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EFFECT OF AN UNSWEPT WING ON THE CONTRIBUTION OF 

UNSWEPT-TAIL CONFIGURATIONS TO THE LOW-SPEED 

STATIC- AND ROLLING-STABILITY DERIVATIVES 

OF A MIDWING AIRPLANE MODEL 

By William Letko and Donald R. Riley 

SUMMARY 

An investigation has been conducted in the Langley stability tunnel 
to determine the effect of an unswept wing on the contribution of unswept- 
tail configurations to the low-speed static- and rolling-stability deriva- 
tives of a midwing airplane model. 

The results of the investigation'show that, at angles of attack 
almost to the angle of maximum lift, there are only small differences in 
the tail contributions to the static-lateral-stability derivatives for 
configurations with wing on and with wing off. For this range of angles 
of attack the contributions of the vertical tail can be estimated fairly 
accurately by the available procedures. 

The available procedures generally predict the wing-off values of 
the rolling derivatives at low angles of attack with reasonable accuracy. 
Altering these equations to account for sidewash caused by the unsym- 
metrical wing load (due to roll) brings the calculated wing-on values into 
much better agreement with the measured wing-on values. 

Some error in the estimated contribution of the tail to the yawing 
moment caused by roll results for the low-horizontal-tail configuration 
because of a forward shift in the center of pressure of the vertical 
tail caused by the horizontal tail. 

INTRODUCTION 

Recent advances in the understanding of the principles of high-speed 
flight have led to significant changes in the design of component parts 
of airplanes.  In many instances consideration is given to configurations 
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which are beyond the range covered by available design information 
regarding stability characteristics. The effects of changes in wing 
design on stability characteristics have been extensively investigated. 
In order to provide information on the influence of other parts of the 
complete airplane, an investigation of a model having various inter- 
changeable parts is being conducted in the Langley stability tunnel. 
Reference 1 presents the results of an investigation on the effect of 
horizontal-tail location on the low-speed static lateral stability 
characteristics of a model having U5° sweptback wing and tail surfaces. 

As part of this general investigation, the effect of an unswept 
wing on the contribution of an unswept vertical tail to the static 
lateral and rolling stability characteristics has been determined, and 
the results are presented herein. These results serve the purpose of 
checking the validity of present methods of estimating the contributions 
of component parts of airplanes when applied to representative current 
high-speed airplane designs. 

SYMBOLS 

The data presented herein are in the form of standard NACA coef- 
ficients of forces and moments which are referred to the stability 
system of axes with the origin coinciding with the wing aerodynamic 
center. The positive directions of the forces, moments, and angular 
displacements are shown in figure 1. The coefficients'and symbols are 
defined as follows: 

CL lift coefficient (l/qSw) 

Cx longitudinal-force coefficient fX/qS^J 

CY lateral-force coefficient (jjqS^ 

C, rolling-moment coefficient ^L'/qSyb) 

Cm pitching-moment coefficient fM/qSwcj 

Cn yawing-moment coefficient (N/qSwb) 

L       lift 

X       longitudinal force  (-Drag at t = 0°) 

I       lateral force 
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L' rolling moment 

M pitching moment 

N yawing moment 

q dynamic pressure 

Sy wing area 

Sy vertical-tail area 

b wing span 

A aspect ratio 

c wing chord 

c wing mean aerodynamic chord 

h vertical distance above or below tunnel center line 

z       perpendicular distance from fuselage center line to center of 
pressure of vertical tail 

ly      tail length; distance, parallel to fuselage center line, from 
wing mounting point to center of pressure of vertical tail 

a angle of attack of wing or fuselage center line 

ay      angle of attack of vertical tail measured in a horizontal • 
plane, positive when it results in a positive lateral force 

i       angle of yaw 

o       sidewash angle at vertical tail; the change in angle of attack 
of a section of vertical tail resulting from addition of a 
wing to fuselage and vertical-tail combination operating in 
rolling condition, positive when it results in a positive 
lateral force 

V       free-stream velocity 

p       rolling angular velocity 



8av 

2V 

3cr 

2V 

pb 

2V 

CL -L,a 

cY   = 
3CY 

at 

Cnl|f 
= 

3Cn 

a* 

%" 

acj 
at 

eye- 
acY 

2V 

s' acn 

a^ 
2V 

cv 

NACA TN 2175 

rate of change of vertical-tail angle of attack with wing-tip 
helix angle 

rate of change of sidewash angle at vertical tail with wing- 
tip helix angle 

wing-tip helix angle 

lift-curve slope of wing 

lift-curve slope of vertical tail (C^ of vertical tail based 
on vertical-tail area) 
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APPARATUS AND MODELS 

The tests were made in the 6-foot-diameter test section of the 
Langley stability tunnel. This section is equipped with a motor-driven 
rotor which imparts a twist to the air stream so that a model mounted 
rigidly in the tunnel is in a field of flow similar to that which exists 
about an airplane in rolling flight (reference 2). 

