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NATTONAL ADV: TICS

TECHNICAL NOTE 3961

EFFECTS OF FUSELAGE NOSE LENGTE AND A CANOPY ON THE STATIC
LONGTTUDINAL AND TATERAL STABILITY CHARACTERISTICS OF
45° SWEPTBACK ATRPLANE MODELS HAVING FUSELAGES
WITH SQUARE CROSS SECTIONS
By Byron M. Jaguet and H. S. Fletcher

SUMMARY

A wind-tunnel investigation was made at low speed in the Lengley
staebility tunnel to determine the effects of fuselage nose length (the
fuselage fineness ratio varled from T.41 to 10.18) and a canopy on the
static longitudinal and lateral stability characteristics of a complete
model having a fuselage with squere cross sections, a 450 gweptback wing
of aspect ratio 3 mounted low on the fuselage, and a L5C sweptback hori-
zontal tall of aspect ratio 4 mounted slightly sbove the wing chord plane.
The date were obtained through en engle-of-attack range of -10° to 320
snd an sngle-of-sideslip range of -24° to 24°,

The results of the investigation have indicated that the statlec
margin at an angle of attack of 0° was decreased by gbout 0.09 mean aero-
dynamic chord when the ratio of the fuselage nose length to the maximum
depth was increassed from 3.80 to 6.58. At small sideslip angles the
addition of the canopy to each complete model had essentially no effect
on the 1ift, drag, and pitching-moment coefficients for the angle-of-
sttack range investigated; however, at lerge sidesllip angles the canopy
produced some effect. With approximastely the same amount of directional
stebility at an angle of attack of 0° (obteined by increasing the vertical=-
tail size in proportion to the fuselasge size), an increase in the nose
length caused lerge decreases, at moderate and high angles of attack, in
the directional stablility of the complete models with the canopy on or off.
The canopy reduced the directionel stebility of the complete models over
almost the entire angle-of-attack range for all nose lengths investigated.
For the longest fuselage, the model was directionally steble sbove the
stall with the canopy on but very unsteble with the cenopy off. It was
found, for the model having a finenesgs ratio of 9.26, that these changes
in directional stebility due to the cenopy were assoclated with favorsble
and unfavorable sidewash caused by the cenopy and that the fuselage caused
large decreases with increasing angle of attack in the tall contribution
to the directional stability ss a result of edverse sidewash at the tail.
The wing caused favoregble sidewash and a corresponding increase in the
contribution of the tail to the directional stability for the entire angle-
of-attack range. In comparison with the fuselage and wing effects, the
effects of the canopy were of secondery importance except for the case of
the longest fuselage above the stall.
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INTRODUCTION

The stability derivatives of an airplane are, of course, dependent
on the physical cheracteristics of-the design, such as the fuselsge shape,
wing position, wing aspect ratio, tall aspect ratig, teil position, and
duct size. The effects of some of these parémeters on the static lateral
and longitudinal stability characteristics have been determined for vari-
ous general research models in references 1 to 4. Certain other airplane
parsmeters which may affect the statlic leteral and static longitudinal
characteristics of alrplanes, however, have received little attention in
systematic research programs. Two of these are the effect of fuselage
nose length and the effect of a canopy. _

The purpose of the present investigation, therefore, was to determine
the effects of fuselage nose length and e canopy on.the static longlitudinal
and lateral (primerily directional) stability cheracteristics of a camplete
model having e fuselage with sqQuare cross sections, a 45° gweptback wing
of aspect ratio 3 mounted low on the fuselage, and a 45° sweptback hori-
zontal tall of aspect ratio 4 mounted slightly above the wing chord plane.
In eddition, the effects of fuselage nose .length were determined for a
wing-fuselage cambination. In order tomeintain the same smount of direc~
tional stebility at an angle of attack of 0° for all complete models, the
vertical-tall size was Increased in proportion to the Increase in fuselage
nose length. The fuselage finenesg ratio varled from T.41 to 10.18. The
effects of the canopy on the tail contributlon to the static longitudinal
and static directional stabllity characterilstics were determined, with .
the wing on and off, for the model with a fuselsge of fineness ratlo 9. 26
The effect on the stabllity characteristics of blunting the fuselage nose
of the camplete model with a fuselage of fineness ratio 9. 26 was also
determined.

