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EFFECTS OF WING POSITION AND FUSELAGE SIZE ON THE LOW-SPEED STATIC AND
ROLLING STABILITY CHARACTERISTICS OF A DELTA-WING MODEL *

SUMMARY

An investigation was made to determine the effects of wing
position and fuselage size on the low-speed static and rolling
stability characteristics of airplane models having a triangular
wing and vertical tail surfaces.

For the longitudinal-stability case, the results indicated that,
Jor all wing positions, as the fuselage size was increased the
maximum Lift coefficient decreased. Also, for a given fuselage
size, the maximum Uift coefficient increased as the wing position
was changed from low to high.

For the lateral-stability case, the results indicated an increase
in the vertical-tail lift-curve slope as well as an increase in the
effective dihedral with an increase in fuselage size. Both these
effects could be calculated with good accuracy by using available
theory. As indicated by both available theory and results of
previous investigations, the effective dihedral at low angles of
attack caused by wing-fuselage interference changed sign as the
wing position was changed from low to high. Moving the wing
from the low to the high position caused the vertical-tail con-
tribution to the directional stability to decrease at low and
moderate angles of attack. At high angles of attack, all the
configurations investigated became directionally unstable. How-
ever, the low-wing—large-fuselage (fineness-ratio-6) configuration
maintained directional stability to an angle of attack above
that which corresponds to maximum Uift.

For the rolling-stability case, the results generally indicated
very little effect of both wing position and fuselage size.

INTRODUCTION

In recent years, the accent on high-speed flight has led to
many changes in the design of the major components of
airplanes. The incorporation of large amounts of sweepback
in the wing and tail surfaces, use of low aspect ratio, changes
in wing and horizontal-tail positions relative to the fuselage,
and changes in the fuselage shape are but a few of the many
changes that have led to the consideration of some configura-
tions for which design information regarding stability
characteristics is not available. In order to provide general
information which would aid the designer of present-day
airplanes, a series of investigations is being conducted in
the Langley stability tunnel on models having various
interchangeable parts. Some of these investigations have
resulted in the development of methods for estimating the
various stability derivatives and also have provided infor-
mation with which to check the validity of existing theories.
A summary of the various methods used for estimating the
stability derivatives of airplanes is presented in reference 1

1 Supersedes NACA TN 3063, 1954,

By ArLex GoooManN and Davip F. THOMAS, JR.

which contains a large number of the results obtained in the
Langley stability tunnel. )

The present investigation was made in order to determine
the effects of wing position and fuselage size on the low-speed
static and rolling stability characteristics of models having
a triangular wing and vertical tail surfaces. This investiga-
tion is a continuation of the work reported in reference 2
wherein the effects of wing position on the static stability
characteristics of models having unswept and 45° sweptback
surfaces were obtained. The data of the present investiga-
tion have been used to determine interference effects between
the wing and fuselages and between the fuselages and vertical
tails and to determine the interference effects of the wing-
fuselage combination on the vertical-tail contribution to the
static-stability and rolling-stability parameters. Also, the
lift-curve slopes of the vertical tails and the efficiency factors
of the vertical tails as a function of wing position and body
size have been determined. Tuft-grid pictures of the flow at
the vertical tail as affected by wing-fuselage interference are
also presented.

SYMBOLS

The date are presented in the form of standard NACA
coefficients of forces and moments which are referred to the
25-percent-mean-aerodynamic-chord point projected on the
plane of symmetry. The positive direction of the forces,
moments, and angular displacements are shown as part of

figure 1. The coeflicients and symbols are defined as

follows:

b span, measured perpendicular to fuselage
center line, ft

c chord, measured parallel to fuselage center
line, ft

: N

c mean aerodynamic chord, Ej; cidy, ft

S area, sq ft

x chordwise distance from leading edge of root
chord to quarter-chord point of any
chord, ft

Z chordwise distance from leading edge of
root chord to quarter-chord point of mean

b/2

aerodynamic chord, ES‘!; cx dy, It

y spanwise distance measured perpendicular
to fuselage center line, ft

v spanwise distance to quarter-chord point of

b/2
mean aerodynamic chord, %f cy dy, ft
1}

1




(a) Axis system.

FicurE 1.—System of axes used and representation of flow at wing-
fuselage juncture. Arrows indicate positive directions of angles,
velocities, and force and moment coefficients.

(b) Explanatory sketch for the increase in rolling moment due to side-
slip by the fuselage interference and for the induced sidewash.
Rear view of wing-fuselage section.

Ficure 1.—Concluded,

wing beight, perpendicular distance from

Zw
fuselage center line to wing chord plane
(positive when wing is above fuselage
center line), ft

d maximum fuselage diameter, ft

dy diameter of fuselage at ¢/4 of vertical tail, ft

l fuselage length, ft

S projected side area of fuselage, sq ft

Vp volume of fuselage, cu ft

Iy tail length, distance parallel to fuselage
center line from ¢/4 of wing to center of
pressure of vertical tail, ft