The model used for the present investigation was designed to permit 
tests of wing alone, fuselage alone, or the fuselage in combination with 
any of several tail configurations with or without the wing. The fuse- 
lage used in the investigation was a body of revolution which had a 
circular-arc nose and a blunt-tail cone. Two horizontal-tail positions 
were tested, one located on the fuselage center line and the other 
located at a position approximately two-thirds the height of the vertical 
tail. A list of the geometric characteristics of various component parts 
is given in the following table: 

Fuselage: 
Length, inches    I4.O.O 
Fineness ratio    6.67 

Wing: 
Aspect ratio  U.O 
Taper ratio  0.6 
Quarter-chord sweep angle, degrees     0 
Incidence, degrees   0 
Dihedral angle, degrees   .   0 
Twist, degrees   0 
Airfoil section NACA 6^A008 
Area, square inches  32U 
Span, inches  , . . . .  36 
Mean aerodynamic chord, inches   9-19 

Vertical tail: 
Aspect ratio   2.0 
Taper ratio  0.6 
Quarter-chord sweep angle, degrees   . . 0 
Airfoil section ,....'  NACA 6£A008 
Area, square inches  I4.8.6O 
Span, inches  9.86 
Mean aerodynamic chord, inches   5-03 
Tail-length, inches  15>-38 
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Horizontal tail: 
Aspect ratio . . . .  4.0 
Taper ratio .  0-6 
Quarter-chord sweep angle, degrees .....   .... 0 
Incidence, degrees    .   0 
Dihedral angle, degrees       . 0 
Twist, degrees   ..... 0 
Airfoil section      NACA 6£A008 
Area, square inches ........  6I4..8O 

Span, inches •• • •  lo.lO 
Mean aerodynamic chord, inches . .  U.ll 

Details of the wing, fuselage, and tail surfaces and the relative loca- 
tions of the wing and tails with respect to the fuselage are given in 
figure 2. A photograph of one of the configurations mounted in the 

tunnel is given as figure 3. 

The test configurations and designations used in identifying the 
data in the figures are given in the following table: 

Wing  .      W 
Fuselage      F 
Fuselage with vertical tail   F + V 
Fuselage with vertical tail and low horizontal tail .... F + V + H^ 
Fuselage with vertical tail and high horizontal tail .... F + V + % 
Wing with fuselage       W + F 
Wing with fuselage and vertical tail   W + F + V 
Wing with fuselage, vertical tail, and low 

horizontal tail  W + F + V + HL 
Wing with fuselage, vertical tail, and high 

horizontal tail  . W + F + V + HR 

For the tests the model was mounted on a single strut support at 
the quarter-chord point of the wing which coincided with the 5>0-percent 
point of the fuselage length (fig. 2). Forces and moments were measured 
by means of a conventional six-component balance system. 

TESTS 

Tests were made at a dynamic pressure of 39.8 pounds per square foot, 
which corresponds to a Mach number of about 0.166 and a Reynolds number 

of 8.8 x 1CK based on the mean aerodynamic chord of the wing. 

The model was tested through an angle-of-attack range from about -1|° 
up to and beyond the angle of maximum lift at angles of yaw of 0° and ±5° 
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in straight flow and at an angle of yaw of 0° in rolling flow. For the 
straight-flow tests at 0° angle of yaw, lift, drag, and pitching moments 
are presented. Data obtained in straight flow at ±£° yaw and in rolling 
flow at several values of pb/2V were used to obtain derivatives of 
lateral force, yawing moment, and rolling moment with respect to yaw 
angle and wing-tip helix angle. The test values of pb/2V were ±0.0206, 
±0.0^11, and ±0.06l6. Also for these values of pb/2V sidewash angles 
in the plane of symmetry behind the isolated wing were determined by 
means of a yaw tube. The sidewash measurements were made at 0, 3,  6, 
and 9  inches vertically above and below the tunnel center line. The 
measurements were made at two longitudinal positions; one was 1.28 feet 

(— = O.J427J behind the wing-mounting point (corresponding .to the longi- 

tudinal position of the center of pressure of the vertical tail at zero 
angle of attack of the model) and the other was at about twice that 

(T ■ °-84 distance or 2.£6 feet I— = 0.85ii). For the position 1.28 feet behind 

the wing-mounting point, measurements were made at 0°, h°,  8 , and 12 
angle of attack of the wing, whereas for the other longitudinal position, 
measurements were only made 'at an angle of attack of the wing of 0°. 

CORRECTIONS 

The angle of attack, longitudinal-force coefficient, pitching-moment 
coefficient, and rolling-moment coefficient have been corrected for the 
effects of the jet boundaries. The data are not corrected for blocking, 
turbulence, or support-strut interference. 

RESULTS AND DISCUSSION 

Presentation of Results 

The results of the present investigation are presented in figures I4 
to l6. The static longitudinal and lateral stability characteristics and 
the rolling stability characteristics of the basic configurations are 
presented in figures h  to 8. Figures 9 to 16 are used to facilitate the 
analysis of the data and include sidewash measurements mentioned under 
tests. The analysis has been treated as follows. 

First, some of the characteristics of the complete airplane configu- 
rations are given.  (It should be pointed out that only a brief analysis 
of the complete configuration is presented and no detailed analysis of 
the longitudinal stability characteristics is given for any configuration.) 
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Second, the characteristics of the component parts of the airplane are 
discussed, with most emphasis being placed on the wing-on and wing-off 
contribution of the tail group to the static- and rolling-stability 
derivatives. 