The investigation covered an angle-of-attack range of -10° to 32° at
sideslip angles of 0° eand £5° and an angle-of-sideslip range of =240 to
24° at angles of attack of 00, 89, 16°, 24°, end 329. The test Mach mumber
was 0.13 and the Reynolds number, based on the Wing mesn aerodynamic chord,

was 0.83 x 106.
SYMBOIS

The data presented herein are referred to the stability system of
axes shown in figure 1. .The moments were measured sbout the center-of-
gravity position shown in figure 2. The gymbols and coefficlents used
herein are defined as follows: ’
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N/h

1ift, 1b

drag, 1b

side force, 1lb

rolling moment, ft-1b

pitching moment, ft-1b

yawing moment, ft-1b

span, £t

total area, sq £t

exposed aresa, sq ft

local chord parallel to plene of symmetry, ft
b/2

meen serodynemic chord, él/; cedy, hig]

tail length from ¢/4 of wing to ©/4 of tail measured parallel
to fuselage reference line, Tt

ratioc of fuselsge nose length to meximum fuselege depth
fineness ratio

spenwise distance measured from and perpendicular to plane of
symmetry, £t

2

dynamic pressure, %, lb/sq £t

mass density of alr, slugs/cu £t

ailrspeed, ft/sec

angle of atteck of fuselage reference line, deg
angle of sideslip, deg

angle of sldewash, deg
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FL_
Cy, 1ift coefficient, T
t Fy
dr coefficlent D
°p =& ? By
¥y
Cy side~force coefficlent,
aSy
My
Cy rolling-moment coefficient, 55;5;
Cn pitching-moment coefflcient, ézi_
Cn yvawing-moment—coefficlent, _ﬁZ__
a5,y
'
g oB
d
C = ._Cn
8 T 3
-
B op

The prefix A denotes the contribution
cal and horizontal) to a given deriveative or

Subscripts:

f fuselage

h horizontal tall
v vertical tail
w wing

Model component designations:

NACA TN 3961

of-the tail assembly (verti-
coefficient.

For convenlence, the model conflguretions are déécribed by a groupling
of the following symbols which denote model components:
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fuselage
wing
vertical tail

horizontal tall

Q H < = =

canopy

APPARATUS AND MODELS

The 6- by 6-foot test section (ref. 5) of the Langley stability
tunnel was used for the present investigation. The models were mounted.
on & single support strut which was rigidly attached to & six-camponent
electramechanical balence system.

A drawing of the models 4s presented as figure 2. The fuselage of
fineness ratio 8.34 (45 inches long) was previously used in reference 1.
Fuselege coordinates are given in teble I. .

A different size vertical tall was used wlth each fuselage in order
to provide sbout the same directlonal stebility for each model at an sngle
of attack of 0°. One size horizontal tail was common to all models. The
canopy dimensions (teble II) were selected as average vealues determined
from several present-dsy fighter-type sirplanes. The canopy is locsated
gt the same ‘distence from the nose of each fuselage, and thus its distance
from the tall assembly varies with the length of the nose of the fuse-
lages. The fuselsges of the models were constructed of balsa wood end
were covered with fiber glass. The wing had spruce spars perpendicular
to the plene of symmetry and wes constructed of a fiber-glass bonding
agent molded over a laminated balsa core, and the tail assembly was con-
structed in a like manner but it did not have spars. The wing was mounted
in the same low position with respect to the moment center for wing-alone
tests as when Installed on the fuselsges. Detalls of the present models
are given in teble ITI. Photogrephs of the models are presented as fig-
ure 3.

TESTS

Six-component measurements were made for the complete models (FWVH)
with the canopy on and off through an angle-of-attack range of ~10° to 32°
at sideslip angles of 0° and *5°. The complete models, with canopy on
and off, were also tested through an aengle-of-sideslip range of -24° to 24°
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et angles of_sttack of 0°, 8°, 16°, 24°, and 32°. These tests were
repeated for the camponents of the model having the 50-inch-long fuselage
with the canopy on and off. The fuselage nose weas blunted by removing

3 inches from the nose for a few tests of the camplete model having the
50-inch fuselage. With the canopy off, the wing~fuselsge cambinations
employing the 40-, 45-, afid 55-inch-long fuselages were tested through
the sngle-of=attack renge at-sideslip sngles of 0° and +5°.

A1l tests were made at a dynamlc pressure of 24.9 Ib/sq £t, a Mach

number of 0.13, end & Reynolds number of 0.83 X 106 besed on the mean
aerodynamic chord of the wing.

CORRECTIONS

The angle of attack end drag coefficlent were corrected for the
effects of the jet boundaries by the methods of reference 6, and the
tall-on pltching moments were corrected for the effects of Jet boundaries
by the method of reference 7. The daba were notcorrected for support-
strut interference or blockage effects inssmuch es past experience has
shown these corrections to be small or negligible.

