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SUMMARY 

An experimental investigation was made to determine the effects of 
wing position on the low- speed static longitudinal and static lateral 
stability derivatives of airplane models having fuselages of square and 
rectangular cross sections and unswept and 450 sweptback surfaces. The 
horizontal tail of each model was located on the fuselage center line. 

The results of the investigation indicated tha~ at low angles of 
attack the complete unswept models with the wing in the high position 
were more stable or least longitudinally unstable; whereas, for the swept 
models there was little change in longitudinal stability with changes in 
wing position . For both the swept and unswept complete configurations 
the low-wing position was generally the least stable in the medium angle ­
of- attack range; whereas, at high angles of attack there was little 
significant difference in t he stability of the models due to wing posi ­
tion . The results also showed that in the low and medium angle - of - attack 
range moving the wing from the low to the high position generally causes 
a decrease in the directional stability for both the swept and unswept 
configurations. The low-wing configuration was indicated to have the 
smallest detrimental effects caused by sidewash on the tail contribution 
to the static lateral stability derivatives for almost the entire test 
angle - of - attack range . 

The results also showed that wing- fuselage i nter f erence causes an 
increase in effective dihedral angle when the wing i s moved from the low 
to the high position as occurred for the circular- cr oss - section fuselage 
reported on in previous investi gations . 
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INTRODUCTION 

Pitch-up and loss in directional stability at high angles of attack 
have been encountered in some high- speed airplanes and have led to the 
consideration of changes in various airplane components in an attempt to 
alleviate or to eliminate these difficulties. Some of the changes under 
consideration are in wing position, fuselage cross-sectional shape, and 
horizontal - tail position . Several systematic investigations have been 
made to determine the effects of these changes on the stability character­
istics of models with fuselages of circular cross section (refs. 1 and 2, 
for example ) and the effects of fuselage cross -sectional shape on the 
static stability characteristics of midwing models having unswept and 
450 sweptback surfaces (ref . 3). 

The same models used in the investigation of reference 3 were used 
in the present investigation which was concerned with the effects of 
varying the wing position on the static stability characteristics of 
models havi ng fuselages of square and rectangular cross secti ons and 
having interchangeable unswept and 450 sweptback wing and tail surfaces. 
For the present investigation the horizontal tail was located on the 
fuselage center line, as was the case in the investigation of reference 3. 

SYMBOLS 

The data are referred to the stability system of axes with the 
origin on the fuselage center line; the longitudinal location is at the 
projection of the wing aerodynamic center on the fuselage center line. • 
Positive directions of forces, moment s, and angular displacements are 
shown in f i gure 1 . The coefficients and symbols are defined as follows: 

CL lift coeffiCient, FL/qSw 

C' D drag coefficient , F~/qSw 

Cy lateral- force coefficient, Fy/qSw 

Cz r olling-moment coefficient, MX/qSwbW 

Cm pitching-moment coefficient, My/qSWcW 

Cn yawing-moment coefficient, MZ/qSWbW 

FL lift 
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F~ drag (approximate) 

Fy lateral force 

MX rolling moment 

My pitching moment 

MZ yawing moment 

q dynamic pressure, 

V free - stream velocity 

p mass density of air 

A aspect ratio, b 2jS 

b span, measured perpendicular to fuselage center line 

S plan- form area 

c chord, measured parallel to plane of symmetry 

cr root chord 

Ct tip chord 

mean aerodynamic chord; for example, 

y coordinate along Y- axiS, measured from plane of symmetry 

tail length, distance parallel to fuselage center line 
from mounting point to cv/4 or CH/4 

hI average fuselage height at wing root 

W I average fuselage width at wing root 

3 

h perpendicular distance from fuselage center line to cv/4 (tail 
root chord coincides with fuselage center line) 
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wing height, perpendicular distance from fuselage center line 
to wing chord plane (positive when wing is above fuselage 
center line) 

R local radius of circular fuselage 

r fuselage corner radius, R/3 

w local half-width of square or rectangular fuselage 

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

x longitudinal distance along fuselage center line measured from 
fuselage nose 

r effective dihedral angle, deg 

A angle of sweep of quarter- chord line 

~ angle of sideslip 

* azimuth angle 

~ angle of attack 

Cy = 
r3 

Cnr3 = 

OCy 

Or3 

Oen 
Or3 

contribution of the tail group to derivatives; that is, 
for the wing on, L.CYr3 = (Cyr3)WFVR - (Cyr3)WF' 

-. 
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Subscripts and abbreviations : 

W wing; used with subscripts 1, 2, and 3 to denote wing position 
relative to fuse l age ( see fig. 2 ) 