All tail increments were obtained from the measurements in the 
manner illustrated: 

Case 1, wing off: 

For the horizontal tail off 

ACn* = sF+v - %F 
and for the horizontal tail on 

ACn. = 
cn^ ~  Cn,,. 

f    *F+V+H    *F 

Case 2, wing on: 

For the horizontal tail off 

*    %+F+V    YW+F 

and for the horizontal tail on 

¥    yW+F+V+H    YW+F 

It should be noted that when a horizontal tail is used, the tail contri- 
bution is considered to consist of the effect of the complete tail group. 

Complete Configuration 

The lift, longitudinal-force, and pitching-moment characteristics 
of the complete configurations are presented in figure l|(a). The con- 
figuration with the horizontal tail in the low position has a higher 
maximum lift coefficient than the configuration with the horizontal tail 
in the high position. The low tail, evidently, is strongly affected by 
the wing downwash, since the pitching moments are unstable for the assumed 
center-of-gravity position. The results show that, if the center of 
gravity of the configuration with the low horizontal tail were adjusted 
to give the same pitching-moment slope at low angles of attack as that 
of the configuration with high horizontal tail, the general shape of the 
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pitching-moment curve would be more satisfactory for the configuration 
with horizontal, tail in the low position. The hypothesis that the 
effects obtained with the low horizontal tail are caused by the wing 
and, therefore, are obviously wing-wake effects is confirmed by noting 
from figure U(b) that the wing-off lift and pitching-moment character-, 
istics of both tail configurations are about the same. 

The variation of the static lateral-stability derivatives Cy., 

Cn , and Cj  with angle of attack for the complete configurations are 

given in figure 5.  In general, the results were about as were expected. 
The high horizontal tail slightly reduced the effectiveness of the . 
vertical tail with regard to Cy  and Cn^. The horizontal tail in 

the low position increased both Cy^ and Cn,  but, at the same time, 

reduced C^  at low angles of attack. A similar result was obtained 

in reference 1. 

The variations of the rolling-stability derivatives Cy-, and Cn 

for the complete configurations are much as would be expected (fig. 6) 
but the variation of Cj  is less linear than usual; however,  Cj 

is primarily a function of the wing characteristics. 

Some differences in the static-lateral- and in the rolling-stability 
derivatives have been obtained for the two tail configurations, wing on 
and wing off, which will be discussed subsequently in the section on 
tail contribution. 

Wing Characteristics 

The lift, longitudinal-force, and pitching-moment data of the wing 
alone (fig. Ma)) show no unusual characteristics. The experimental 
lift-curve slope is 0.0630, which compares well with the theoretical 
value of O.O6I4.2 given in reference 3- At low angles of attack the aero- 
dynamic center of the wing is located at about 21.8 percent of the mean 
aerodynamic chord as compared with the theoretical location which is 
given in reference 3 as 2£ percent of the wing mean aerodynamic chord. 

The static-stability derivatives of the wing are plotted against 
lift coefficient in figure 7 and are compared with values calculated by 
the methods of reference I4..  In general, the calculations are in good 
•agreement with the measured values except at high lift coefficients. 

The values of the wing rolling derivatives are plotted against lift 
coefficient in figure 8 and are compared with calculated values. The 
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values of Cn  calculated by the method of reference 5 agree very well 

with the measured values at low lift coefficients. At high lift coef- 
ficients, although the calculations show the correct trends, the values 
of Cn  are overestimated. The fact that the method of reference £ nP 
overestimates the values of Cn  for low-aspect-ratio wings of small 

sweep has been previously noted in other investigations. 

Also in figure 8 is a comparison of the experimental values of Cj 

with those calculated by the method of reference 6. The values at zero 
lift agree quite well, but the experimental values show a rapid increase 
of Ci      when the lift coefficient is increased, whereas the calculated 

P 
values are almost constant for low and medium lift coefficients. This 
nonlinear variation of measured Cj . results even though the lift-curve 

slope of the wing appears to be linear over this range of lift coeffi- 
cient.  This variation may be the result of local increases of the lift- 
curve slope of the tip sections, which are significant in determining . 
the Cj  of the wing, together with decreases of the lift-curve slope 

of the midspan sections, which are relatively unimportant in their effect 
on C7 . 

P 

The derivative Cy  is small and increases' almost linearly with 

lift coefficient (fig. 8); however, the rate of increase with lift coef- 
ficient is somewhat less than the empirical result found in reference £. 
Figure 9 of reference £ indicates that Cy /C^ is proportional to l/A 

for unswept wings. 

Fuselage Characteristics 

Although the fuselage contributes somewhat to most Of the aerody- 
namic forces and moments, the most important effects on the aerodynamic 
qharacteristics of the airplane are caused by the contribution of the 
fuselage to the static longitudinal and directional stability. The 
fuselage contributes an unstable moment both in pitch and yaw. As can 
be seen from figure l*(b), the instability irt pitch decreases as the 
angle of attack is increased, whereas the instability in yaw, measured 
at small angles of yaw, remains practically constant throughout the 
angle-of-attack range (fig. 5(b)). The instability of this fuselage is 
very nearly the same as that of the fuselage reported on in reference 1, 
with the exception that the fuselage of reference 1 is more unstable in 
pitch at high angles of attack.  (The fuselages are of the same length, 
are identical ahead of the midpoint, and differ only in the shape of the 
tail cone. The fuselage of reference 1 is symmetrical about its midpoint. 
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The blunt-tail cone of the present fuselage appears to increase the 
fuselage stability at high angles of attack. 