RESULTS AND DISCUSSION

The discussion of the static longitudinal stebillity cheracteristics
will be concerned primaerily with the pitching moment and the discussion
of the static leteral stability characteristics will be concerned primerily
with the yawing moment.

The symbols which asppear at the origin of the axes In almost every
figure are plotting-machine reference points rather than data points.

Statlc Longltudinal Stability Cheracteristics
of Camplete Models

Effect of fuselsge nose length.- An increase in the nose length of
the fuselsge from 3.80 0 6.58 times the maximum fuselege depth (or width,
since the cross section was square) had only & small effect on the lift
end dreg of the camplete model at an engle of sideslip of 0° (fig. 4) for
angles of attack below the stall (ebout-24°). These-small effects con-
gisted of increases in these characteristics which began at low engles
of attack and occurred with the canopy on or off. The 1ift and drag were
increased somewhet for angles of attack sbove the stall.
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A decrease 1n the statlc margin of gbout 0.09 mean aerodyﬁamic chord
occurred at an angle of attack of O° when the ratio of the fuselage nose
length to the meximum depth was increased fram 3.80 to 6.58 (fig. 4).
This decrease was the result of en lncrease in the unsteble pltching moment
of the wing-fuselage cambination as the nose length was increased. (See
fig. 5.) Inasmuch as the horizontal-tell size was not veried with the
fuselage length, the increments in the plitching moment that occurred
(fig. 4) would be expected. An examination of the date of figures 4 and
5 indicates very little effect of fuselsge nose length on the horizontal-
tall contribution to the pitching-mcoment coefficient. Changes in the
fuselage nose length hed 1llittle effect on the veriation of the pitching-
moment coefficient with angle of sideslip for angles of abttack less than
about 16°. (See fig. 6(b).) At higher angles of attack the variation
of Cy with B generally became greater with an increase in fuselage

nose length.

Effect of cenopy.~ The canopy hed essentlally no effect on the 1ift
and drag of the complete model at B = 0° (fig. 4) and hed a slight
effect on the pltching moment only at angles of attack sbove the stall.

In general, the canopy hed little effect on the varistion of the piltching-
moment coefficient with angle of sideslip (fig. 6(b)) for angles of attack
below the stall, but at higher angles of attack the canopy generally mede
the piliteching moment more negative and, in same cases, depending on the
fuselage nose length, reduced the varlation of Cp with B.

Effect of blunt fuselage nose.~ In order to simulate the nose shepe
for a fuselage having a nose inlet, the fuselage of fineness ratio 9.26
was cut perpendiculer to the center line at =& distance from the nose of
6 percent of the fuselage length (3 inches), and this operation resulted
in a fuselage of fineness ratio 8.7L. No flow was provided through the
fuselage, however. This modification had essentially no effect on the
1ift, drag, and pitching-moment characteristics of the camplete model
(fig. 7), end a comparison of figures 6(b) and 8(a) indicetes little
effect of the modification on the variation of the pitching-moment coef-
ficient with angle of sideslip.

Effect of Components on Tall Contribution to Static
Tongitudinal Stability Characteristics

The model having e fuselage of fineness retioc 9.26 was selected for
breakdown tests to determine the effects of the mocdel components on the
contribution of the tail assembly (vertical and horizontal) to the
pitching-moment coefficient.

Effect of canopy on taill contribution to GCp.- An exsminetion of the
date of figure 9 at B = 0° indicates that, with the wing off, the canopy
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produced essentlially no change in the contribution of the tall to the
pltching-moment coefficient of the model as expressed by the curves

FVH - F and FVHC - FC. With the wing on, the canopy produces & small e
negetive increment in the teail contribution to the piitching-moment coef-
ficient as expressed by the curves FWVH - FW and FWVHC - FWC.

The variation of the talil conbtribution to the pitching-moment coef= _
ficient.(AQm) with angle of sideslip is affected only slightly by the
cenopy with the wing off. (See fig. 10.) With the wing on, the canopy
generally caused a greater variation of ACy with B at-the high angles
of attack. The tail-contribution data of figure 10 were determined from
the data of figures 11 and l2.