F fuselage; used with subscripts 1 to 4 to denote various fuselages 
(see fig . 3) 

H horizontal tail; used with subscripts 1 and 2 to denote unswept 
and swept configurations, r espectively ( see fig . 4 ) 

V vertical tail; used with subscr ipts 1 and 2 to denote unswept 
and swept configur ations, respectively (see fig . 4 ) 

APPARATUS AND MODELS 

The tests were conducted in the 6- by 6- foot test section of the 
Langley stability tunnel. The models used were designed to permit tests 
of the wing alone, the wing- tail combination, the fuselage alone, the 
wing- fuselage combination (with the wing at several different positions), 
or the fuselage with any tail configuration with or without the wings . 
The relative locations of the wing) fuselage) and tail surfaces are shown 
in figure 2 . 

Fuselages of sQuare and rectangular cross sections having rounded 
corners were tested . A side view and cross section of each fuselage are 
given in figure 3 together with the designation by which the fuselages 
are identified . The coordinates of the sQuare and rectangular fuselages 
were so determined that the variation of the cross - sectional area of each 
fuselage along the longitudinal axis was the same as that of the circular ­
cross - section fuselage (Fl) discussed in reference 3. The coordinates 
of the fuselage with circular cross section are given in table I. 

The configurations tested had both swept and unswept wing and tail 
surfaces. The Quarter - chord lines were swept back 00 and 450 for the 
unswept and swept surfaces, respectively. The wings had a taper ratio 
of 0 . 6 and an aspect ratio of 4. The tail surfaces also had a taper 
ratio of 0.6. The aspect ratio and other geometric characteristics of 
the various tail surfaces as well as those of the wings are given in 
table II. The geometriC characteristics of the various tail surfaces are 
shown in figure 4 together with the designation chosen to identify each 
surface . The wings Were tested at the midwing location and also at posi­
tions one- third of the maximum body depth above and below the fuselage 
center line. All lift ing surfaces were set at 00 incidence with respect 
to the fuselage center line . 

I 

I 

I 
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The models were mounted on a single s trut support at a point on the 
fuse lage center line) l ocated for the swept and unswept configurations 
as shown i n figure 2 . A photogr aph of t he swept configur ation with fuse ­
lage 2 and with the wing i n the middle l ocation is given as figure 5. 

For the wing- tail configurations t he tail was mounted on a steel 
tube of small diameter which was fastened to the wing or wing mounting 
bracket . The l ocati ons of the wing and tail corresponded to the locations 
of the wing and tail when tested in combination with a fuselage. The 
isolated tail was mounted on the s ame tube which was then attached to the 
model suppor t strut . For the wing- tai l and isolated- tail tests) the tai l 
area included the portion normal~ enclosed in the fuselage . 

Forces and moments were measured by means of a conventional six­
component balance system. 

TESTS AND CORRECTIONS 

Tests were made at a dynamic pressure of 24 .9 pounds per square foot 
which corresponds to a Mach number of about 0.13 and a Reynolds number of 

about 0 .71 X 106 based on the mean aer odynamic chord of the Wings . The 
models were tested through an angle - of- attack r ange from -4 up to and 
beyond maximum lift (of wings alone) at angles of sideslip of 00 and ±5° . 
Tests of the complete configurations were also made at angles of attack 
of 00 ) 100 ) 200 ) and 260 through a r ange of Si deslip angle f r om - 200 

t o 200 . 

Approximate corrections based on unswept -wing theory for the effects 
of j et boundaries (ref . 4) have been applied to the lift) drag) and 
pitching-moment coefficients . No corrections for the effects of support ­
strut interference have been applied to the data; however) some data are 
pres ented to show the support - strut interference for several complete ­
mode l configurations . 

RESULTS AND DISCUSSI ON 

Presentation of Results 

The stati c longitudinal stability characteristics of the models are 
gi ven in figures 6 to 13 and the stati c lateral stability characteristics 
are pr esented in figures 14 to 26 . A summary of the configurations inves­
t i gated and of the figur es that present the basic data for these config­
urat i ons is given in table I II. 
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Static Longitudinal Stability Characteristics 

Complete models. - The effects of wing position on the static longi ­
tudinal stability characteristics of the complete models are given in 
figure 6. In the low angle - of- attack range for the unswept configura­
tions; the models with the wing in the high position were the most stable 
or least longitudinally unstable . For all wing positions the configura­
tions with the shallow fuselage were unstable in the low angle - of- attack 
range due to the large instability of fuselage 4. Wing position had 
little effect on the longitudinal stability of the swept -wing models in 
the low angle- of- attack range . Although differences in the tare values; 
shovffi i n figure 8) caused some change in trim for the swept-wing models) 
the stability in this range was unchanged by neglecting the tare data. 
For both the swept and unswept models the low-wing model was generally 
the least stable in the medium angle- of- attack range . At the high angles 
of attack there was littl e significant difference in the stability of the 
models due to wing position . For angles of attack just below the stall) 
the unswept configuration with the low wing and the swept configuration 
with the high wing appear to have slightly better longitudinal character­
istics than the other configurations . 