2y perpendicular distance from fuselage center
line to center of pressure of vertical tail, ft

q dynamic pressure (free stream unless other-
wise noted), %pV?, 1b/sq ft

P mass density of air, slugs/cu ft

1% velocity, ft/sec

P rolling angular velocity, radians/sec

a angle of attack of wing or fuselage center
line (unless otherwise noted), deg

8 angle of sideslip, deg

T effective dihedral angle, deg

o effective sidewash angle at vertical tail

(positive when tending to make the lateral
force more positive)
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g; rate of change of effective sidewash angle
‘ at vertical tail with angle of sideslip,
deg/deg
18 efficiency factor of vertical tail in sideslip
Np efficiency factor of vertical tail in roll
pb wing-tip helix angle, radians
2V
90 5 rate of change of effective sidewash angle at
b2p—V vertical tail with wing-tip helix angle,
radians/radian
c, 1ift coefficient, i
qSw
Crye maximum lift coefficient
Cp drag coefficient, Drag
qSw
Cy lateral-force coefficient, Lateral force
9Sw
Cn pitching-moment coeflicient,
Pitching moment
9Swew
a, yawing-moment coefficient, Yawing moment
q@Swbw
C, rolling-moment coeflicient, Rolling moment
QSWbW
Cyg lateral-force parameter per degree,
60y>
08 Je=ce
Cus directional-stability parameter per degree,
60n>
0B Jp=ce
Cig effective-dihedral parameter per degree,
o)
OB Ja=0°
Cyyo=—Cr, 37 per deg
Vg L“V g;; per degree
CLaV lift-curve slope of vertical tail (C, of ver-

tical tail based on vertical-tail area) per

degree <D—CL>
g bav ay= 0°

oCy,
Cr = <—5Z>a= - per degree

Cy :b_C_y per radian
» D!Lb
2V
_o(,
N1
097
(. = _D_Qz per radian
? aﬁ—b
2V
oCy,,
pb
51y
AICL; Alom,
AIOng Alcnﬂ; A1013~
A]Oy’p, AlOnp’ AIOIZ,

per radian

C'?Z

per radian

increments of coefficients caused by
wing-fuselage interference; that is,
AICY‘*: OYﬁW-i-F—— ( OYﬂW+ pyﬂF)
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-increments of coefficients caused by
wing-fuselage interference and wing
interference on vertical-tail contri-
bution; that is, A20Y5=(0Y5W+p+v_

. 0Yﬁu-"+p) - (OY"F+ v Oyﬁr)

, ((increments of coefficients caused by
2yCyyy Agcfnﬁ;“’A,;,C';;;" + mut}ml in!;erferen.ce of fuselage and
AC  AC. . AC 4 vertical tail; that is,
3% Y g 3Ly 3‘ iy A:;Oyﬁ:(Oyﬁ "“Oyﬁ )——Of'g
F+V F 14

AZOYﬂ; A2Onﬂ; AZOIﬁy
A2OY,D1 A2011p1 A201F

Subscripts: -

w isolated wing

F isolated fuselage or body
Vv isolated vertical tail

wWF wing-fuselage combination
r root

component due to sidewash

APPARATUS AND MODELS

The tests of the present investigation were made in the
6-foot-diameter rolling-flow test section of the Langley sta-
bility tunnel. This section is equipped with a motor-driven
rotor which may be used to impart a twist to the airstream
so that a model mounted in the tunnel is in a field of flow

t,.4.50 max  diam. % 025
4.20

I.SO\_' - — L]
1.50—"2

21.50 1

27.00

5=36.5

f—11.2—

&’ 3
- S
c=2ll
¢,z 316

54.00

Frcore 2.—Dimensions of the complete models.
in inches.

All dimensions are

similar to that which exists about an airplane in rolling
flight (ref. 3).

Details of the wing, fuselages, and vertical tail surfaces
and the relative locations of the wing and vertical tails with
respect to the fuselages are given in figure 2. The various
wing positions, fuselage sizes, and vertical-tail sizes will be
referred to herein by the following designations:

Wl_.., ______ e e ——— Midwing

W e High wing

W g e e Low wing

Fy e Small fuselage

Fy o oo Medium fuselage

Fy o e Large fuselage

4 T U U Small vertical tail

Ve e e Medium vertical tail
Vg o e Large vertical tail

A list of the pertinent geometric characteristics of the various
component parts is given in table I.

TABLE L.—PERTINENT GEOMETRIC CHARACTERISTICS OF

MODELS

Fuselage: F F, Fy
Length,in. .. ... __________ 54. 0 54. 0 54.0
Maximum diameter, in. _________ 4.5 6. 0 9.0
Fineness ratio_ - ____ [ 12.0 9.0 6.0
Body-size ratio, d/bw____.________ 0.123 0. 165 0. 246
Volume, cuin. - ___.__________.__ 545 990 2, 200
Side area, sq in.__.._._____._.__._ 186 252 370

Wing:
Aspect ratio. ____ . ____ ... 2. 31
Taper ratio_ .. _ ... 0
Leading-edge sweep angle, deg__ . _________.__._ ... 60
Dihedral angle, deg_________ . ______________. . 0
Twist, deg- - - - - oan 0
NACA airfoil section.. ... _. [ 65A003
Area, sqin. oo ... -.- 576. 7
Span, in. oL ... il ao--- 36. 5
Mean aerodynamic chord, in. - ... ___.____ ___. 211
Root chord, in. _. ... ... .. ... .. ... ... 31. 6
Wing-height ratio for all wing-

fuselage combinations, zw/d__ . _____ ... .. ... 0, £0. 333

Vertical tail: Vi 7y Va

Aspect ratio. __ . ____________.__ 2. 18 2. 18 2.18

Taper ratio______________.__.____ 0 0 0

Leading-edge sweep angle, deg_.__ 42. 5 42. 5 42. 5
NACA airfoil seetion_ ___________ 65-006 65-006 65-006
Area, sqin. .. _________. 39.2 48. 3 66. 0
Span, in. - ____________________ 9.25 10.25 12. 00
Root chord, in. - _________ - 8. 50 9. 40 11. 00
Mean aerodynamic chord, in. ____ 5. 67 6. 25 7. 35
Tail length, in. _____.__._________ 21. 5 21.5 21. 5
Area ratio, Sy/Sw_ - ..o ____ 0.068 0.084 0.115
Tail-length ratio, ly/bw..._____.__ 0. 59 0. 59 0. 59