Effect of wing on tail contribution to Cp.- The addition of the
wing (fig. 9) in the low position to the fuselage Teduced the contribution
of the tail to the pitching-moment coefficlent at_ g = 0° for the low :
and moderate angle-of-attack ranges and increased the tall contribution
et high angles of attack. The veriation of—ACy with B was changed
considerebly by the addition of the wing. (See fig. 10.) With the wing
off, positive increments of AC, occurred when the value of—f was
changed from 0°. With the wing on, however, positive increments were
obtained only et the angles of attack beyond the stall and at these angles
the varlation of ACy, with B was much larger with the wing on than .
with the wing off. At the lower angles of attack with the wing on, the
values of AL, generally became more negetive when S was changed
from 0°,

Stetic Longltudinal Steblility Cheracteristics of Wing

In order to determine the characteristics of the wing alone in the
same low position with respect to the moment—Ttenter as when used on the
fuselage, 1t was tested installed on the strut as shown In figure 5. The
pilitching-moment coefficient of the wing did not vary eppreciably with
engle of attack (fig. 9) and the wing was ‘essentially neutrally steble
at low angles of attack. Meximum 1lift of the wing wes achleved at an
engle of attack of 24.5° and at this angle of attack the greatest varia-
tion of Cp with B occurred. (See fig. 13.)

Static Lateral Stabillity Characteristilcs

Effect of fuselage nose length.- When the fuselage nose length was
increased, the vertical-tall size was also increased in order to maintain
approximately the same amount of directional stability at en angle of
attack of 0°. It would therefore be expected that, because of side-area
increases (lncressed nose area end vertical-tail area) which occur with
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an increase in fuselage nose length, the side-force parameter -GYB would

also incresse (become more negative) and this fact 1s indlicated by the
data of figure 1k.

At moderste and high angles of attack an increase in the fuselage
nose length (fig. 1) resulted in lerge changes in the directional sta-
bility of the complete model with the canopy on or off. The camplete
model with the shortest fuselages (fineness ratios of 7.41 end 8.34k) and
without the canopy had directional stebility throughout the angle-of-
attack renge investigated. With the canopy, however, there was some
degree.of directional instebility in the high asngle-of-attack range for
81l models. The complete model with the longest fuselage became direc-
tionally unsteble earlier then the other models (canopy on or off). An
increase in the directional instability of the wing-fuselage combination
with an increase in fuselsge nose length for almost the entire angle~of-
attack range (fig. 15), together with the rapid decrease with increasing
angle of attack in the vertical-tall contribution to directional stebility
(fig. 16), eccounts for the repid decrease in directional stebility of the
complete model with increasing angle of attack (fig. 14). At low engles
of attack the instebllity of the wing-fuselage combination varied linearly
with fuselage nose length. At high angles of attack the longest wing-
fuselage cambination became very unstable (fig. 15), and, since there was
1ittle chenge in the tail contribution in this region (fig. 16), this
instebility accounts for the large amount .of instability for the camplete
model with the longest nose (fig. 1&). In the low angle-of-attack range
there is, of course, en increase in the vertical-tail contribution inas-
much as the tail size was vearied in proportion to the fuselage nose lengthj
but, es mentioned previously, each tail contribution decreased with
increasing angle of attack (fig. 16). Only the tail contribution for the
longest fuselage, however, decreased to zero and this occurred &bove the
stell. When normalized with respect to the velue of Alp, (for eech

nose length) at a = 0°, little systematic effect of nose length is noted
although the teil contribution for the longest nose length decreases more
repidly then the others at moderate angles of attack. (See fig. 16.) If
the vertical tall span were held constant when the nose length was changed,
instead of being varied as was done herein, a greater effect of nose length
on the directlonal stebility might have been obteined owing to the reletive
location of the fuselage vortices with respect to the vertical tail.” For
the present investigation, with the vertical~tail span being changed in
proportion to the fuselage nose length, the fuselage vortices would be
expected to remain in essentially the same relative position with respect
to the vertical tail for all nose lengths. In figure 17 the tail contri-
bution for each configuration can be seen with respect to the wing-fuselage
cambination and the complete model. It should be noted that the deta for
the wing-fuselage combination were obtained with the canopy off only.
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At angles of attack beyond the stall the trends become erratic, prob-
gbly because of nonlinearitles in the curves of the coefficients plotted
against angle of sideslip (see figs. 6(d) to 6(f), for exasmple); there=- .
fore, caution should be exercised in the use of the stability derivatives
in the high angle-of-attack range. . —

The veriation of €, with B (fig. 6(f)) was essentially linear
for angles of attack below the stall (about 24°) for the complete model
with the shortest fuselege. At higher angles of-attack the curve of- Cn
eagainst P is nonlinear and at an angle of attack of 32.7° directional
- instablility as well as the nonlinearity occurred et small engles of side~
slip. An increase in the fuselage nose length (for. the camplete model)
resulted in a greater variation of Cp with P, an increase in directional
instebility, and an earlier departure of the curves from linearity.