Both the unswept and swept models showed a pitch-up tendency; how­
ever) for the unswept model the angle for pitch-up was above the stall 
angle of attack and the effect for an actual airplane would not be as 
important as that for the swept models which showed this tendency at an 
angle of attack below stall . Wing position had little effect on pitch­
up tendency of the models . As a matter of interest and in order to give 
an indication of the changes in trim that may occur with angle of side­
slip) changes in pitching-moment coefficient with angle of sideslip for 
the complete models at several different angles of attack are presented 
in f i gure 7. 

The data of figure 6 show that for both the swept and unswept con­
figurations changes in wing position cause little change in drag coeffi ­
cient at low angles of attack . At the high angles of attack changes in 
wing position generally cause a larger change in drag coefficient for the 
swept models than for the unswept models with the low-wing models providing 
the lowest drag and the high-wing models the highest drag coefficient. 
The reason for the low values of drag coefficient up to an angle of attack 
of 80 for the unswept complete configuration with fuselage 3 is not clear 
since the data for the wing- fuselage configur ation do not show this effect 
( see fig . 9 (b)) . For the unswept models the low-wing configurations gen­
erally have a slightly higher lift coefficient at l ow angles of attack 
than the midwing or high-wing configurations ; whereas) for the swept models 
the low-wing configurations generally have a slightly lower lift coeffi ­
cient than the models with other wing positions. At high angles of attack 
the effect of wing position is generally greater for the swept models 
than for the unswept models with the high wing position providing the 
highest lift and the low wing position the lowest . 

NACA TN 3857 7 

Static Longitudinal Stability Characteristics 

Complete models. - The effects of wing position on the static longi ­
tudinal stability characteristics of the complete models are given in 
figure 6. In the low angle - of- attack range for the unswept configura­
tions; the models with the wing in the high position were the most stable 
or least longitudinally unstable . For all wing positions the configura­
tions with the shallow fuselage were unstable in the low angle - of- attack 
range due to the large instability of fuselage 4. Wing position had 
little effect on the longitudinal stability of the swept -wing models in 
the low angle- of- attack range . Although differences in the tare values; 
shovffi i n figure 8) caused some change in trim for the swept-wing models) 
the stability in this range was unchanged by neglecting the tare data. 
For both the swept and unswept models the low-wing model was generally 
the least stable in the medium angle- of- attack range . At the high angles 
of attack there was littl e significant difference in the stability of the 
models due to wing position . For angles of attack just below the stall) 
the unswept configuration with the low wing and the swept configuration 
with the high wing appear to have slightly better longitudinal character­
istics than the other configurations . 

Both the unswept and swept models showed a pitch-up tendency; how­
ever) for the unswept model the angle for pitch-up was above the stall 
angle of attack and the effect for an actual airplane would not be as 
important as that for the swept models which showed this tendency at an 
angle of attack below stall . Wing position had little effect on pitch­
up tendency of the models . As a matter of interest and in order to give 
an indication of the changes in trim that may occur with angle of side­
slip) changes in pitching-moment coefficient with angle of sideslip for 
the complete models at several different angles of attack are presented 
in f i gure 7. 

The data of figure 6 show that for both the swept and unswept con­
figurations changes in wing position cause little change in drag coeffi ­
cient at low angles of attack . At the high angles of attack changes in 
wing position generally cause a larger change in drag coefficient for the 
swept models than for the unswept models with the low-wing models providing 
the lowest drag and the high-wing models the highest drag coefficient. 
The reason for the low values of drag coefficient up to an angle of attack 
of 80 for the unswept complete configuration with fuselage 3 is not clear 
since the data for the wing- fuselage configur ation do not show this effect 
( see fig . 9 (b)) . For the unswept models the low-wing configurations gen­
erally have a slightly higher lift coefficient at l ow angles of attack 
than the midwing or high-wing configurations ; whereas) for the swept models 
the low-wing configurations generally have a slightly lower lift coeffi ­
cient than the models with other wing positions. At high angles of attack 
the effect of wing position is generally greater for the swept models 
than for the unswept models with the high wing position providing the 
highest lift and the low wing position the lowest . 