The complete models used for the present investigation
were designed to permit tests of the wing alone, the fuselages
alone, the wing-fuselage combinations (with the wing at three
different vertical positions relative to the fuselage), or the
fuselage in combination with any of the three vertical tails
with or without the wing. The fuselages used in the investi-
gation had fineness ratios of 6, 9, and 12 and were bodies of
revolution having parabolic-arc profiles and blunt-tail ends.
The wing was a 60° delta wing of aspect ratio 2.31 and had
an NACA 65A003 profile in sections parallel to the plane of
symmetry. All the triangular vertical tails had an aspect
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ratio of 2.18, 42.5° sweepback of the leading edge, and NACA
65-006 profiles in planes parallel to the fuselage center line
and differed only in area. (See table I.) Ordinates for the
NACA 65A003 and 65—006 sections and for the fuselages are
given in tables II and III, respectively. All parts were
constructed of mahogany.

TABLE TI.—ORDINATES FOR NACA 65A003 AND 65-006
ATRFOILS

[Station and ordinates in percent airfoil chord]

NACA 65A003 NACA 65-006
Station Ordinates Station Ordinates

0 0 0 0
.50 . 234 .50 .476
.75 . 284 .75 .574
125 .362 1.25 L7117
2.50 .493 2.50 . 956
5.00 . 658 5.00 1.310
7.50 . 796 7.50 1. 589
10. 00 . 912 10.00 1.824
15. 00 1.097 15.00 2.197
20.00 1. 236 20. 00 2.482
25.00 1.342 25. 00 2.697
30.00 1. 420 30. 00 2.852
35.00 1.472 35.00 2.952
40. 00 1. 498 40.00 2.998
45.00 1. 497 45.00 2.983
50. 00 1. 465 50. 00 2. 900
55. 00 1. 402 55. 00 2.741
60. 00 1. 309 60. 00 2.518
65. 00 1.191 65. 00 2. 246
70. 00 1.053 70. 00 1.935
75. 00 . 897 75.00 1. 594
80.00 727 80.00 1.233
85. 00 549 85. 00 865
90.00 . 369 90. 00 .510
95. 00 .188 95. 00 .195

100. 00 . 007 100. 00 0

L. E, radius: 0.057 L. E. radius: 0.240

TABLE III.—FUSELAGE ORDINATES
s

l=5400" |

Ordinate, 2/I
Station, 8/
Fy F I3
0 0 0 0

006 0013 L0017 0024
009 0019 . 0024 0037
015 0032 . 0041 0061
030 0059 . 0080 0120
060 0115 . 0154 0232
090 0167 . 0222 0333
120 0213 . 0284 0426
180 0291 . 0387 0582
240 0350 . 0467 0700
300 0391 . 0520 0780
360 0413 . 0550 0826
400 0417 . 0556 0834
420 0417 . 0554 0832
480 0413 . 0552 0826
540 0406 . 0541 0810
600 0393 . 0524 0786
660 0378 . 0504 0756

. 720 0357 . 0476 0713
780 0333 . 0443 0665
840 0304 . 0406 0610
900 0270 . 0361 0542
960 0233 . 0313 0469

1. 000 0208 . 0276 0413

The models were mounted on a single strut support at the
quarter-chord point of the wing mean aerodynamic chord
which coincided with the 50-percent point of the fuselage
length (mounting point, fig. 2). Forces and moments were
measured by means of a six-component balance system. The

lateral force of the isolated vertical tails as well as the tails in
the presence of the fuselages were obtained by means of an
electrical strain gage. Photographs of two of the configura-
tions tested are presented as figure 3. The wing was set at 0°
incidence with respect to the fuselage center line in all
positions.

(a) Midwing, medium fuselage, and large vertical tail configuration
(Wi+Fo+V3).

(b) High wing, large fuselage, and large vertical tail configuration
(Wo+F3+ V).

Fieure 3.—Complete-model configurations mounted on single-strut
support.

TESTS

Tests were made at a dynamic pressure of 39.8 pounds per
square foot which corresponds to a Mach number of about
0.17 and a Reynolds number of 2.06 X10°® based on the mean
aerodynamic chord of the wing.

The models were tested through an angle-of-attack range
from about —2° up to and beyond the angle of maximum
lift at angles of sideslip of 0° and 4-5° in straight flow and at
0° sideslip in rolling flow. Lift, drag, and pitching moments
were obtained for the straight-flow tests at 0° sideslip. Data
obtained in straight flow at £5° sideslip and in rolling flow
at several values of pb/2V were used to obtain the derivatives
of lateral force, yawing moment, rolling moment, and lateral
force on the vertical tail with respect to 8 and pb/2V. The
test values of pb/2V were +0.015, +-0.030, and +0.045.
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In order to obtain the lift-curve slope of the isolated
vertical tail OLaV, the tail was mounted as shown in figure 4.

The angle of attack of the support system was maintained at
0° while the angle of attack of the tail was varied by pivoting
the tail about the support point. The isolated tail was
tested at angles of sideslip of 0° and +5° for several angles
of attack.,

The tuft-grld techmque of reference 4 has been used to
obtain pictures of the flow at the vertical tail as affected by
wing-fuselage interference. For each wing position (the
large fuselage being used), pictures of the tuft grid mounted
directly behind the wing-fuselage combination were obtained
for zero angle of attack and for a range of sideslip angle.

