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UNSWEPT AND 450 SWEPTBACK SURFACES WITH SOME 

REFERENCE TO MUTUAL INTERFERENCE 

By Alex Goodman 

SUMMARY 

An investigation was made to determine the effects of wing position 
and horizontal-tail position on the low- speed stutic longitudinal and 
static lateral stability characteristics of airplane models having unowept 
and 45 0 sweptback surfaces . 

The results indicated that both the unswept and the 6weptbuck low 
wing low-horizontal-tail configurations were the optimum configurations 
from the standpoint of longitudinal and laternl stability. The results 
indicated that, for all wing positions, moving the horizontal tuil from 
the high to the low position resulted in configurations which were 
longitudinally stable throughout the angle -of- attack range. For the 
lateral case, the vertical-tail contribution to the directional stability 
was increased by moving the wing from the high to the low position becauoe 
of the favorable sidewash at the vertical tail arising from the wing
fuselage interference. The addition of a horizontal tail in the low 
position produced a further increase in directional stability. The 
results also indicated that at low angles of attack the effective 
dihedral due to wing- fuselage interference increased as the wing height 
was increased - that is, from appr oximately _40 for the low-wing configu
ration to 50 for the high- wing configuration . This effect could be 
predicted with fair accuracy by available theory . 

At low angles of attack, the lateral force on the fuselage was 
increased because of the end -plate effect when a wing was placed in the 
high or the low position . However, the lateral force on the fuselage 
decreased for the low-wing configuration and increased for the high-wing 
configuration as the angle of attack was increased becuuFle ot' the variation 
in the distribution of sidewash on the fuselage with angle of attack. 
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INTRODUCTION 

Many changes in the design of major components of airplanes have 
been made necessary in order to fulfill the demands of high-speed flight . 
Several of the more important changes have been the incorporation of 
large amounts of sweep in the wing and tail surfaces and changes in wing 
and horizontal-tail positions relative to the fuselage . These changes 
have led to considerations of some configurations for which design 
information regarding stability characteristics is not available. Much 
information is available on the influence of the wing, fuselage, and 
tail geometry on the static stability characteristics of unswept high
aspect-ratio configurations (for example, references 1 to 4) . In order 
to provide similar information for present -day-airplane designs, a 
series of investigations is being conducted in the Langley stability 
tunnel on models having various interchangeable parts. Results of 
investigations made to determine the effect of location of a swept 
horizontal tail and the effect of vertical-tail size and vertical-tail 
length on the static stability characteristics are presented in 
references 5 and 6, respectively . 

The present investigation was made to determine the effects of wing 
position and horizontal-tail position (relative to fuselage center line) 
on the static stability characteristics of models with unswept and 
450 sweptback surfaces. These models are representative of present-day 
high-speed airplanes . The data obtained from this investigation have 
b een used to determine interference effects between the fuselage and 
horizontal tail and between the wing and fuselage and to determine the 
interference effects of the wing- fuselage combination on the contribution 
of the horizontal and vertical tails to the static-stability parameters. 
Also, an efficiency factor of the vertical tail as a function of wing 
position has been determined . 

SYMBOLS 

The data presented are in the form of standard NACA coefficients 
of forces and moments which are referred to the stability system of axes, 
with the origin at the projection on the plane of symmetry of the calcu
lated aerodynamic center of the wing . The positive direction of the 
forces, moments, and angular displacements are shown in figure 1. The 
coefficients and symbols are defined as follows: 

lift coefficient ( L/q&w) 

longitudinal - force coefficient (x/qSw) (at * o o , Cx 



NACA TN 2504 3 

L 

Z 

x 

D 

y 

L' 

M 

N 

q 

P 

v 

b 

s 

c 

A 

c 

x 

lateral-force coefficient (y/qSw) 

drag coefficient (D/qSw) 

rolling-moment coefficient (L'/qSwbw) 

pitching-moment coefficient (M/qSWCW) 

yawing-moment coefficient (N/qSwbw) 

lift; in figure l(a), L = -Z 

normal force 

longitudinal force (at t 

drag 

lateral force 

rolling moment 

pitching moment 

yawing moment 

dynamic pressure (free stream unless otherwise noted) (PV2/2) 

mass density of air 

free-stream velocity 

span, measured perpendicular to fuselage center line 

area 

chord, measured parallel to fuselage center line 

aspect ratio (b2/S) 

effective aspect ratiO, corresponding to theoretical lift
curve slope 

mean aerodynamic chord 

chordwise distance from leading edge of root chord to quarter 
chord of wing mean aerodynamic chord 

tail length, distance parallel to fuselage center line from 
c/4 of wing to c/4 of tail 
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wing height, perpendicular distance from fuselage center line 
to wing chord plane (positive when wing is above fuselage 
center li ne ) 

horizontal- tail height, perpendicular distance from fuselage 
center line to horizontal - tail chord plane 

maximum diameter of fuselage 

t . (TiP chord) 
taper ra 10 Root chord 

angle of attack of wing (unless otherwise noted), degrees 

angle of yaw, de grees (for force tests, ~ = -~) 

angle of sideslip, degrees 

angle of sweepback of quarter - chord line, degrees 

effective dihedral angle, degrees 

rate of change of effective downwash angle at horizontal tail 
with angle of attack 

effective sidewash angle at vertical tail (positive when 
tends to decrease angle of attack of vertical tail), degrees 

rate of change of effective sidewash angle at vertical tail 
with angle of yaw 

(
1 - dCJ\qV efficiency factor of vertical tail in presence of wing f uselage 

d~)q 

CLmax maximum lift coefficient 

dCm do. ' per degree 

lift- curve slope of vertical tail eCL of vertical tail based 

on vertical-tail area), per degree ( :Lv ) 

J 
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C 
Lo,H 

c~ 

61Cy", , 

61C 2,,' 

~Cy ,,' 

~C2 " 

6C n ' 

" 