Interference Increments 

When the wing and fuselage are combined the effects of mutual 
interference on the contribution of each to the stability derivatives 
and the contribution of these components to the flow angularity at the 
tail are also to be considered. The mutual interference effects, 
ordinarily, are rather difficult to evaluate and are usually neglected 
except when test results are available for a model which closely 
resembles the airplane under consideration. In this event, recourse 
is made to a method (analogous to previous work, such as reference 7, 
for estimating the static lateral-stability derivatives of a complete 
model) which makes use of interference increments. These increments 
are designated A-j_ and A2 and the equation for estimating the deriva- 

tive for a complete airplane is illustrated below in terms of Cn , for 

example: ^ 

s ■ SF 
+ Sw 

+ AiS+ ASV+H 
+ A2% ' 

The increment A-j_ is the change in the derivative caused by mutual 

interference of the wing and fuselage for the model without the tail 
and can be obtained from test results in the manner illustrated by the 
following equation: 

A-]C in*" °nw" (%»+ S) 
This increment was determined for the test configurations and is shown 
in figures 9 and 10 for the static-stability and rolling-stability 
derivatives, respectively. The interference increment Aj_ of both the 
static- and rolling-stability derivatives is generally small for the 
present tests except at angles of attack near the stall. For a.high- 
wing or a low-wing configuration this increment would probably be some- 
what larger even at small angles of attack. 

The increment A2 is directly concerned with the tail contribution 

and is the change in effectiveness of the tail caused by addition of the 
wing to the fuselage - tail-group configuration. The interference effects 
of the fuselage on the tail group are not determined. The increment A2 

is obtained from the test data as shown, for example, by the following 
equation for A2Cn .: 
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A2% = (CntW+F+V+H " Hw) " (SF+V+H " %F) 

This increment is combined with the estimated ACn .    to give the 

total estimated tail contribution. It should be remembered, however, 
that the increment A2 can be used to determine tail contributions for 

an airplane only when it is obtained from tests of a model which closely 
resembles the airplane under consideration. The increments Ag of the 

static lateral-stability and rolling-stability derivatives of the test 
configurations are shown in figures 11 and 12, respectively. These 
figures show that the values of the increment A2 of the static lateral- 

stability derivatives are very nearly zero for low and moderate angles 
of attack, whereas the increments of the rolling-stability derivatives 
are relatively large even at small angles of attack. Since the incre- 
ment A2 depends largely on the resultant of the sidewash caused by 

unsymmetrical span loading and the sidewash caused by vortices arising 
as a result of wing-fuselage interference, the magnitude of A2 is an 

indication of the extent to which the derivatives are affected by the 
sidewash. Therefore, it can be concluded that, for the configurations 
considered, sidewash from the unsymmetrical wing loading due to sideslip 
and from the vortices' arising from the wing-fuselage interference is of 
little importance except at high angles of!attack. Large sidewash 
effects, however, are indicated on the rolling derivatives Cy  and Cn 

even at low angles of attack. These results indicated, therefore, that 
the equations currently used to calculate the various stability deriva- 
tives could be used for calculating the static-stability derivatives for 
configurations with wing on and with wing off without introducing an 
appreciable error, at least at small angles of attack, by neglecting 
sidewash effects from these sources. Some correction to the equations 
for computing the rolling derivatives appears necessary, however, to 
reduce the error that would be incurred by neglecting sidewash from the 
sources mentioned; therefore, the sidewash angles at the position of the 
vertical tail were measured in order to determine an approximate correc- 
tion to the currently available equations.  Furthermore, since it is 
expected that the wing-fuselage interference effects of the midwing con- 
figuration are small (as indicated in reference 8 for 0° angle of attack), 
the resultant sidewash (from the sources previously mentioned) can be 
attributed mainly to the unsymmetrical span loading on the wing during 
roll. Consequently, the increment of sidewash angle caused by wing 
alone, that is, by the unsymmetrical span loading of the wing during 
roll, was determined for several angles of attack at a value of £y/b 

of 0.24.27 and for an angle of attack of 0° at a value of Lib of 

approximately 0.85>1|.. 
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The results of the measurements are shown in figure 13. The fact 
that the distributions below the center line of the tunnel are somewhat 
distorted because of the presence of the strut should be noted. The 
distributions above the tunnel center line (positive h/b) should be 

h more reliable. For the measurements at —- = O.I4.27 there appears to 
b 

be only a small change in the sidewash distribution up to 12° angle of 
attack. The slight change of distribution at 12° angle of attack is to 
be expected since 12° is above the linear range of the lift curve, and 
some part of the wing may be stalled. Since the changes in distribution 
are small, the effective sidewash at the tail probably does not vary to 
a great extent with angle of attack in this range even though the 
position of the tail relative to these sidewash distributions changes 
with angle of attack of the model. Figure 13 shows little difference 
in the sidewash angle as the distance from the model mounting point is 