Effect of cenopy.- For a given fuselage nose length snd for angles of
attack below the stall (fig. 17), the canopy hed no effect on the value
of CYB. In all cases at engles of attack above the stall, GYB became

less negative when the canopy was added. Except for the longest fuselage
nose length Investigeted, the canopy reduced the directionsal stability of
the complete model over the entire angle-of-attack renge. For the longest
fuselage, the model was directionally steble at angles of attack above

the stall with the cenopy but very unsteble without the cenopy (fig. 17(d)).
The cenopy also affected the-nature and magnitude of the variation of Cp
with B, the degree of the effects depending on the angle ofattaeck and .
fuselage nose length but, in general, the curves became less linear when

the canopy was on the models. o

&

Effect of blunt fuselage nose.- Except for angles of attack beyond
the stall, blunting the nose of the fuselage of fineness ratio 9.26
lmproved the directional stebility of the complete model (fig. 17(c)),
probebly as & result of a decrease in the directional instebility of the
fuselege. At angles of attack sbove the stall and with the canopy off,
directional instebility was caused by the blunt nose. In this angle~of - _
attack region very nonlinear curves of Cp plotted agsinst B were -
indicated from the data of figure 8(c) and because of this nonlinearity
the slopes shown in figure 17(c) at these high angles of attack probably
do not truly represent the directional stebility of the models.

Effect of Components on Tall Contribution to
Static Lateral Stability Cheracteristics

The model having a fuselage of fineness ratio 9.26 was selected for -
breakdown tests to determine the effects of the model components on the
contribution of the—tall assembly (verticel end horizontal) to the static
lateral stability (primarily directional) charscteristics. .
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Effect of canopy on the sidewash paremeter and on the tall contri-

bution to CnB and Cp.- The sidewash parameter (} + %§>%¥ which is

presented in figure 18 was determined from the side-force parameter GYB

of figure 19 by the method of reference 2. Since tests of the tall alone
were not made for the present investigation, these deta were obtained
from reference 1. It was necessary, however, to adjust the data of ref-
erence 1 to account for the difference in size of the vertical talls.
Although the horizontal teil used hereln and that of reference 1 were of
different aspect ratio (4.00 and 2.77, respectively), the theoretical
investigation of reference 8 indiceted no effect of this difference on
the silde-force parameter of the vertical taill at low angles of attack,
and, accordingly, no additional edjustment was made to the data to account
for the difference in the horizontal-tail aspect ratio. The experimental
investigation of reference 9 also imdicates little. effect of this small
difference in horizontal-tail aspect ratio on the derivative OYB at an

angle of attack of 0°. In the high engle-of-attack range, it is not kmown
whether appreciable differences 1n the value of CYB would occur owing

to the difference in the horizontal-tail aspect ratic used in reference 1
and. that of the present lnvestigation.

The data of figure 18 indicate that with the wing off and the canopy
off a large increase in the adverse sidewash occurs as the angle of attack
is increased, and, for angles of attack greater then 199, the adverse side-~
wash becames so great that the contribution of the wvertical tall becaomes
unsteble. Corresponding decreases in the tall contribution are assoclated
with the unfavoreble changes in sidewash at the tail. The addition of the
wing provides a favorable change in sidewash and in the tail contribution
to the directional stebllity throughout the angle-~of-attack range (rig. 18).
In comparison with the fuselsge and wing effects, the effects of the can-
opy were of secondary importance except for the case of the longest fuse-
lege sbove the stall.

Additional adverse sidewash at the tail was csused by the canopy
(fig. 18) for all angles of attack except near the stall. This adverse
sidewash resulted in a decreese in the tail contribution to the direc-
tional stabllity (ACnB) in this angle-of-attack range. In the region of

the stall the canopy produced favorsble sidewash at the tall and this,
of course, slightly increased ACnB. These effects of the canopy were

similar with the wing on and off.

Since the sidewash data, which were determined with isolated-tail
dsta for a horizontal tail of aspect ratio 2.77 instead of 4.00 as used
herein, adequately describe the tail contribution to CnB in the high

angle-of-attack range, it would sppear that the difference in horizontal-
tail aspect ratio between the model used herein and the model of refer-
ence 1 wag of little consequence wlth regard to the derivative CYB'
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The nonlineerities that occur at high angles of attack in- the vari-
ation of the coefficients with angle of sideslip (see figs. 6(d) to 6(f),
for example) should be considered when the stability derivatives are used .
for that angle-of-attack range. In the high sideslip-angle range
(fig. 20) the canopy also generally had an adverse effect on the contri-
bution of the tail to the yswing-moment coefficient—(ACn), especlally at

angles of attack near and ebove the stall.