61C~, 

6 1Cm 

~Cn", 

6 3CY\jr, 6 3Cn 1j/ 

63C2V 

5 

lift - curve slope of horizo ntal tail (CL of horizontal 

tail based on horizontal-tail area), per degree 

(:L~ 
lateral-force par ameter, per degree ~(dCY\ \ 

\ d" -),,=~ 

directional-stability parameter, per degree (\~n)v=~ 

effective-dihedral parameter, per degree (((dC Z) ~ 
~ d" "=0) 

contribution of vertical tail to derivatives Cy", Cn,,' 

and in presence of wing-fuselage combinations; 

that is, 

increments of coefficients caused by wing-fuselage 
interference; that is, 61Cy Cy - ( Cy + C~lt \ 

'f "W+F \ "w TF) 

increments of coefficients caused by wing-fuselage 
interference on vertical-tail contribution or on 
complete-tail contribution; that is, for horizontal 
tail off ~CY" = ( Cy - Cy \ - ( Cy - Cy \ 

\ "W+F+V 'W+F) "F+V "F) 

and for horizontal tail on 

increments of coefficients caused by fuselage inter
ference on vertical-tail contribution or on complete
tail contribution; that is, for horizontal tail off 

6 3Cy = ( Cy - Cy ) - Cy 
• \ "F+V "F "'V 

and for horizontal tail on 
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increment of coefficient caused by wing-fuselage 
interference on horizontal-tail contribution; that 
is, 

~C = (CTTIr , - C ) - (C - C '\ 
m \ -w+F+V+H mw+F+V \ mF+V+H mF+V) 

increment of coefficient caused by fuselage inter 
ference on horizontal-tail contribution; that is, 

Subscripts and abbreviations: 

W 

WlJ W2 , W3 

F 

V 

H 

Hi' H2 

r 

t 

X' , yl, Z I 

a 

isolated wing 

wing positions relative to fuselage (see fig. 2) 

fuselage 

vertical tail 

isolated horizontal tail 

horizontal-tail positions relative to fuselage (see 
fig. 2) 

root 

tip 

components along body axes 

component due to sidewash 

APPARATUS AND MODELS 

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

ylan and elevation views of the complete models, having unswept and 
sweptback surfaces, showing the various wing and horizontal-tail positions 

-~-----
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are presented in figure 2 . A list of the pertinent geometric character
istics of the various component parts is given in table I. 

The fuselage was a body of revolution having a circular-arc profile 
with a blunt tail end (fineness ratio of 6 . 90) . The wings and horizontal 
tails had an aspect ratio of 4 .0, a taper ratio of 0.6, and an NACA 65A008 
profile in sections parallel to the plane of symmetry. The vertical 
tails were of the same taper ratio and airfoil section but had an aspect 
ratio of 2.0. The quarter-chord lines were swept back 00 and 450 for the 
un swept and swept surfaces, respectively . Ordinates for the NACA 65A008 
section and for the fuselage are given in tables II and III, respectively. 
All parts were constructed of mahogany . 

The complete models used for the present invest igation were designed 
to permit tests of the wing alone, the fuselage alone, the wing-fuselage 
combination (with the wing at several different heights), or the fuselage 
in combination with any of the several tail configurations with or 
without the wings. A complete list of the configurations investigated 
is presented in table IV . 

The models were mounted on a single strut at the point shown in 
figure 2. Forces and moments were me asured by means of a six-component 
balance system . Photographs of two of the configurations tested are 
presented a s figure 3.. All lifting surfaces were set at 00 incidence 
with respect to the fuselage center line . 

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 0.88 x 106 based on the mean aerodynamic chord of the wings. 
The models were tested through an angle - of -attack range from about _20 
up to and beyond the angle of maximum lift at angles of yaw of 00 and 
±50 . Tare tests were made at ~ = 00 in order to determine the effects 
of the support-strut interference on the CL' CX ' and em data for the 

unswept wing alone and for all configurations with swept surfaces. 

CORRECTIONS 

Approximate corrections , based on unswept -wing theory, for the 
effects of jet boundaries (reference 7) have been applied to the angle 
of attack and longitudinal-force coef fi c i ent. The data have also been 
corrected for the effects of blocking by the method given in reference 8. 
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Corrections for the effects of support-strut interference have been 
applied to Cx and Cm. The tares determined for the swept configu-

rations were also applied to the unswept configurations since the tares 
determined for the unswept and swept wings were similar. The effect 
of support-strut interference on CL was found to be negligible for 

these tests and, therefore, the tare corrections were not applied. 

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 example, as outlined 
in reference 1), the pitching-moment coefficient for the complete air
plane can be expressed as 

(1) 

The subscripts W, F, and H refer to the isolated wing, the fuselage, 
and the horizontal tail, respectively. The increments expressed by ~lCm' 

~Cm' and ~3Cm denote, respectively, the mutual interference of the 

wing-fuselage combination, the interference of the wing-fuselage 
combination on the horizontal-tail contribution, and the interference 
of the fuselage on the horizontal-tail contribution. These increments 
can be obtained from the test results in the manner illustrated by the 
following equations: 

(2) 

- c '\ 
~+v) 

( 4) 

Since the horizontal tail was not tested as an isolated surface, the 
parameter CIDff was not determined directly. For this investigation, 
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and horizontal tail were geometrically similar; however, the wing 
therefore, CIDfl: can be expressed in terms of the isolated wing charac-

teristics as 

- CLw (~ cos a + ~H sin a) 
Cw CW 

CDW (,,:,H sin a -
Cw ~~ cos a)] 

The value of Cmw was included in equation (5) in order to account 

for the pitching moment obtained for the wings alone (see fig. 4). 

The interference increments ~Cm and 6 3Cm can be used to 

evaluate the rate of change of downwash at the horizontal tail with 
angle of attack dE/da for the low angle - of -attack range (a ~Oo). 
This parameter can be obtained from the test results by using equation (1) 
in the form 

where 

~CIDa + C + 63C = (1 - dE) ~ qH (IH cos a + ~H sin a) CL m'41 IDa da Sw q Cw cw Of! 

