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SUMMARY 

An investigation has been conducted in the Langley stability tunnel 
to deter mine the effect of an unswept wing on the contribution of unswept­
tail configurations to the l ow- speed s t at i c- and rolling- s t ability deriva­
t i ves 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 
cQnfigurations 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 val ues 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 t o 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 cause.d 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 air pl anes. In many inst ances consideration is given to coafigurations 
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which are beyond the range covered by available design information 
regarding stability character istics . The effects of changes in wing 
design on stability characteristics have been extensively investigated. 
In or der 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 r esults of an investigation on the effect of 
horizontal- tail location on the low-speed static lateral stability 
characteristics of a model having 450 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 forc es 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: 

Cy 

L 

x 

y 

lift coefficient ( L/qSw) 

l ongitudinal-force coefficient (XjqSw) 

lateral-force coefficient (y /qSw) 

r olling- moment coefficient (L'jqSwb) 

pitching- moment coefficient (M/qSwc ) 

yawing- moment coefficient (N/qSwb) 

lift 

longitudinal force (-Drag at ~ 

later al force 
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rolling moment 

pitching moment 

yawing moment 

dynamic pressure 

wing area 

vertical-tail area 

wing span 

aspect ratio 

wing chord 

wing mean aerodynamic chord 

vertical distance above or below tunnel center line 

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

tail length; distance , parallel to fuselage center line, f r om 
wing mounting point to center of pressure of vertical tail 

angle of attack of wing or fuselage center line 

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

angle of yaw 

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

free-stream velocity 

r olling angular velocity 
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rate of change of vertical- tail angle of attack with wing- tip 
helix angl e 

r ate of change of sidewash angl e at vertical t ail with wing­
tip helix angle 

wing- tip helix angle 

lift- curve slope of wing 

lift- curve sl ope of vertical t ai l (CL of vertical tail based 
o~ vertical- tail are0 
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APPARATUS AND tlODELS 

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

The model used for the present investigation was designed to permit 
t ests 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 
t ail. A list of the geometric characteristics of various component parts 
is given in the following table : 

Fuselage : 
Length, inches 
Fineness ratio 

Wing: 
Aspect ratio . . . . . . . 
Taper ratio • . . . . . . 
Quarter- chord sweep angle, 
Incidence, degrees· . . . 
Dihedral angle, degrees 
Twist, degrees . . . 
Airfoil section. . . 
Ar ea, s4uare inches 
Span, inches 

degrees 

tlean aerodynamic chord, inches 

Vertical tail: 
Aspect ratio . . . . . . . 
Taper r atio • . . . . . . 
Quart er- chord sweep angle, 
Airfoil section 
Area, square inches 
Span, inches . . . . 

degr ees 

tlean aerodynamiC chord, inches 
Tail l ength , inche s ..... 

40.0 
6.67 

4.0 
0.6 

o 
o 
o 

. . 0 
• NACA 65A008 

324 
36 

9.19 

2 .0 
0.6 

o 
NACA 65A008 

48.60 
9. 86 
5 . 03 

15.38 
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Horizontal tail : 
Aspect ratio . . . . . . . 
Taper r at io . . . . . . . 
Quarter- chord sweep angl e , 
Incidence, degr ees 
Dihedral angle , degr ees 
Twist , degr ees . . . 
Airfoil section 
Area , squar e inches 
Span, inches . . 

degr ees 

Mean aer odynamic chor d , inches 

NACA TN 2l7S 

NACA 

. . . 

h.o 
0 . 6 

o 
o 
o 
o 

6SA008 
64.80 
16.10 

4.11 

Details of the wing, fusel age, and tail surfaces and the relative loca­
tions of t he wing and tails with respect to the fuselage are given in 
figure 2. A photogr aph 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 . • . ......•.• 
Fuselage . . . . . . • 
Fuselage with vertical tail 
Fuselage with vertical tail and low horizontal tail 
Fuselage with vertical tail and high horizontal tail 
Wing with fuselage . . . . . . . . . . 
Wing with fuselage and vertical tail 
Wing with fuselage, vertical tail, and 

horizontal tail • . • . . 
Wing with fuselage, vertical tail, and 

hor izontal tail 

low 

high 
W 

W 

W 
F 

F + V 
F + V + HL 
F + V + HH 

W + F 
W + F + V 

+ F + V + HL 

+ F + V + HH 

For the tests the model was mounted on a single strut support at 
the quarter- chor d point of the wing which coincided with the SO-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 corr esponds to a Mach number of about 0 .166 and a Reynolds number 

of 8. 8 x lOS based on the mean aer odynamic chord of the wing . 