Wind direction
——— -

--Vertical tail 14

Strain-gage~””
balance

Singte-strut support---""1 4

Ficure 4.—Sketch of vertical-tail mounting for determining isolated-
vertical-tail results,

CORRECTIONS

Approximate corrections, based on unswept-wing theory,
for the effects of jet boundaries (ref. 5) have been applied
to the angle of attack and drag coefficient. The data are not
corrected for blocking, turbulence, or support-strut inter-

ference.
METHODS OF ANALYSIS

The results of the present investigation are analyzed in
terms of the individual contributions of the various parts of
the models to the aerodynamic characteristics and to the
more important interference effects.

LONGITUDINAL-STABILITY CASE

In accordance with conventional procedures (for exam-
ple, as outlined in ref. 6), the lift and pitching-moment co-
efficients for the present complete conﬁguratlons can be ex-
pressed as

Cp= OLW+ OL,+A10L (1)

—Omw+ Omp._l_AlOm (2)

The increments expressed by A;C. and A,C, denote the
mutual interference of the wing-fuselage combination. These
increments can be obtained from the test results in the
wanner llustrated by the following equations:

ACp= 0LW+F'_ (OLW+ OLF) (3)
A10m=0mw+p_ (me+ Cm,) (4)

LATERAL-STABILITY CASE

Interference increments.—By using a method analogous
to the one employed for the longitudinal-stability case, the
static-lateral-stability derivatives of the present complete
configurations can be expressed as (see ref. 2)

OYaZ;CYﬂW'I— CYﬂF 4.0y, +Cr, ﬂv+A20Ya+A30Yﬁ ®)

The interference increments can be obtained from the test
results in a manner analogous to that used for the
longitudinal-stability case. For example:

AIOYﬁz'OYBW_’_F_ (Oyﬂw"i‘ OYBF) (6)
A2OY5= <0Y"’W+F+V_ Oyﬂ W+F> o (OY5F+V_ OY"’F) @
A3OYﬂf (Cyﬁp.*.y - OYBF) - OYﬂV (8)

The mutual interference increments of the fuselage—
vertical-tail combination, that is, AaOYB, AaCnﬁ, and AgOlB,
are made up of two separate interference increments. For
example, the increment A3Cy, is made up of the interference

of the fuselage on the vertical tail, which can be expressed as
A4Oy5= (OY5;'>F_ OYﬂV . (9)
and the interference of the vertical tail on the fuselage

AsOYﬂ: ( OY"F-W_ 0Y5F> - ( Oyﬂv)i‘

where (OyﬁV)F is the vertical-tail contribution to Oyﬂ in the

presence of the fuselage. Equations (9) and (10) when
added together result in equation (8).

Vertical-tail efficiency factors.—The vertical-tail contribu-
tion to the lateral-stability derivatives as affected by the
wing-fuselage interference can, for example, be expressed as

(Crs,)pe="Cre, Sw [(1 >q€l—V:IWF

=0, [ (=5) 1.,

where (OY ) is the vertical-tail contribution to Cy_ in the
By /wr [

presence of the wing-fuselage combination. Similarly, the
contribution of the vertical tail to Cy, as affected by the

fuselage interference can be expressed as

(Cn,),=0r, [ (1-32) ],

Solving equations (11) and (12) for the efficiency factors
gives, for wing-fuselage interference,

(10)

(11)

(12)

C,
_ _E gl’] =( YﬁV)WF 3
=] (1-33) ] o (13)
and, for fuselage interference,
Cy
(ng)r= [ 1‘——‘ I =——“—( O:V)F a4

.14




ROLLING-STABILITY CASE

Interference increments.—In a manner similar to the
lateral-stability case, the rolling derivatives of the present
complete configuration can be expressed as

pr= OYPW+ OY”F+AIOYP+ OYpV+A20Yp+A30Yp (1 5)

The interference increments can be obtained from the
test results in a manner analogous to that used for the
lateral-stability case. For example,

M OY”: OY” W+F— ( CYI’ W+ 0Y7’F> (1 6)

AZOYP: ( OYP W+F+V_ pr W+F) - (OYPF+V— OY”F> (1 7)

The mutual interference increments of the fuselage—
vertical-tail combination A;Cy,, A3C,, and A;(i, are not
evaluated, because values of the rolling-stability derivatives
of the isolated vertical tail were not obtained.

Vertical-tail efficiency factor.—In accordance with the
development of reference 7, the vertical-tail contribution
to the rolling-stability derivatives as affected by the wing-
fuselage interference can, for example, be expressed as

2 . d
(Cry, ) pp=—57-3Crs [—-5 (2v cos a—Iy sin @)+ ;bjl Q_(ZV
WF

5%

(18)

where (OY ) is the vertical-tail contribution to (' in
Py ]wWF 4

the presence of the wing-fuselage combination.
Similarly, the contribution of the vertical tail to Cy  as
affected by the fuselage interference can be expressed as

_ 2 . 0o
(Ova>F=_D7.3OYBV [—5 (2 cos a—Iy sin a)—i-gé)] %"
2V _ir
(19)

Solving equations (18) and (19) for the efficiency factors
gives, for wing-fuselage interference,

Cy
( ’pv)wr_l:__%(zv cos a—Uy sin o)+ a;b] qv
wr

(1) wr=~— 57'30}’3‘/ = b g
2V

(20)
and, for fuselage interference,

O £

(pr ) 9 o)
__ﬁ_u_’ =z —1,si 9o |9_‘
Np)r= 57.36%— 5 (2v cos a—Iy sin @)+ 25 | ¢ (21)
2V e

RESULTS AND DISCUSSION
PRESENTATION OF RESULTS

The results for the configurations investigated are pre-
sented in three parts. The static longitudinal stability
characteristics are given in figures 5 to 11 and the static
lateral stability characteristics are presented in figures 12
to 28. The rolling stability characteristics are presented
in figures 29 to 38.
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Ficure 5.—Aerodynamic characteristics of tne 60° delta wing.
STATIC LONGITUDINAL STABILITY CHARACTERISTICS

Wing characteristics.—The lift, drag, and pitching-moment
data for the 60° delta wing of the present investigation are
presented in figure 5. The value of the experimental
lift-curve slope, taken through zero angle of attack, of
0.043 is in close agreement with the theoretical value of
0.042 given in reference 8. At low angles of attack, the
aerodynamic center of the wing is located at about 37
percent of the mean aerodynamic chord. The theoretical
value of 33 percent given in reference 8 is in fair agreement
with this experimental value.