For the low angle-of-attack range, the ratio ~/q can be assumed to 

be 1.0. Solving for d€/da gives 

but and the values of ~CIDa and 63CIDa can be 

obtained from equations (3) and (4), respectively . Therefore, 

- C ) 
IDaw +F+V (6) 
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Lateral-Stability Case 

By using a method analogous to the one employed for the longitudinal
stability case, the static-lateral-stability derivatives of a complete 
airplane can be expressed as (see reference 1) 

CY\jr CY\jrw + CY\jrF + 61CY\jr + Cy + 62Cy + 6 Cy 'VV+H \jr 3 \jr 
(7) 

Cn\jr Cn + Cn + 61Cn\jr + Cn'N + ~Cn\jr + 6 3Cn\jr (8) 
\jrw *F +H 

C7, = C7,\jr 
\jr W 

+ C7, + 61C7, + C2w + ~C7, + ~C7, 
~ \jr V+H \jr \jr 

(9) 

The subscripts W, F, V, and V + H refer to the isolated wing, the 
fuselage, the vertical tail, and the vertical tail in the presence of 
the horizontal tail, respectively. 

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

Cy - fc y - Cy ) 
\jrW+F \ \jrW \jrF 

(10) 

For the l ateral-stability case, the interference of the fuselage 
on the vertical-tail contributions 63CY\jr' ~CnV' and ~C7,\jr cannot 

be determined readily from measured results because it would necessitate 
acquiring measured values of the lateral-stability derivatives for the 
isolated vertical t ail. 

The contribution of the vertical tail to the lateral-stability 
parameters can be expressed in terms of an efficiency factor. The 
efficiency factor can be evaluated from the test results by using 
equation (7) in the form 

C = C Sv ~ _ illL) ~ 
Y\jr Y\jrW+F + CL~v Sw \ o\jr q 
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where 

CLa.y :~ 0 -~f) ~ ~ 0Y"v+H + " 3Cy'l') + ';'h. 

Solving f or the efficiency factor (1 -~~ ):V gives 

Cy - CY'I~; therefore, for horizontal tail on 
1VF+V+H ".1'" 

and for horizontal tail off 

(
1 _ dcr)qV 

d'¥ q 

Cy1Vw +F +V 
- Cy 

'¥W+F 

LIMITATIONS OF RESULTS 

11 

(12) 

(13) 

( 14) 

The interference increments obtained by the foregoing procedures 
are usually assumed to apply to airplanes having configurations which 
are s i milar to those of the models used in evaluating the increments. 

Because of a slight asymmetry of the wings, a small amount of lift 
was ob t ained at zero angle of attack, although the wings had symmetrical 
airf oil sections (fig. 4). This asymmetry will affect the magnitude of 
the interference increments ~lCm and ~Cm (equations (2) and (4)) 
at zero angle of attack; however, the trends shown by these increments 
are believed to be reliable. 

The present results should be applicable to full-scale results only 
for t he angle-of-attack range before flow separation occurs. An increase 
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in Reynolds number would be expected to extend the linear range of the 
data to higher angles of attack. 

RESULTS AND DISCUSSION 

Presentation of Results 

The static longitudinal stability characteristics of the various 
configurations investigated are given in figures 4 to 13 and the static 
lateral stability characteristics are presented in figures 14 to 29. A 
summary of the configurations investigated and of the figures that present 
the basic data for these configurations is given in table IV. 

Static Longitudinal Stability Characteristics 

Wing characteristics.- The lift, longitudinal-force, and pitching
moment data for the unswept and 450 sweptback wings of the present 
investigation are presented in figure 4. The values of the experimental 
lift-curve slopes, taken through zero angle of attack, of 0.0620 and 
0.0545 are in fairly close agreement with the theoretical values of 0.0645 
and 0.0530 given for the unswept wing and the 450 sweptback wing, 
respectively, in reference 9. At low angles of attack the aerodynamic 
centers of the wings are located at about 24.9 percent (A = 00 ) and 
25.2 percent (A = 450

) of the mean aerodynamic chord. The theoretical 
values given in reference 9 for the unswept and 450 sweptback wings are 
25 percent and 26 percent, respectively. The variation of Cm with a 

obtained with the unswept and 450 sweptback wings is linear for the angle
of-attack range before flow separation occurs (approximately up to 
a = 80 as indicated in fig. 4). At the angle of attack at which flow 
separation occurs, an abrupt change in the Cffia variations for both 

wings is obtained. In the case of the unswept wing, Cma becomes 

highly negative (stabilizing); whereas, for the 450 sweptback wing, C~ 

becomes positive (destabilizing). 

Many of the aerodynamic parameters of a complete airplane are 
dependent to some extent on the character of flow over the wing; therefore, 
some consideration must be given to the angle-of-attack range over which 
the flow does not separate from the wing. As pointed out in reference 10, 
an indication of the limit of this range can be obtained by locating the 

CL2 
initial break in the drag index curve CD - ~W against angle of attack. 

A plot of this increment for the 450 sweptback wing can be obtained from 
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figure 15 of reference 6. The figure shows a break in the curve at 
about 70 • A similar break in the drag index curve occurs at about the 
same angle for the unswept wing. Corresponding breaks in the curves of 
the aerodynamic characteristics of combinations including the wings are 
to be expected at about this same angle of attack. For example, the 
breaks in the CIt variation with ~ obtained for the wing alone occurs 

at about ~ = 60 and for the Cma variation obtained for the wings 

alone, at about ~ = 80
• An increase in Reynolds number would be 

expected to extend the angle-of-attack range before flow separation 
occurs. 

