILTIEB 2

. .

I—‘E—JI—'NE\)E\){\)P[\)N[\)[\)[\)N\XNNNNNHF

.

Wi

w

Equation for coordinates of squere fuselage:
) 2 2
2 2
I = - u(R) - (B) = %R
W 3- ﬂ5 T
Equetions for coordinastes of rectangular fuselage:

lwd - u@)e - ﬂ@)z = nR°
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TABLE II.- PERTINENT GECMETRIC CHARACTERISTICS OF MQDEL

Wing: .
Aspect vaBdo, A « + & 4 vt 4 e b e e s s e e e s e e e e s
Taper rablo, My & ¢ 4 b v i e e e e e et e e e e e e e e e e e

Quarter-chord sweep angle, &, deg . . . « . .

Dihedral engle, dog « « + + o o o o o o o D T T T T ST
Twich, 08 + ¢ o v « 4« o v o o o o o o 0 s s s s 4 a4 T T T T T S T S TN
MACA mirfoll Bmoblon « ¢ « « & 4 5 & « ¢ 8 & ¢ s s 2 s . .. f P e e e e e e e s

Arme . Bev. BO 20, o o i i 5 s s s s e s s s s s s s s s s e e e e e e e e s
Area, By, BQin. v v 0 s v s e s 4 e s 0 s s 8 0 e s a e s w e e e s s R

Bpan, by, 0.+ 4 4 v 0 4 e e e e e e e s e e e e e e e e e e e e e e e e
Moan aerodynsaio chord, Syy 100 o 4 v o 0 v 0 v v e s e e e e e s s

Vertical tail;

Awmnoat wetio, A . . o o o . s
#BPACY TRLLC, Ay L T S T T R N S S S I I I R R S T S R

Taper ratdo, M « « ¢« v v 4 s s 4+ v o &

Querter-chord mweep angle, A, ASE . & e ¢ 4 4 4 4 s e e o4 o4 . e ]
NHACA adrfoll Bection o o« « 4 o 4 4 4 & o s . e e e v e e e . . 6BA00B  BmACOR
- 1 T 11 bB.6
Bpen, By, I0e o v o e e v e e e e e e e e e e e e e e 9.9 8.25
Meen asrcdymamic chord, By, In. . v v o o o o . . .. %5.02 6.02

Tadl length, Iy, $Me o 2 o v 0 0 v 0 6 v b e e e e e e e e e e e e s e 16.7 6.7
Distancs from roct ohord to &y/k, h, dn. . . . .. ..o ... . .5y 5.8

Horirootal tail:
Amract rotio. A~

o

.
o

BYEDE
&-—1'-4\.-‘&80 ;J‘\ o

;rpn%g o
-F";J gﬁ 880 :J'\l'ﬂ

&

Loy L A e R e A I N L O R N R R A L I I B N S I I S N S S S S

Taper ratlo, Ag + s o v ¢ 0 0 0 0 0 e e e s e s e e e e e s s e e e e
Quarter-chord swaep angla, A, deg . ,

NACA airfoll paction . . . . . . T T S .

Bpan, b, 0. ¢« @ 0 v s e 000 .

Heon aarcdynemic chord, 8, 1N, v v 4 4 v s v e e s e e e e s e 0 e e e e e e e e e ..

Tatl lengbh, T, 10 « 4 v ¢ 0 s b v s h e e e e e e e e e e e e e e

OO0 O ;F

£54008
9.9
7.23
6.7
4.55

0.6

654008
64.8
16.1

L.11
16.7

k5
250

37.96
7.3
2.32

16.7
3.35

0.6
ks

6%.8
13.5
Lok
16.7

Fy
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TABLE III.- CONFIQURATIONS INVESTIGATED

Configuration Basic data Flgure
Complete models (with original tails) . . . . .| |Cf Cp Cpy &
plotted against
Cy, O Cng 11
(G S A
Cy ¢y Cn plotted against 1 to 17
Camplete models (with modified tails) . . . . . CYﬁ Clﬁ CDB plotted ageinst 13
~ ~
Wing-fuselsge . . . « « . + + « . . . . . e CL Cp - Cp T
< + plotted egeinst
FYB CIB cnﬁ J 18
Tugelage . . . < & « & 5 & 2 & 3 & & & 3 s+ s s C. (43 C_ b 8
= L L o
4 » plotted against
g %y 2
Fuselage-tall (with original taila) . . . . . . Cr, Cp Crn 9
. c . plotted agninst 20
o]
ICYB ' g )
- ™
Wing, isolated tall, and wing-teil Cr, Cp Cp ‘ 10
(with original taile) . . . - . « = v o 4 o ,  plotted agsainst .
fa ] C_L cn =z
g B B
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Figure l.- Stability system of axes. Arrows indicate positive direction
of angles, forces, and moments.
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Figure 2.- Side views of fuselages.
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Figure Y4.- Geometric characteristics of the modified vertical tails. All
dimensions are in inches.
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Figure 19.- Effect of fuselege cross section on the static lateral sta-
bility characteristics of several fuselage configurstione with dif-
ferent center-of-gravity locations.
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Figure 20.~ Effect of fuselage cross section on the statlc lateral sta-
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Figure 21.-~ Effect of fuselage cross section on the tail contribution to
Cpg for several fuselages in combinetion with unswept and 45° swept-

back tails.
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(b) A= 45°,

Figure 22.- Comparison of the static lateral stability characteristilcs
of the unswept and 45° sweptbeck wings, unswept and U5° sweptback
isolated tails, and unswept and 45° sweptback wings in combination
with unswept and 45° aweptbeck tails.
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Figure 23,- Comparison of the effect of fuselage, wing, and wing-fuselage
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Figure 2k,- Comparison of the effect of fuselage, wing, and wing-fuselage
combination on the tall contribution to Cy, and Cpg.

Fuselage 2.
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Flgure 25.- Comparlson of the effect of fuselage, wing, and wing-fuselage
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conbination on the tail contribution to CYB and Cnﬁ.
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Figure 26.- Comparison of the effect of fuselage, wing, and wing-fuselage
combination on the tail contribution to Cyg sod Cng. Fuselage L,
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