IT 
increased from O.U27 to -¥- = 0.855. 

b   —-'  " b 

Tail Contributions 

On the basis of the foregoing discussion, the currently available 
equations for computing static lateral-stability derivatives, in terms 
of the estimated lift-curve slope of the tail, can be used for calcu- 
lating both tue wing-on and wing-off tail contributions with approxi- 
mately equal accuracy. These equations are 

sv 
ACY| = CL . -i 

AC„ =-CT  —— (l,r  cos a + z  sin a) n*    Lav S^b ^ v ' 

AC 7  = -CT  —— ( 1\T  sin a - z cos a) 
H LOv Swb V V ; 

For the rolling derivatives, however, a correction to the previously 
used equations (as given in reference 9) is indicated to account for the 
sidewash caused by the unsymmetrical span loading on the wing during 
rolling. For rolling, therefore, the angle of attack in degrees at the 
vertical-tail center of pressure can be expressed as 

•V,"ST.3fS ~(z  cos a - ly sin aj - 

2V 
^ 
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where the appropriate values of —°-    should be the average effective 

2V 
sidewash parameter over the span of the vertical tail. Use of the 
equation for a.y  leads to 

ACYp =-57.3CL 'a, -V =>w 
^■(z  cos a - Zy sin a) - 9p_ 

jDb 

2V 

ACnri = S7.3CL  a
1 

P      % Sw h z  sin a + Zy cos ■) 
2 r — (z  cos a - Zy sin a) - da 

2V 

AC: = -^7.3CL  ^ft(
z cos a ~ lY  sin a) Lav swLbV yJ 

^fz cos a - Zy sin a) - da 

*2V 

These equations apply only to the vertical tail. An additional contri- 
bution to Cj  is due to the damping in roll of the horizontal tail. 

This contribution, however, is small and should be approximately inde- 
pendent of angle of attack. 

Although the exact effective value of the sidewash parameter is 
not easily determined, an approximate value can be obtained from the 
sidewash plots. As was mentioned before, the angle-of-attack effect on 
the sidewash parameter through 12° angle of attack is not very large and, 
since knowledge of the tail contributions is probably most important for 

this range, an average value of —r- of 0.2£ was obtained from the plots 
d— 
2V 

and is considered to be a fairly good approximation for the entire angle- 
of -attack range of the arrangement tested. For the wing-off condition 
-22- is of course assumed to be zero. 

2V 

In order to show the experimental tail contributions and the 
accuracy with which they can be predicted by calculations, figures Ik 
and l5 were prepared.  In figure II4. are presented the test values of the 
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increments of Cyi* ^m> anc^ ^Z i  contributed by the vertical tail 

with and without the horizontal tail and with wing on and off.  In 
figure 15 are presented the increments of rolling-stability derivatives 
contributed by the tail for the three tail configurations with wing on 
and wing off, together with those calculated by the previously listed 
equations. These figures also show the values of the derivatives cal- 
culated by the equations based on estimated values of C^ . The value 

of CT   used for each tail configuration was obtained from reference 3 

after the effective aspect ratio for the particular configuration was 
estimated by the methods of reference 10. No aspect-ratio correction 
was made for the case of no horizontal tail; however, the large dis- 
crepancy between the measured and calculated values of the increments of 
Cy  and Cn.  indicates that a large end-plate effect is contributed by 

the blunt tail cone. The fact that the values calculated for the con- 
figuration with the low horizontal tail on (fig. lU(b)) would be in 
good agreement almost up to the angle of maximum lift with the test 
results for the other tail configurations (figs, lli(a) and lU(c)) indi- 
cates that the end-plate effect of the fuselage is roughly equivalent to 
that of the horizontal tail in the low position. Some quantitative inforJ 

mation on this effect is given in reference 11. 

As was expected on the basis of the small values of the increment A2 
of the static-stability derivatives (fig. 11), there are only small dif- 
ferences in the tail .contributions for the wing-on and wing-off tail 
configurations almost to the angle of maximum lift (fig. lit). At higher 
angles of attack the discrepancy between wing-on and wing-off results 
was greater and larger sidewash effects were thus indicated. 

From figure 1$ it can be seen that the calculations predict the 
wing-off values of the rolling-stability derivatives at low angles of 
attack with reasonable accuracy except perhaps ACn  for the case with 

the horizontal tail in the low position. A value of ACn  of O.O36, 

which was calculated for 0° angle of attack by using the.measured value 
of ACyD, indicates that there is a forward shift of the center of 

pressure of the vertical tail caused by the horizontal tail. This forward 
shift accounts for an appreciable part of the difference between the 
calculated and measured values. 

The large discrepancy between the calculated and measured wing-off 
values of the rolling derivatives ACy  and ACn  at the high angles of 

attack probably is caused by sidewash as a result of the development of 
lateral forces on the fuselage during roll. This result indicates that 
either measurements of the sidewash caused by the fuselage or a means of 



16   ' NACA TN 2175 

estimating this sidewash is necessary if better accuracy in predicting 
ACy  and ACn  is expected at higher angles of attack.  Part of this 

discrepancy at higher angles of attack probably can be attributed to the 
fact that the equations.for the rolling derivatives are based on the 
assumption that, during roll, the entire tail is operating at the angle 
of attack which occurs at the center of pressure of the tail. For the 
actual case, however, the angle of attack at any section of the tail 
depends on the distance of that section from the axis of rotation of the 
model. 