'Effect of wing on sidéwash parameter snd on tail contribution to o=
and Cp.- The addition of the wing in the low position to the fuse-

lages (fig. 18) produced favorable sidewash at the tail, canopy on or off, -
for almost the entire angle-of~-attack range. (An exception wes with the _
canopy off at angles of attack abhove 30°.) Corresponding increases in

the tail contribution to the directional stebility due to the wing were

apparent from the data of figure 18:—With the wing on the tail contrib-

uted positive directional stsbility for the entire angle-~of-attack range,

whereas with the wing off the tall contribution became zero at an angle -
of attack below—the stall. The favorable sidewash due to the addition -
of the wing i1s in sgreement with the—invegtigation of reference 10 wherein,

for a fuselage with square cross sections, the eddition of swept or unswept

wings in the low or high positions contributed favorgble sidewash at the

tail, the greatest amount of favorable 81dewash being contributed by the

low wing positions. __ . - —

Effect of canopy on fuselage and—wing~fuselsge characteristics.~ As
would be expected, the addition of the cenopy to the fuselage-resulted in
greater dilrectional instaebllity In the low angle~of-attack range. (See
fig. 19.) For higher angles of atback, however, the canopy decreased the
instability of the fuselage. Also, for angles of attack above sbout 30°,
the fuselesge wlth the canopy became directionally stable. The sddition
of the canopy to the wing-fuselage cambination results in more instebility
throughout the angle-of-attack renge with the greatest effect of the can-
opy occurring at angles of attack ebove the stall. =

CONCLUSIONS

An investigation made at low speed In the Langley stability tunnel
to determine the effects of fuselage nose length (the fuselage fineness -
ratio varied from T.41 to 10.18) and a cenopy on the static longltudinal
and lateral stabillty characteristics of an airplane model having a low- i
mounted 45° sweptback wing of aspect ratio 3, a 45° sweptback horizontal
tail of aspect ratio 4 mounted slightly é&bove the wing chord plsne, and
square fuselage cross sections has indicated the followlng conclusilons:
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1. An increase In the ratio of the fuselage nose length to the maxi-
mum depth from 3.80 to 6.58 reduced the static margin at an sngle of
attack of 00 by about 0.09 mean serodynamic chord, had little effect on
the 1ift below the stall, and increased the 1ift somewhat for angles of
attack above the stall.

2. The addition of the canopy to the models hed essentially no
effect on 1ift, drag, end pilitching moment for the angle-of-attack range
investigated.

3. With aspproximately the seme amount of dilirectional stabllity et
an sngle of sttack of 0° (obtained by increasing the vertical-teil size
in proportion to the fuselage size), an increase in the fuselage nose
length caused & large decreage in the directional stebility of the com-
plete model with canopy on or off at moderate and high angles of attack.
This large decrease was caused by an increase in the directional insta-
bility of the wing-fuselage combinstion with an increase in fuselage nose
length together with the repid decrease in the vertical-tall contribution
to directional stebility. Only camplete models having fuselages of fine-
ness ratio 7.4l and 8.34 and without the canopy hed directionel stebility
throughout the angle-of-attack range.

k. Except for the longest fuselage length investigated, the canopy
reduced the directional stebillty of the complete models over the entire
angle-of-attack range. For the longest fuselage, the model was direc-
tionally staeble above the stall with the canopy on but very unstable with
the canopy off.

5. The results of breakdown tests, made only for the model having a
fuselage of fineness ratio 9.26, indicated that adverse sidewash at the
tall caming from the fuselage caused the contribution of the vertical-
horizontal tall assembly to deteriorate rapidly as the engle of attack
was Increased so that at angles of attack beyond the stall the tall contri-
bution became unsteble. The eddition of the low wing of aspect ratio 3
caused favorable sidewash throughout the angle-of-attack range and this
sidewash resulted in an increase in the tail contribution. The canopy
also caused adverse sidewash (the effect of the canopy wes secondsry to
the wing and fuselage effects except for the case of the longest fuselage
gbove the stall) and a corresponding decrease in the tail contribution
for all angles of attack except near the stall where favoreble sidewash-
and a slight increase in the tail contribution resulted from the canopy.

Langley Aeronautical Leboratory,
Netional Advisory Committee for Aeronautics,
Lengley Field, Va., January 24, 1957.
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TABLE I.- FUSELAGE COORDINATES

Fuselage of fineness ratio T.41

x/1lp w/lg

o - 0

.05 .015 ~
.10 .027

.15 .038 &f r

.20 .o

) .021;

.30 .060 .