The model was t ested through an angle- of- attack range from about -4° 
up to and beyond t he angle of maxi mum lift at angles of yaw of 00 and ±so 

.- ---------~--' 
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in straight flow and at an angle of yaw of 00 in rolling flow. For the 
straight- flow tests at 00 angle of yaw, lift, drag, and pitching lnoments 
are presented. Data obtained in straight flow at ±5° 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 .0411, and ±0.0616 . 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 l ongitudinal pOSitions; one was 1 . 28 f eet 

(l: = 0.427) behind the wing- mounting point (corresponding to the longi­

t udinal 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 

distance or 2.56 feet ~: = 0.854). For the position 1.28 feet behind 

the wing- mounting point, measurements were made at 00 , 40
, 80

, and 12° 
angle of attack of the wing, whereas for the ot her longitUdinal position, 
measurements were only made 'at an angle of attack of the wing of 00 . 

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 4 
to 16. The static longitudinal and lateral stability characteristics and 
the r olling stability characteristics of the basic configurations are 
presented in figures 4 to 8. Figures 9 to 16 are used to facilitat e the 
rulalysis 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 .) 

- ----~ -----------' 



8 NACA TN 2175 

Second, the characteristics of the component parts of the airplane are 
discussed, with most emphasis being placed on the wing- on and wing- off 
contr ibution of the tail group to the static- and rolling- stability 
der i vatives . 

All t ail increments were obtained f r om the measurements in the 
manner i l l ust rat ed: 

Case 1 , wing off : 

For t he hor izontal tail off 

and for the hor izontal tail on 

Case 2 , wing on: 

For the horizontal tail off 

and for the horizontal tail on 

- C 
~F 

- C 
T\jrF 

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 4(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 mor e satisfactory for the configuration 
with horizontal tail in the low position . The hypothesis that the 
effects obt ained with the low horizontal tail are caused by the wing 
and, therefore, are obviously wing- wake effects is confirmed by noting 
from figure 4(b) that the wing- off lift and pitching- moment character­
istics of both tail configurations are about the same . 

9 

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

Cn~' and CL~ 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 r educed the effectiveness of the 
vertical tail with r egard to Cy~ and Cn~. The horizontal tail in 

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

reduced Cl~ at low angles of attack . A similar result was obtained 

in reference 1. 

for 
but 

The variations of the r olling-stability derivatives CyP and 

t he complet e configurations are much as would be expected (fig. 
the variation of CZ p i s l ess linear t han usual; however, Cl p 

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 secti on on 
tail contribution . 

Wing Characteristics 

The lift, longitudinal- force , and pitching- moment data of the wing 
al one (fig . 4(a)) show no unusual characteristics . The experimental 
lift- curve s lope is 0 . 0630, which compar es well with the theoretical 
value of 0 . 0642 given in refer ence 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 compar ed with the theoretical location which is 
given in r eference 3 as 25 percent of the wing mean aerodynamic chord . 

The static- stability derivatives of the wing are plotted against 
lift coefficient in figure 7 and are compar ed with values calculated by 
the methods of reference 4. In gener al , the calculations are in good 
agreement with t he measured values except at high lift coefficients . 

The value s of the wing r olling derivatives are plotted against lift 
coefficient in figure 8 and ar e compared with calculated values . The 
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values of Cn p 
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 S 

p 
overe stimates the values of Cn for low-aspect-ratio wings of small 

p 
sweep has been previously noted in other investigations. 

Also in figure 8 is a comparison of the experimental values of Cr 
p 

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 Cr 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 Cl p results even though the lift-curve 

slope of the wing appears t o 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 Cr of the wing, together with decreases of the lift-curve slope 

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

p 

The derivative Cy is small and increases almost linearly with 
p 

lift coefficient (fig . 8); .however, the rate of increase with lift coef­
ficient is somewhat less than the empirical result found in reference S. 
Figure 9 of reference S indicates that CYp/CL .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 
characteristics 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 4(b), the instability in 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 . S(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 att ack . (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 r eferenc e 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, 
ordinaril y, 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 interfer ence increments. These increments 
are designated ~l and ~2 and the equation f or estimating the deriva-

tive for a complete airplane is illustrated below in terms of Cn~J for 
exampl e : 

The increment ~l 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 fr om test results in the manner illustrated by the 
following equation: 