According to the methods used up to the present time, the curves 
calculated for the wing-off values of the derivatives would also be used 
to predict the wing-on values. This procedure would lead'to an appreci- 
able error especially when estimates are made of the tail contribution 
to Cv  and C„      at small and medium angles of attack. The accuracy 

LP nP 
of predicting the tail contribution to Cj  would not be affected to a 

great extent. The contribution of the tail configuration tested to the 
damping in roll is small because of the short distance from the vertical- 
tail center of pressure to the axis of roll, and this contribution is 
little-affected by load changes caused by the wing.  Figure l£ indicates 
that a much more accurate estimate of the wing-on values of ACy  and 

P 
ACn  is obtained by using the equations which approximately account for np 
the wing sidewash effect than is obtained by the methods used in the past 
(wing off), which neglect sidewash.  Generally, the wing-on values are 
predicted with good accuracy for angles of attack near zero and, as was 
mentioned, if the sidewash effects caused by the fuselage (wing off) 
could be accounted for, a more accurate estimate could probably be 
obtained at the higher angles of attack. 

The equations, in which measured values of ACy  rather than 

CT —£ are used for estimating the tail contributions to the rolling 

derivatives, were also rewritten, to include the sidewash parameter and 
are 

ACy =-57.3ACy^ 
1~ 

— (z  cos a -  ITT  sin a) - —7- 

2V 
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ACnp = $f.3ACYt l( z sin a + Jy COS «0 r»(z cos a - ly  sin a) - 3o_ 

ACj = -57.3ACY. 
* £e z cos a - IT sin 

«) 
(z cos a - Z V sin 

3a a) - -22. 

2V 

These equations are particularly useful for estimating the tail 
contributions for any tail configuration for which an accurate estimate 
of the lift-curve slope cannot be made and measured values of ACy^ 

for an appropriate model are available. In figure 16 are compared the 
values of the rolling derivatives calculated by the use of these equa- 
tions with the measured results. Generally, the calculated results 
(wing on and wing off) are of about the same accuracy as those calculated 
by the use of the equations based on estimated lift-curve slope. 

The results discussed are for a midwing configuration and the con- 
clusions, especially those relating to wing-fuselage interference effects, 
might be considerably altered for a high-wing or low-wing configuration. 

CONCLUSIONS 

The results of an investigation to determine the effect of an unswept 
wing on the contribution of unswept-tail configurations to the low-speed 
static- and rolling-stability derivatives of a midwing model indicate the 
following conclusions: 

1. At angles of attack almost to the angle of maximum lift, there 
are only small differences in the tail contributions to the static lateral- 
stability derivatives with wing on or wing off. For this range of angles 
of attack the contribution of the tail can be estimated fairly accurately 
by the available procedures. 

2. The available procedures generally predict the wing-off values 
of the rolling derivatives at low angles of attack with reasonable 
accuracy. Altering these equations to account for sidewash caused by 
the unsymmetrical wing loading (due to roll) brings the calculated wing- 
on values into much better agreement with the measured wing-on values. 

3. Some error in the estimated contribution of the tail to the 
yawing moment caused by roll results for the low-horizontal-tail 
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configuration because of a forward shift in the center of pressure of 
the vertical tail caused by the horizontal tail. 

h.  The contribution of the tail configuration tested to'the damping 
in roll is small because of the short distance from the vertical-tail 
center of pressure to the axis of roll, and this contribution is little- 
affected by load changes caused by the wing. 

Langley Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va., June 16, 1950 
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Mounting point 

Figure 2.- Dimensions of the complete model. (All dimensions are 
in inches.) 
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Figure 3-- Model vith high horizontal tail mounted in the rolling-flow 
section of the Langley stability tunnel. 
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26 NACA TN 2175 

1 
i 

I 

.2 

s:   o 

i, 
-.2 

I* 

-2 

-./ 

«I 

.2 

0 

-.2 

\ ̂  —^ ̂  
^J 

X^v W v i K NJ ̂I  =Y— 

o F 
□ F+V 
O F+V+HL 

A  F+V+HH 

=-< f 
>—Q~~Q 

3»-^ 
\NACA>^   

1 1 1 1 

-8 -4       0       4       8      12      16 

Angle of attack, OC, deg 

20    24 

(b) Wing off. 

Figure 4.- Concluded. 



NACA TN 2175 27 

¥ 

n. 

'I 

fcfcfascop 
v*-< 

5P^^ 

3—J 

•^ n—^_ ~~-y— 

O If 
□ W*F 

A W+F+V+HL 

v W+F+V+HH ,   r 1    r n 

I ) [ I ) ^ a, 

y 
1—5 tsj fcH 

^ 
1= &= 

^ 
^ g= &£ S* f? & 

ZKN 

S^ 

2^ 

—t p* 
;^==S==ÖS^ 

r-^ 
^,NACA^- 

.000 

.004 

0 

:004 

.002 

0 

T      -.002 

-.004 

.006 

.004 

f      .002 

0 

-.002 
-4       0       4        8      12      16      20     24 

Angle of attack, OS, deg \ 

(a)  Wing on. 