Fuselage and fuselage-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 5. As 
can be seen, the instability in pitch decreases as the angle of attack 
increases. The addition of a vertical tail to the fuselage did not change 
the static longitudinal stability characteristics. The main effect 
caused by the addition of either the un swept or 450 sweptback horizontal 
tail to the fuselage - vertical-tail combination is to produce a stable 
C~ variation at low and moderate angles of attack. An increment in 

pitching-moment coefficient exists between both the unswept and 450 

sweptback low-horizontal-tail (Rl ) and high-horizontal-tail (R2) configu-

rations (see fig. 5) for a greater part of the angle-of-attack range. 
Part of this increment probably is attributable to the fact that the 
air flow tends to follow the contour of the fuselage and hence has a 
downward-velocity component over the horizontal tail surface (R2)' At 

high angles of attack, the values of C~ decrease for both the unswept 

and swept fuselage - horizontal-tail combinations. In the case of the 
unswept configurations, Cma becomes neutrally stable for the low-

horizontal-tail configuration and unstable for the high-horizontal-tail 
configuration. For the 450 sweptback configurations, at high angles of 
attack, C~ remains stable but to a lesser degree than at low angles 

of attack. The values of the interference increment 63Cm obtained for 

the two horizontal-tail positions as affected by the fuselage are presented 
in figure 10 and were obtained by the procedure explained in the section 
enti tled "Methods of Analysis . " The value of 63Cm at zero angle of 
attack obtained for the high horizontal tail probably results, as stated 
previously, from the fact that the streamlines of the flow tend to follow 
the fuselage contour. The reason that the value of 63Cm for the swept 
low-horizontal-tail configuration is not zero at ~ = 00 has been 
discussed in the section entitled "Limitations of Results." At high 
angles of attack, the values of 6

3
C
m 

decrease for both unswept and 
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swept configurations and in some cases become negative (favorable 
interference). Also at high angles of attack the unstable moment of 
the fuselage has increased. These effects, in addition to the decrease 
in CIDH at high angles of attack (equation (5)), result in a decrease 

in the values of Clla for both the unswept and swept fuselage-tail 

combinations at high angles of attack. The decrease in Clla at high 

angles of attack is greater for the high-horizontal-tail than for the 
low-horizontal-tail configurations since the interference increment ~3Cm 

is less stabilizing (compare figs. 5 and 10). 

Wing-fuselage characteristics.- The addition of a 450 swept wing 
in the mid, high, or low positions (Wl' W2, or W3' respectively) to the 

fuselage produced Clla characteristics gimilar to that obtained for the 

wing alone (see figs. 4 and 6). For the unswept wing configurations, 
the contribution of the fuselage at low angles of attack to the pitching
moment characteristics has a destabilizing effect. A small amount of 
wing-fuselage interference (~lCm) which can probably be attributed to 

the rearward location of the wing-fuselage juncture is thereby indicated. 
A similar result (an increase of the unstable pitching-moment contribution 
of the wing-fuselage combination with a rearward shift of the wing
fuselage juncture) was obtained in reference 4 for an unswept midwing 
configuration. For the sweptback wing configurations at low angles of 
attack, the wing-fuselage interference cancels the usual unstable 
pitching-moment contribution of the fuselage. Apparently this effect 
is due to the fact that there is a loss in lift over the wing center 
section because of the fuselage interference. In the case of the swept
back wing, this loss occurs over sections of the wing which are forward 
of the aerodynamic center and results in a stabilizing moment. At high 
angles of attack, the contribution of the Crow to the pitching-moment 

characteristics of the wing-fuselage combinations predominates (favorable 
interference) and results in pitching moment trends which are similar 
to those of the wing alone (compare figs. 4 and 6). 

The wing-fuselage interference increment ~lCm evaluated from the 

basic data by the procedures explained in the section entitled "Methods 
of Analysis" is presented in figure 11. The fact that ~lCm for the 
midwing configurations is not zero at ~ = 00 is probably due to a 
slight asymmetry of the wings. (See the section entitled "Limitations 
of Results.") The trends of ~lCm shown in figure 11 are in agreement 

with the results presented in figure 6. 

The lift-curve slope of the wing-fuselage configurations at a = 0° 
was found to be slightly higher than that of the wing alone (see figs. 4 

-I 

J 
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and 6). A similar result was obtained in reference 4 for a midwing 
configuration. 

A comparison of CT. 
"'1Tlax obtained for the wings alone with C

Lmax 
for the wing-fuselage combinations indicates that the wing-fuselage 
i nterference increases CT._ for the unswept configurations but has a -'-'IIlax 
negligible effect for the swept configurations (compare figs. 4 and 6). 

Complete-model characteristics.- The addition of a vertical tail 
to the wing-fuselage configurations had little effect on the longitudinal 
stability characteristics (see fig. 7). The low-horizontal-tail configu
rations produce stable C

IDu 
characteristics at the low angles of attack 

for all the wing heights with the exception of the unswept midwing 
configuration (Wl + F + V + Hl) which exhibits a slightly unstable Cm a. 
variation (see fig. 8). Part of this result may be attributable to the 
fact that the downwash of the midwing configuration affects the low 
horizontal tail at low angles of attack since the low horizontal tail is 
very close to the center of the wing wake. For the high-wing and low
wing configurations, at low angles of attack, the center of the wing 
wake probably comes above and below the plane of the low horizontal tail. 
An illustration indicating the variation in location of the center of 
the wing wake with angle of attack for midwing, high-wing, and low-wing 
configurations is given in reference 11. At moderate angles of attack, 
a stable increase in Cma, is obtained for all the unswept configurations, 

the midwing and high-wing configurations being more stable than the low
wing configuration. This result is probably due to the fact that a 
strong interference ~Cm exists between the low-wing - fuselage and 

the low-horizontal-tail configurations (strong downwash) since the low 
horizontal tail is close to the center of the wing wake at these angles 
of attack. For the sweptback configurations, a slight decrease in Cma, 

(less stable) is obtained at moderate angles of attack. The decrease 
in Cma, is smaller for the high-wing configuration (see fig. 8). This 

effect is probably due to the interference caused by the relative location 
of the center of the wing wake to the plane of the horizontal tail. 