Fuselage and fuselage—vertical-tail characteristics.—One
of the main effects of the isolated fuselage on the static
longitudinal stability is the contribution of an unstable
pitching moment as shown in figure 6. The unstable
pitching moment at low angles of attack increases with an
increase in fuselage size. This effect is in agreement with
the theory of reference 9 and the results of reference 10.
However, the instability in pitch decreases as the angle of
attack increases for these blunt-tail fuselages.

The addition of a vertical tail to the fuselages generally
had a small ceffect on the longitudinal stability character-
istics. The wvalidity of the lift results obtained for con-
figuration F;+ V; is questionable.
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F16uRE 6.—Aerodynamic characteristics of the fuselages and the fuselages in combination with several vertical tails.

Wing-fuselage and complete-model characteristics.—The
addition of a 60° delta wing in the low, middle, and high
positions (W,, W,, or W,, respectively) to the fuselages
(Fy, F,, or Fj3) produced C, -characteristics at low angles
of attack similar to that obtained for the wing alone.
(Compare fig. 5 with fig. 7.) At moderate and high angles
of attack, all the configurations tested exhibited stable
pitching characteristics with the exception of the low-wing—
large-fuselage configuration W;-+/F, In this case, an in-
stability is indicated at a~24°. This angle of attack also
corresponds to the angle of attack at which (', _ occurs

and to a break in the drag curve for this configuration.

As the fuselage size is decreased, (., , is increased and the

tendency for instability is delayed to a higher angle of attack.
These effects can probably be accounted for by consideration
of the interaction of the delta-wing vortex with the fuselage
and the wing-fuselage interference effects (A,C, and A;Cp)

oA L)
Oa

as shown in figure 8. As can be seen, the slope

increased as the fuselage size was increased. The increment
A (', also increases with an increase in fuselage size; how-
ever, the increase becomes less as the wing is moved from the
low to the high positions. The interference is, therefore,
a function of the body-size ratio and decreases with a
decrease in the ratio. The variation of Cp_  with body-
size ratio and wing-height ratio is presented in figure 9
and illustrates this effect. Also, as can be seen in figure 9,
the high-wing configurations attained the bighest C., .

mazr

351583—56——2

The addition of a vertical tail to the wing-fuselage com-
binations had little effect on the longitudinal stability
characteristics. (Compare figs. 10 and 11 with fig. 7.)

STATIC LATERAL STABILITY CHARACTERISTICS

Wing characteristics.—The variations of Cyﬁ, Cnﬁ, and
(', with angle of attack for the 60° delta wing are presented
in figure 12. The derivative 'y, and C,, are generally small
for most of the angle-of-attack range. The value of the
slope aC, /00, through a=0° of 0.0047 for this wing is in
good agreement with the value of 0.0050 calculated by the
method of reference 11.

Fuselage characteristics.—The main contribution of the
isolated fuselages to the static lateral stability characteristics
is an unstable yawing moment throughout the angle-of-
attack range (see fig. 13). The magnitude of the unstable
yawing moment at low angles of attack is apparently a direct
function of the fuselage size. The fuselage characteristics at
a=0° are summarized in figure 14. . In order that the results
obtained may be applied conveniently to arbitrary airplane
configurations, coefficients in terms of fuselage dimensions
are needed. This end is accomplished by plotting the quan-

tities (Crp)r % and (Cn), Swbw

UF
ratio. The quantities plotted, therefore, are effectively a
lateral-force coefficient based on fuselage side area S, and a
yawing-moment coefficient based on fuselage volume v,.
The results presented in figure 14 are compared with the

results of reference 12 and the theory of references 9 and 13.

against fuselage fineness
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The experimental results show a negative lateral force which
increases as the fineness ratio is decreased; this result is in
good agreement with the results of reference 12. The theory
of reference 9, which is based on potential-flow consideration
for closed bodies, predicts no lateral force. The theory of
reference 13 results in a fair estimation of the fuselage
lateral-force coefficient. The experimental results obtained
for the directional-stability parameter (C,)r show good
agreement with the results of reference 12 and are in fair
agreement with the theories of references 9 and 13.
Fuselage-tail characteristics.—The addition of a wvertical
tail to the fuselages contributes a stable yawing moment and
an increase in lateral force. However, the magnitude of the
tail contribution to both Oyﬁ and O, is apparently a function
of the ratio of the fuselage diameter (measured in the plane
of the tail €/4) to tail span (dv/by). (Seefig. 13.) Results
obtained by measurement of the lift on the tail in the pres-

presented in figure 15 as (O"ﬂv)p where (OYBV)F is the verti-
cal-tail lift-curve slope based on the wing area. The varia-
tion of the efficiency factor (u,), as determined by the
procedures explained in the section entitled “Methods of
Analysis’” is presented in figure 16 with angle of attack.
This factor is a direct measure of the induced sidewash at
the tail for a=0°. The effects of fuselage size on the
efficiency factor (u,), and the tail lift-curve slope OL"‘V