8 NACA TN 3857 

I n order to give an indication of the strut tar e corrections to 
Cm, eL' and CD for the comp lete models, figure 8 has been prepared . 
Although the corrections have not been applied to the data, it appears 
from the f i gur e that the general conclusions are not altered . I n the 
applicati on of the corrections the va lues of CL and em shown in fig­
ure 8 should be added to the data, whereas the incr ements of CD should 
be subtr acted from the data . 

I n general, t he effects of wing position on the longitudinal char­
acteristics of the mode ls with the square and rectangular fuselages are 
similar to those obtained with the circular fuse l age reported in refer ­
ence 1. 

Wing- fuse lage configurations .- For the wing- fuselage configurations, 
changes in wing position had only a small effect on the longitudinal 
stability throughout the angle- of-attack range tested. (See fig . 9. ) 
The midwing configuration generally was less unstable than the high- or 
low-wing configurations . There were only small changes in drag coeffi ­
cient at l ow angles of attack due to wing position . As was the case for 
the complete modelS, changes in wing position caused a larger increase 
in drag coefficient for the swept models than for the un swept models at 
high angles of attack with the low-wing models having the lowest drag 
and the high-wing models having the highest drag . The effects of wing 
position on the lift coefficient f or the wing- fuselage configurations 
were similar to those noted for the complete mode ls. . 

Fuselage and fuselage - tail configurations .- The data for the fuse­
lage and fuselage - tail configurations have been presented in reference 3 
but are als o presented here for completeness. In figures 10 and 11 are 
presented the static longitudinal characteristics of the fuselage and 
fuselage - tail configurations, respectively. The pitch-up tendency shown 
for the fuselage --unswept - tail confi gur ation at moderate angles of attack 
is, of course , due to stalling of the horizontal tail. There are two 
sets of pitching-moment data for the fuselage alone since the center of 
moments was slightly different depending on whether the fuselage was used 
in conjunction with swept or unswept wing-tail surfaces . This difference 
in center - of-moment location caused only a small difference in the longi­
tudinal stability of the fuse lages. 

Wing , wing- tail, and isolated-tail configurations .- The longitudinal 
characteristics of the wing , wing- tail, and isolated- tail configurations 
are given in figures 12 and 13 . Inasmuch as the characteristics of these 
swept and unswept wings have been reported in several other investigations, 
such as r efer ences 1, 5, and 6, they are not discussed herein. 

As was mentioned in the section entitled "Apparatus and Models, " 
the wing- tail and tail- alone configurations were tested with the tail 
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Wing , wing- tail, and isolated-tail configurations .- The longitudinal 
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are given in figures 12 and 13 . Inasmuch as the characteristics of these 
swept and unswept wings have been reported in several other investigations, 
such as r efer ences 1, 5, and 6, they are not discussed herein. 

As was mentioned in the section entitled "Apparatus and Models, " 
the wing- tail and tail- alone configurations were tested with the tail 
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mounted at the appropriate tail length on a steel tube of small diameter 
which was fastened to the wing or wing mounting bracket. The locations 
of the wing and tail corresponded to the locations of the wing and tail 
when tested in combination with a fuselage . Since the effects of changes 
in wing position were the largest for the model with fuselage of deep 
rectangular cross section (F3), on~ the results for the wing locations 

that correspond to those of fuselage 3 are presented in figures 12 and 13 . 
Also in fi gure 13 are presented the longitudinal characteristics of the 
isolated tail . Figure 12 shows that there is little effect of wing 
location - that is) wing location with respect to the balance center -
on the static longitudinal characteristics of the wings . A study of 
figure 13 shows that adding the wing to the isolated tail causes a 
decrease in longitudinal stability at low angles of attack which is much 
larger for the unswept wing than that obtained with the swept configura­
tion . The decrease in longitudinal stability obtained is caused) of 
course) by downwash. Varying the wing position has on~ a small effect 
on the longitudina l stability of the swept wing-tail configurations in 
the low angle - of- attack range; however) for the unswept wing- tail config­
urations) r aising or lowering the wing causes an increase in longitudina l 
stability at l ow angles of attack with little significant differences in 
stability at high angles of attack . For both the unswept and swept con­
figurations the variation of pitching-moment coefficient with angle of 
attack is general~ very similar to the variation obtained for the respec­
tive complete configurations . 