Figure 5.- Variation with angle of attack of Cy^, CW, and Cj^ of the 

basic configurations. 



28 NACA TN 2175 

C* 

.012 

.008 

'ryr    004 

0 

.002 

O 

.002 

-.004 

.002 

0 

-0O2 

u^L-^^rs 

— 

n A —n— 

o F 
□ F+V 
O F+V+HL 

A F+V+HH 

—r \— —( \— A fczzr —L ̂ r— 

— 

 l \— XI  

i j*-= ==< f== ■—k r —k f— —-\ r1 ~i jU 
■—& 

r~ =1 0 (. y— s f 
"S.  KIArA   ^ — 

^ 

■8      -4       0       4        8/2/6 

Angle of attack, OC, dag 

(b)  Wing off. 

Figure 5.- Concluded. 

20    24 



NACA TN 2175 29 

TP   o 

"p 

'2 

.2 

.1 

-./ 

y S^—■ Ä 

Jbr 4 
^ 

\ 

<s 

r\— n 
J \ 

L 

\ T— ~i, \ 

%S 
V ̂  3 

M j 
/ 

r> 

O  W 

□ W+F 
O W+F+V 
A W+F+V+HL 

v W+F+V+HH 

/ 
- III l\ 

{> fh il 1 

il 7 

\. NACA ^s 

1       1       1 
8 -* f ( 7 i t 1 ? li. > it j 2 0 2 4 

Figure 6. 

-4 

Angle of attack, CC, deg 

(a)  Wing on. 

Variation with angle of attack of Cy ,    Cn , and Cj  of the 

basic configurations. 



30 NACA TN 2175 

.2 

YP    0 

J 

-./ 

-./ 

A ¥& ez 
,-- J ̂  

=^ r 

—c >— ~? P ^ ̂  —T_ 

A- H jjgss s^ j— 

L r" - 

o F 
. □ F+V 

O F+V+HL 

A F+V+HH 

;c -^ =3 u =J ** 
--< v_ 

^ r 

—t —( T— —t w. ==f a— 
'fe 

^ S3 r 
=i *= -^ W—  -4 s= —-k ? 

r 
1        1     ..._l 1 1 

-5      -4       0        4        8      12      16      20     24 

Angle   of attack, 0C, deg 

(b)  Wing off. 

Figure 6.- Concluded. 



NACA TN 2175 31 

.004 

'*+       O 

-.004 

.002 

Cn 0 
■ t 

-002 

.006 

.004 

C,      .002 

—o ~><fr w i ^ 

-o- Measured 
   Calculated (reference 4) 

■o- -O- —L )_., 
y-=- 1* > 
% 

i 

o A 

V, 
o A 

J 

-"l -** 
d 

_n- ~z^=? -- -- --- — 
u=- 

■^NACA-^ 

1 1 1 1 
-.002 

-.4      -.2       0      .2       .4      .6      .8      1.0      12 

Lift coefficient, C^ 

Figure 7.- Variation with lift coefficient of Cy., Cn., and Cz,    for 

wing alone. 



32 NACA TN 2175 

Cy 0 
P 

.2 

Cn. 
.1 

-I 

'Iß   :2 

-3 

-.4 

-5 

' 
- -- --"' 

^O" 
Tj  

^ 
er ^ 

^ 

/Reference5 i 
h 

/1 

i 

/ / 
/   1 ̂  

/ 1 

n \= 3= 

/ 
<Lrr. 

^ 

—o— Measured 

 Calculated 
Reference 6 

P *•-. 

Il \   \ 

i 

1 —\\ 
1 
1 

\ 

c 
i 
\ 

i 

/1 
/1 

/ G 
/ / 

x-r -j./ 

c/ 

1       1       1       1 

-.4     :2       0      .2      .4      .6 

Lift coefficient, C. 

.8      1.0     1.2 

Figure 8.- Variation with lift coefficient of Cy,  Cn , and Cz  for 

•wins alone. 



NACA TN 2175 33 

W 

.0/2 

.008 

.004 

K,    O 

-.004 

A C 

.002 

0 

-.002 

-.004 

.002 

AiCl.     O 

-.002 

\. NACA^-^ 

Figure 9- 

:8      -4       0       4       8      12      16      20 

Angle of attack, OS, deg 

Variation with angle of attack of the interference 
increments Aj_    of Cy., Cn., and Cj. . ' 



3h NACA TN 2175 

*•% o 

-.2 

.1 

*icn_ 

-./ 

./ 

*,C)    o 

/ 
\ 

s 
\ 
\ s 

^ 

-«•^NACÄ  ^ 

1 1 ̂ i i 

-8      -4       0       4       8      12      16      20 

Angle  of attack, CC, deg 

Figure 10.- Variation with angle of attack of the interference 
increments Ax of Cy. Cn . and C7 . 