This increment was determined f or the test configurations and is shown 
in figures 9 and 10 for the static-stability and rolling-stability 
derivatives, respectively . The interference increment ~l of both the 
static- and r olling- stability derivatives is generally small f or 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 ~2 i s directly concerned with the tail contribution 

and is the change in eff ect iveness of the tail caused by addition of the 
wing to the fuselage - tail- gr oup configuration . The interference effects 
of the fuselage on the t ail group are not determined . The increment ~2 

is obtained from the test dat a as shown, for exampl e , by the f ollowing 
equation f or ~2Cn~: 
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This increment is combined with the estimated to give the 

total estimated tail contribution. It should be r emembered, however, 
that the increment 62 can be uSed to determine tail contributions f or 

an airplane only when it is obtained fr om tests of a m0del which closely 
resembles the airplane un~er consideration. The increments 62 of the 

static lateral- stability and rolling- stability derivatives of t he test 
configurations are shown in figure s 11 and 12, r espectively. These 
figures show that the values of the increment 62 of the static lateral-

stability derivatives are very nearly zer o f or low . and moderate angles 
of attack, whereas the i ncrements of the r olling-stability derivatives 
are r elatively large even at small angles of attack. Since the incre­
ment 62 depends largely on the r esultant of the s idewash caused by 
unsymmetrical span l oading and the sidewash caused by vortice s arising 
as a r esult of wing- fnselage interference, the magnitude of 62 is an 

indication of the extent t o which the derivatives are affected by the 
sidewash . Therefore, it can be concluded that, f or the configurations 
consider ed, sidewash from the unsymmetrical wing l oading due t o s ideslip 
and fr om t he vortices arising from the wing-fusel age interfe r ence is of 
little importance except at high angles of attack. Large sidewash 
eff ec t s, however , ar e i ndicated on the r olling derivatives Cy and Cn p p 
even at low angles of attack . These results indicated, theref or e , that 
the equations currently used t o calculate the various stability deriva­
tives could be used f or calculating the static-stability derivative s for 
configurations with wing on and with wing off without introducing an 
appr eciable error, at least at small angles of attack, by neglecting 
sidewash effects from these sources. Some correction to the equations 
for computing the r olling derivative s appears necessary, however, to 
reduce the error that would be incurred by neglecting sidewash from the 
sources mentioned; theref or e , the sidewash angles at the position of the 
vertical tail were measured in order to determine an appr oximate correc­
tion to the currently available equations . Furthermor e , since it is 
expected that· the wing- fuselage interference effects of the midwing con­
figuration are small (as indicated in refer ence 8 f or 00 angle of attaCk), 
the resultant sidewash (from the sources previously mentioned) can be 
attributed mainly to the unsymmetr ical span loading on the wing during 
r oll . Consequently, the i ncrement 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 lV/b 

of 0.42 7 and for an angle of attack of 00 at a value of lV/b of 

approximately 0.854 . 
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The r esult s of t he measurements ar e shown in figure 13. The fact 
that t he distributions below the center line of the tunnel ar e somewhat 
distorted because of the pr esence of the strut shoul d be noted . The 
distributions above the tunnel center line (positive h/b) should be 

more reliable . For the measurements at ~ = 0 . 427 there appears t o 
b 

be only a small change in the sidewash distributi on up t o 120 angl e of 
attack . The slight ch~nge of distribution at 120 angle of attack is to 
be expected since 120 is above the linear range of the lift curve, and 
some part of the wing may be stalled . Since the changes in distr ibution 
ar e small, t he effecti ve s i dewash at the tail pr obably does not vary to 
a gr eat extent with angl e of attack in this range even though the 
posit i on of t he tail r elative to these sidewash distributions changes 
with angl e of attack of the model . Figure 13 shows little difference 
in the sidewash angle as the distance fr om the model mounting point is 

LV LV 
increased fr om 1) = 0 . 427 to 1) = 0 . 855 . 

Tail Contr ibutions 

On t he basis of the for egoing discussion, the currentl y 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 t:le wing- on and wing- off tail contributions with appr oxi­
mat ely equal accuracy . These equations are 

Sv 
!:::.Cy = CL -

IV cry Sw 

For the r olling derivatives, however, a correction to the previously 
used equations (as given in r ef erence 9 ) is indicated to account for the 
s idewash caused by the unsymmetrical span loading on the wing during 
rolling . For rolling, therefore, the angle of attack in degr ees at the 
vertical-tail center of pressure can be expre ssed as 

sin a) - a. aJ 
~ 

2V 
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where the appropriate valu~s of ocr 
~ 
2V 

should be the average effective 

sidewash parameter over the span of the vertical tail. Use of the 
equation for aVz leads to 

/:,CYp = - 57 . 3CL SV~(z cos 
av SWL 

sin 

a - LV sin 

sin 

a) _ acr~ 
~ 

2V 

sin 
a) - ~J 

2V 

- LV sin a) - ~J pb 
'Tv 

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

p 
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 120 angle of attack is not very large and, 
since knowl edge of the tail contributions is probably most important for 

ocr this range, an aver age value of --- of 0.25 was obtained from the plots 
~ 

2V 
and is considered to be a fairly good approximation for the entire angle­
of- attack r ange of the arrangement tested . For the wing- off condition 
~ is of course assumed to be zero . 