.35 .06l 1
RINe) .067

45 .068 W
.50 .066

.25 .025 _ K J ‘
65 o6 Loz M- w —>
.70 .057

NG 054

.80 .050 _ ~

.85 LOlb7

.90 .0L3

.95 .039 =X

1.00 .03k lp, ——

In order to construct the three longer fuselages » Sections having
a constant cross-sectional area and lengths of 5, 10, and 15 inches were
added forward of and beginning at the center of gravity of the small
fuselage.
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TABLE IL.~ CANOPY COORDINATES .
x/lc Y/Z'c Z/Zc
[0} 0 0.108
0.018 0.025 0.111
o 122
0.036 0.032 0,114
0 .136
0.07L 0.046 0.121
.039 132 B
031 L3
.021 .15y
0 .164
0.143 . 0.063 0,134
[¢] .211
0.214 0.073 0.14%
.066 161
.059 .19
.09 .196
.038 .21k
.02h .232
] 241
0.286 0.079 0.155
0 .259 v _._‘
0.357 0.082 0.164 : - e
0 .869 : . j -
—t I .
0.k29 0.08%4 0.171 i .
o7L . —
.061 .21k " X
.051 .232 - o
Lo36 ‘230 T v
.0k .268
0 271 . L E
0.500 0.08L 0.179
o .268
0.57L 0.073 0.183
0 .261
0.61+5 0.063 o.mg
.05 .19
okg .21k
.032 .232
009 .250
o} .252
0.7l 0.052 0.190
0 §-1%8
0.786 0.039 0.191
o 259
0.857 0.026 0.193
.019 .200
.016 .207
.006 .21k
0 .216 ——
0.928 0.013 0.193
[ 204
1.000 0 0.193 -
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TABIE III.- PERTINENT DETATIIS OF MODEIS

Fuselage:
Length, in. . . . . « . . « .

Retio of nose length to afterbody length . » » » » + + » - » . 1.05L 1.308 1.565 1.820
Meximun height and width, 1m. . « « = = « o « o = « « « « = . 5.50 5.50 5.40  5.40
Fineness ratlo - - -« + ¢ & ¢ 4 o & 4 & o s e 2 o« e 4 e a e o . Tkl 8.34 9.26 10.18
Side are@, 8G IH. + « « v « 4 4 4 4 4 4 e e e e e e e . . .. 158.7 185.7 212.7 239.7
Volume, € M. & « -« & & =« o« o« « « o o = + s o« « » « &« . . 681.6 823.0 96:t.4 1105.8
Meximm cross-sectional ares, sq in. e e e e e e e e e ene . 28.3 28.3 28.3 28.3

Vertical taill:
Total ares to fuselage center line, Sy, £q in. e s e o .. U4B.6
Exposed area, Se,v, sq in. e e s s v e e s e

W
-.?]
o

Span from fuselage center line, Inm. . « « ¢ « « o« « = & & o & 9.8 10.52
Root chor@, M. =+ « & ¢ « v o « « « o« « o o o o s s o o o« « o« T37 .11 8.7 9.40
Meen serodynemic chord, 1. =+ « « « « o « o o = o o « ¢« =« « « 6.03 64 T-17 7.69
Sweepback of querter-chord line, deg e e e e e e e e e e e e ks 45 5 45
Taper TAE1I0 « v v o o ¢ o ¢ o o o o e o o o 4 o 4 4 ... 0.6 0.6 0.6 0.6
Aspect Tablo & « v v ¢ 4 e b et e e e e e e e e e e e e e . 1.4 L.t L.k 1.k
NACA sirfoil section parallel to roob chord e+« « « « « . . 65A008 65A008 65A008 65A008

Tail volume, NSy .. ... ... 0080 0.0976 0.1136 0.1308

Canopy:

Tength, In. . . & & & 4 ¢ & o 4 4 4 o o o o o o s o o s o o o s o s s o o o v o+« 1r.00
Side area, 89 In. . & ¢ o ¢ P70 e 4 W s 4 e @ o o s o 8 w s s s e s .4 e 8 e o o o » 11.9
Maximum eross-sectional area, sq in. e 4 4 s s e s e e e e e e e e s e e e e e e 2.0
Volume, cu in. * s e s 4 s e e s s s s a s e 5 s e s e s e 8 s 4 = o 8 v s e e s o 15.1
Ratio of length tomaximum width . . ¢ & ¢ ¢ ¢ & o ¢ o o 2 o o ¢ o o o o o o « a s o = 5.99
Retlo of distance from fuselage nose to fuselsge width . . « . + ¢ ¢ ¢« ¢« o o o « ¢ « & 1.11