P    P       'p 



NACA TN 2175 
35 

A* C "2 **y 

A>C» 

**Cl t 

.uut 

0 
■ ».- - — 

2^^ 
\ 

•004 s 
-.008 

Hoff 
 HL 

-~HH 
oo4 

OOP ,-~? *-= 

o s y 
!~=™" 

-OOP 

.002 

— 
o 

^*-" ^ - 

-.UOZ  ' 
Mil 

•8      -4       0       4       8      12      16      20 

Angle of attack, GC, deg 

Figure 11.- Variation with angle of attack of the interference 
increments ^    of CYf Cnf, and CZf 



36 NACA TN 2175 

A2C 

A* C 

*'ci. 

) 

-./ 

0 

-./ 

1 
•"—"■" 

--=^ =>~ 
■"•- -•*. 

»off 

— HL 
 "H 

__. _ 11 
V-tu 

// 
x> 

y 
--v s. 

>^ ^__ \._ 

\ ■T^-T1 

V _J\ 1 / 

\ 1 

NACA, 

-8       -4       O        4        8      12       16      20 

Angle   of attack, OC, deg 

Figure 12.- Variation with angle of attack of the interference 
increments    Z^    of    Cy ,     Cn^, and    Cj. 



NACA TN 2175 37 

t^\  k ■*:)— L 

/    \ \ 

V 
v / 

o 

I    \ 
\ 

• 

—       CD 

** 
on o 

i" 

i' 

00 

0ö 
I. 

o • o 
II 

d 

H 

0) 
A 
-P 

* 
H 

l> 
O 

■s 
u 
a 
aJ 
-p 
CO 

•H 
-d 
,d -P 

u 
<u 
-p 
a <u 

to ■gJSi 

CM 
O 

Ö o 
•H 
-P 
a) 

•H 

no 
H 

<U 
H 

•H 

"0 <\l <Vj *0 

■N* 



38 NACA TN 2175 

<J— 
Z.1 

V 

^ £f 

f\ \ 
\^ 

■/ 

) 
\ 
x>? / 

} \ 
\ I 

CD 

—        * 

t5 

CO 
I ■ 

H 

OJ 
H 

CO 

d 

-d 

H 
Ü 

s 
O 

PO 

cq U 

w 

^ 

o  • 

o 
CO 

II 

Qb 
a 

*> CVI 
I ■ 

rX* 



NACA TN 217£ 39 

ACK 

AC, 
'Iff 

.012 

.008 

ACy       .004 
Y 

.004 

.002 

V   -.002 

-.004 

.004 

.002 

O 

-O02 

      
~^~. -, 

^v ^^ 

i/b 'mg oft n 
Measured 

) 
 w 

 ca/cu/area 

/ / 

„. '-' 

-- —    r- 

s 

__   

=^= 
■^ ^^r: ̂ — 

~-~ —. __ 

1        1        1        1 

-8      -4       O       4       8      12      16 

Angle of attack, OC, deg 

20    24 

(a) Horizontal tail off. 

Figure- lk.-  Comparison of the measured and calculated variation with angle 
of attack of the tail contributions £C V *V and *h for the 

model with wing on and wing off.  Calculations based on estimated CT 
kx,v 



Uo NACA TN 2175 

AC. 
V 

AC n 
V 

AC, 

.012 

.008 

.004 

-.004 

.002 

0 

-.002 

-.004 

-.006 

.004 

.002 

0 

-.002 

~ =^ —-   --- —^. 
x- N 

"^~- ^ 
v 

Wing off] u ,..           [Measured 
 rrmg an j 

 Calculated 

.,-'• •~"* 
s 

,,•*■ . 

"■""' 

^^^ r=^ =s "^r-^ i^= 

--- ^ _.. 

^.NACA^-" 

4       0       4       8      12      16     20     24 

Angle  of attack, CC, deg 

(b) Low horizontal tail. 

Figure 14.- Continued. 



NACA TN 2175 Ul 

AC. 

ACn. 

AC, 

.012 

.008 

Yf     .004 

-.004 

.002 

0 

Y    -.002 

-.004 

-.006 

.004 

.002 

.002 

__ 
">^ 

, 
N 

Wmn nff\ 
...           \ Measured -Wmn nn 

 Calculated 

/ '^~ 
y 

.* 
* 

""•^=^= ==: «=;^—- ̂ ~zrz 

""" 

"v,NACA^ 

■ 

-8-4048/2      16      20     24 

Angle of attack, OC, deg 

(c) High horizontal tail. 

Figure lh.-  Concluded. 



k2 NACA TN 2175 

AC 

AC, 

.4 

.2 

yp  o 

A 

.1 

*Cn        0 

-.1 

.1 

_-- -"' 

„.-■ .-- --""'   -^ -^ 

.- — - — 

 Wing off I tj \ Measured  Wing on J 
 Wing off) . ,   , .   . 

,„           Calculated 
-    Wing on j 

ZJ^~ ;^_ — 
-~_ —— —   —1> / 

S .-"' V ^ 

' 

'\ 
/ 

-^NACA.^   

L_ 

-8      -4        O        4       8       12      16      20     24 

Angle  of attack, CC, deg 

(a) Horizontal tail off. 

Figure 15-- Comparison of the measured and calculated variation with angle 
of attack of the tail contributions Z\Cy ,     l€n ,  and £Ci       for the 

model with wing on and wing off.  Calculations based on estimated CT  . 
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Figure 16.- Comparison of the measured and calculated variation with angle 
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