Static Lateral Stability Characteristics 

Complete models .- The effects of wing position on the static l ater al 
stability characteristics for the complete models are given in figure 14. 
From the figure it can be seen that movi ng the wing from the low to the 
high position causes an i ncrease in the negative value of C2~ in the 

low angle- of- attack range) as was expected. The increase is greatest for 
the deep rectangular fuselage ( F3) fo r both the swept and unswept con-

figurations . There is no consistent effect of wing position on C2~ for 

either the unswept or swept configurations at high angles of attack. The 
value of Cl ) however) becomes positive (negative dihedral effect) for 

~ 
all the swept configurations for a range of angle of attack below the 
angle of stall. This effect would not be expected to exist at higher 
Reynolds numbers. (See ref . 7) for example . ) 

In the low and medium angle - of- attack ranges for both the swept and 
unswept models moving the wing from the l ow to high position general~ 
causeS a decrease in the value of Cn~. For the swept models the vari -

ation of Cn with angle of attack is such that Cn becomes negative 
~ ~ 
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at the higher angles of attack. For the swept models the unstable va l ues 
of Cn~ and the positive values of Cz~ in the range above about 

~ = 100 are factors which, together with the pitch-up tendencies noted 
before, can result in an airplane configuration that could have high~ 
divergent characteristics at these high angles of attack. It should be 
pointed out, however, that the results of the present investigation have 
been obtained at a relative~ low Reynolds number and that some changes 
in the derivatives obtained in the present investigation would probab~ 
not result at higher Reynolds numbers. For the unswept configurations 
with the square and shallow rectangular fuselages, Cn~ remains positive 

throughout the angle- of- attack range tested; whereas, for the deep­
rectangular - fuselage configurations the va lues of Cn~ become negative 

at high angles of attack for the midwing and low wing position . However, 
for the high wing position small positive values of Cn~ are maintained 

throughout the angle-of-attack range tested. Moving the wing to either 
the high or low position general~ causes Cy~ to increase negative~. 

Part of the increase is due to the end-plate effect of the wing on the 
fuselage . This effect was also obtained with the circular fuselage in 
reference 1. 

In general, the effects of wing position on the static lateral 
stability derivatives for models with square and rectangular fuselages 
are similar to those obtained with models having fuselages of circular 
cross section . In order to give an indication of the strut tare correc­
tions to Cz~, Cn~' and Cy~ for the complete configurations, figure 15 

is presented . As was mentioned for the case of static longitudinal sta­
bility, the tare corrections were not applied to the data, but it appears 
f r om the figure that the general conclusions are not altered. In the 
application of the corrections the values of Cz~ shown in figure 15 

should be added t o the data, whereas the values of Cn~ and Cy~ 

be subtracted from the data. 

should 

The values of Cz~, Cn~' and Cy~ discussed up to this point were 

obtained from the values of the coefficients at ~ = ±5°. In order to 
show the range of Sideslip angle for which these values would apply, 
figure s 16 to 18 are presented to show the variation of" C2' Cn , and 

Cy for angles of attack of 00
, 100

, 200
, and 260 for a range of sideslip 

angle ~ from _200 to 200
• General~, the variation of CZ' Cn , and 

Cy with angle of sideslip is nonlinear; however, the curves obtained 
for Cy are more near~ linear than those for Cz and Cn- The range 
of sideslip angle for which Cn~ remains constant is decreased from ±100 

at 00 angle of attack t o r oughly ±5° at 260 angle of attack. With few 

. , 
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exceptions which general~ occur at 00 angle of attack) there is little 
effect of wing position on the range of linearity of the data. 

The effects of wing position on the tail contribution to C I , Cn , 
f3 f3 

and CYf3 can be Seen from figure 19 . This figure presents the incre-

ments 6Clf3, ~nf3' · and ~Yf3 due to the tail obtained by subtracting 

the values of C1f3 , Cnf3 , and CYf3 for the wing-fuselage configurations 

from the values of the derivatives for the complete configurations. For 
comparison purposes) the values of C2

0
) Cn0 ) and CY

0 
for the isolated-

tail group are also presented. The figure shows that at low angles of 
attack the interference (sidewash) of the wing-body combination on the 
tail contributions is small, whereas at the higher angles the interference 
is considerab~ greater. This condition is especial~ true for Cnf3 
and CYf3 ' The low-wing configuration general~ has the smallest inter­

ference effects on 6Clf3) 6Cnf3 , and 6CYf3 for almost the entire test 

angle- of- attack range. 

Wing- fuselage configurations . - The effects of wing position on C
1f3

, 

Cnf3 , and CYf3 for the wing-fuselage configurations are given in figure 20. 