(based on tail area) are sumimarized in figure 17 for a=0°
and show an increase in (nﬂ) - and CLaV as the fuselage diam-

eter is increased. The effect of fuselage size could be cal-
culated with good accuracy by using a finite-step method
such as discussed in reference 14 and by accounting for the
effecis of the fuselage by using a method similar to that of
reference 15. This method also yields the span loading on
the tail. The calculated values are also in good agreement
with the experimental results and indicate an increase in
stabilizing sidewash at the vertical tail with an increase in

ence of each fuselage through the angle-of-attack range are | fuselage size. (See fig. 15.)
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Ficure 7.—Effects of wing position and fuselage size on the aerodynamic characteristics of several wing-fuselage combinations.
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Ficure 8.—Effects of wing position and fuselage size on the wing-fuselage interference increments A,C,, and A,Cy, for the wing-fuselage
combinations.

The variation of the isolated-vertical-tail lift-curve slope
with angle of attack of the mode) is presented in figure 18.
As shown the effects of angle of attack are small and the
values of OLuV could be calculated with good accuracy by using
a finite-step method. The isolated-tail results were used
mainly for calculating the mutual interference increment of
the fuselage-tail combination Agoyﬂ. These results are pre-

sented in figure 19. As indicated by the procedure outlined
in the section entitled ‘“Methods of Analysis,” the mutual
interference increment A;C'y, is composed of the interference
of the fuselage on the vertical tail Aqoyﬁ and the interference
of the tail on the fuselage A;Cy;.  Itisof importance to note
here that the interference increments A4pr and A;Cy, are
of the same magnitude at a=0° for practically all the con-
figurations investigated. A similar result was obtained for
upswept tail-fuselage configurations as indicated in reference
16. The present results as well as the results of reference
16 indicate that the load induced on the vertical tail by
the fuselage is equal to the load induced on the fuselage
by the vertical tail. As mentioned previously, the contri-
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Ficore 9.—Variation of Cp . with body-size ratio and wing-height
ratio.

bution to Cy, of the tail alone as well as the tail in the
presence of the fuselage can be calculated with good accuracy.
The results obtained, therefore, indicated a simple means of
estimating the values of Cr, of the fuselage-tail combination
at a=0°.

Wing-fuselage characteristics.—The wing-fuselage charac-
teristics are presented in figure 20. The effects of wing
position on Cy, and C,, for a given fuselage size at Jow angles
of attack for these models are very similar to those effects
obtained for the unswept and swept-back wing models
discussed in reference 2. The qualitative analysis of refer-
ences 2 and 17 used to account for the effects of wing position
on Cy, and Cy can also be applied to the present case.
Briefly, this analysis states that for a high-wing—fuselage
configuration at a positive angle of sideslip the lateral
component of the free-stream velocity (V sin 8) will give rise
to an antisymmetrical variation in angle of attack; that is,
the flow about the fuselage induces an upwash on the ad-
vancing wing semispan and a downwash on the opposite
semispan. (See fig. 1 (b).) The magnitude of these in-
duced velocities is a function of the fuselage size and can be
calculated from flow considerations about an infinite cylinder
(ref. 18). It can be seen, therefore, that for positive side~
slip angles a negative rolling moment will be induced and
that for a midwing configuration this effect does not exist.
In addition, at low angles of attack, a high-wing or low-wing
configuration at an angle of sideslip should have larger
values of Oya relative to the midwing results because of the
end-plate effect of the wing. The results for 0’,‘i and OYﬁ
shown in figure 20 are in agreement, at low angles of attack,
with the preceding analysis.

The wing-fuselage configurations are directionally unstable
throughout the angle-of-attack range investigated (fig. 20).
The unstable yawing moment of the fuselages predominates
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Ficore 10.—Effects of wing position and fuselage size on the aerodynamic characteristics of several wing—fuselage—vertical-tail configurations,
Small and medium vertical tails V; and V,.

for the low and moderate angle-of-attack range. (Compare
fig. 13 with fig. 20.) At high angles of attack, the wing-
fuselage configurations became more directionally unstable;
however, the increase in directional instability is less for the
high-wing configurations than for the midwing or low-wing
configurations.

As pointed out in the section entitled “Static Longitudinal
Stability Characteristics,” the lJow-wing— large-fuselage con-
figuration W,;--F; exhibited breaks in the curves of (7,
Cp, and C,, against angle of attack at a=24°. Similar
breaks are exhibited by the derivatives O}'ﬂ, C,.., and O,ﬁ at
about the same angle of attack.

The wing-fuselage interference increments A, Cy,, Alc',,ﬁ,
and AIC’;B determined by the procedures explained in the
section entitled ‘“Methods of Analysis” are presented in
figure 21. In accordance with the qualitative analysis of
references 2 and 17 which has been restated briefly herein,
it can be seen that the wing-fuselage interference induces a
negative increment of rolling moment for the high-wing
configurations and a positive increment for the low-wing

8’

configurations at low angles of attack. These increments

increase with an increase in fuselage size. For the midwing
configurations, the interference increments A;C; are about
zero at a=0° and small at low and moderate angles of attack.
The effects of fuselage size and wing position on the increment
Ay, at «a=0° are presented in figure 22. The results are
compared with values given by the empirical relation of
reference 1 and values calculated by using a procedure
similar to that of reference 15. In general, both procedures
result in good agreement. However, the results obtained
by using the finite-step method also yield the autisym-
metrical span load distribution on the wing. In general the
effective dihedral (C,/T'=-—0.00012 from ref. 11) varied
from approximately +2° to +8° as the fuselage size was
increased. The effects of wing position are similar to the
results presented in references 2 and 17.