Wing:
Area, Sy, sq in. e e e s e e e s e e e e e e e e e e e e s 7= ¢

=3+ -« A« A A
ROOL ChOTA, $Me & & v v & o v o o & o o o s o o o o o o o o o o o o o o o e v o a .. 12.99
Mean serodynemic chord, IM. .+ « &+ &+ &+ 4 + o o o ¢ « o s o o s o s o o« o o s « + « « . 1l0.63
Sweepback of quarter-chord 1ine, deZ + « « « =« o o« « « o ¢ o o o o« o o o o o o o o o o ]
Taper TAELO + & ¢ & ¢ o o o o o o ¢ o o« s o o o o 4 o o o o o o o @ o 4 o e . e ... 0.6
Agpect Tablo . & . . i i ik e et e e e e e e e s s s s e e s e e e e e ey e e 3
NACA airfoil section parallel to plane of symmetry . - -« ¢ « = « « ¢ « « o =« = « - - . 65A008
Horizontel tail:
Total aree, Sp, 8Q M. & v & 4 4 4 e b b b e 4 b e e e e e s e e e ae e e e ... . E4.8
BPBI, I7e 4 4 ¢ 4 4 4 « o 4 o 4 e 4 4 e 4 e e e e s e e e e e e e e e e e e ... 16.10
Root chord, in. e e e o o o 6 o e s v = o & o s 2 e 8 o & 2 8 s s e a s'a s s 2 e @ 5.03
Mean aerodynemic chord, In. . o ¢« ¢ o ¢ o ¢ 4 4 ¢ o s o o« o & o 8 o o e e s . e« o o kA1
Sweepback of quarter-chord 1ine, GeZ . « . « & « « 4+ « o = o o s o o o » o o o o o+ . 45
Angle of Incidence, GEE . « « + « « ¢ « o s o o o o 2 6 & 8 o o s s & . s s e s s e o 0
Dihedral engle, AeE =« ¢« « « o o o o o o o o o o o o s o s o« o o s o s o s s s o « o = 0
Taper Ta&EI0 « « & o 4 o o« o o o o o o 4 2 o o o o 5 e s e 8 2 4 o e o o o0 o o o o = 0.6
Aspect TaE10 4 v v 1 . i et et e e e e e e e s e e e e s e e e e e e e e e e bk.ooo
NACA airfoll section parallel to plene of BymmetTy « « + =« « o « ¢ o « = « « « « « « . 65A008

1
Teil volume, _Psh e s e s e e e e e e e s e e e e e e e e e e e e e e - . . 0.32%



http://www.abbottaerospace.com/technical-library

18

S

L

Relate wind

Laaw_mﬂd

o

L 4

\ Relatve wind
V2

Figure 1l.- Stebility system of axes.
moments, and angular

NACA TN 3961

~

Arrows Indicate positive forces,
displacements.
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Figure 2.- Details of models.

Dimensions are in inches.

19
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Figure 3.- Photographs of models. L-57-147
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Angle & sdeslp, 5, aeg

(a) Variation of Cp with 8.

Figure 6.- Effect of cancpy and fuselage nose length on variation of aerodynamic characteristics
with angle of sideslip for a complete 45° sweptback wing model.
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Figure 6.- Concluded.
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Figure T.- Effect—of blunting fuselage nose on variation of Cg, Cﬁ,

and Cp with o for a complete 450 gweptback wing model having a
fuselage with square cross sections. Polnted fuselage of fineness
ratio 9.26; blunt fuselage of fineness ratio 8.71; canopy on and
off; B = O°.
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the contribution of the tail assembly to the piltching-moment: coeffi-
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Fuselage fineness ratio, 9.26; pointed nosej wing off and on.
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Figure 15.- Aerodynamic characteristics in sideslip of & 45° sweptback wing having an aspect
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Figure 16.-~ Effect of fuselage nose length on
contribution of tail assembly to CnB for a

model heving a fuselage with square sections.
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Figure 17.- Effect of canopy on the variation of Orﬂ’ Cy B’ and cn’3 for a 45° sweptback wing
model having a fuselage with square cross sectioms.
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Figure 17.- Concluded.
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NACA TN 3961
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Figure 18.- Effect of canopy and wing on varilation of (1 + %g)%ﬁ

ACnB for a 459 sweptback wing model having a pointed fuselage
fineness ratio 9.26.
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Figure 19.~ Variation of CYB’ Czﬂ, and Cnﬂ with o for the components of a U5° sweptback

wing model. having a pointed fuselage of finenese ratio 9.26.
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Figure 20.- Effect of cenopy on the veriation with angle of sideslip of
the contribution of the tail assenmbly to the yawing-moment coeffl-
cient. Fuselage fineness ratio, 9.26; pointed nose; wing off and on.
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