From the figure it can be seen that at low angles of attack changing the 
wing from the low to the high position changes the value of Clf3 from a 

pos itive to a negative value. This effect is true of course for both 
the swept and unswept configurations and is a result, as was pointed out 
in reference 1, of the crossflow about the yawed body which induces a 
positive angle of attack for the leading wing and a negative angle of 
attack for the trailing wing for the high wing arrangement and which 
induces the opposite effect for the low wing arrangement. The changes 
in effective dihedral angle with wing height at a = 00 for the config­
urations of the present investigation and also for the circular-fuselage 
configuration discussed in reference 3 are presented in figure 21. The 
values of Clf3 obtained in the present tests were converted into an 

effective dihedral angle by using the values of Clf3 caused by a unit 

change in dihedral angle as given in reference 8. The value of Clf3 

per degree of geometric dihedral obtained from reference 8 was 0.00020 
for the unswept configurations and 0.00018 for the swept configurations . 
Figure 21 shows that the effective dihedral angle varies from -3.50 to 
4 . 00 for the circular-fuselage configuration and from -3.30 to 6.80 for 
the deep - rectangular-fuselage configuration when the unswept wing is 
raised from the low to the high position. For the swept configurations 
the effective dihedral varies f rom -4.10 to 4.50 for the circular - fuselage 
configuration and from -6.00 to 6.50 for the deep-rectangular - fuselage 
configuration when the wing is mov ed from the low to the high position . 
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The expression 

Increment in 
57·3 

obtained from reference 9 was used to estimate the increment in Cl~ 

at ~ = 00 resulting from wing-body interference . The total measured 
increment resulting from moving the wing from the low to the high posi­
tion was used in the comparison between measured and estimated values 
shown in figure 22) since for some cases equal increments were not 
obtained in the tests by moving the wing equal distances above and below 
the fuselage center line . Accordingly) the value obtained from the 
empirical relation was doubled . The comparison shows that the eptimated 
values at ~ = 00 are slightly lower than the measured values for the 
square- and rectangular - fuselage configurations. Figure 22 also shows 
that the increments in Cl~ measured for the swept configurations are 

slightly higher than those for the unswept configurations. 

At low angles of attack near zero there is little or no effect of 
wing position on Cn~ for the wing- fuselage configurations. (See 

fig . 20. ) At the higher angles of attack the effect of wing position is 
larger but the effect is not consistent. 

As was the case with the complete configuration) adding the wing to 
the fuselage increases Cy~ at low angles of attack because of the end-

plate effect of the wing on the fuselage. The effect of wing position 
on Cy~ is generally much larger at the high angles of attack for the 

square - fuselage and for the shallow-rectangular-fuselage configurations 
when tested with the unswept wing than for any of the other configurations 
tested (fig . 20 ) . The configurations with the deep rectangular fuselage 
develop relatively large negative values of Cy~ at high angles of attack. 

Fuselage and fuselage -tail configurations.- The data for the fuselage 
and fuselage - tail configurations have been presented in reference 3 but 
are also presented here for completeness. The variations of Cl~) Cn~) 

and Cy~ with ~ for the fuselage and fuselage-tail configurations 

tested are shown in figures 23 and 24) respectively. Data are presented 
for two center- of-moment locations; one corresponds to the center-of­
moment position for the unswept configurations and the other to the 
center- of-moment position used for the swept configurations. The fuselage 
with the more rearward center of moments (used with the swept configura­
tions) is slightly more directionally unstable than that with the forward 
center- of-moment location . 
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Wing , wing- tail , and isol ated- tail configurations .- The lateral 
characteristics of the wings ar e given in figure 25 . The location of 
the wings with respect to the mounting strut corresponded, of course, 

13 

to the location of the wings when tested in combination with the other 
model components. Since the effects of changes in wing position were 
the largest for the model with F3, on~ the results for the wing posi -

tions that correspond to those of fuselage 3 are presented in thi s figure . 
The results show little effect of wing location - that is, wing location 
with respect to the balance center - on the lateral characteristics of 
the wings . I nasmuch as the wing- alone characteristics have been reported 
in other investigations , such as those of references 1, 5, and 6, they 
are not discussed herein. 

The results of the wing-tail and isolated-tail configurations are 
given in f i gure 26 . From the figure it can be seen that the midwing 
reduces the dihedral effect of the vertical tail for the unswept midwing 
configuration at low angles of attack . The high and low wing pos itions, 
however, cause on~ a little change in dihedral effect of the tail . For 
the swept configurations near zero angle of attack there is little effect 
of wing on the tail dihedral effect caused by the midwing and low-wing 
configurations; however, the high wing causes an increased dihedral effect . 

For the unswept wing- tail configuration raising the wing general~ 
decreased the value of Cn~, whereas there was little difference between 

the values for the midwing and low-wing configurations at low angles of 
attack . For the swept wing- tail configuration lowering the wing increased 
slight~ the value of Cn~ obtained for the wing- tail configurations. 