As shown in figure 21, the interference increment A Cy,
is negative at low angles of attack for both the high-wing
and the low-wing configurations. This increment also
increases with an increase in fuselage size. At high angles
of attack, A,Cy, attains large positive values for the low-
wing configuration, whereas, for the high-wing configura-
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Fieure 11.—Effects of wing position and fuselage size on the aerodynamic characteristics of several wing—fuselage—vertical-tail configurations.
Large vertical tail V.

tion, this interference increment tends to remain negative or
becomes slightly positive. These variations with angle of
attack can probably be attributed to the effects of the
induced sidewash on the fuselage (see refs. 2 and 17).

The interference increment A, (7, is small over the low and
moderate angle-of-attack range for all the configurations
investigated. At the high angles of attack this increment
indicates an increase in directional instability for all the
configurations; however, the increase in directional instability
is less for the high-wing configurations than for the midwing
or low-wing configurations.

Complete-model characteristics.—The qualitative analysis
of the effects of wing-fuselage interference given in the
preceding section entitled ‘“Wing-fuselage characteristics”
will be extended to include the effects of wing-fuselage inter-
ference on the vertical-tail contribution. As pointed out in

the preceding analysis, the lateral flow about the fuselage
induces an antisymmetrical lift distribution over the wing.
Actually, this variation in lift caused by the fuselage is
largely concentrated over a small region at the center of the
wing as indicated in references 17 and 19. In this region, a
large spanwise pressure gradient is produced on the wing
(ref. 17) which will induce sidewash at the tail as illustrated
in figure 1(b) and by the tuft-grid studies shown in figure 23.
The tuft-grid results of figure 23 indicate that, for a low-wing
configuration at «=0°, the sidewash at the tail is favorable
(increase in directional stability); whereas, for the high-wing
configuration, the sidewash reverses sign and becomes
unfavorable (decrease in directional stability). For the
midwing configuration, a favorable sidewash is also indicated
although theoretically it is zero (ref. 17). The sidewash
velocity produced by sideslip is proportional to the angles of
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Ficoure 12.—Static lateral stability characteristics of the 60° delta
wing,

sideslip and also fuselage size and is theoretically independent
of the angle of attack. However, because the position of the
tail relative to the center of the wing wake changes with angle
of attack, the effect of the sidewash on the tail contribution
will also vary with angle of attack since, in passing through
the wing wake, the sidewash changes direction.

The results presented in figures 15, 24, and 25 are in agree-
ment with preceding analysis. As indicated in figure 25
changing the wing from the low to the high position produces
a large decrease in the directional-stability parameter C’nﬂ

at low or moderate angles of attack. This decrease is directly
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related to the decrease in the tail contribution prV)WF

with change in the wing from the low to the high position as

T+ chan be noted th hot (7

414
11 8N0ULa O€ Iouead viat U, also decreases

shown in figure 15. alsc decreases
with an increase in fuselage size at low and moderate angles
of attack for all the configurations investigated. This
decrease, however, is mainly due to the increase in the un-
stable yawing-moment contribution of the fuselage as the
fuselage size is increased. (See figs. 13 and 20.)

At high angles of attack all the configurations investig
are directionally unstable. However, the configuration with
the low wing, the large fuselage, and the large vertical tail
(W, F3+V,;) maintains its directional stability to an angle
of attack above that which corresponds to €y, . The other
low-wing and midwing configurations become directionally
unstable at angles of attack which correspond to ¢, . In
the case of the high-wing configurations, directional instabil-
ity is attained at angles of attack which correspond to values
below (g, . (See fig. 25.) The variations of the tail
contribution (Cy, oy 2 high angles of attack also indicate

these trends. (See fig. 15.)

The increments of wing-fuselage interference on the
vertical-tail contributions Azcyﬁ, AZO,,S, and AQOI‘Z were
evaluated from the basic data by the procedure outlined in
the section entitled “Methods of Analysis.” These incre-
ments are presented in figures 26 and 27 and the efficiency
factor (ng)wr presented in figure 28 is used in order to sum-
marize these results since this factor is a direct measure of
the effects of the wing-fuselage interference on the tail. At
low angles of attack (fig. 28) for a given fuselage size the
efficiency factor decreases as the wing-height ratio is increased
from negative to positive. This effect, as mentioned pre-
viously, is mainly due to the change in the induced sidewash.
As the body-size ratio is increased the efficiency factor in-
creases for the low-wing configuration and decreases for the
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FicuRE 13.—Static lateral stability characteristics of the fuselages and the fuselages in combination with several vertical tails.
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high-wing configuration. This effect is due to an increase in

° the induced sidewash with an increase in fuselage size. For
" Theory of reference 9 o £, the midwing configuration there is very little effect of
-002 — Reference 12 a fz fuselage size (fig. 28). At high angles of attack the efficiency
. --———~-——=Theory of reference 13 0 F3 ' factor of the vertical tail decreases for all the configurations
ol = investigated (see fig. 16). A large portion of this reduction
& 004 P = in the efficiency factor may be attributed to the effects of the
) e b 7 inboard movement of the delta-wing vortices (see ref. 4).
-006 / ‘
: ROLLING STABILITY CHARACTERISTICS
Wing characteristics.—The rolling stability derivatives for
0 the wing alone are presented in figure 29. In general, the
A\ derivatives Oy, and C,, are small over the low and moderate
Q:;m N ' angle-of-attack range. The value of C; of —0.16 at low
“ -02 = = — . L,
—_~ S~ | === angles o.f attack obta,m.ed for this wing is in excellent agree-
IS R i = e e — —— ment with the theoretical value given in reference 20. At
04 _ high angles of attack, C,_ becomes more positive and attains
) 2 4 6 8 10 12 a value of 0.20 at (g, ... Also C;, becomes more negative
Fineness ratio, L/ (increase in damping) at high angles of attack and attains a
Freure 14.—Summary of fuselage contributions to Cygand Cpy. a = 0°, value of —0.27 at .
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FicURE 15.-—Effects of wing position and fuselage size on the vertical-tail contribution to Cy,.
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Fiaure 17.—The efficiency factor and vertical-tail lift-curve slope as
influenced by the fuselages. o« = 0°.