The effect of adding a high horizontal tail (H2) to the unswept and 
swept wing-fuselage-tail configurations (see fig. 9) results in values 
of Cma, which are more stable at low angles of attack than those obtained 

with the low horizontal tail (Hl ). At moderate angles of attack, however, 

the high tail becomes ineffective and unstable variations of Cma. result. 

The decrease in Cma.' however, is smaller for the high-wing configurations. 
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The pitching-moment data of figures 5 to 9 have been used to 
determine the wing-fuselage interference on the horizontal tail ~Cm 

by the procedure explained in the section entitled "Methods of Analysis." 
The interference increment ~Cm for each wing height and horizontal tail 
height is presented in figure 12 for both the unswept and sweptback configu
rations and these results summarize the effects of the wing position and 
horizontal-tail position on the static longitudinal stability indicated 
by the preceding discussion. For the configurations investigated the 
low horizontal tails contribute more to the longitudinal stability at 
high angles of attack than the high horizontal tails because of the 
smaller wing-fuselage interference (compare figs. 8, 9, and 10). The 
values of the slopes ~/da obtained by the procedure explained in the 
section entitled "Methods of Analysis , " presented in figure 13, indicate 
the opposite effect at low angles of attack. In general, at low angles 
of attack, the closer the horizontal tail is to the center of the wing 
wake the greater the wing-fuselage interference on the horizontal tail 
(downwash increased). Also, at low angles of attack the wing-fuselage 
interference on the horizontal tail decreases as the sweep angle is 
increased (downwash decreased). A similar result for low angles of 
attack was obtained in reference 12 for unswept and 450 sweptback midwing 
configurations (see fig. 13). 

Static Lateral Stability Characteristics 

Wing characteristics.- The variations of Cy~, Cn~' and C~ with 

angle of attack for the unswept and 450 sweptback wings are presented 
in figure 14. The flow separation indicated by the breaks in the drag 
index curves of reference 6 is further indicated by the breaks in C~ 

at about the same angles of attack . In the case of the unswept wing, CI~ 

continues to increase as the angle of attack increases. This effect is 
pr obably attributable to the fact that, for the present unswept wing, 
local stalling of the center section occurs at low angles of attack 
(as indicated by break in drag index) . This stall progresses outboard 
as the angle of attack is increased, one semispan of the wing being 
affected more than the other, and results in an increase in rolling 
moment . The derivatives Cy~ and Cn~ are generally small for most 

of the angle-of-attack range . The values of Cn~ for the swept wing 

become positive (directionally unstable ) at the high angles of attack. 

The values of the slopes dCI~/dcL through a = 00 for the unswept 

and 450 sweptback wings are in reasonably good agreement with the values 
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calculated by the methods of reference 13. A comparison of the measured 
and calculated values of OCl~/OCL is presented in the following table: 

l\. 
OCl~ JOCL 

(deg) Measured Calculated 

0 0.0011 0.0009 

45 .0049 .0040 

Fuselage and fuselage-tail characteristics.- The main contribution 
of the fuselage to the static lateral stability characteristics is an 
unstable yawing moment throughout the angle-of-attack range (see fig. 15). 
The addition of a vertical tail to the fuselage contributes a stable 
yawing moment for both unswept and swept configurations. 

The addition of a horizontal tail in the low position (Hl) to the 

fuselage - vertical-tail combination generally increases Cy and 
'if 

slightly at ~ = 0 
o for both the unswept and swept configurations. 

C~ 

This increase in the parameters is due mainly to the increase in effective 
aspect ratio of the vertical tail caused by the end-plate effect of the 
horizontal tail. With the horizontal tail in the high position (H2)' 

a slightly adverse effect results; that is, the combination of the 
vertical and horizontal tails produced smaller increments in the parameters 
than the vertical tails alone (see fig. 15). The effective aspect 
ratios of the unswept and swept tails as determined by the procedure of 
reference 6 are presented in figure 21 in the form of the ratio 

(AeV)H on 

(AeV)H off 
plotted against the horizontal-tail-height ratio 

for ~ = 00 
and are compared with the results of reference 3. The 

results of figure 21 illustrate the effects on the derivatives Cy~ 

and Cn~ just discussed. A similar result was obtained in reference 5. 

The positive increase in Cz at ~ = 00 (fig. 15) is provided 
~ 

by the vertical tail. As the angle of attack is increased, the vertical 
distance between the horizontal tail center of pressure and the roll axis 
decreases; thereby a decrease of Cl~ with angle of attack results. The 

addition of the horizontal tail in the low position (Hl) resulted in a 
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smaller increase in C 7.1jJ at an = 00 • With the tail in the high. position 

(H2), the value of CZt at aH = 00 was about the same as that obtained 

with the fuselage - vertical-tail configuration. These effects are 
probably due to the anti symmetrical load induced on the horizontal tail 
by the vertical tail. This antisymmetrical loading can be accounted 
for qualitatively (as was done in references 5 and 12) by considering 
the effects of the tip vortices of the vertical tail acting on the 
horizontal tail when the horizontal tail is at ~ = 00 and the entire 

tail assembly is at an angle of yaw. With the horizontal tail in the 
low position (HI)' the tip vortex at the base of the vertical tail would 

be expected to have a predominant effect and would tend to produce a 
negative increment in CZ

t
' For the high tail (~) the loads induced 

by the vertical tail on the horizontal tail tend to cancel. 