An opposite effect to that obtained for Cn~ took place in regard to 

increases and decreas es in the negative value of Cy~ . A better indica­

tion of the interference effects of the wing on the tail contribution for 
the wing- tail configurations can be obtained from figure 27 which presents 
the tail contributions for the isolated tail and for the tail in the pres ­
ence of the wing . The increments of 6Cn~' for example, contributed by 

the tail When tested in combination with the wing were obtained by sub ­
t r acting the values of Cn~ obtained for the wing alone from the values 

of Cn~ obtained from tests of the wing - tail configurations . The differ ­

ence between the values obtained with the isolated- tail and the wing- tail 
configur ations can be attributed to interference effects . The interference 
effects of the wing on the tail general~ are much larger at high angles 
of attack than they are at low angles of attack . For the unswept wing­
tail configuration , the interference on the tail contribution to CI~ is 

relative~ large at low angles of attack for the midwing position and is 
considerab~ larger than the interference for either the high- or low-wing 
configuration. The high wing position causes the greatest interference 
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on the tail contribution to Cn~ at low angles of attack, whereas at 

angles of attack above the angle of wing- alone maximum lift the low-wing 
configuration has a considerably larger interference effect than either 
the high wing or midwing posit i on for which the interference effects are 
nearly equal . The interference effects on Cy~ are about the same as 

those for Cn~ . For the swept wing- tail configurations the interference 

of the wing on the tail contribution to C2~' Cn~' and Cy~ is the 

least at low angles of attack for the midwing configuration. At angles 
of attack above the angle of attack of wing- alone maximum lift the inter­
ference is general~ much larger than that obtained at the low angles, 
but near an angle of attack of 320 the interference decreases with the 
high-wing configuration producing the lowest interference effects . 

For easy comparison there are shown in figure 28 the increments 
in Cn~ and Cy~ contributed by the tail when the tail was tested in 

combinat i on with the wing and fuselage, with the wing (fuselage off ), 
and with the fuselage (wing off ). Also presented in the figure are the 
values of Cn~ obtained with the isolated tail . The approximate angle 

of maximum lift coefficient for each wing is also indicated in the fig­
ure . A study of figure 28 indicates that the separate effects of the 
wing and fuselage on the tail contributions to Cn~ and Cy~ are not 

additive but are modified when the wing and fuselage are combined. The 
effects depend on wing sweep, wing pOSition, and fuselage cross section . 

CONC IDS IONS 

The results of an experimental investigation to determine the effects 
of wing positi on on the low- speed static longitudinal and static lateral 
stability derivatives of airplane models having fuselages of square and 
rectangular cross sections and unswept and 450 sweptback surfaces indi ­
cate the following conclusions : 

1. At low angles of attack the complete unswept models with the wing 
in the high position were most stable or least longitudinally unstable, 
whereas for the swept models there was little change in longitudinal sta­
bility with changes in wing position . For both the swept and unswept 
complete configurations the low wing position was general~ the least 
stable in the medium angle- of- attack range, whereas at high angles of 
attack there was l i ttle significant difference in the stability of the 
models due to wing position . 
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2. In general) the effects of wing position on the longitudinal char­
acteristics of the models with the square and rectangular fuselages are 
similar to those obtained with models having circular-cross -section 
fuselages . 

3. I n the low and medium angle -of-attack ranges) moving the wing 
from the low to the high position generally causes a decrease in the 
directional stability for both the swept and unswept confi gurations. 

4. The low-wing configuration generally has the smallest detrimental 
effects) caused by sidewash) on the tail contribution to the static l at­
eral stability derivatives for almost the entire test angle - of-attack 
range. 

5. Wing-fuselage interference causes an increase in effective 
dihedral angle when the wing is moved from the low to the high position. 
This effect is similar to that obtained for a circular- cross -section 
fuselage in a previous investigation; however) for the deep-rectangular­
fuselage configuration the change in dihedral is somewhat larger than 
that obtained with the circular fuselage . 

Langley Aeronautical Laboratory) 
National Advisory Committee for Aeronautics) 

Langley Field) Va . ) August 10} 1956 . 
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TABLE I . - COORDINATES OF TEE CIRCULAR- CROSS- SEcrI ON FUSELAGE AND 

R r = -
3 

+ 

+ 

~UATIONS FOR COORDINATES OF THE SQUARE- AND 

REcrANGULAR- CROSS- SEcrI ON FUSELAGES 

Circular- fuselage coor dinates 

x , in . R, in . 