Fuselage and fuselage-tail characteristics—The fuselage
and fuselage-tail characteristics are presented in figure 30.
The contributions of the fuselages to Cyp and O,p are small
over the low and moderate angle-of-attack range. The
value of C, obtained for the fuselages are small and positive
and increase slightly with an increase in fuselage size.

The addition of a vertical tail to the fuselages had very
little effect on C;, and made Cy, slightly more positive at
moderate and high angles of attack. Also, the slope for the

Yp

fuselage-tail configurations 5 increased with an increase in
[24

fuselage size. The vertical-tail contribution made O,,p more
positive at low angles of attack, but, at moderate and high
angles of attack, C, changed sign and became negative.
This effect is also indicated by the variation of (0va)p with
angle of attack shown in figure 35.
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Fiaure 18.—Variation of the isolated-vertical-tail lift-curve slope
with angle of attack.

Wing-fuselage characteristics.—The addition of a 60° delta
wing in the low, middle, and high positions to the fuselages
produced O’np and Olp results which are essentially the same as
those obtained for the wing along. (Compare fig. 29 with fig.
31.) In general, at low and moderate angles of attack, the
effects of wing position and fuselage size are small for these
derivatives. In the case of (y,, however, there is a large
effect of both wing position and fuselage size. In general,
changing the wing position from low to high results in a
Yp
da
an increase in fuselage size results in an increase in the slope

oCy

aa”- The wing-fuselage interference inerements presented

reduetion in the slope Also, for a given wing position

in figure 32 also indicate these trends.

Complete-model characteristics.—The effects of both wing
position and fuselage size on the complete-model character-
istics are presented in figures 33 and 34. The effects of wing
position and fuselage size on the derivative (', are generally
small, and the variation of this derivative with angle of
attack is essentially the same as that obtained for the wing-
fuselage configurations (fig. 31). The effects of wing position
and fuselage size on the derivative pr are also essentially

the same as those obtained for the wing-fuselage configura-
tions in that an increase in fuselage size increases the slope

o0y

a” and a change in wing position from low to high decreases

Yp.

he oC!
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Ficure 20.—Effects of wing position and fuselage size on the static lateral stability characteristics of several wing-fuselage configurations.
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configurations.
Changing the wing position from low to high slightly de-

: "p v
creases the negative slope - and tends to make ( », More
(o3

o}
positive. This effect is also indicated by the variation of the
tail contribution (O}-pv)w with angle of ettack shown in

o(Cy
figure 35. In this case, the slope (—DZ;)E decreases when

the wing position changes from low to high. These effects
are also shown by the interference increments in figures 36
and 37 and by the efliciency factors in figure 38.

The change in the tail contribution (OYPV)WF

with a change in wing position can probably be attributed to
the shift in the sidewash distribution at the tail with a change
in wing position. (See ref. 7.)

and in O,,p

CONCLUSIONS

Results of an investigation made to determine the effects
of wing position and fuselage size on the low-speed static
longitudinal, static lateral, and rolling stability characteris-
tics of airplane models having a triangular wing and vertical
tail surfaces indicated the following conclusions:

1. For all wing positions, as the fuselage size was increased
the maximum lift coefficient decreased. Also, for a given
fuselage size, the maximum lift coefficient increased as the

wing position was changed from low to high,

Small and medium vertical tails V; and V5.

2. The vertical-tail lift-curve slope increased as the fuse-
lage size was increased. This eflect could be calculated with
good accuracy by using available methods. The results also
showed that at low angles of attack the load induced on the
vertical tail by the fuselage was equal to the load induced on
the fuselage by the vertical tail.

3. As indicated by both available theory and results of
previous investigations, the effective dihedral at low angles
of attack caused by wing-fuselage interference changed sign
as the wing position was changed from low to high. Also,
the effective dihedral increased with an increase in fuselage
size, that is, from approximately 4-2° to +£8°. This effect
could be calculated by using available methods.

4. The vertical-tail contribution to the directional stability
was increased at low and moderate angles of attack by moving
the wing from the high to the low position because of the
favorable sidewash at the vertical tail arising from the wing-
fuselage interference. At high angles of attack all the con-
figurations investigated became directionally unstable. How-
ever, the low-wing—large-fuselage configuration maintained
directional stability to an angle of attack above that which
corresponds to maximum lift.

5. The effects of wing position and fuselage size on the
rolling-stability derivatives were generally smali.

LaNnGLEY AERONAUTICAL LLABORATORY,
NarioNaL Apvisory COMMITTEE FOR AERONAUTICS,
LanerLeYy Fiewp, Va., November 4, 1953.
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Fieure 37.—Effects of wing position and fuselage size on the increments caused by wing-fuselage interference on the vertical-tail contributions
AQCyp, AQC,,D, and A2C’,p. Large vertical tail V.
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FicUre 38.—Effects of wing position and fuselage size on the variation of the vertical-tail efficiency factors (9,)wr and (g,)r with angle of attack
for several wing-fuselage-tail and fuselage-tail configurations.
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