Wing-fuselage characteristics.- In order to analyze the effect of 
wing position on the lateral stability characteristics, a qualitative 
analysis similar to the analysis presen~ed in reference 12 will be made 
of the flow about a yawed high-wing - fuselage configuration. By 
resolving the free-stream velocity V into the component velocities VX" 

VY " and VZ ' (component velocities along body axis (see fig. l(a)), it 

can be seen that the flow about the fuselage induced by the components 
V

X
' and V

Z
' produce symmetrical variations of angle of attack at the 

wing. The component velocity Vy., however, gives rise to an anti-

symmetrical variation in angle of attack; that is, the flow about the 
fuselage induces an upwash velocity on the advancing wing panel and a 
downwash on the opposite wing panel. This variation corresponds to a 
positive increment of lift on the advancing wing panel and a negative 
increment of lift on the opposite wing panel. Thus, for positive angles 
of yaw a positive rolling moment results (see fig. l(b)). Employing 
the same analysis shows that for a low-wing configuration a negative 
rolling moment will be induced. For a midwing configuration this effect 
does not exist. In addition to this effect, for a yawed fuselage at 
low angles of attack, a high-wing or a low-wing configuration should 
increase the lateral force because of the end-plate effect of the wing 
(see reference 12). The CZt and CYt results at low angles of attack 

of figure 16 are in agreement with the preceding analysis. 

The incremental values of (at a = 00
) for the unswept and 

swept configurations are presented in figure 22 as a fUnction of wing
dCz,¥ 

height ratio Zw/d. The values of the slopes for the present 
d(ZW/d ) 
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configurations are in good agreement with the experimental results of 
the unswept and 450 sweptback untapered configurations (AW = 5. 18) 
presented in reference 14. These experimental results are compared in 
figure 22 with the results obtained from the theory of reference 15 and 
the empirical relation given in reference 16. The incremental values 
of CI~ (a = 00 ) are also presented in terms of an effective dihedral 

angle in figure 22. The values of CIW/r (CIW per degree of effective 

dihedral) obtained from reference 17 are presented in the following 
table and are used to express C

2W 
in terms of an effective dihedral 

angle r: 

A C I~ Ir 
( deg) 

16 Figure Reference 17 

0 0.00016 0.00020 

45 .00015 . 00018 

The effective dihedral angle increased from approximately _40 to 50 
in going from a low-wing configuration to a high-wing configuration 
(-ZW/d to zw/d). (See fig. 22 . ) A similar effect is indicated by the 
results of reference 1. 

The wing-fuselage configurations are directionally unstable (fig . 16). 
The unstable yawing moment of the fuselage predominates for the low-
and moderate-angle-of-attack range. For the unswept configurations at 
high angles of attack the wing-fuselage configurations become stable and 
the values of CnW are approximately the same as those obtained for the 

wing alone. For the swept configurations at high angles of attack, the 
unstable yawing moment of the fuselage predominates. 

The wing-fuselage interference increments 61Cy~, 61CnW' and 6 1 C1W 
determined by the procedures explained in the section entitled "Methods 
of Analysis" are presented in figure 23. In accordance with the preceding 
qualitative analysis, it can be seen that the wing-fuselage interference 
induces a positive increment of rolling moment for the high-wing configu
rations and a negative increment for the low-wing configurations at low 
angles of attack. For the midwing configurations, the wing-fuselage 
interference increment 61C 1 is small and probably due to a slight 

W 
asymmetry of the model. The interference increment 61Cyw is positive 
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at low angles of attack for both the high-wing and low-wing configu
rations. At high angles of attack the interference increment of the 
high-wing configuration attains large positive values, whereas ~lCy~ 

for the low-wing configuration decreases and becomes negative. This 
variation with a can probably be attributed to the effects of the 
induced sidewash Va on the fuselage. A strong sidewash (stabilizing) 

exists above the center of the wing wake for the low-wing configuration 
and below the center of the wing wake for the high-wing configuration. 
Therefore, at small angles of attack the greater part of the fuselage 
of the low-wing configuration as well as the high-wing configuration is 
situated in a strong sidewash (stabilizing). As the angle of attack 
increases, the part of the fuselage area situated in the stabilizing 
sidewash decreases for the low-wing configuration and increases for the 
high-wing configuration because of the movement of the wing wake with 
angle of attack. (See reference 12.) 

For the unswept wing configurations (WI' W2 , and W3), the inter-

ference increment is small. The interference increment 

for the swept configurations is, in general, small and erratic. 

Complete-model characteristics.- The qualitative analysis of the 
effects of wing-fuselage interference given in the section entitled 
"Wing-fuselage characteristics" will be extended to include the effects 
of wing-fuselage interference on the vertical-tail contribution. As 
indicated 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 restricted to a small 
region at the center of the wing. In this region a large spanwise pres
sure gradient is produced on the wing (reference 12). In the case of 
the high-wing configuration under consideration this pressure gradient 
will induce a sidewash velocity as shown in figure l(b). This sidewash 
velocity changes sign for the low-wing configuration and, in the case of 
the midwing configuration, it is zero. The sidewash velocity produced by 
yaw is proportional to the angle of yaw and is independent of the angle 
of attack. However, because the position of the vertical tail relative 
to the center of the wing wake changes with angle of attack, the effect 
of the sidewash velocity on the vertical-tail contribution will also 
vary with angle of attack since in passing through the wing wake the 
sidewash velocity changes direction. According to this analysis, it can 
be seen that in the case of a low-wing configuration, with the vertical 
tail above the center of the wing wake, the sidewash velocity will 
increase the vertical-tail contribution (increase directional stability) 
and for the high-wing configuration, will reduce the vertical-tail 
contribution (decrease directional stability) relative to the vertical
tail contribution of the midwing configuration. 
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In general, the vertical tail, at zero angle of attack of the wing, 
contributes increments of CyW ' CnW ' and C

zw 
to the wing-fuselage 

results equal to those obtained by the addition of the vertical tail to 
the fuselage alone. (Compare figs. 15 and 18.) Also, the effects of 
wing position on the vertical-tail contribution to the derivatives CY ' 