~ 
2V 

In order t o show t he experimental tail contr ibutions and the 
accuracy with which they can be pr edict ed by calculations, figures 14 
and 15 wer e prepared . In figure 14 ar e presented t he test values of the 

...J 
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increments of Cy~, Cn~' and C l ~ contributed by the vertical tail 

with and without the horizont al tail and with wing on and off. In 
figure 15 are presented the increments of rolling- stability derivatives 
contributed by the tail for the thr ee 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 CL The value aV 
of CL used for' each tail configuration was obtained from reference 3 

aV 
after the effective aspect r atio for the particul ar configuration was 
estimated by the methods of reference 10 . No aspect- ratio correction 
was made for the case of ~o horizontal tail; however, the large dis­
,crepancy between the measured and calculated values of the increments of 
Cy* and Cnw indicates that a large end- plate effect is contributed by 

the blunt tail cone . The fact that the values calculated for the con­
figur ation with the low horizontal tail on (fig . 14(b)) would be in 
good agr eement almost up to the angle of maximum lift with the test 
results for the other tail configurations (figs . 14(a) and 14(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 infor­
mation on this effect is given in reference 11 . 

As was expected on the basis of the small values of the increment 62 
of the static- stability de r ivatives (fig . 11), there are only small dif­
ferences in the tail ,contributionG for the wing- on and wing- off tail 
configurations almost to the angle of maximum lift (fig . 14) . 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 15 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 6Cn for the case with 

p 
the horizontal tail in the low position . A value of 6Cnp of 0 . 036, 

which was calculated for 00 angle of attack by using the measured value 
of 6Cyp ' 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 6Cyp and 6Cnp at the high angles of 

attack probably is caused by sidewash as a result of the development of 
later al forces on the fuselage during roll . This result indicates that 
either measurements of the sidewash caused by the fuselage or a means of 
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estimating this sidewash is necessary if better accuracy in predicting 
~CYp and ~Cnp 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 , dur ing ,r oll , 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 r otation of the 
mode l . 

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 Cy and Cn at small and medium angles of attack . The accuracy 

p p 
of predicting the tail contribution to Cl 

P 
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 fr om the vertical­
tail center of pressure to the axis of r oll, and this contribution is 
little- affected by load changes caused by the wing . Figure 15 indicates 
that a much more accurate estimate of the wing- on values of 6Cy and 

p 
6C~ is obtained by using the equations which appr oximately account for 

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 
pr edicted 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 f or, a more accur ate estimate could probably be 
obtained at the hi gher angles of attack . 

The equations , in which measured values of 6Cy rather than 
1jr 

C1 Sv are used for estimating the tail contributions t o the r olling 
a Sw 

derivat i ves , were also r ewritten. t o include the sidewash parameter and 
are 

6Cy 
P 

= - 57 . 36Cy" [~(Z cos a - IV sin a) - aa

U ~ 
2V 
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6Cn 57 . 36CY\jr [~(z sin a + LV ~os a~[~ (z cos a - LV sin a) - aaJ p ~ 2V 

6C L - 57 . 3 6CYljf~ (Z c os a - LV sin a~l ~ (z cos a - LV s i n a) - ~l p pb 
a:-
2V 

These equations are particularly useful for estimating the tail 
contr ibutions for any tail configuration for which an accurat e estimate 
of t he l i ft-curve slope cannot be made and measured values of 6CYt 

f or an appr opr iate model ar e available . In figur e 16 ar e compared the 
va l ues of t he r olling derivatives calculat ed by the use of these equa­
tions with the measured results . Gener ally, the calculated r esults 
(wing on and wing of f) are of about the same accuracy as those calculated 
by the use of the equations based on estimated lift- curve slope . 

The r esults discussed are for a midwing configurat ion and the con­
clusions , especially those r elating to wing- fuselage interf erence effects, 
might be considerabl y alter ed for a high- wing or low- wing configuration . 

CONCLUSIONS 

The r esults 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, ther e 
ar e only small differences in the tail contributions to the stat i c lat er al­
stability derivatives with wing on or wing off . For this r ange 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 r olling derivatives at low angles of attack with reasonable 
accuracy . Altering these equations to account for sidewash caused by 
the unsymmetrical wing loading (due t o roll) brings the calculated wing­
on values into much better agreement with the measur ed wing- on values . 

3. Some error in the estimated contribution of the tail to the 
yawing moment caused by roll r esults for the low- horizontal- tai l 

J 
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configuration because of a forward shift in the center of pressure of 
the vertical tail caused by the hori zontal tail . 

4. The contr ibution of the tail configuration tested to the damping 
in r oll 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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L-62995 

Figure 3.- Model with high horizontal tail mounted in the rolling-flow 
section of the Langley stability tunnel. 
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