0 0 
2 .64 
4 1. 20 
6 1. 68 
8 2. 09 

10 2.42 
12 2.67 
14 2 .85 
16 2.96 
18 3.00 
20 2·99 
22 2·97 
24 2.93 
26 2.87 
28 2.79 
30 2.70 
32 2.60 
34 2.47 
36 2.33 
38 2.18 
40 2. 01 
42 1.82 
44 1. 61 
45 1.50 

Equation f or coordinates of s quare fuselage : 

Equations f or coordinates of rectangul ar f uselage : 

w = ~ 
3 
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TABLE 11 .- PERTINENT GEOMETRIC CHARACTERISTICS OF MODEL 

Wing : 
Aspect rat io, AW . .. . . 

Taper ratio, AW . .. . . 
Quarter- chord sweep angle, A, deg 
Dihedral angle, r , deg 
Twist, deg . . . . . 
NACA airfoil section 
Area, SW, sq in . 
Span, bW, in. 
Mean aerodynamic chord, CW' in . 

Vertical tails: 

Aspect r at io, AV .. . .. 
Taper ratio, AV . . . . . 
Quarter- chord sweep angle, A, deg 
NACA airfoil section 
Area, SV, sq in . 
Span, bV' in. 

Mean aerodynamic chord, CV' in . 

Tail length, LV' in. .. . . 
Di stance from root chord to cv/ 4, h, 

Horizontal tails : 

Aspect ratio, AH 
Taper ratio, AH 

Quarter- chord sweep angle , A, deg 
NACA airfoil section 
Area, SH' sq in . 
Span, bH, in . 

Mean aerodynamic chord, eH, in . 

Tail l ength, LH' in . .. .. . 

Fuselages : 

Length, in . 
Volume, cu in . 
Side area, sq in . 
Wing height- span r atio, Dh/b 

in . 

4.0 4 .0 
0.6 0.6 

0 45 
0 0 
0 0 

65A008 65A008 
324 324 

36 36 
9 · 19 9·19 

Vl V2 
2.00 1.40 
0.6 0 . 6 

0 45 
65A008 65Ao08 

48.6 48.6 

9·90 8.25 

5·02 6.02 

16·70 16 ·70 

4 · 54 3.78 

Hl ~ 
4 . 00 2·77 
0.6 0.6 

0 45 
65Ao08 65Ao08 

64.8 64.8 
16.10 13.40 
4. 11 4·94 

16·70 16·70 

Fl F2 F3 F4 
45 45 45 45 

823 823 823 823 
206 186 250 136 

±0.0555 ±0.050 ±0. 0627 ±0 . 037 
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Configuration 

Complete models . · · · 
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Fuselage-tail . . · · · 
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~---------

If 

TABLE III. - CONFIGURATIONS INVESTIGATED 
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Figure 1 .- Nomenclature for stability system of axes . Arrows indi cate 
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A 

A 

CIrcular -cross - sectIon fusela{}e (F;) SectIon A - A 

~==:-b-:==~_3 • Square - cross - sectIon fusela{}e (F2) SectIon A - A 

---I 
A 

Deep - rectan{}ular - cross - sectIon fusela{}e ('3) Section A - A 

] ---Shallow - rectan{}ulor - cross - sectIon fuse/O{}B (f4) Section A -A 

Figure 3.- Side views and cross sections of fuselages. 
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Figure 4.- Geometric characteristics of the horizontal and vertical tails. 
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Figure 5.- View of 450 sweptback configuration. 
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Figure 6 .- Effect of 1-ling position on the static longitudinal stability 
characteristics of several unswept and 450 sweptback wing-fuselage ­
tail configurations . 
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Figure 7. - Effect of wing positi on on the pitching -moment coefficient of 
several unswept and 45° sweptback wing-fuselage -tail configurati ons 
through the sideslip range. a = 0°, 10°, 20°, and 26° . 
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Figure 7.- Effect of wing position on the pitching-moment coefficient of 
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characteristics of several unswept and 45° sweptback wing-fuselage ­
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Figure 20 .- Effect of wing position on the static lateral stability 
characteristics of several unswept-wing and 450 sweptback-wing-­
fuselage configurations. 
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Figure 25 ·- Static lateral stability characteristics of the unswept 
and 450 sweptback wings. Wings l ocated on balance center and at 
6h/b = 0 .0672 above and below ba lance center. 
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Figure 26 .- Static lateral stability characteristics of several unswept 
and 450 sweptback wing-tail and isolated-tail configurations. Wings 
located on balance center and at 6h/b = 0.037) 0.050) and 0 .0672 
above and below balance center. 
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Figure 28.- Comparison of the effect of fuselage, wing , and wing-fuselage 
combination on the tail contribution to Cy~ and Cn~' 
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(c) Fuselage 3. Wing in high position. 
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