W 
CnW' and Cz~' at low angles of attack, presented in figures 17 and 18 

are in agreement with the preceding qualitative analysis. However, the 
explanation given in the preceding qualitative analysis does not account 
for the variations of the derivatives obtained at the moderate and high 
angles of attack. For the high-wing configurations the vertical-tail 
contribution 6C nw decreases as the angle of attack increases and becomes 

zero for the unswept configuration and positive (destabilizing) for the 
swept configuration (see fig. 18). The unswept high-wing configuration 
is stable, however, because the wing-fuselage contribution to C~ is 

stable at high angles of attack (see figs. 16 and 17). For the swept 
high-wing configuration the unstable contributions of both the vertical 
tail and wing fuselage are additive and this results in a directionally 
unstable configuration. The vertical-tail contribution 6C nW also 

decreases but remains stable at the high angles of attack for the midwing 
and low-wing configurations. The wing-fuselage contribution to C~, 

however, predominates for the midwing configurations and results in a 
stable configuration for unswept surfaces and an unstable configuration 
for the swept surfaces. In the case of the low-wing configurations, 
the stable contribution of the vertical tail increases the stability of 
the unswept configuration and overcomes the unstable contribution of the 
swept wing-fuselage combination (see figs. 16 to 18). 

The decreases in and at the high angles of attack 

(not accounted for in the preceding analysis) indicate that an additional 
sidewash exists in the vicinity of the vertical tail-which tends to 
cancel or reverse the sidewash due to the wing-fuselage interference. 
This additional sidewash at the vertical tail may be attributable to the 
lateral movement of the wing-tip vortices. 

The results obtained by adding a horizontal tail in either the low 
(Hl) or high (H2) positions to the wing-fuselage - vertical-tail configu
r ations are presented in figures 19 and 20, respectively. In general, 
the low horizontal tail increases the contribution of the vertical tail 
because of the end-plate effect (see fig. 21). The results obtained with 
the high-horizontal-tail configuration are similar to those obtained 
with the horizontal tail off (see figs. 17, 19, and 20). The unstable 
contribution of the vertical tail to Cnw for the swept high-wing 
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configuration at high angles of attack is reduced with the addition of 
the low horizontal tail even though the derivative Cy* is increased 

negatively (see fig. 19). This increase can probably be attributed to 
the downward and forward movement of the center of pressure of the 
vertical tail due to the end-plate effect of the horizontal tajl, and a 
reduction of the moment arm results (reference 5). 

The increments of wing-fuselage interference on the vertical-tail 
contributions ~Cy*, ~Cnv' and 62Cr* were evaluated from the basic 

data by the procedure explained in the section entitled "Methods of 
Analysis." These increments are presented in figures 24 to 26 for the 
horizontal-tail-off, low-horizontal-tail, and high-horizontal-tail 
configurations, respectively. In order to summarize these results the 

increment 62Cy* was used to evaluate an efficiency factor (1 - ~i) :V. 

(See section entitled "Methods of Analysis.") The variation of the 
efficiency factor with angle of attack is presented in figure 27. The 
average values of figure 27 are presented in figure 28 as a function of 
wing position and angle of attack for both the unswept and swept 
configurations. The values of the efficiency factor at low angles of 
attack are mainly due to the wing-fuselage interference. At high angles 
of attack the efficiency factor of the vertical tail decreases. Part 
of this reduction in the vertical-tail efficiency factor may be 
attributable, as mentioned previously, to the effects of the wing-tip 
vortices. At low angles of attack the effects of sweep on the efficiency 
factor are negligible. A similar conclusion can be drawn from the 
results of reference 12. A comparison of the efficiency factors for the 
unswept and swept midwing and low-wing configurations at C

Lmax 
(a approx. 

150 and 210
, respectively), however, indicates an increase in the vertical

tail efficiency factor as the sweep angle increases. For the high-wing 
configurations, however, an increase in sweep results in a decrease in 
the vertical-tail efficiency factor at CLmax . 

Values of (1 - dO') q V at a:: 00 taken from figure 28 for the 
d* q 

unswept and swept configurations are plotted against wing-height ratio 

in figure 29. The (1 -~~:v results of the unswept configurations 

are compared with values of (1 -~) :V obtained from the data of 

reference 18 for a circular-fuselage configuration and for a circular 
fuselage with a wedge-shaped-rear configuration. In general, the 

variations of (1 - d~\ qv with wing height are similar to the results 
d*J q 
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of the present investigation. The wedge-shaped-rear fuselage configu
ration gives the best agreement probably because of the similarity of 
the fuselage shapes in the vicinity of the vertical tail. 

CONCLUSIONS 

Results of an investigation made to determine the effects of wing 
position and horizontal-tail position on the low-speed static longitudinal 
and static lateral stability characteristics of airplane models having 
un swept and 450 sweptback surfaces indicated the following conclusions: 

1. For all wing positions, moving the horizontal tail from the high 
to the low position resulted in configurations which were longitudinally 
stable throughout the angle-of-attack range. 

2. The vertical-tail contribution to the directional stability was 
increased 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. The addition of a horizontal tail in the low 
position produced a further increase in directional stability. 

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 increased as the wing height was increased -
that is, from approximately _40 for the low-wing configuration to 50 
for the high-wing configuration. 

4. At low angles of attack, the lateral force on the fuselage was 
increased because of the end-plate effect when a wing was placed in the 
high or low position. However, the lateral force on the fuselage 
decreased for the low-wing configuration and increased for the high-wing 
configuration as the angle of attack was increased because of the variation 
in the distribution of sidewash on the fuselage with angle of attack. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va., July 11, 1951 

--~ 
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TABLE I. - PERTINENT GEOMETRIC CHARACTERISTICS OF MODELS 

Fuselage: 
Length, in. · · · · 41.38 
Fineness ratio 6.90 

Wings: 
Aspect ratio, AW 4.0 4.0 
Taper ratio, \i 0.6 0.6 
Quarter-chord sweep angle, deg • 0 45 
Dihedral angle, deg · · · · 0 0 
Twist, deg . . . . · · · · · · 0 0 
NACA airfoil section · · · · 65A008 65A008 
Area, Sw, sq in. 324 324 
Span, bw, in. 36 36 
Mean aerodynamic chord, cvl' in. 9·19 9.19 
Wing-height ratio, ZW/d · · · · · · · · · · · 0, :to.333 0, !0.333 

Vertical tails: 
Aspect ratio, AV · · · · · · · · 2.0 2.0 
Taper ratio, AV · · · · · · · · 0.6 0.6 
Quarter-chord sweep angle, deg 0 45 
NACA airfoil section · · · · · · · · · · 65A008 65A008 
Area, SV, sq in. · · · · 48.6 48.6 
Span, by, in. · · · · 9.86 9.86 
Mean aerodynamic chord, cV, in. 5·03 5.03 
Tail length, 2V, in. 16.7 16.7 
Area ratio, SV/ Sw 0.15 0.15 
Tail-length ratio, 2v/bw · · · · · 0.464 0.464 

Horizontal tails: 
Aspect ratio, AH · · · · 4.0 4.0 
Taper ratio, "'H · · · · · · · · · 0.6 0.6 
Quarter-chord sweep angle, deg 0 45 
Dihedral angle, deg · · · · 0 0 
Twist, deg . . · · 0 0 
NACA airfoil section · · · · · 65A008 65A008 
Area, SH' sq in. · · · · · · 64.8 64.8 

Span, bH' in. · · · · · · · · 16.10 16.10 
Mean aerodynamic chord, cH' in. 4.11 4.11 
Area ratio, SH/Sw .. · · · · · · · · 0.20 0.20 
Area ratio, SH/Sv .. 1.33 1.33 
Tail length, 2H, in. · · · · · · 16.7 19.25 
Tail-length ratio, 2H/CW 1.81 2.09 
Tail height, ZHl' in. 0 0 

Tail height, ZH2 , in. 5.21 5.21 

Tail-height ratio, zH/bv · · · · 0, 0.528 0, 0.528 

~ 
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TABLE 11.- ORDINATES FOR NACA 65A008 AIRFOIL 

~tation and ordinates in percent airfoil chor~ 

Station Ordinate 

0 0 
.50 .62 
.75 .75 

1.25 .95 
2.50 1.30 
5.00 1. 75 
7·50 2.12 

10.00 2.43 
15.00 2.93 
20.00 3·30 
25·00 3·59 
30.00 3·79 
35.00 3·93 
40.00 4.00 
45.00 3·99 
50.00 3·90 
55·00 3·71 
60.00 3.46 
65.00 3·14 
70.00 2.76 
75·00 2.35 
80.00 1.90 
85.00 1.43 
90.00 .96 
95.00 .49 

100.00 .02 

L.E. radius 0.408 

27 
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TABLE III. - FUSELAGE ORDINATES 

~ -----..---; 

L - s == 41.38 

] 

x/s z/s 

0 0 
.025 .0070 
.050 .0140 
.075 .0200 
.100 .0260 
.125 .0320 
.150 .0380 
.200 .0480 
.250 .0560 
.300 .0620 
.350 .0660 
.400 .0700 
.450 .0715 
.500 .0724 
.550 .07.20 
.600 .0710 
.650 .0680 
.700 .0650 
.750 .0610 
.800 .0560 
.850 .0510 
.900 .0450 
.950 .0390 

1.000 .0320 
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TABLE IV. - CONFIGURATIONS INVESTIGATED 

450 swept back-surface 
and unswept-surface Basic data Figure 

configurations 
( a) 

F 
CL , Cm' Cx 5 F + V 

F + V + Hl Cy"" c n"" C 1", 
15 

F +V + H2 

CLJ Cm' Cx 
4 

W 
CY"" Cn"" Cr", 

14 

W1 + F 
CL ' Cm' Cx 

6 
W2 + F 

C
y

"" Cn"" Cr '" 
16 

W3 + F 

Wl + F + V CL , Cm, Cx 7 
w2 + F + V 

CY"" cn"" C 1", 17 
W3 + F + V 

Wl + F + V + Hl 
CL, Cm' Cx 8 

w2 + F + V + Hl 
Cyt' C~, Cr ", 19 

W3 + F of V + Hl 

Wl + F + V + H2 
CL ' Cm' ex 9 

w2 + F + V + H2 
Cy"" Cn"" c 1", 

20 
W3 + F +V + H2 

aNotation (for details, see fig. 2): 

WlJ W2, W3 wing positions 

F fuselage 

V v&tical tail ~ 

HlJ H2 horizontal-tail positions 
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M 
L 

I 
VZ' 

(a) $ystem of axes used . Ar rows indicate positive dir ection of 
angles , velocities , forces , and moments. 

Vyf~-------------+-r 

SectIon A - A 

(b) Explanatory sketch for the incr ease in rolling moment due to yaw 
by the fuselage interference and fo r the induced sidewash . 

Figure 1. - System of axes used and representation of flow at wing
fuselage juncture and at vertical tail. 
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(a) Unswept high-wing configuration; low horizontal tail. 

(b) 450 sweptback high-wing configuration; high horizontal tail. 

~ 
L-68798 

~ 
L-68801 

Figure 3.- Models mounted in the 6- by 6-foot test section of the Langley 
stability tunnel. 
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Figure 5. - Aerodynamic characteristics of the fuse lage and the fuselage 
in combination with several unswept and 45° sweptback tail 
configurations. 
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Figure 6.- Effects of wing position on the aerodynamic characteristics 
of several unswept and 45° sweptback wing-fuselage configurations. 
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Figure 7.- Effects of wing position on the aerodynamic characteristics 
of several unswept and 450 sweptback wing-fuselage vertical-tail 
configurations. Horizontal tail off. 
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Figure 8.- Effects of wing position on the aerodynamic characteristics 
of several unswept and 450 sweptback wing-fuselage vertical-tail 
configurations. Low horizontal tail on. 
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Figure 22 .- Variation with wing- height ratio of the increments in Cl~ 

and effective dihedral due to wing-fuselage interference for unswept 
and 45° sweptback wing-fuselage configurations . a = 0°. 
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